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·1· · · · · · · · · · · · · · · · · ·Wednesday, May 12, 2021

·2· · · · · · · · · · · · · · · · · ·Via Zoom videoconference

·3· · · · · · · · · · · · · · · · · ·8:00 a.m. Pacific Time

·4· · · · · · · · · · · ·*· · · *· · · *

·5· · ·(All participants appearing via Zoom videoconference.)

·6· · · · · · · · · VIDEOGRAPHER:· Good morning.· We are now

·7· · · · on the record at 8:00 a.m. on Wednesday, May 12,

·8· · · · 2021.· This begins the videotaped deposition of

·9· · · · Scott Andrews, taken in the matter of Apple Inc.

10· · · · versus LBT IP I LLC.

11· · · · · · · · · My name is Bailey Wellman.· I'm your

12· · · · remote videographer today.· Our court reporter is

13· · · · Karen Fortna and we are both representing Fortz

14· · · · Legal Support.

15· · · · · · · · · As a courtesy, will everyone who is

16· · · · not speaking please mute your audio and remember

17· · · · to unmute your audio when you are ready to

18· · · · speak.

19· · · · · · · · · Counsel, will you please state your name

20· · · · and whom you represent, after which our court

21· · · · reporter will swear in the witness.

22· · · · · · · · · MR. SEAL:· This is Brian Seal from Butzel

23· · · · Long on behalf of Patent Owner LBT IP I.

24· · · · · · · · · MR. SNADER:· This is Robin Sander of

25· · · · Erise IP on behalf of Apple.
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·1· · · · · · · · · *· · · ·*· · · ·*· · · ·*

·2· · · · · · · · · · · ·SCOTT ANDREWS,

·3· · · ·having first been duly sworn, was examined and

·4· · · ·testified as follows:

·5· · · · · · · · · MR. SEAL:· Mr. Andrews, thank you for

·6· · · · joining us this morning.· I understand it's quite

·7· · · · early where you are, so we appreciate your

·8· · · · accommodation.

·9· · · · · · · · · THE WITNESS:· I get up early.

10· · · · · · · · · · · · ·EXAMINATION

11· BY MR. SEAL:

12· Q.· · I understand you have been deposed before; is that

13· · · · correct?

14· A.· · That's correct.

15· Q.· · Okay.· So I won't go over all the procedures, but

16· · · · just if you need to take a break for any reason,

17· · · · let me know and we'll do our best to accommodate

18· · · · you.

19· · · · · · · · ·So since you submitted your declarations

20· · · · in connection with the five IPRs related to the LBT

21· · · · patents, have any of your opinions changed?

22· A.· · No.· I identified a handful of typographical errors

23· · · · in the declarations, but that's it.· If we come

24· · · · across them, I hopefully will be able to point them

25· · · · out.
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·1· Q.· · Okay.· Anything that would have changed the

·2· · · · substance of your testimony or these are just minor

·3· · · · typographical errors?

·4· A.· · Minor typographical errors.

·5· · · · · · · · · MR. SEAL:· Okay.· Thank you.

·6· · · · · · · · · Well, we'll dive right in with the first

·7· · · · IPR petition, which is related to the '774 patent.

·8· · · · So if you have a copy of the '774 patent, we'll go

·9· · · · ahead and mark that as Exhibit 1.

10· · · · · · · · ·(Marked for identification:

11· · · · · · · · · Deposition Exhibit No. 1.)

12· BY MR. SEAL:

13· Q.· · Do you have that available to you?

14· A.· · I have it in front of me, yes.

15· Q.· · Okay.· I would like to direct you specifically to

16· · · · claim 8 of the '774 patent, which you can find in

17· · · · column 16.· Within claim 8, there is a limitation

18· · · · or a phrase near lines 56 and 57 that reads, "a

19· · · · multitude of threshold values."· Do you see that?

20· A.· · I see that.

21· Q.· · Did you have an opinion about the meaning of a

22· · · · multitude as one of ordinary skill in the art would

23· · · · have understood it at the time of invention of the

24· · · · '774 patent?

25· A.· · Well, I think there are a lot of meanings that

IPR2020-01189 
Apple EX1068 Page 12



·1· · · · people might apply to it, but it really just means

·2· · · · more than one.

·3· Q.· · And is that the understanding that you applied in

·4· · · · preparing your declaration regarding the '774

·5· · · · patent?

·6· A.· · Yes, that's one.

·7· Q.· · And what is the basis for that opinion?

·8· A.· · Because multitude is based on multiple, and that

·9· · · · means it is clearly more than one, could be any

10· · · · number, but something greater than a single level.

11· Q.· · Did you consult any dictionaries to come up with

12· · · · that understanding?

13· A.· · I don't recall.· It just seemed self-evident that a

14· · · · multitude can be any number greater than one.

15· Q.· · Are you aware of any context in which the term

16· · · · multitude might mean a number necessarily greater

17· · · · than two, as one of ordinary skill in the art would

18· · · · have understood it at the time of invention of the

19· · · · '774 patent?

20· A.· · Well, I don't know that I'm aware of any

21· · · · applications where it would be required to be more

22· · · · than two.· I was certainly aware of uses of the

23· · · · word when it is applied to, you know, wildlife in

24· · · · the Serengeti or something where you have millions

25· · · · of things, but it's clearly more than -- if I had
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·1· · · · to specify it, it would be more than one, and, you

·2· · · · know, you could say that ten is a multitude, you

·3· · · · could say that two is a multitude, you could say

·4· · · · that 100 million is a multitude, but clearly one is

·5· · · · not.

·6· · · · · · · · · MR. SEAL:· Okay.· Thank you.

·7· · · · · · · · · That's actually the only line of

·8· · · · questioning I have for the '774 patent, so we can

·9· · · · move on to the next petition, which is IPR 1190

10· · · · regarding the '113 patent.

11· · · · · · · · · THE WITNESS:· '113, you said?

12· · · · · · · · · MR. SEAL:· Yes, sir.

13· · · · · · · · · THE REPORTER:· Will that be Exhibit 2?

14· · · · · · · · · MR. SEAL:· Not yet.· Actually, Exhibit 2

15· · · · is going to be the Sakamoto reference.

16· · · · · · · · · THE WITNESS:· Last book I looked at.

17· · · · · · · · · MR. SEAL:· It's always the last.

18· · · · · · · · · So we'll mark the Sakamoto, which I

19· · · · believe was Exhibit 1004 in the IPR petition, as

20· · · · Exhibit 2 to your deposition.

21· · · · · · · · ·(Marked for identification:

22· · · · · · · · · Deposition Exhibit No. 2.)

23· BY MR. SEAL:

24· Q.· · Do you have Sakamoto in front you, Mr. Andrews?

25· A.· · Yes, I do.
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·1· Q.· · Okay.· Just a couple of general questions about

·2· · · · Sakamoto, but please feel free to take as much time

·3· · · · as you would like to review the reference before

·4· · · · answering.

·5· · · · · · · · ·In the Sakamoto reference, it teaches that

·6· · · · GPS receiver 10 is responsible for receiving

·7· · · · signals from GPS satellites; is that correct?

·8· A.· · Well, I can search through to find a place where it

·9· · · · probably says that, but Sakamoto has a GPS receiver

10· · · · and GPS receivers are generally known to receive

11· · · · signals from GPS satellites.

12· Q.· · Okay.· Are you aware of any other component

13· · · · disclosed by Sakamoto that would receive GPS

14· · · · signals from a satellite?

15· A.· · Well, when you say GPS signals, are you meaning the

16· · · · specific radio signal that's transmitted by the

17· · · · satellite?

18· Q.· · Yes.

19· A.· · The GPS receiver would be the element that

20· · · · actually -- or antenna of the GPS receiver and then

21· · · · the components within the GPS receiver would be the

22· · · · elements that would receive those particular

23· · · · signals.

24· Q.· · Okay.· So just to be clear, you're not aware of any

25· · · · other component outside of the GPS receiver 10 in
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·1· · · · Sakamoto that would receive GPS signals from a

·2· · · · satellite?

·3· A.· · Let me think about that for a moment.· I don't

·4· · · · recall if Sakamoto also talks about receiving --

·5· · · · yeah, he has communication control unit 11.

·6· Q.· · Okay.

·7· A.· · And communication control unit 11, it doesn't

·8· · · · receive directly -- the radio signals directly from

·9· · · · the satellite, but it receives GPS information from

10· · · · the network, so it's able to -- if you look at

11· · · · Figure 1, communication control unit 11 is

12· · · · described as receiving application data or GPS

13· · · · satellite information and so that's information

14· · · · that is sent from satellites in the GPS signal, but

15· · · · it's also provided quite often through a cellular

16· · · · communications link.

17· Q.· · Okay.· And that information, as I understand

18· · · · Sakamoto, that's information related to the

19· · · · positioning of the satellite?

20· A.· · Yes, it's known as ephemeris data, and that is

21· · · · basically information that can be used to determine

22· · · · the locations of the satellites in their orbits at

23· · · · any given time.

24· Q.· · Okay.

25· A.· · And that's necessary to be able to determine the
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·1· · · · distance to the satellites, which is how you

·2· · · · actually determine your position on the earth.

·3· · · · · · · · · MR. SEAL:· Okay.· Now I would like you to

·4· · · · look at the '113 patent itself, which we're going

·5· · · · to mark as Exhibit 3.

·6· · · · · · · · · THE WITNESS:· Okay.

·7· · · · · · · · ·(Marked for identification:

·8· · · · · · · · · Deposition Exhibit No. 3.)

·9· BY MR. SEAL:

10· Q.· · And specifically, I would like to direct you to

11· · · · claim 1, which is in column 10.

12· A.· · Okay.

13· Q.· · And do you see the limitation in claim 1 that

14· · · · reads, "Reducing applied power level to the primary

15· · · · location tracking circuitry in response to

16· · · · measurement of a received communication signal less

17· · · · than a first signal level"?

18· A.· · I see that.

19· Q.· · Okay.· And in your declaration, you opine that

20· · · · Sakamoto discloses that limitation when it moves

21· · · · into what we'll call the stop-position mode; is

22· · · · that correct?

23· A.· · Yes, that's correct.

24· Q.· · Okay.· And it is also your opinion that when

25· · · · Sakamoto moves into stop-position mode, it turns
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·1· · · · off the power to the GPS receiver; is that correct?

·2· A.· · Sakamoto says that in order to reduce power, he

·3· · · · turns off -- he says the positioning is stopped,

·4· · · · position searching is stopped, I think.· He

·5· · · · specifically says that, in part, that is to

·6· · · · maintain a lower power consumption.

·7· · · · · · · · · MR. SEAL:· And if you could now look at

·8· · · · your declaration for the '113 patent, which we're

·9· · · · going to mark as Exhibit 4.

10· · · · · · · · · THE WITNESS:· Okay.

11· · · · · · · · ·(Marked for identification:

12· · · · · · · · · Deposition Exhibit No. 4.)

13· BY MR. SEAL:

14· Q.· · And I want to direct you to paragraph 175.

15· A.· · Okay.

16· Q.· · In that first line in paragraph 175 of the

17· · · · declaration you state that, "I also note that a

18· · · · POSITA" -- which stands for person of ordinary

19· · · · skill in the art, I believe -- "would have

20· · · · understood Sakamoto as teaching turning off the

21· · · · power of the GPS receiver 10 in the stop-position

22· · · · searching mode."· Do you see that?

23· A.· · I see that.

24· Q.· · And that's consistent with your statement a few

25· · · · moments ago that when moving into stop-position
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·1· · · · mode, Sakamoto teaches cutting off power to GPS

·2· · · · receiver 10, correct?

·3· A.· · Yes, that's correct.· He describes that in normal

·4· · · · mode, it is essentially the power -- depending on

·5· · · · the way it's been configured, the power either

·6· · · · switches on and off regularly, so at some

·7· · · · predefined interval the system comes on and

·8· · · · measures the position, or when a user requests that

·9· · · · a position be provided.

10· · · · · · · · ·He also describes this in connection with

11· · · · claim 9 at paragraph 50 of Sakamoto.· He says,

12· · · · "Power consumption can be reduced by stopping the

13· · · · position search when positioning is not possible."

14· Q.· · So when Sakamoto cuts off power to the GPS

15· · · · receiver 10 in stop-position mode, GPS receiver 10

16· · · · can no longer receive a GPS signal; is that

17· · · · correct?

18· A.· · That's correct.

19· Q.· · Okay.· Moving back to the '113 patent for a moment.

20· · · · If you would look at claim 3, which is also in

21· · · · column 10.

22· A.· · Okay.

23· Q.· · You see there claim 3 has a limitation that

24· · · · requires, "Reactivating the primary location

25· · · · tracking circuitry in response to measurement of
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·1· · · · the received communication signal above the first

·2· · · · signal level."· Do you see that?

·3· A.· · I see that.

·4· Q.· · And to be clear, the primary location tracking

·5· · · · circuitry in that claim, as you understand it to be

·6· · · · taught by Sakamoto, is GPS receiver 10?

·7· A.· · That's correct.

·8· Q.· · Okay.· And your opinion with regard to claim 3 is

·9· · · · that Sakamoto teaches this reactivating limitation

10· · · · by moving out of the stop-position mode into either

11· · · · what Sakamoto calls normal mode or high mode; is

12· · · · that correct?

13· A.· · Let me check something in my declaration here.

14· · · · Yeah, so I respond to this in paragraph 212 of my

15· · · · declaration.

16· · · · · · · · ·You would need to -- Sakamoto clearly

17· · · · turns the thing back on when the signal is

18· · · · recovered or is back up on the threshold, which

19· · · · means that at some point he has to turn the

20· · · · receiver on briefly enough to at least measure the

21· · · · signal level.· He may not be positioning with it,

22· · · · but he's at least turning on the radio part to

23· · · · actually check the level of the GPS signals,

24· · · · otherwise, he would turn the GPS off and it would

25· · · · never come back on, right?
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·1· Q.· · In that case, however, when Sakamoto turns on GPS

·2· · · · receiver 10, it does not do so in response to a

·3· · · · signal level, correct?

·4· A.· · That's correct.· He turns on -- and he may not

·5· · · · actually turn on the entire GPS receiver.

·6· · · · Remember, the GPS receiver has a radio that

·7· · · · receives radio signals and it has a processor which

·8· · · · consumes a great deal of power that actually

·9· · · · processes those radio signals to determine a

10· · · · position.

11· · · · · · · · ·All he has to do is detect the radio

12· · · · signal to determine whether the signal is now above

13· · · · that stop-position threshold, and if it is, he

14· · · · would then reactivate the entire receiver so that

15· · · · he would receive the GPS signals or be able to

16· · · · determine position from the GPS signals.

17· Q.· · So in that example, what is the trigger that

18· · · · Sakamoto uses to reactivate the GPS receiver when

19· · · · in stop-position mode?

20· A.· · The trigger would be that the level of the received

21· · · · GPS radio signals would be above the

22· · · · stop-positioning threshold.

23· Q.· · Sakamoto can't know that until it has already

24· · · · turned on the GPS receiver 10, correct?

25· A.· · Well, it has to at least turn on a portion of the
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·1· · · · receiver to detect the radio signals.· You don't

·2· · · · have to turn on the entire receiver, you have to

·3· · · · detect the level of the signals after the logo is

·4· · · · amplified, essentially, to see what level they are,

·5· · · · and that could be that that portion of the receiver

·6· · · · stays on all the time.

·7· · · · · · · · ·He doesn't talk about it particularly, but

·8· · · · he certainly, as I said earlier, doesn't

·9· · · · contemplate that once the -- once the GPS signal

10· · · · level went below that threshold, the system would

11· · · · turn off and never turn on again.· That would be --

12· · · · that wouldn't be very practical.· So clearly he has

13· · · · some ability to detect the level of that signal and

14· · · · turn the GPS receiver back on when it's above that

15· · · · threshold.

16· · · · · · · · ·And as I said, I would -- given that

17· · · · Sakamoto is seeking to reduce power consumption, it

18· · · · would not make any sense that he would turn on the

19· · · · entire GPS receiver to do that because you don't

20· · · · need the whole GPS receiver to do that.

21· Q.· · What portion of the GPS receiver do you need to

22· · · · receive a signal from a GPS satellite in order to

23· · · · determine whether it meets a pre-determined

24· · · · threshold?

25· A.· · You would need at least the antenna and the low
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·1· · · · noise amplifier at the front end of the receiver.

·2· · · · It has a great many components to it to pull out

·3· · · · these very complex signals from all of the

·4· · · · different satellites and it would be to at

·5· · · · least feel -- to detect the level of the radio

·6· · · · signals.

·7· Q.· · And the antenna and the power amplifier that you

·8· · · · just described are components of GPS receiver 10?

·9· A.· · It's not a power amplifier, it's a low noise

10· · · · amplifier.

11· Q.· · Pardon me.· Let me re-ask the question.

12· · · · · · · · ·So the antenna and the low noise amplifier

13· · · · that you just described are components of

14· · · · Sakamoto's GPS receiver 10, correct?

15· A.· · They are a portion of the components, but certainly

16· · · · not all of them.

17· Q.· · Okay.· So when you stated in your declaration that

18· · · · Sakamoto cuts off power to the GPS receiver 10 when

19· · · · in stop-position mode, you didn't mean that it cuts

20· · · · off power to all components of GPS receiver 10 in

21· · · · stop-position mode?

22· · · · · · · · · MR. SNADER:· Objection.· Form.

23· · · · · · · · · THE WITNESS:· Could you ask that again or

24· · · · could you read it back?

25· · · · · · · · · MR. SEAL:· Sure.
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·1· BY MR. SEAL:

·2· Q.· · We discussed earlier that your opinion, as stated

·3· · · · in your declaration, was that when Sakamoto is in

·4· · · · stop-position mode, it cuts off power to GPS

·5· · · · receiver 10.· Do you recall that testimony?

·6· A.· · Yes.

·7· Q.· · And is it your opinion now that when Sakamoto cuts

·8· · · · off power to GPS receiver 10, it does not cut off

·9· · · · power to all components of GPS receiver 10?

10· A.· · Well, Sakamoto doesn't describe how he determines

11· · · · that the signal level is above that threshold.

12· · · · It's possible that he periodically turns on the GPS

13· · · · receiver just briefly to check so that it's -- most

14· · · · of the time it's off and every now and then he

15· · · · turns it on and looks, and if it's not above the

16· · · · level, he turns it back off, or maybe even just

17· · · · turns those components that he needs to use to

18· · · · examine the signal, and it's possible that he might

19· · · · leave some of the components on, but probably not

20· · · · given that he's after minimum power consumption.

21· · · · · · · · ·So presumably he would turn the GPS

22· · · · receiver off and then maybe once a minute, once

23· · · · every five minutes, would turn it back on briefly,

24· · · · check the power level, and if it was above that

25· · · · level, he would then transition to the normal mode
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·1· · · · or to the high mode, and if he was below, he would

·2· · · · turn it back off and keep it off until he decided

·3· · · · to check the next time.

·4· · · · · · · · ·This is a -- this is based on the

·5· · · · understanding that I think is reasonable for a

·6· · · · person of skill in the art, that without a method

·7· · · · like that, Sakamoto would turn the GPS receiver off

·8· · · · when the signal level went below that threshold and

·9· · · · it would never come back on again, which would not

10· · · · be a practical solution to the problem.

11· Q.· · You just mentioned that one of the triggers for

12· · · · reactivation could be performing a periodic check

13· · · · of the signal level to see if it is now above a

14· · · · threshold, correct?

15· A.· · Yes, I think that's a reasonable -- especially

16· · · · given Sakamoto's emphasis on minimal power

17· · · · consumption, you would change the GPS receiver

18· · · · to -- you would turn the GPS receiver on and then

19· · · · every now and then, at whatever period you thought

20· · · · was appropriate, turn on at least the parts of it

21· · · · necessary to check the signal level, and then you

22· · · · turn them off if it wasn't above that level, and if

23· · · · it was above that level you would activate the

24· · · · whole receiver and go back to one of the other

25· · · · positional points.
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·1· Q.· · In that example where Sakamoto periodically

·2· · · · activates the GPS receiver to check the signal,

·3· · · · that activation is not in response to a signal

·4· · · · level, correct, in other words, it's in response to

·5· · · · a time period?

·6· A.· · No, you wouldn't -- well, the turning on some

·7· · · · portion of the receiver to check the signal level

·8· · · · would presumably be in response to a time period,

·9· · · · but that doesn't necessarily mean the entire

10· · · · receiver is on.

11· · · · · · · · ·And more importantly, the claim requires

12· · · · reactivation when the signal is above that

13· · · · threshold, and it doesn't say that once you

14· · · · deactivate the GPS receiver you can never

15· · · · reactivate it unless it's above that threshold,

16· · · · otherwise, the '113 patent would suffer from the

17· · · · same problem that I'm talking about Sakamoto not

18· · · · suffering from.· You would turn the receiver off

19· · · · and never ever turn it back on again.

20· Q.· · Well, as we discussed, one of the triggers for

21· · · · turning it back on could be a periodic check,

22· · · · another trigger could be a user of Sakamoto

23· · · · manually activating the GPS receiver, correct?

24· A.· · Could be.· But in '113, in claim 3, if you have

25· · · · deactivated in claim 1 this GPS receiver and you --
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·1· · · · the only time that you're allowed to reactivate the

·2· · · · GPS receiver is when the signal is above this

·3· · · · threshold, then in claim 3, you would never turn on

·4· · · · the receiver because you would only be allowed --

·5· · · · if you interpret claim 3 as -- or all these claims

·6· · · · as only allowing the GPS receiver to turn on when

·7· · · · the signal level is above the threshold, then

·8· · · · claim 3 could never be performed because you turned

·9· · · · off the receiver and you can't turn it back on.

10· · · · It's the same problem that Sakamoto would have.

11· · · · · · · · ·So clearly, there's no prescription in

12· · · · these claims that once the receiver is turned on it

13· · · · can only be returned or reactivated -- once it's

14· · · · been deactivated, it can only be reactivated by

15· · · · that signal coming above the threshold.· You can

16· · · · reactivate it as many times as you want, but what

17· · · · it says is that when the signal is above that

18· · · · threshold, then you absolutely reactivate it and

19· · · · you can keep it on while it's above that threshold.

20· Q.· · The '113 patent discusses placing the GPS receiver

21· · · · into a sleep mode or standby mode; are you aware of

22· · · · that?

23· A.· · Yes.

24· Q.· · Okay.· And are you aware that one of ordinary skill

25· · · · in the art would understand how to activate the GPS
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·1· · · · receiver and the '113 patent out of sleep mode or

·2· · · · standby mode in response to a signal level?

·3· · · · · · · · · MR. SNADER:· Objection.· Form.

·4· · · · · · · · · THE WITNESS:· Probably the same with

·5· · · · Sakamoto.

·6· BY MR. SEAL:

·7· Q.· · Leaving aside the claim in the '113 patent for the

·8· · · · moment, I'm still trying to understand what in

·9· · · · Sakamoto teaches reactivating the GPS receiver in

10· · · · response to a signal level, and I think what we've

11· · · · discussed so far is that it can reactivate the GPS

12· · · · receiver or some component of the GPS receiver

13· · · · periodically to check to see whether the signal

14· · · · level is above a threshold.· And we discussed that

15· · · · a user of Sakamoto could manually turn on the GPS

16· · · · receiver to check whether the signal level is above

17· · · · the threshold, and I believe those are the only two

18· · · · mechanisms in Sakamoto that we've discussed so far

19· · · · for reactivating the GPS receiver out of

20· · · · stop-position mode.

21· A.· · I don't know that I said that a user would

22· · · · reactivate it in order to check the signal level.

23· · · · The user can simply cause it to turn on, they can

24· · · · modify the threshold and have the receiver turn on,

25· · · · but as I said, clearly Sakamoto -- I say this at
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·1· · · · paragraph 213 of my declaration.· "A POSITA would

·2· · · · have understood that a location tracking device

·3· · · · that transitioned to stop-positioning mode (i.e.

·4· · · · deactivated GPS) when the signal level was low, but

·5· · · · did not transition to a positioning mode (i.e

·6· · · · activate GPS) when the signal was high enough to

·7· · · · obtain positioning would never generate position

·8· · · · values at all after the first GPS deactivation."

·9· · · · · · · · ·So clearly Sakamoto either goes into a

10· · · · sleep mode like you described in the '113 patent or

11· · · · he periodically turns on a portion of the GPS

12· · · · receiver to check what the signal level is, but

13· · · · there has to be some way in which he is able to

14· · · · transition back to normal mode or to high

15· · · · sensitivity mode other than just keeping the thing

16· · · · off forever.

17· Q.· · If you can look at paragraph 20 of Sakamoto,

18· · · · please.· This is in reference to embodiment 1 of

19· · · · Sakamoto.· It states that, "The position

20· · · · information communication terminal 1 waits in a

21· · · · state in which the power of the GPS receiver 10 is

22· · · · cut off; in order to obtain terminal user A's own

23· · · · position, a position request is sent to the

24· · · · positioning control unit 13 by pressing the button

25· · · · provided on the man-machine interface control
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·1· · · · unit 14."· Do you see that?

·2· A.· · I see that.

·3· Q.· · And this is describing a user's manual reactivation

·4· · · · of the GPS functionality?

·5· A.· · That's one of the embodiments of Sakamoto.

·6· Q.· · Okay.· And the next sentence reads, "The

·7· · · · positioning control unit 13 that has received the

·8· · · · position request turns on the power of the GPS

·9· · · · receiver 10 via the GPS control unit 12 and the GPS

10· · · · receiver 10 starts the position detection process."

11· · · · Do you see that?

12· A.· · I see that.· And this is the mode of operation of

13· · · · Sakamoto where the position is determined in

14· · · · response to a user requesting that position.

15· · · · · · · · ·Sakamoto also talks about other

16· · · · operational modes where the position is

17· · · · automatically and cyclically determined not on

18· · · · request by a user, and that's what would happen in

19· · · · normal mode or in high sensitivity node.

20· Q.· · So in the sentence we just read from Sakamoto's

21· · · · paragraph 20, the GPS receiver is powered on in

22· · · · response to a position request, correct, not a

23· · · · signal level?

24· · · · · · · · · MR. SNADER:· Objection.· Form.

25· · · · · · · · · THE WITNESS:· In paragraph 20, it's
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·1· · · · describing an embodiment where the user makes a

·2· · · · request for a position and the system turns on the

·3· · · · GPS receiver, determines the position and tells it

·4· · · · and presumably then turns back off.

·5· BY MR. SEAL:

·6· Q.· · Referring back to your declaration for a moment in

·7· · · · paragraph 213, which you just referenced, you rely

·8· · · · on paragraph 27 from Sakamoto to discuss

·9· · · · transitioning from stop-position mode.

10· · · · · · · · ·Now if you could, please, review

11· · · · paragraph 27 from Sakamoto and direct me to the

12· · · · portion of the paragraph that in your opinion

13· · · · discloses transitioning from stop-position mode to

14· · · · either normal mode or high mode.

15· A.· · So what was your question again?

16· Q.· · I would like you to identify for me the portion of

17· · · · paragraph 27 in Sakamoto that teaches activating

18· · · · the GPS receiver while in stop-position mode to

19· · · · move into either normal mode or high mode.

20· A.· · Well, in 27, he's saying that when the environment

21· · · · is such that it's easy to receive GPS signals, the

22· · · · receiver is in normal mode, and then when that

23· · · · signal level drops below a certain threshold, he

24· · · · transitions to -- and in normal mode, he only

25· · · · periodically is checking the -- or computing the
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·1· · · · GPS position, and then when you drop below that

·2· · · · level, you transition to the high sensitivity mode.

·3· · · · He's not talking here about transitioning from the

·4· · · · stop-positioning mode to the start-positioning mode

·5· · · · or to normal or high.

·6· · · · · · · · ·So his -- in this paragraph, he's talking

·7· · · · about these two different levels, K1 and K2, and

·8· · · · these are the threshold levels that determine

·9· · · · whether, if you're in high mode, high sensitivity

10· · · · mode, whether you go to normal sensitivity mode, or

11· · · · if you're in normal sensitivity mode, whether you

12· · · · go back to high sensitivity mode.· That's what he's

13· · · · describing in this paragraph.

14· Q.· · Going back to the claim language of the '113 patent

15· · · · for a moment.· You were testifying earlier that it

16· · · · would not make sense for the '113 patent to teach

17· · · · deactivation in response to a signal level when it

18· · · · could not reactivate in response to a signal level.

19· A.· · I don't know that I phrased it that way, but what I

20· · · · said was that Sakamoto does talk about deactivating

21· · · · some -- all or some portion of the GPS receiver

22· · · · when the signal level drops below a certain

23· · · · threshold, not one of the thresholds in

24· · · · paragraph 27, and I said if he dropped below that

25· · · · threshold and never had any ability to turn himself
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·1· · · · back on by checking the signal level, then he would

·2· · · · be permanently off until somebody lowered that

·3· · · · threshold.

·4· Q.· · If the '113 patent requires that the GPS receiver

·5· · · · reactivate in response to a signal level, does that

·6· · · · not suggest to you that the deactivation is

·7· · · · something other than a complete powering off of the

·8· · · · GPS receiver?

·9· · · · · · · · · MR. SNADER:· Objection.· Form.

10· · · · · · · · · THE WITNESS:· You could do it in any

11· · · · number of ways.· You could completely power off the

12· · · · GPS receiver and then periodically turn back on a

13· · · · portion of it to test the signal.· If you're

14· · · · actually interested in minimizing power

15· · · · consumption, that's probably the best way to do it.

16· · · · · · · · · You could turn off the processor portion

17· · · · of the GPS receiver, which is certainly the highest

18· · · · power consumption component, and leave the radio

19· · · · portion on and continually check -- if you're

20· · · · actually interested in power consumption, that

21· · · · would probably not be the optimal approach -- or

22· · · · you could just simply periodically turn on the

23· · · · portion -- turn everything off and then

24· · · · periodically turn on the portion that you would

25· · · · need to turn on to check the signal level, and if
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·1· · · · it was above that threshold, then reactivate the

·2· · · · whole rest of the receiver.

·3· · · · · · · · · I think my point earlier was that in

·4· · · · '113, you are faced with the same problem and

·5· · · · they -- of how you determine the signal level so

·6· · · · that you can reactivate the GPS receiver and they

·7· · · · don't provide any great detail about how you would

·8· · · · do that, so Gotoh -- I mean -- not Gotoh.

·9· · · · · · · · · Sakamoto describes turning the power off

10· · · · and describes going into various other positioning

11· · · · modes in various ways, some of them automatic, and

12· · · · the only reasonable way to do that would be to be

13· · · · able to check to see whether you're back above that

14· · · · threshold.

15· BY MR. SEAL:

16· Q.· · Right.· But if the claim language of the '113

17· · · · patent requires deactivating the GPS functionality

18· · · · in response to a signal level threshold and then

19· · · · reactivating the GPS functionality in response to a

20· · · · signal level threshold, that would require that

21· · · · deactivation does not mean completely shutting off

22· · · · the GPS receiver so that it cannot receive signals,

23· · · · correct?

24· · · · · · · · · MR. SNADER:· Object to form.

25· · · · · · · · · THE WITNESS:· Go ahead, Robin.
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·1· · · · · · · · · MR. SNADER:· Objection.· Form.

·2· · · · · · · · · THE WITNESS:· I think I've answered that.

·3· · · · There are a number of ways that you could do that.

·4· · · · You could turn off the GPS receiver entirely -- and

·5· · · · remember, '113, just like Sakamoto, is interested

·6· · · · in minimizing power consumption, so they would

·7· · · · presumably turn off the GPS receiver in a way that

·8· · · · allowed them to minimize power consumption.· How

·9· · · · they would then determine that that signal level

10· · · · was above the threshold to turn it back on could be

11· · · · done in a number of ways.

12· · · · · · · · · They could decide to turn off only a

13· · · · portion of the GPS receiver, which would still

14· · · · consume power even when they weren't checking the

15· · · · GPS signal level, they could turn off the entire

16· · · · GPS receiver, which would be consuming no power

17· · · · until they decided to check, and then they'd have

18· · · · two options.· One of them is to turn on the entire

19· · · · receiver just in order to check the signal level,

20· · · · which would consume a lot of power because you

21· · · · don't need position yet, or to turn on some portion

22· · · · of the GPS receiver that allows them to check the

23· · · · power, and if it's above the threshold, turn the

24· · · · rest of the receiver on.

25· · · · · · · · · The '113 patent doesn't talk about that
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·1· · · · in any great detail and neither does Sakamoto,

·2· · · · but a person of skill in the art would understand

·3· · · · that there are numerous ways in which you could

·4· · · · perform that.

·5· · · · · · · · · MR. SEAL:· Okay.· And I'm not trying to

·6· · · · be argumentative here and I'm not trying to have

·7· · · · you answer the question multiple times, so if I

·8· · · · come across as if I'm doing that, I apologize.  I

·9· · · · am trying to understand your answer, though, so I'm

10· · · · trying to get a little more detail, but if my

11· · · · question is unclear or if you think I'm being

12· · · · unfair, let me know.· It's certainly not my

13· · · · intention.

14· · · · · · · · · THE WITNESS:· I understand.

15· BY MR. SEAL:

16· Q.· · Specifically in the circumstance in which Sakamoto

17· · · · turns off power to the GPS receiver completely, how

18· · · · could it then reactivate the GPS receiver in

19· · · · response to a signal level?

20· A.· · He would have to periodically measure that signal

21· · · · level and he would need to do that by turning on

22· · · · some portion of the receiver that would allow him

23· · · · to measure that signal level to determine whether

24· · · · it was above the threshold.

25· Q.· · And what --
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·1· A.· · And so not the entire receiver, he just has to turn

·2· · · · on a portion of it, and if he is above that

·3· · · · threshold, then he activates the entire receiver

·4· · · · and starts positioning and starts calculating

·5· · · · positions either in high sensitivity mode or on a

·6· · · · periodic basis in normal sensitivity mode.

·7· Q.· · Now you say that Sakamoto doesn't have to turn on

·8· · · · the entire receiver, but he would have to turn on

·9· · · · the portion of the receiver that is capable of

10· · · · receiving a GPS signal and measuring its strength,

11· · · · correct?

12· A.· · Yes, and so would the '113 patent.· You know, you

13· · · · mentioned earlier that -- there was a statement

14· · · · about GPS receiver being in standby mode.· Well,

15· · · · that would mean that the GPS receiver hasn't

16· · · · actually been deactivated, right?· If it's in

17· · · · standby mode, then it's still partially turned on.

18· · · · · · · · ·So, you know, possibly Sakamoto could do

19· · · · that.· Sakamoto could also turn it off and then

20· · · · periodically turn on a portion of it.· So there are

21· · · · many ways that that could be done, but both '113

22· · · · and Sakamoto have the same problem, that if you

23· · · · turn off the entire GPS receiver, completely power

24· · · · it down because the signal is below a threshold,

25· · · · and you want to turn it back on when it's above
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·1· · · · that threshold, you have to turn something back on

·2· · · · in order to measure whether it's above the

·3· · · · threshold.· You either have to turn something back

·4· · · · on or something has to have not been turned on.

·5· Q.· · Alternatively, you could have an understanding of

·6· · · · the term deactivate that does not include powering

·7· · · · off, correct?

·8· · · · · · · · · MR. SNADER:· Objection.· Form.

·9· · · · · · · · · THE WITNESS:· In which case you would be

10· · · · deactivating the major power-consuming portions of

11· · · · the GPS receiver.· And I don't think that Sakamoto

12· · · · is inconsistent with that.· I described it as

13· · · · turning the power off, but Sakamoto is very clear

14· · · · that he says that you stop position searching, and,

15· · · · you know, you could stop position searching by

16· · · · turning off all of the correlators and processors

17· · · · and everything else and still leave the receiver

18· · · · detector on and be able to measure the signal

19· · · · level.· So, you know, I think you could do it in

20· · · · any number of ways and neither the '113 patent nor

21· · · · Sakamoto are explicit in how that's done.

22· · · · · · · · · MR. SEAL:· Okay.· I think we're through

23· · · · with the '113.

24· · · · · · · · · We'll now look at the '256 patent,

25· · · · please, which I'll mark as Exhibit 5.
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·1· · · · · · · · ·(Marked for identification:

·2· · · · · · · · · Deposition Exhibit No. 5.)

·3· BY MR. SEAL:

·4· Q.· · And specifically, I would like to direct you to

·5· · · · claim 10, which is in column 12.· Claim 10 includes

·6· · · · a limitation that reads, "A battery powered monitor

·7· · · · configured to activate and deactivate at least one

·8· · · · portion of the electronic tracking device to

·9· · · · conserve battery power in response to a signal

10· · · · level of the received communication signal."· Do

11· · · · you see that?

12· A.· · I see that.

13· Q.· · And your opinion, as reflected in your declaration,

14· · · · is that Sakamoto's GPS receiver 10 is the "at least

15· · · · one portion of the electronic tracking device" that

16· · · · is activated and deactivated in response to a

17· · · · signal level; is that correct?· If it helps, I'm

18· · · · referring to paragraph 146 of your declaration.

19· A.· · I'm reading that right now.· Thanks.

20· · · · · · · · · MR. SEAL:· We'll go ahead and mark your

21· · · · declaration as Exhibit 6.

22· · · · · · · · ·(Marked for identification:

23· · · · · · · · · Deposition Exhibit No. 6.)

24· · · · · · · · · THE WITNESS:· Okay.· So your question

25· · · · was is the portion that is being activated and
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·1· · · · deactivated in response to a signal level -- so

·2· · · · your question was, is the electronic -- portion of

·3· · · · the electronic tracking device on the GPS receiver?

·4· · · · I believe in this section of my declaration, that

·5· · · · is correct.

·6· BY MR. SEAL:

·7· Q.· · Okay.· Looking at paragraph 146 from your

·8· · · · declaration, there's -- on page 185, there is a

·9· · · · sentence that reads, "In my opinion, similar to the

10· · · · '256 patent, Sakamoto teaches activating the GPS

11· · · · receiver by selecting the normal mode due to a

12· · · · signal level that is good (above a particular

13· · · · threshold value, e.g., K2) and deactivating the GPS

14· · · · receiver when the stop-positioning mode is selected

15· · · · when the signal level value is below a

16· · · · pre-determined threshold (i.e., poor signal level)

17· · · · and positioning cannot be performed."· Do you see

18· · · · that?

19· A.· · Yes.

20· Q.· · I want to direct your attention specifically to the

21· · · · part about activating the GPS receiver by selecting

22· · · · the normal mode due to a signal level that is good.

23· A.· · Okay.

24· Q.· · So --

25· A.· · What about it?· Is there a question?
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·1· Q.· · There is.· One second.

·2· A.· · Okay.· Sorry.

·3· Q.· · That's all right.

·4· · · · · · · · ·You reference the threshold value K2 in

·5· · · · that paragraph, and that value K2 represents the

·6· · · · threshold to transition into normal mode; is that

·7· · · · correct?

·8· A.· · Yes, that's correct, from high sensitivity mode.

·9· Q.· · From high sensitivity mode?

10· A.· · From high sensitivity mode or from stop-positioning

11· · · · mode.· It's just that when you are above K2, you

12· · · · are -- from wherever you were when signal level is

13· · · · above K2, you go to normal mode.

14· Q.· · Okay.· It is not your opinion, is it, that moving

15· · · · from high mode to normal mode activates the GPS

16· · · · receiver, is it?

17· A.· · No, because the GPS receiver is already active and

18· · · · being continuously used in high mode.

19· Q.· · Okay.· So this limitation, if met by Sakamoto,

20· · · · would have to be met by moving from stop-position

21· · · · mode into normal mode at threshold K2, correct?

22· A.· · Yes, you can transition to -- if, in stop-position

23· · · · mode, you had a signal level below the level that

24· · · · you can receive or calculate positions, an example

25· · · · that I've used in thinking about this is you're in
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·1· · · · a tunnel and so the signal level goes below where

·2· · · · you can reliably calculate positions, and then you

·3· · · · drive out of the tunnel and suddenly your signal

·4· · · · level is above this K2 level, you immediately go to

·5· · · · normal mode.

·6· Q.· · Okay.· And the method by which Sakamoto moves from

·7· · · · stop-position mode into normal mode for purposes of

·8· · · · the '256 patent would be the same mechanism that we

·9· · · · discussed for the '113 patent; is that correct?

10· A.· · I think so, yes.

11· · · · · · · · · MR. SEAL:· Okay.· I would now direct your

12· · · · attention to the Gotoh reference, which we're going

13· · · · to mark as Exhibit 7.

14· · · · · · · · ·(Marked for identification:

15· · · · · · · · · Deposition Exhibit No. 7.)

16· BY MR. SEAL:

17· Q.· · Before I ask specific questions about the Gotoh

18· · · · reference, I believe your testimony is that a

19· · · · person of ordinary skill in the art would modify

20· · · · Sakamoto by adding the accelerometer from Gotoh

21· · · · when Sakamoto was in stop-position mode; is that

22· · · · correct?

23· A.· · I think that's correct.· Let me find it in my

24· · · · declaration.· I just want to make sure I'm at the

25· · · · right place for why he would do that.
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·1· · · · · · · · ·Yes, so you would add Gotoh's

·2· · · · accelerometer in reckoning calculations to

·3· · · · Sakamoto's so that you would still be able to

·4· · · · determine, at least to some level of accuracy or

·5· · · · position, when the GPS signal was too low to

·6· · · · measure -- to reliably compute a position.

·7· Q.· · So one of ordinary skill in the art would use

·8· · · · Gotoh's accelerometer in combination with Sakamoto

·9· · · · only when Sakamoto is operating in the

10· · · · stop-position mode; is that correct?

11· A.· · Yeah, and this is very common in GPS receivers.

12· · · · They include an accelerometer, and when the signal

13· · · · is not sufficient to be able to compute a GPS fix,

14· · · · they then -- sometimes it's called flywheeling.

15· · · · You essentially use the accelerometer to compute

16· · · · position values, position fixes that are estimated

17· · · · position fixes based on your trajectory, which was

18· · · · measured by the accelerometer, and then when GPS

19· · · · comes back, you stop doing that and go back to

20· · · · using your GPS position.

21· Q.· · If you look at paragraph 158 of your declaration on

22· · · · the '256 patent, I do have a question there.

23· · · · · · · · ·There's a sentence in the paragraph that

24· · · · reads, "Sakamoto, as modified by Gotoh, teaches

25· · · · that Gotoh's accelerometer 13 activates or
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·1· · · · deactivates based in part on the signal level of

·2· · · · the GPS satellite signal (the 'received

·3· · · · communication signal') as taught by Sakamoto."· Do

·4· · · · you see that?

·5· A.· · Yes.

·6· Q.· · And it's your testimony that the accelerometer

·7· · · · activates when the signal level drops below a

·8· · · · certain threshold and Sakamoto enters into

·9· · · · stop-position mode, correct?

10· A.· · Yes.

11· Q.· · Can you describe for me the mechanism by which the

12· · · · accelerometer of Gotoh would deactivate when it is

13· · · · operating in stop-position mode, when Sakamoto is

14· · · · operating in stop-position mode?

15· A.· · Well, it would not deactivate until it was -- until

16· · · · the signal level came above the stop-positioning

17· · · · threshold.· So the claim requirement is, "Wherein

18· · · · the accelerometer activates or deactivates based in

19· · · · part on the signal level of the received

20· · · · communication signal."

21· · · · · · · · ·So in Gotoh, or Sakamoto as modified by

22· · · · Gotoh, when the signal level dropped below the

23· · · · threshold for stop-positioning, the accelerometer

24· · · · would take over and calculate positions, and when

25· · · · the signal level went above that threshold, the GPS
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·1· · · · receiver would take over and the accelerometer

·2· · · · would not be necessary.

·3· · · · · · · · ·And certainly, again, both Sakamoto and

·4· · · · the '256 are concerned with power consumption, so

·5· · · · there would be no need to continue to use the

·6· · · · accelerometer and calculate those positions when

·7· · · · you had GPS fixes because it adds no new value.

·8· Q.· · So the mechanism by which Sakamoto would detect a

·9· · · · signal level to exit stop-position mode and

10· · · · deactivate the accelerometer, that's the same

11· · · · mechanism that we discussed in context -- in the

12· · · · context of the '113 patent earlier, correct?

13· A.· · Well, he would -- I don't know that it's exactly

14· · · · the same mechanism, but, you know, basically what

15· · · · you would do is when the GPS was being used, the

16· · · · GPS receiver was being used, you would deactivate

17· · · · the accelerometer, and when the GPS receiver was

18· · · · deactivated, you would activate the accelerometer.

19· · · · You're using one or the other.

20· · · · · · · · ·I don't know whether, you know, you would

21· · · · necessarily use the threshold of the signal to turn

22· · · · on the accelerometer.· You might just have

23· · · · something that said, you know, I'm only going to

24· · · · power one of these at a time, and, you know, on the

25· · · · basis of that, the accelerometer would be activated
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·1· · · · and deactivated.

·2· · · · · · · · ·I mean, the trigger for it is clearly that

·3· · · · the GPS signal level -- for activation, the GPS

·4· · · · signal level has gone below that threshold and for

·5· · · · deactivation it's gone above that threshold, but

·6· · · · there are many ways you could implement that from

·7· · · · an electronics perspective.

·8· · · · · · · · · MR. SEAL:· If you'd look at the Kulach

·9· · · · reference, which we're going to mark as Exhibit 8.

10· · · · · · · · ·(Marked for identification:

11· · · · · · · · · Deposition Exhibit No. 8.)

12· · · · · · · · · MR. SEAL:· Actually, I want to refer to

13· · · · you to paragraph 171 of your declaration which

14· · · · discusses the Kulach reference.

15· · · · · · · · · THE WITNESS:· Give me a second to

16· · · · reorient myself here.

17· · · · · · · · · Okay.· 171, you said?

18· · · · · · · · · MR. SEAL:· Yes.

19· BY MR. SEAL:

20· Q.· · So referring to that paragraph and to Kulach as

21· · · · necessary, could you describe for me the mechanism

22· · · · by which the accelerometer in Kulach deactivates?

23· A.· · So in paragraph 90 of Kulach, the right-hand

24· · · · column, it says, "While not in use, the apparatus

25· · · · 10 can disable most of its sensors to conserve
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·1· · · · energy and enable a subset of sensors, such as the

·2· · · · one or more accelerometers, only frequently enough

·3· · · · to maintain context awareness."

·4· · · · · · · · ·So Kulach describes that when it's not

·5· · · · necessary to use the sensors -- and these are

·6· · · · sensors 12, which are described elsewhere in Kulach

·7· · · · as accelerometers -- that when you don't need them

·8· · · · to -- when you don't need to use them, you power

·9· · · · them off in order to conserve energy.

10· Q.· · Is there anything in paragraph 90 of Kulach or

11· · · · elsewhere that describes maintaining that context

12· · · · awareness in response to a signal?

13· A.· · In Kulach, in response to a signal level?

14· Q.· · Correct.

15· A.· · Are you saying any signal level or...

16· Q.· · A GPS signal level.

17· A.· · I don't think the Kulach has a GPS receiver.

18· Q.· · Okay.

19· A.· · So it wouldn't be turning those sensors on and off

20· · · · in response to a signal level.· It turns them on

21· · · · and off to conserve power so that when they are not

22· · · · needed, it turns them off.· And then according to

23· · · · paragraph 90, just as I had described for Gotoh and

24· · · · his receiver, it periodically turns them on so that

25· · · · it can figure out where it is, but then turns them
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·1· · · · back off again.

·2· Q.· · How does Kulach determine that the sensors are not

·3· · · · needed as a prelude to deactivating them?

·4· A.· · He says that, "While not in use, the apparatus can

·5· · · · disable most of its sensors to conserve energy and

·6· · · · enable a subset of the sensors, such as one or more

·7· · · · accelerometers, only frequently enough to maintain

·8· · · · context awareness."

·9· · · · · · · · ·So when there is not a lot of activity --

10· · · · and Kulach is specifically directed to detecting

11· · · · motion of the user.· So when the user is

12· · · · essentially stationary, not particularly active,

13· · · · you can power down most of the sensors and might

14· · · · periodically turn them on just to sort of see if

15· · · · there's been any change, and if there has, you

16· · · · would power them up again and understand the user

17· · · · is not moving.

18· · · · · · · · · MR. SEAL:· Thank you.

19· · · · · · · · · I would now like you to take a look at

20· · · · the IPR petition itself for the '256 patent, which

21· · · · I'm going to mark -- I think we're at Exhibit 8.

22· · · · If you could turn to page 48 of the petition.

23· · · · · · · · · THE REPORTER:· I'm sorry, Brian, I think

24· · · · Exhibit 8 was the Kulach reference, you said.

25· · · · · · · · · MR. SEAL:· So this will be Exhibit 9.
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·1· · · · I apologize.

·2· · · · · · · · ·(Marked for identification:

·3· · · · · · · · · Deposition Exhibit No. 9.)

·4· BY MR. SEAL:

·5· Q.· · So Mr. Andrews, at the bottom of page 48, there's a

·6· · · · statement that says, "Additionally, Sakamoto

·7· · · · teaches detecting a battery level of terminal 1's

·8· · · · battery and powering on/off the GPS receiver based

·9· · · · on the battery level," and it cites Sakamoto,

10· · · · paragraph 39.· Do you see that?

11· A.· · Yes.

12· Q.· · Do you agree with that statement?

13· A.· · Let me read 39.· Yes.

14· Q.· · What is the mechanism by which Sakamoto powers the

15· · · · GPS receiver on or off in response to the battery

16· · · · level?

17· A.· · Well, in 39, I can spare you reading the entire

18· · · · thing, but the very last sentence after -- in 39,

19· · · · he's talking about a battery control unit which

20· · · · "notifies positioning control unit remaining

21· · · · battery amount warning when the modern battery

22· · · · remaining amount falls below a certain threshold

23· · · · value."· That's the beginning of 39.· And at the

24· · · · end, "After the remaining battery amount warning,

25· · · · the power consumption may be reduced by cutting off
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·1· · · · the power to the GPS receiver 10."

·2· Q.· · Is it your understanding that Sakamoto

·3· · · · automatically cuts off the power to GPS receiver 10

·4· · · · in that situation or is it done manually by the

·5· · · · user?

·6· · · · · · · · · MR. SNADER:· Objection.· Form.

·7· · · · · · · · · THE WITNESS:· Which user?· Are you

·8· · · · talking about searcher B?

·9· · · · · · · · · MR. SEAL:· Yes, position searcher B in

10· · · · paragraph 39 of Sakamoto.

11· · · · · · · · · THE WITNESS:· That is listed as an

12· · · · alternative, that position searcher B might be

13· · · · notified of the battery warning level and would

14· · · · then transmit a position search request specifying

15· · · · the high sensitivity positioning mode or the normal

16· · · · sensitivity positioning mode at the discretion of

17· · · · position searcher B.· So it would be automatic

18· · · · because position searcher B is described here as

19· · · · putting the receiver into either the normal or the

20· · · · high mode, not the power off mode.

21· BY MR. SEAL:

22· Q.· · But position searcher B, that's an individual; is

23· · · · that correct?

24· A.· · Yeah, it's some third party that wants to know the

25· · · · position of the user A.
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·1· Q.· · And position searcher B has the ability to cut off

·2· · · · power to GPS receiver 10, correct, by using the

·3· · · · man-machine interface?

·4· A.· · He's not at the device, he's remote.· So I think he

·5· · · · has the ability to direct the device to be in

·6· · · · normal or high sensitivity mode, but I don't

·7· · · · believe he's described as being able to turn it

·8· · · · off.

·9· Q.· · So in other words, in your opinion, position

10· · · · searcher B does not have the ability to direct

11· · · · Sakamoto's device to enter into stop-position mode?

12· A.· · I don't recall if he can set that threshold or not.

13· · · · I think that that's by user A.· But more

14· · · · specifically, in paragraph 39, the statement about

15· · · · position searcher B is unrelated to the statement,

16· · · · "After the remaining battery amount warning, the

17· · · · power consumption may be reduced by cutting off

18· · · · power to the GPS receiver," because -- I'll read it

19· · · · here -- the portion of this paragraph that talks

20· · · · about position searcher B says, "Alternatively, the

21· · · · position searcher B may be notified of the

22· · · · remaining battery amount warning and the terminal

23· · · · address corresponding to this warning" -- so which

24· · · · device it is -- "and the communication control unit

25· · · · 21 requested to transmit a position search message
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·1· · · · specifying the high sensitivity mode or the normal

·2· · · · sensitivity mode, positioning mode at the

·3· · · · discretion of position searcher B."

·4· · · · · · · · ·So the only thing that's described here

·5· · · · for position searcher B is that he has the

·6· · · · discretion to direct this device to be in high

·7· · · · sensitivity or low sensitivity mode based on him

·8· · · · receiving the battery level warning, but he's not

·9· · · · described as being able to turn off the GPS as

10· · · · position searcher B.

11· Q.· · So in your opinion, the last sentence of the

12· · · · paragraph that reads, "After the remaining battery

13· · · · amount warning, the power consumption may be

14· · · · reduced by cutting off the power of the GPS

15· · · · receiver 10," does not refer to any ability of

16· · · · position searcher B?

17· A.· · I think that that is a correct statement because

18· · · · everything that's talked about position searcher B

19· · · · doing is either normal mode or high mode, not off.

20· Q.· · In paragraph 28 of Sakamoto, which I understand is

21· · · · embodiment 1, there is a sentence -- the last

22· · · · sentence of the paragraph reads, "Upon receiving

23· · · · this warning, the terminal user A operates the

24· · · · man-machine interface control unit 14, as described

25· · · · above, to select from the normal sensitivity
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·1· · · · position mode, the high sensitivity position mode,

·2· · · · or cutting off the power of the position

·3· · · · information communication terminal 1."· Do you see

·4· · · · that?

·5· A.· · I see that.

·6· Q.· · So in that embodiment, would you agree that the

·7· · · · user has the ability to cut power to the device in

·8· · · · response to a battery level warning?

·9· A.· · Yeah, and it's all in one sentence.· So here you're

10· · · · saying that user A, the one that's actually holding

11· · · · the device, can put it -- after he receives this

12· · · · warning, he can essentially decide what he wants to

13· · · · do.· He can put it into high sensitivity mode,

14· · · · normal sensitivity mode or he can turn it off.

15· Q.· · That embodiment described in paragraph 28, the user

16· · · · might choose not to turn off the power in response

17· · · · to the battery warning, correct?

18· A.· · Might.

19· Q.· · Or a user might not see the battery level warning

20· · · · for some reason, correct?

21· A.· · It's possible.

22· · · · · · · · · MR. SEAL:· Okay.· That's it for the '256.

23· · · · · · · · · I notice we've been going for a little

24· · · · over an hour, if anybody needs to take a short

25· · · · break.· I don't have a whole lot left.
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·1· · · · · · · · · THE WITNESS:· Sure.

·2· · · · · · · · · VIDEOGRAPHER:· Off the record at

·3· · · · 9:14 a.m.

·4· · · · · · · · ·(Whereupon a break was taken

·5· · · · · · · · · from 9:14 a.m. to 9:28 a.m.)

·6· · · · · · · · · VIDEOGRAPHER:· We are back on the record

·7· · · · at 9:28 a.m.

·8· BY MR. SEAL:

·9· Q.· · Mr. Andrews, during the break, have you

10· · · · reconsidered any of your earlier testimony or had

11· · · · any changes in your opinion?

12· A.· · No.

13· · · · · · · · · MR. SEAL:· Okay.· I'm going to try to cut

14· · · · the remaining questions short a bit.· I think I'm

15· · · · almost done, actually, but I just want to ask

16· · · · whether -- with regard to the '618 patent and your

17· · · · declaration there.· And we'll go ahead and mark the

18· · · · '618 patent as Exhibit 10 and your declaration

19· · · · regarding the '618 patent as Exhibit 11.

20· · · · · · · · ·(Marked for identification:

21· · · · · · · · · Deposition Exhibit Nos. 10-11.)

22· BY MR. SEAL:

23· Q.· · And I've marked those so that you can review them

24· · · · as much as you like in response to the question,

25· · · · but the question is whether your understanding of
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·1· · · · the mechanisms by which Sakamoto moves from the

·2· · · · stop-position mode to either normal mode or high

·3· · · · mode for purposes of your opinion regarding the

·4· · · · '618 patent are the same as previously discussed

·5· · · · for the '113 patent and the '256 patent.

·6· A.· · I would say essentially.· The '113 patent is ever

·7· · · · so slightly different.· I would say that my

·8· · · · opinions on '618 are essentially the same for the

·9· · · · '256, and the opinions relative to the questions

10· · · · you have asked are not significantly different for

11· · · · '113.

12· · · · · · · · ·There are some very subtle differences in

13· · · · '113 -- between '113 and '256 and '618, '113 being

14· · · · a slight outlier.· So I would say, you know,

15· · · · definitively that yes, my opinions on '618 are --

16· · · · on those topics are the same as for '256.

17· · · · · · · · · MR. SEAL:· Okay.· Thanks very much.  I

18· · · · don't have any other questions.

19· · · · · · · · · THE REPORTER:· Robin, did you --

20· · · · · · · · · MR. SNADER:· Nothing on cross.

21· · · · · · · · · VIDEOGRAPHER:· Okay.· This concludes

22· · · · today's deposition.· The time is 9:31 a.m. and we

23· · · · are off the record.

24

25· · · · · · ·(Deposition concluded at 9:31 a.m.)
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·1· STATE OF MICHIGAN)

·2· COUNTY OF OAKLAND)

·3

·4· · · · · · · · ·Certificate of Notary Public

·5· · · ·I do hereby certify the witness, whose attached

·6· testimony was taken in the above matter, was first duly

·7· sworn to tell the truth; the testimony contained herein

·8· was reduced to writing in the presence of the witness, by

·9· means of stenography; afterwards transcribed; and is a

10· true and complete transcript of the testimony given.  I

11· further certify that I am not connected by blood or

12· marriage with any of the parties, their attorneys or

13· agents, and that I am not interested directly, indirectly

14· or financially in the matter of controversy.

15· · · ·In witness whereof, I have hereunto set my hand

16· this day at Clarkston, Michigan, State of Michigan.

17· · · ·I hereby set my hand this day, May 15, 2021.

18

19

20

21· · · · · · ______________________________________

22· · · · · · Karen Fortna, CRR/RMR/RPR/CSR-5067

23· · · · · · Notary Public, Oakland County, Michigan

24· · · · · · My Commission expires 4/30/2025
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(54) [Title of the Invention] Position information communication terminal and GPS positioning system


(57) [Abstract] 


[Problem] To provide a position information communication
terminal and GPS positioning system with which it is possible to 


flexibly switch between the normal sensitivity positioning mode in


which the GPS receiver operates only when necessary and the high 


sensitivity positioning mode in which it always operates.


[Solution Means]
Through control of the power supply of the GPS receiver 10 by GPS 


control unit 12, each positioning operation is controlled of the 


normal sensitivity positioning mode in which the GPS receiver 10


is operated only when necessary and the high sensitivity positioning


mode in which the GPS receiver 10 is always operated, the latest
orbit information of GPS satellites is obtained, the positioning 


control unit 13 switches between the normal sensitivity positioning 


mode and the high sensitivity positioning mode of the GPS receiver 


10, and the orbit information obtained via the network using the 


communication control unit 11 is supplied to the GPS control unit
12. 


[Drawings] FIG. 1 
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[Claims]  


[Claim 1]  


A position information communication terminal, provided with a GPS receiver that receives GPS satellite signals 


from GPS satellites and performs positioning operations; a communication control unit having a mobile 


communication means; a GPS control unit having an orbit information acquisition means for acquiring the latest orbit 


information of the GPS satellite in response to a request from a GPS receiver, a position information acquisition 


means for acquiring position information from the GPS receiver, and a positioning operation control means for 


controlling each positioning operation in a normal sensitivity positioning mode in which the GPS receiver is operated 


only when necessary and a high sensitivity positioning mode in which the GPS receiver is always operated by 


controlling the power of the GPS receiver; and a positioning control unit having a positioning mode switching means 


for switching between the normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS 


receiver, and an orbit information supply means for supplying the orbit information acquisition means with orbit 


information obtained via a network using the communication control unit. 


[Claim 2]  


The position information communication terminal according to claim 1, provided with a man-machine interface 


control unit that outputs information corresponding to the operation of the terminal user, wherein the positioning 


control unit switches between the normal sensitivity positioning mode and the high sensitivity positioning mode of 


the GPS receiver based on the request of the terminal user acquired via the man-machine interface control unit. 


[Claim 3]  


The position information communication terminal according to claim 1, wherein the communication control unit 


receives positioning control information transmitted from the outside, and the positioning control unit switches 


between the normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based 


on the positioning control information.  


[Claim 4]  


The position information communication terminal according to claim 1, provided with a satellite signal level detecting 


unit for detecting the level of the GPS signal received by the GPS receiver, wherein the positioning control unit 


switches between the normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS 


receiver based on the signal level information acquired from the satellite signal level detecting unit. 


[Claim 5]  


The position information communication terminal according to claim 1, provided with a battery that supplies 


operating power, and a battery control unit that notifies the positioning control unit of a remaining battery amount 


warning when the remaining amount value of the battery is lower than a preset threshold value, wherein the 


positioning control unit switches between the normal sensitivity positioning mode and the high sensitivity positioning 


mode of the GPS receiver based on the remaining battery amount warning information. 


[Claim 6]  


The position information communication terminal according to claim 1, provided with a battery that supplies 


operating power, a battery control unit that notifies the positioning control unit of a remaining battery amount warning 


when the remaining amount value of the battery is lower than a preset threshold value, and a man-machine interface 


control unit for notifying the terminal user of the remaining battery amount warning; wherein the positioning control 


unit switches between the normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS 


receiver based on the remaining battery amount warning. 


[Claim 7] 


The GPS positioning system according to claim 1, consisting of a position management server that searches the 


position of the terminal, provided with a position information communication terminal, a communication control unit 


having mobile communication means that connects to the terminal via a mobile communication network, a positioning 


mode control unit that transmits and receives positioning control information to and from the terminal via the 


communication control unit, and a GPS satellite information management unit that collects and manages GPS satellite 


information and sends the latest GPS satellite orbit information to the terminal via the mobile communication 


network;  


wherein the positioning control unit of the terminal switches between the normal sensitivity positioning mode and the 


high sensitivity positioning mode of the GPS receiver based on the positioning control information from the position 


management server. 
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[Claim 8] 


The GPS positioning system according to claim 7, wherein the positioning mode control unit sets positioning mode 


information that specifies the positioning operation of the GPS receiver of the terminal to the normal sensitivity 


positioning mode or the high sensitivity positioning mode, as positioning control information, based on an instruction 


from a position searcher, and the communication control unit of the position management server transmits positioning 


control information in which the positioning mode information is set to the terminal via a mobile communication 


network. 


[Claim 9] 


The GPS positioning system according to claim 7, wherein the terminal is provided with a satellite signal level 


detecting unit that detects a level of the GPS signal received by the GPS receiver, the positioning control unit sets the 


signal level information to positioning control information, the communication control unit of the terminal transmits 


positioning control information in which the signal level information is set to the position management server via a 


mobile communication network, the positioning mode control unit of the position management server, based on the 


signal level information, sets positioning mode information for specifying the positioning operation of the GPS 


receiver of the terminal as the normal sensitivity positioning mode or the high sensitivity positioning mode to the 


positioning control information, and the communication control unit of the position management server transmits 


positioning control information in which the positioning mode information is set to the terminal via a mobile 


communication network. 


[Claim 10] 


The GPS positioning system according to claim 7, wherein the terminal is provided with a battery that supplies 


operating power, and a battery control unit that notifies the positioning control unit of a remaining battery amount 


warning when the remaining amount value of the battery is lower than a preset threshold value; wherein the 


positioning control unit sets the remaining battery amount warning information to positioning control information, 


the communication control unit of the terminal transmits the positioning control information in which the remaining 


battery amount warning information is set to the position management server via the mobile communication network, 


the positioning mode control unit of the position management server, based on the remaining battery amount warning 


information, sets the positioning mode information for specifying the positioning operation of the GPS receiver of 


the terminal as the normal sensitivity positioning mode or the high sensitivity positioning mode to the positioning 


control information, and the communication control unit of the position management server transmits positioning 


control information in which the positioning mode information is set to the terminal via a mobile communication 


network. 


[Claim 11] 


The GPS positioning system according to claim 7, wherein the terminal is provided with a battery that supplies 


operating power, and a battery control unit that notifies the positioning control unit of a remaining battery amount 


warning when the remaining amount value of the battery is lower than a preset threshold value; wherein the 


positioning mode control unit of the position management server, based on the remaining battery amount warning 


information, notifies the position searcher of the battery remaining warning, sets the positioning mode information 


specifying the positioning operation of the GPS receiver of the terminal in the normal sensitivity positioning mode or 


the high sensitivity positioning mode to the positioning control information, and the communication control unit of 


the position management server transmits positioning control information in which the positioning mode information 


is set to the terminal via a mobile communication network. 


[Claim 12] 


The GPS positioning system according to any one of claims 7 to 11, provided with a communication line status control 


unit in the position information communication terminal or the position management server that switches the 


communication line connecting the position information communication terminal with the position management 


server via the mobile communication network between a mode that is always connected and a mode that is connected 


for each position search based on a request from a position searcher.  


[Detailed Description of the Invention] 


[0001] 


[Technical Field of the Invention] 


The present invention relates to a position information communication terminal capable of position measurement 


using a GPS receiver, and a GPS positioning system. 


[0002] 


[Prior Art] 


In Japanese Unexamined Patent Publication No. 10-31061 a technology is disclosed that shortens the time from 


power-on to the first position detection by inputting the latest navigation message of the GPS satellite from the 


outside to the   
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GPS receiver. However, it is difficult to track and capture the GPS satellite signal with a level lower than the 


signal level that can be captured using this technique. 


[0003] 


Therefore, there is a highly sensitive positioning operation that always operates the GPS receiver as a GPS receiving 


technique capable of detecting the position even in an environment where the satellite signal level is lower after once 


capturing the GPS satellite. However, it is necessary to keep the GPS receiver itself running, and when applied to 


devices with limited battery capacity such as portable terminals, it is necessary to flexibly control the operation mode 


of the GPS receiver from the outside and selectively use the highly sensitive positioning operation and the normal 


positioning operation. 


[0004] 


[Problems to be Solved by the Invention] 


The present invention has been developed in light of the above reasons; the purpose thereof is to provide a position 


information communication terminal and a GPS positioning system wherein it is possible to flexibly switch between 


the normal sensitivity positioning mode in which the GPS receiver operates only when necessary and the high 


sensitivity positioning mode in which it operates constantly. 


[0005]  


[Means for Solving the Problems] 


The invention according to claim 1 is provided with a GPS receiver that receives GPS satellite signals from GPS 


satellites and performs positioning operations;  


a communication control unit having a mobile communication means;  


a GPS control unit having an orbit information acquisition means for acquiring the latest orbit information of the GPS 


satellite in response to a request from a GPS receiver, a position information acquisition means for acquiring position 


information from the GPS receiver, and a positioning operation control means for controlling each positioning 


operation in a normal sensitivity positioning mode in which the GPS receiver is operated only when necessary and a 


high sensitivity positioning mode in which the GPS receiver is always operated by controlling the power of the GPS 


receiver; and  


a positioning control unit having a positioning mode switching means for switching between the normal sensitivity 


positioning mode and the high sensitivity positioning mode of the GPS receiver, and an orbit information supply 


means for supplying the orbit information acquisition means with orbit information obtained via a network using the 


communication control unit. 


[0006]  


The invention of claim 2 according to claim 1, provided with a man-machine interface control unit that outputs 


information corresponding to the operation of the terminal user, wherein the positioning control unit switches between 


the normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based on the 


request of the terminal user acquired via the man-machine interface control unit. 


[0007]  


The invention of claim 3 according to claim 1, wherein the communication control unit receives positioning control 


information transmitted from the outside, and the positioning control unit switches between the normal sensitivity 


positioning mode and the high sensitivity positioning mode of the GPS receiver based on the positioning control 


information.  


[0008]  


The invention of claim 4 according to claim 1, provided with a satellite signal level detecting unit for detecting the 


level of the GPS signal received by the GPS receiver, wherein the positioning control unit switches between the 


normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based on the signal 


level information acquired from the satellite signal level detecting unit. 


[0009]  


The invention of claim 5 according to claim 1, provided with a battery that supplies operating power, and a battery 


control unit that notifies the positioning control unit of a remaining battery amount warning when the remaining 


amount value of the battery is lower than a preset threshold value, wherein the positioning control unit switches 


between the normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based 


on the remaining battery amount warning information. 


[0010]  


The invention of claim 6 according to claim 1, provided with a battery that supplies operating power, a battery control 


unit that notifies the positioning control unit of a remaining battery amount warning when the remaining amount value 


of the battery is lower than a preset threshold value, and a man-machine interface control unit for notifying the  


  


IPR2020-01189 
Apple EX1004 Page 4







  


JP 2004-37116 (P2004-37116A) 


(5)


 


terminal user of the remaining battery amount warning; wherein the positioning control unit switches between the 


normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based on the 


remaining battery amount warning. 


[0011] 


The invention of claim 7 according to claim 1, consisting of a position management server that searches the position 


of the terminal, provided with a position information communication terminal, a communication control unit having 


mobile communication means connected to the terminal via a mobile communication network, a positioning mode 


control unit that transmits and receives positioning control information to and from the terminal via the 


communication control unit, and a GPS satellite information management unit that collects and manages GPS satellite 


information and sends the latest GPS satellite orbit information to the terminal via the mobile communication 


network;  


wherein the positioning control unit of the terminal switches between the normal sensitivity positioning mode and the 


high sensitivity positioning mode of the GPS receiver based on the positioning control information from the position 


management server. 


[0012] 


The invention of claim 8 according to claim 7, wherein the positioning mode control unit sets positioning mode 


information that specifies the positioning operation of the GPS receiver of the terminal to the normal sensitivity 


positioning mode or the high sensitivity positioning mode, as positioning control information, based on an instruction 


from a position searcher, and the communication control unit of the position management server transmits positioning 


control information in which the positioning mode information is set to the terminal via a mobile communication 


network. 


[0013] 


The invention of claim 9 according to claim 7, wherein the terminal is provided with a satellite signal level detecting 


unit that detects a level of the GPS signal received by the GPS receiver, the positioning control unit sets the signal 


level information to positioning control information, the communication control unit of the terminal transmits 


positioning control information in which the signal level information is set to the position management server via a 


mobile communication network, the positioning mode control unit of the position management server, based on the 


signal level information, sets positioning mode information for specifying the positioning operation of the GPS 


receiver of the terminal as the normal sensitivity positioning mode or the high sensitivity positioning mode to the 


positioning control information, and the communication control unit of the position management server transmits 


positioning control information in which the positioning mode information is set to the terminal via a mobile 


communication network. 


[0014] 


The invention of claim 10 according to claim 7, wherein the terminal is provided with a battery that supplies operating 


power, and a battery control unit that notifies the positioning control unit of a remaining battery amount warning when 


the remaining amount value of the battery is lower than a preset threshold value; wherein the positioning control unit 


sets the remaining battery amount warning information to positioning control information, the communication control 


unit of the terminal transmits the positioning control information in which the remaining battery amount warning 


information is set to the position management server via the mobile communication network, the positioning mode 


control unit of the position management server, based on the remaining battery amount warning information, sets the 


positioning mode information for specifying the positioning operation of the GPS receiver of the terminal as the 


normal sensitivity positioning mode or the high sensitivity positioning mode to the positioning control information, 


and the communication control unit of the position management server transmits positioning control information in 


which the positioning mode information is set to the terminal via a mobile communication network. 


[0015] 


The invention of claim 11 according to claim 7, wherein the terminal is provided with a battery that supplies operating 


power, and a battery control unit that notifies the positioning control unit of a remaining battery amount warning when 


the remaining amount value of the battery is lower than a preset threshold value; wherein the positioning mode control 


unit of the position management server, based on the remaining battery amount warning information, notifies the 


position searcher of the battery remaining warning, sets the positioning mode information specifying the positioning 


operation of the GPS receiver of the terminal in the normal sensitivity positioning mode or the high sensitivity 


positioning mode to the positioning control information, and the communication control unit of the position 


management server transmits positioning control information in which the positioning mode information is set to the 


terminal via a mobile communication network. 


[0016] 
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The invention of claim 12 according to any one of claims 7 to 11, provided with a communication line status control 


unit in the position information communication terminal or the position management server that switches the 


communication line connecting the position information communication terminal with the position management 


server via the mobile communication network between a mode that is always connected and a mode that is connected 


for each position search based on a request from a position searcher.  


[0017] 


[Form for Embodying the Invention] 


Hereinafter, embodiments of the present invention will be described with reference to the drawings. 


[0018] 


(Embodiment 1) 


As shown in FIG. 2, the GPS positioning system according to the present embodiment has a position information 


communication terminal 1, and a position management / positioning server 2 connected with the position information 


communication terminal 1 by a mobile communication network. The position information communication terminal 1 


makes a position response to the position request from the terminal user A and shows the position of the position 


information communication terminal 1 to the terminal user A. The position management / positioning server 2 


responds to the position search request of the position information communication terminal 1 from the position 


searcher B with a position response, and indicates the position of the position information communication terminal 1 


to the position searcher B.  


[0019] 


In this embodiment, the position information communication terminal 1 will be described. The position information 


communication terminal 1 is, as shown in FIG. 1, composed of a GPS receiver 10 which receives GPS satellite signals 


from GPS satellites and performs positioning operations; a communication control unit 11 having a mobile 


communication means; an orbit information acquisition means for acquiring the latest orbit information of the GPS 


satellite; a position information acquisition means for acquiring position information from the GPS receiver 10; a 


positioning operation control means wherein, by controlling the power supply of the GPS receiver 10, each 


positioning operation is controlled in the normal sensitivity positioning mode in which the GPS receiver 10 is operated 


only when necessary and the high sensitivity positioning mode in which the GPS receiver 10 is always operated; a 


positioning control unit 13 having a positioning mode switching means for switching between the normal sensitivity 


positioning mode and the high sensitivity positioning mode of the GPS receiver 10, and an orbital information supply 


means for supplying the orbit information of the GPS satellite acquired from the GPS satellite information obtained 


via the mobile communication network (network) by using the communication control unit 11 to the orbit information 


acquisition means of the GPS control unit 12; a man-machine interface control unit 14 which is an interface means 


with the terminal user A; a satellite signal level detection unit 15 for detecting the level of the GPS satellite signal 


received by the GPS receiver 10 via the GPS control unit 12; a battery control unit 16 that notifies the positioning 


control unit 13 of a remaining battery amount warning when the remaining amount value of a battery (not shown) 


that supplies operating power falls below a preset threshold value; and a communication line status control unit 17 


that switches the communication line between the mode that is always connected and the mode that is connected 


every time a position is searched based on the line control signal from the positioning control unit 13, via the mobile 


communication network between the position information communication terminal 1 and the position management / 


positioning server 2. 


[0020] 


The operation of the position information communication terminal 1 will be described below. The position 


information communication terminal 1 waits in a state in which the power of the GPS receiver 10 is cut off; in order 


to obtain terminal user A’s own position, a position request is sent to the positioning control unit 13 by pressing the 


button provided on the man-machine interface control unit 14. The positioning control unit 13 that has received the 


position request turns on the power of the GPS receiver 10 via the GPS control unit 12 and the GPS receiver 10 starts 


the position detection process. 


[0021]  


The GPS receiver 10 determines whether or not the orbit information of the GPS satellite stored in the GPS receiver 


10 is the latest in order to shorten the time until the position is first detected after the power is turned on. If it 


determines that the orbit information is not the latest, it requests the latest orbit information from the GPS control unit 


12. 


[0022] 


Upon receiving the request for the orbit information, the GPS control unit 12 requests the positioning control unit 13 


to acquire the GPS satellite information. The positioning control unit 13 uses the communication control unit 11 to 


acquire GPS satellite information via the mobile communication network and sends it to the GPS control unit 12; the  
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GPS control unit 12 then obtains orbit information from the GPS satellite information, and sends it to receiver 10. 


The GPS receiver 10 refers to the latest orbit information to perform the position detection processing. 


[0023]  


Then, when the GPS receiver 10 performs the position detection processing and succeeds in positioning, the position 


information is acquired by the GPS control unit 12, and then the position is shown to the terminal user A on the display 


unit provided in the man-machine interface control unit 14 via the positioning control unit 13. 


[0024]  


After successful positioning, the positioning control unit 13 requests the GPS control unit 12 to turn off the power of 


the GPS receiver 10, and the GPS receiver 10 is turned off again. In this way, a series of positioning operations in 


which the power is turned on by the position request from the power-off state and the positioning is successful and 


then the power is turned off again is set to the normal sensitivity positioning mode. 


[0025]  


Here, when the GPS receiver 10 succeeds in the positioning once by the internal positioning calculation technology, 


the GPS receiver 10 can continue to capture and position even if the signal level from the GPS satellite drops to a 


certain value. Therefore, once the positioning is successful, if the GPS receiver 10 continues to operate without being 


cut off, at the next position request, even if the signal level from the GPS satellite is lower than that at the time of the 


first positioning, the positioning can be successful. In this way, the series of positioning operations for constantly 


operating the GPS receiver 10 is referred to as the “high sensitivity positioning mode.” 


[0026] 


When the terminal user A selects either the normal sensitivity positioning mode or the high sensitivity positioning 


mode to request the position, it is set by operating the man-machine interface control unit 14, and positioning is 


performed in the normal sensitivity positioning mode or the high sensitivity positioning mode based on the setting 


information. 


[0027] 


When the position of the position information communication terminal 1 is in an environment where it is easy to 


receive the GPS signal from the GPS satellite, the signal level received by the GPS receiver 10 becomes high. 


Therefore, the man-machine interface control unit 14 is operated in advance to set a constant threshold value K1 in 


the positioning control unit 13 for each signal level of a plurality of GPS satellites. The positioning control unit 13 


compares the level of the GPS satellite signal detected by the satellite signal level detection unit 15 via the GPS 


receiver 10 and the GPS control unit 12 with the threshold value K1, and if the detection level is below the threshold 


K1, the positioning control unit 13 automatically makes a transition to the high sensitivity positioning mode. Further, 


a threshold value K2 different from the threshold value K1 is set in the positioning control unit 13, and when the 


detection level exceeds the threshold value K2, the positioning control unit 13 automatically makes a transition to the 


normal sensitivity positioning mode. 


[0028] 


In addition, the battery control unit 16 inside the position information communication terminal 1 constantly monitors 


the remaining battery level; if the remaining battery level becomes low and it becomes difficult to operate the GPS 


receiver 10, the positioning control unit 13 is notified of the remaining battery amount warning. When the positioning 


control unit 13 receives this remaining battery amount warning, it issues a remaining battery amount warning 


notification to the terminal user A via the man-machine interface control unit 14. Upon receiving this warning, the 


terminal user A operates the man-machine interface control unit 14 as described above to select from the normal 


sensitivity positioning mode, the high sensitivity positioning mode, or cutting off the power of the position 


information communication terminal 1.  


[0029] 


Further, the man-machine interface control unit 14 is operated in advance to set the threshold value of the remaining 


battery level in the battery control unit 16; by registering the positioning mode selection process in the positioning 


control unit 13 when the remaining battery amount monitored by the battery control unit 16 is below the threshold 


value and a remaining battery amount warning is issued, when the battery control unit 16 notifies the positioning 


control unit 13 of the remaining battery amount warning, it becomes possible to automatically shift the positioning 


mode to the normal sensitivity positioning mode. 


[0030] 
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(Embodiment 2) 


First, as shown in FIG. 3, the position management / positioning server 2 of the present embodiment is composed of 


a communication control unit 21 having a mobile communication means connected to the position information 


communication terminal 1 via a mobile communication network; a positioning mode control unit 22 that transmits 


and receives a positioning control message (positioning control information) to and from the position information 


communication terminal 1 via the communication control unit 21; a GPS satellite information management unit 23 


that collects and manages GPS satellite information and transmits the latest orbit information to the position 


information communication terminal 1; a communication line state control unit 24 that switches the communication 


line connecting the position information communication terminal 1 with the position management / positioning server 


2 via the mobile communication network between a mode that is always connected and a mode that is connected for 


each position search; and a position information database 25 that stores position search results and various 


information. Further, the configurations of the position information communication terminal 1 and the GPS 


positioning system of the present embodiment are the same as those in FIGS. 1 and 2; the same configurations are 


denoted by the same reference numerals and the description thereof will be omitted. 


[0031] 


The operation of the GPS positioning system consisting of the position information communication terminal 1 and 


the position management / positioning server 2 will be described below. The position information communication 


terminal 1 and the position management / positioning server 2 are connected by a mobile communication network 


such as a mobile phone; the position searcher B searching the position of the position information communication 


terminal 1 makes a search request to the position management / positioning server 2. Upon receiving the search 


request, the positioning mode control unit 22 registers the request details (positioning mode, search target terminal 


list information, search timeout value and the like) from the position searcher B in the position information database 


25. Here, the positioning mode information specifies the positioning operation of the GPS receiver 10 of the position 


information communication terminal 1 in the normal sensitivity positioning mode or the high sensitivity positioning 


mode. 


[0032] 


Then, the positioning mode control unit 22 requests the communication control unit 21 to transmit to the 


corresponding position information communication terminal 1 a positioning control message (position search request 


message) composed of positioning mode information and application data that specifies the positioning operation of 


the GPS receiver 10 of the position information communication terminal 1 in the normal sensitivity positioning mode 


or the high sensitivity positioning mode.  


[0033] 


The communication control unit 21 connects to the communication control unit 11 of the position information 


communication terminal 1 via the mobile communication network, and as shown in the format in FIG. 4, a position 


search request message composed of a search terminal address, server address, message identifier, search timeout 


time, positioning mode, and line mode is transmitted. 


[0034] 


The position information communication terminal 1 receiving the position search request message acquires the 


positioning mode information in the position search request message in the positioning control unit 13, and the GPS 


receiver 10 starts the position detection operation in the mode designated by the positioning mode information. The 


position detecting operation of the position information communication terminal 1 has been described in the first 


embodiment and the description thereof will not be repeated here. 


[0035] 


When the position information communication terminal 1 to be searched succeeds in positioning, the positioning 


control unit 13 transmits a positioning control message (search response message) including the position information 


to the position management server 2 via the communication control unit 11. As shown in the format in FIG. 5, the 


search response message is composed of a server address, a search terminal address, a message identifier, a search 


result, and position information. 


[0036] 


After the positioning is completed, if the position information communication terminal 1 is in the normal sensitivity 


positioning mode, the power of the GPS receiver 10 is shut off, and in the high sensitivity positioning mode, the 


power of the GPS receiver 10 is continuously turned on. 


[0037] 


Further, at the cycle set in advance in the position information database 25, as shown in the format in FIG. 6, the 


positioning mode control unit 22 in the position management / positioning server 2 sends a positioning control 


message (satellite signal level request message) comprising a search terminal address, a server address, a message 


identifier, and application data of the measurement time via the communication control unit 21. In the position 


information communication terminal 1 that has received this satellite signal level request message, the positioning 


control unit 13 causes the satellite signal level detection unit 15 to monitor the signal level from the GPS satellite  


  


IPR2020-01189 
Apple EX1004 Page 8







  


JP 2004-37116 (P2004-37116A) 


(9)


during the measurement time specified in the satellite signal level request message, and as the calculation result of 


the average value of the signal level, as shown in the format in FIG. 7, a positioning control message (satellite signal 


level response message) comprising a server address, search terminal address, message identifier, number of captured 


satellites, and application data of signal level list is returned to the position management / positioning server 2 via the 


communication control unit 11. Here, the signal level list in the satellite signal level response message is composed 


of a satellite number and a signal level from that satellite as one set. 


[0038] 


When the position management / positioning server 2 receives the satellite signal level response message, the 


positioning mode control unit 22 reads out the signal level from each satellite from the satellite signal level response 


message and stores it as GPS reception sensitivity paired with the corresponding terminal address in the position 


information database 25. When the positioning mode control unit 22 determines that the high sensitivity positioning 


mode is required when the signal level value is equal to or lower than a predetermined threshold value, it sends a 


request to communication control unit 21 for the position search request message including positioning mode 


information designating the positioning operation of the GPS receiver 10 of the position information communication 


terminal 1 as the high sensitivity positioning mode to be transmitted to the corresponding position information 


communication terminal 1; if it is determined that the normal sensitivity positioning mode is required when the signal 


level value is equal to or higher than a predetermined threshold value, it sends a request to communication control 


unit 21 for the position search request message including positioning mode information designating the positioning 


operation of the GPS receiver 10 of the position information communication terminal 1 as the normal sensitivity 


positioning mode to be transmitted to the corresponding position information communication terminal 1. If it is 


determined that the positioning cannot be performed when the signal level value is equal to or lower than a 


predetermined threshold value, the position search may be stopped. 


[0039] 


Furthermore, the battery control unit 16 within the position information communication terminal 1 notifies the 


positioning control unit 13 of a remaining battery amount warning when the monitored battery remaining amount 


falls below a certain threshold value. Upon receiving the remaining battery amount warning, the positioning control 


unit 13 requests communication control unit 11 to transmit a positioning control message (battery level warning 


message) consisting of a server address, a search terminal address, a message identifier, and battery level application 


data to the position management / positioning server 2 registered in advance, as shown by the format in FIG. 8. In 


response to the request, the communication control unit 11 transmits a remaining battery amount warning message to 


the position management / positioning server 2; in the position management / positioning server 2 that received the 


battery level warning message, the positioning mode control unit 22 refers to the position information database 25, 


requests the communication control unit 21 to transmit the position search request message including the positioning 


mode information that specifies the positioning operation of the GPS receiver 10 to the normal sensitivity positioning 


mode, to the corresponding position information communication terminal 1, and controls so as to reduce the power 


consumption of the battery. Alternatively, the position searcher B may be notified of the remaining battery amount 


warning and the terminal address corresponding to this warning, and the communication control unit 21 requested to 


transmit a position search request message specifying the high sensitivity positioning mode or the normal sensitivity 


positioning mode at the discretion of the position searcher B. After the remaining battery amount warning, the power 


consumption may be reduced by cutting off the power of the GPS receiver 10. 


[0040]  


In addition, line mode information is included in the position search request message shown in Fig. 4; this line mode 


information specifies whether the line is maintained or the line is disconnected even after searching for the mobile 


communication line connecting the communication control unit 11 of the position information communication 


terminal 1 and the communication control unit 21 of the position management / positioning server 2. Here, if retention 


is specified, after searching, the position information communication terminal 1 to be searched continues to maintain 


the mobile communication line even after transmitting the search response message to the position management / 


positioning server 2. On the other hand, if disconnect is specified, after searching, after the position information 


communication terminal 1 to be searched transmits the search response message to the position management / 


positioning server 2, the mobile communication line is disconnected, and the communication control units 11 and 21 


enter the standby state. For example, if it is necessary to acquire the position in real time in a short cycle, by repeating 


the position search while maintaining the line, the processing overhead and communication cost associated with the 


line connection can be saved. 


[0041] The position information database 25 also stores the position search result, the communication line connection 


state, and the like. 
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[0042]  


[Results of the Invention] 


The invention according to claim 1 is provided with a GPS receiver that receives GPS satellite signals from GPS 


satellites and performs positioning operations; a communication control unit having a mobile communication means; 


a GPS control unit having an orbit information acquisition means for acquiring the latest orbit information of the GPS 


satellite in response to a request from a GPS receiver, a position information acquisition means for acquiring position 


information from the GPS receiver, and a positioning operation control means for controlling each positioning 


operation in a normal sensitivity positioning mode in which the GPS receiver is operated only when necessary and a 


high sensitivity positioning mode in which the GPS receiver is always operated by controlling the power of the GPS 


receiver; and a positioning control unit having a positioning mode switching means for switching between the normal 


sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver, and an orbit information 


supply means for supplying the orbit information acquisition means with orbit information obtained via a network 


using the communication control unit; therefore, it has effects wherein it is possible to switch and select between 


normal sensitivity positioning mode and high sensitivity positioning mode, and positioning can be performed with 


higher sensitivity than just inputting the latest satellite orbit information from the outside. 


[0043]  


The invention of claim 2 according to claim 1 is provided with a man-machine interface control unit that outputs 


information corresponding to the operation of the terminal user, wherein the positioning control unit switches between 


the normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based on the 


request of the terminal user acquired via the man-machine interface control unit; therefore, it has effects wherein 


either the normal positioning operation or the high-sensitivity positioning operation is selected according to the 


judgment of the terminal user, and positioning can be performed according to the situation in which the terminal is 


installed. 


[0044]  


The invention of claim 3 according to claim 1, wherein the communication control unit receives positioning control 


information transmitted from the outside, and the positioning control unit switches between the normal sensitivity 


positioning mode and the high sensitivity positioning mode of the GPS receiver based on the positioning control 


information; therefore, it has effects wherein either a normal positioning operation or a highly sensitive positioning 


operation can be selected by external judgment. 


[0045]  


The invention of claim 4 according to claim 1, provided with a satellite signal level detecting unit for detecting the 


level of the GPS signal received by the GPS receiver, wherein the positioning control unit switches between the 


normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based on the signal 


level information acquired from the satellite signal level detecting unit; therefore, it has effects wherein, when the 


satellite signal level is low, high-sensitivity positioning operation can be performed automatically to stabilize 


positioning, and when the satellite signal level is high, the normal sensitivity operation is automatically performed to 


reduce the power consumption and to extend the operating time.  


[0046]  


The invention of claim 5 according to claim 1, provided with a battery that supplies operating power, and a battery 


control unit that notifies the positioning control unit of a remaining battery amount warning when the remaining 


amount value of the battery is lower than a preset threshold value, wherein the positioning control unit switches 


between the normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based 


on the remaining battery amount warning information; therefore, it has effects wherein, when the battery level is 


lower than the threshold value, the normal sensitivity operation is performed to reduce the power consumption, and 


the operation time can be extended. 


[0047]  


The invention of claim 6 according to claim 1, provided with a battery that supplies operating power, a battery control 


unit that notifies the positioning control unit of a remaining battery amount warning when the remaining amount value 


of the battery is lower than a preset threshold value, and a man-machine interface control unit for notifying the 


terminal user of the remaining battery amount warning; wherein the positioning control unit switches between the 


normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based on the 


remaining battery amount warning; therefore, it has effects wherein, in addition to the same effect as in claim 5, there 


the terminal side can recognize that the remaining battery level is low and can cope with the charging of the battery. 
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[0048] 


The invention of claim 7 according to claim 1, consisting of a position management server that searches the position 


of the terminal, provided with a position information communication terminal, a communication control unit having 


mobile communication means connected to the terminal via a mobile communication network, a positioning mode 


control unit that transmits and receives positioning control information to and from the terminal via the 


communication control unit, and a GPS satellite information management unit that collects and manages GPS satellite 


information and sends the latest GPS satellite orbit information to the terminal via the mobile communication 


network; wherein the positioning control unit of the terminal switches between the normal sensitivity positioning 


mode and the high sensitivity positioning mode of the GPS receiver based on the positioning control information 


from the position management server. Therefore, it has effects wherein, either a normal positioning operation or a 


highly sensitive positioning operation can be selected for a remote terminal. 


[0049] 


The invention of claim 8 according to claim 7, wherein the positioning mode control unit sets positioning mode 


information that specifies the positioning operation of the GPS receiver of the terminal to the normal sensitivity 


positioning mode or the high sensitivity positioning mode, as positioning control information, based on an instruction 


from a position searcher, and the communication control unit of the position management server transmits positioning 


control information in which the positioning mode information is set to the terminal via a mobile communication 


network; therefore, it has effects wherein either a normal positioning operation or a highly sensitive positioning 


operation can be selected as needed for a remote terminal. 


[0050] 


The invention of claim 9 according to claim 7, wherein the terminal is provided with a satellite signal level detecting 


unit that detects a level of the GPS signal received by the GPS receiver, the positioning control unit sets the signal 


level information to positioning control information, the communication control unit of the terminal transmits 


positioning control information in which the signal level information is set to the position management server via a 


mobile communication network, the positioning mode control unit of the position management server, based on the 


signal level information, sets positioning mode information for specifying the positioning operation of the GPS 


receiver of the terminal as the normal sensitivity positioning mode or the high sensitivity positioning mode to the 


positioning control information, and the communication control unit of the position management server transmits 


positioning control information in which the positioning mode information is set to the terminal via a mobile 


communication network; therefore, it has effects wherein by acquiring the level of the GPS satellite signal received 


by the remote terminal, it is possible to perform high-sensitivity positioning operation to stabilize the positioning 


when the satellite signal level received by the terminal is low, power consumption can be reduced by stopping the 


position search when positioning is not possible, or by switching to the positioning with normal sensitivity that 


consumes less battery for terminals installed in positions with good positioning in order to extend the operating time.  


[0051] 


The invention of claim 10 according to claim 7, wherein the terminal is provided with a battery that supplies operating 


power, and a battery control unit that notifies the positioning control unit of a remaining battery amount warning when 


the remaining amount value of the battery is lower than a preset threshold value; wherein the positioning control unit 


sets the remaining battery amount warning information to positioning control information, the communication control 


unit of the terminal transmits the positioning control information in which the remaining battery amount warning 


information is set to the position management server via the mobile communication network, the positioning mode 


control unit of the position management server, based on the remaining battery amount warning information, sets the 


positioning mode information for specifying the positioning operation of the GPS receiver of the terminal as the 


normal sensitivity positioning mode or the high sensitivity positioning mode to the positioning control information, 


and the communication control unit of the position management server transmits positioning control information in 


which the positioning mode information is set to the terminal via a mobile communication network; therefore, it has 


effects wherein it is possible to detect when the battery is dead on the position management server that is far from the 


terminal, and after the remaining battery amount warning, it is possible to reduce the power consumption by switching 


to positioning with normal sensitivity that consumes less battery or by cutting off the power of the GPS receiver so 


that longer operating time can be achieved.  


[0052] 


The invention of claim 11 according to claim 7, wherein the terminal is provided with a battery that supplies operating 


power, and a battery control unit that notifies the positioning control unit of a remaining battery amount warning when 


the remaining amount value of the battery is lower than a preset threshold value; wherein the positioning mode control  
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unit of the position management server, based on the remaining battery amount warning information, notifies the 


position searcher of the battery remaining warning, sets the positioning mode information specifying the positioning 


operation of the GPS receiver of the terminal in the normal sensitivity positioning mode or the high sensitivity 


positioning mode to the positioning control information, and the communication control unit of the position 


management server transmits positioning control information in which the positioning mode information is set to the 


terminal via a mobile communication network; therefore, it has effects wherein, in addition to the same effects as in 


claim 10, the position management server can recognize that the remaining battery level is low and can respond to 


charging the battery and the like. 


[0053] 


The invention of claim 12 according to any one of claims 7 to 11, provided with a communication line status control 


unit in the position information communication terminal or the position management server that switches the 


communication line connecting the position information communication terminal with the position management 


server via the mobile communication network between a mode that is always connected and a mode that is connected 


for each position search based on a request from a position searcher; therefore, it has effects wherein it is possible to 


instruct the communication line status after the terminal makes a position response to the position request from the 


position management server, and in particular when it is necessary to acquire the position in real time in a short cycle, 


by repeating the position search while maintaining the line, the processing overhead and communication cost 


associated with the line connection can be eliminated.  


 


[Brief Description of the Drawings] 


FIG. 1 is a diagram showing a configuration of a position information communication terminal according to a first 


embodiment of the present invention. 


FIG. 2 is a diagram showing a configuration of a GPS positioning system of the present invention. 


FIG. 3 is a diagram showing a configuration of a position management / positioning server according to a second 


embodiment of the present invention. 


FIG. 4 is a diagram showing a format of a position search request message of the above. 


FIG. 5 is a diagram showing a format of a search response message of the above. 


FIG. 6 is a diagram showing a format of a satellite signal level request message of the above. 


FIG. 7 is a diagram showing a format of a satellite signal level response message of the above. 


FIG. 8 is a diagram showing a format of a remaining battery amount warning message of the above. 


[Explanation of Reference Numerals] 


1:  Position information communication terminal 


10:  GPS receiver 


11: Communication control unit 


12: GPS control unit 


13: Positioning control unit 


14: Man-machine interface control unit 


15: Satellite signal level detecting unit 


16: Battery control unit 


17: Communication line status control unit 
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[FIG. 6] 


[FIG. 7] 
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 (54) [Title of the Invention] Position information communication terminal and GPS positioning system 


 
(57) [Abstract] 
 [Problem] To provide a position information communication 
terminal and GPS positioning system with which it is possible to 
flexibly switch between the normal sensitivity positioning mode in 
which the GPS receiver operates only when necessary and the high 
sensitivity positioning mode in which it always operates. 
 [Solution Means]  
Through control of the power supply of the GPS receiver 10 by GPS 
control unit 12, each positioning operation is controlled of the 
normal sensitivity positioning mode in which the GPS receiver 10 
is operated only when necessary and the high sensitivity positioning 
mode in which the GPS receiver 10 is always operated, the latest 
orbit information of GPS satellites is obtained, the positioning 
control unit 13 switches between the normal sensitivity positioning 
mode and the high sensitivity positioning mode of the GPS receiver 
10, and the orbit information obtained via the network using the 
communication control unit 11 is supplied to the GPS control unit 
12. 
[Drawings] FIG. 1 
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[Claims]  
[Claim 1]  
A position information communication terminal, provided with a GPS receiver that receives GPS satellite signals 
from GPS satellites and performs positioning operations; a communication control unit having a mobile 
communication means; a GPS control unit having an orbit information acquisition means for acquiring the latest orbit 
information of the GPS satellite in response to a request from a GPS receiver, a position information acquisition 
means for acquiring position information from the GPS receiver, and a positioning operation control means for 
controlling each positioning operation in a normal sensitivity positioning mode in which the GPS receiver is operated 
only when necessary and a high sensitivity positioning mode in which the GPS receiver is always operated by 
controlling the power of the GPS receiver; and a positioning control unit having a positioning mode switching means 
for switching between the normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS 
receiver, and an orbit information supply means for supplying the orbit information acquisition means with orbit 
information obtained via a network using the communication control unit. 
[Claim 2]  
The position information communication terminal according to claim 1, provided with a man-machine interface 
control unit that outputs information corresponding to the operation of the terminal user, wherein the positioning 
control unit switches between the normal sensitivity positioning mode and the high sensitivity positioning mode of 
the GPS receiver based on the request of the terminal user acquired via the man-machine interface control unit. 
[Claim 3]  
The position information communication terminal according to claim 1, wherein the communication control unit 
receives positioning control information transmitted from the outside, and the positioning control unit switches 
between the normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based 
on the positioning control information.  
[Claim 4]  
The position information communication terminal according to claim 1, provided with a satellite signal level detecting 
unit for detecting the level of the GPS signal received by the GPS receiver, wherein the positioning control unit 
switches between the normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS 
receiver based on the signal level information acquired from the satellite signal level detecting unit. 
[Claim 5]  
The position information communication terminal according to claim 1, provided with a battery that supplies 
operating power, and a battery control unit that notifies the positioning control unit of a remaining battery amount 
warning when the remaining amount value of the battery is lower than a preset threshold value, wherein the 
positioning control unit switches between the normal sensitivity positioning mode and the high sensitivity positioning 
mode of the GPS receiver based on the remaining battery amount warning information. 
[Claim 6]  
The position information communication terminal according to claim 1, provided with a battery that supplies 
operating power, a battery control unit that notifies the positioning control unit of a remaining battery amount warning 
when the remaining amount value of the battery is lower than a preset threshold value, and a man-machine interface 
control unit for notifying the terminal user of the remaining battery amount warning; wherein the positioning control 
unit switches between the normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS 
receiver based on the remaining battery amount warning. 
[Claim 7] 
The GPS positioning system according to claim 1, consisting of a position management server that searches the 
position of the terminal, provided with a position information communication terminal, a communication control unit 
having mobile communication means that connects to the terminal via a mobile communication network, a positioning 
mode control unit that transmits and receives positioning control information to and from the terminal via the 
communication control unit, and a GPS satellite information management unit that collects and manages GPS satellite 
information and sends the latest GPS satellite orbit information to the terminal via the mobile communication 
network;  
wherein the positioning control unit of the terminal switches between the normal sensitivity positioning mode and the 
high sensitivity positioning mode of the GPS receiver based on the positioning control information from the position 
management server. 
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[Claim 8] 
The GPS positioning system according to claim 7, wherein the positioning mode control unit sets positioning mode 
information that specifies the positioning operation of the GPS receiver of the terminal to the normal sensitivity 
positioning mode or the high sensitivity positioning mode, as positioning control information, based on an instruction 
from a position searcher, and the communication control unit of the position management server transmits positioning 
control information in which the positioning mode information is set to the terminal via a mobile communication 
network. 
[Claim 9] 
The GPS positioning system according to claim 7, wherein the terminal is provided with a satellite signal level 
detecting unit that detects a level of the GPS signal received by the GPS receiver, the positioning control unit sets the 
signal level information to positioning control information, the communication control unit of the terminal transmits 
positioning control information in which the signal level information is set to the position management server via a 
mobile communication network, the positioning mode control unit of the position management server, based on the 
signal level information, sets positioning mode information for specifying the positioning operation of the GPS 
receiver of the terminal as the normal sensitivity positioning mode or the high sensitivity positioning mode to the 
positioning control information, and the communication control unit of the position management server transmits 
positioning control information in which the positioning mode information is set to the terminal via a mobile 
communication network. 
[Claim 10] 
The GPS positioning system according to claim 7, wherein the terminal is provided with a battery that supplies 
operating power, and a battery control unit that notifies the positioning control unit of a remaining battery amount 
warning when the remaining amount value of the battery is lower than a preset threshold value; wherein the 
positioning control unit sets the remaining battery amount warning information to positioning control information, 
the communication control unit of the terminal transmits the positioning control information in which the remaining 
battery amount warning information is set to the position management server via the mobile communication network, 
the positioning mode control unit of the position management server, based on the remaining battery amount warning 
information, sets the positioning mode information for specifying the positioning operation of the GPS receiver of 
the terminal as the normal sensitivity positioning mode or the high sensitivity positioning mode to the positioning 
control information, and the communication control unit of the position management server transmits positioning 
control information in which the positioning mode information is set to the terminal via a mobile communication 
network. 
[Claim 11] 
The GPS positioning system according to claim 7, wherein the terminal is provided with a battery that supplies 
operating power, and a battery control unit that notifies the positioning control unit of a remaining battery amount 
warning when the remaining amount value of the battery is lower than a preset threshold value; wherein the 
positioning mode control unit of the position management server, based on the remaining battery amount warning 
information, notifies the position searcher of the battery remaining warning, sets the positioning mode information 
specifying the positioning operation of the GPS receiver of the terminal in the normal sensitivity positioning mode or 
the high sensitivity positioning mode to the positioning control information, and the communication control unit of 
the position management server transmits positioning control information in which the positioning mode information 
is set to the terminal via a mobile communication network. 
[Claim 12] 
The GPS positioning system according to any one of claims 7 to 11, provided with a communication line status control 
unit in the position information communication terminal or the position management server that switches the 
communication line connecting the position information communication terminal with the position management 
server via the mobile communication network between a mode that is always connected and a mode that is connected 
for each position search based on a request from a position searcher.  
[Detailed Description of the Invention] 
[0001] 
[Technical Field of the Invention] 
The present invention relates to a position information communication terminal capable of position measurement 
using a GPS receiver, and a GPS positioning system. 
[0002] 
[Prior Art] 
In Japanese Unexamined Patent Publication No. 10-31061 a technology is disclosed that shortens the time from 
power-on to the first position detection by inputting the latest navigation message of the GPS satellite from the 
outside to the   
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GPS receiver. However, it is difficult to track and capture the GPS satellite signal with a level lower than the 
signal level that can be captured using this technique. 
[0003] 
Therefore, there is a highly sensitive positioning operation that always operates the GPS receiver as a GPS receiving 
technique capable of detecting the position even in an environment where the satellite signal level is lower after once 
capturing the GPS satellite. However, it is necessary to keep the GPS receiver itself running, and when applied to 
devices with limited battery capacity such as portable terminals, it is necessary to flexibly control the operation mode 
of the GPS receiver from the outside and selectively use the highly sensitive positioning operation and the normal 
positioning operation. 
[0004] 
[Problems to be Solved by the Invention] 
The present invention has been developed in light of the above reasons; the purpose thereof is to provide a position 
information communication terminal and a GPS positioning system wherein it is possible to flexibly switch between 
the normal sensitivity positioning mode in which the GPS receiver operates only when necessary and the high 
sensitivity positioning mode in which it operates constantly. 
[0005]  
[Means for Solving the Problems] 
The invention according to claim 1 is provided with a GPS receiver that receives GPS satellite signals from GPS 
satellites and performs positioning operations;  
a communication control unit having a mobile communication means;  
a GPS control unit having an orbit information acquisition means for acquiring the latest orbit information of the GPS 
satellite in response to a request from a GPS receiver, a position information acquisition means for acquiring position 
information from the GPS receiver, and a positioning operation control means for controlling each positioning 
operation in a normal sensitivity positioning mode in which the GPS receiver is operated only when necessary and a 
high sensitivity positioning mode in which the GPS receiver is always operated by controlling the power of the GPS 
receiver; and  
a positioning control unit having a positioning mode switching means for switching between the normal sensitivity 
positioning mode and the high sensitivity positioning mode of the GPS receiver, and an orbit information supply 
means for supplying the orbit information acquisition means with orbit information obtained via a network using the 
communication control unit. 
[0006]  
The invention of claim 2 according to claim 1, provided with a man-machine interface control unit that outputs 
information corresponding to the operation of the terminal user, wherein the positioning control unit switches between 
the normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based on the 
request of the terminal user acquired via the man-machine interface control unit. 
[0007]  
The invention of claim 3 according to claim 1, wherein the communication control unit receives positioning control 
information transmitted from the outside, and the positioning control unit switches between the normal sensitivity 
positioning mode and the high sensitivity positioning mode of the GPS receiver based on the positioning control 
information.  
[0008]  
The invention of claim 4 according to claim 1, provided with a satellite signal level detecting unit for detecting the 
level of the GPS signal received by the GPS receiver, wherein the positioning control unit switches between the 
normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based on the signal 
level information acquired from the satellite signal level detecting unit. 
[0009]  
The invention of claim 5 according to claim 1, provided with a battery that supplies operating power, and a battery 
control unit that notifies the positioning control unit of a remaining battery amount warning when the remaining 
amount value of the battery is lower than a preset threshold value, wherein the positioning control unit switches 
between the normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based 
on the remaining battery amount warning information. 
[0010]  
The invention of claim 6 according to claim 1, provided with a battery that supplies operating power, a battery control 
unit that notifies the positioning control unit of a remaining battery amount warning when the remaining amount value 
of the battery is lower than a preset threshold value, and a man-machine interface control unit for notifying the  
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terminal user of the remaining battery amount warning; wherein the positioning control unit switches between the 
normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based on the 
remaining battery amount warning. 
[0011] 
The invention of claim 7 according to claim 1, consisting of a position management server that searches the position 
of the terminal, provided with a position information communication terminal, a communication control unit having 
mobile communication means connected to the terminal via a mobile communication network, a positioning mode 
control unit that transmits and receives positioning control information to and from the terminal via the 
communication control unit, and a GPS satellite information management unit that collects and manages GPS satellite 
information and sends the latest GPS satellite orbit information to the terminal via the mobile communication 
network;  
wherein the positioning control unit of the terminal switches between the normal sensitivity positioning mode and the 
high sensitivity positioning mode of the GPS receiver based on the positioning control information from the position 
management server. 
[0012] 
The invention of claim 8 according to claim 7, wherein the positioning mode control unit sets positioning mode 
information that specifies the positioning operation of the GPS receiver of the terminal to the normal sensitivity 
positioning mode or the high sensitivity positioning mode, as positioning control information, based on an instruction 
from a position searcher, and the communication control unit of the position management server transmits positioning 
control information in which the positioning mode information is set to the terminal via a mobile communication 
network. 
[0013] 
The invention of claim 9 according to claim 7, wherein the terminal is provided with a satellite signal level detecting 
unit that detects a level of the GPS signal received by the GPS receiver, the positioning control unit sets the signal 
level information to positioning control information, the communication control unit of the terminal transmits 
positioning control information in which the signal level information is set to the position management server via a 
mobile communication network, the positioning mode control unit of the position management server, based on the 
signal level information, sets positioning mode information for specifying the positioning operation of the GPS 
receiver of the terminal as the normal sensitivity positioning mode or the high sensitivity positioning mode to the 
positioning control information, and the communication control unit of the position management server transmits 
positioning control information in which the positioning mode information is set to the terminal via a mobile 
communication network. 
[0014] 
The invention of claim 10 according to claim 7, wherein the terminal is provided with a battery that supplies operating 
power, and a battery control unit that notifies the positioning control unit of a remaining battery amount warning when 
the remaining amount value of the battery is lower than a preset threshold value; wherein the positioning control unit 
sets the remaining battery amount warning information to positioning control information, the communication control 
unit of the terminal transmits the positioning control information in which the remaining battery amount warning 
information is set to the position management server via the mobile communication network, the positioning mode 
control unit of the position management server, based on the remaining battery amount warning information, sets the 
positioning mode information for specifying the positioning operation of the GPS receiver of the terminal as the 
normal sensitivity positioning mode or the high sensitivity positioning mode to the positioning control information, 
and the communication control unit of the position management server transmits positioning control information in 
which the positioning mode information is set to the terminal via a mobile communication network. 
[0015] 
The invention of claim 11 according to claim 7, wherein the terminal is provided with a battery that supplies operating 
power, and a battery control unit that notifies the positioning control unit of a remaining battery amount warning when 
the remaining amount value of the battery is lower than a preset threshold value; wherein the positioning mode control 
unit of the position management server, based on the remaining battery amount warning information, notifies the 
position searcher of the battery remaining warning, sets the positioning mode information specifying the positioning 
operation of the GPS receiver of the terminal in the normal sensitivity positioning mode or the high sensitivity 
positioning mode to the positioning control information, and the communication control unit of the position 
management server transmits positioning control information in which the positioning mode information is set to the 
terminal via a mobile communication network. 
[0016] 
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The invention of claim 12 according to any one of claims 7 to 11, provided with a communication line status control 
unit in the position information communication terminal or the position management server that switches the 
communication line connecting the position information communication terminal with the position management 
server via the mobile communication network between a mode that is always connected and a mode that is connected 
for each position search based on a request from a position searcher.  
[0017] 
[Form for Embodying the Invention] 
Hereinafter, embodiments of the present invention will be described with reference to the drawings. 
[0018] 
(Embodiment 1) 
As shown in FIG. 2, the GPS positioning system according to the present embodiment has a position information 
communication terminal 1, and a position management / positioning server 2 connected with the position information 
communication terminal 1 by a mobile communication network. The position information communication terminal 1 
makes a position response to the position request from the terminal user A and shows the position of the position 
information communication terminal 1 to the terminal user A. The position management / positioning server 2 
responds to the position search request of the position information communication terminal 1 from the position 
searcher B with a position response, and indicates the position of the position information communication terminal 1 
to the position searcher B.  
[0019] 
In this embodiment, the position information communication terminal 1 will be described. The position information 
communication terminal 1 is, as shown in FIG. 1, composed of a GPS receiver 10 which receives GPS satellite signals 
from GPS satellites and performs positioning operations; a communication control unit 11 having a mobile 
communication means; an orbit information acquisition means for acquiring the latest orbit information of the GPS 
satellite; a position information acquisition means for acquiring position information from the GPS receiver 10; a 
positioning operation control means wherein, by controlling the power supply of the GPS receiver 10, each 
positioning operation is controlled in the normal sensitivity positioning mode in which the GPS receiver 10 is operated 
only when necessary and the high sensitivity positioning mode in which the GPS receiver 10 is always operated; a 
positioning control unit 13 having a positioning mode switching means for switching between the normal sensitivity 
positioning mode and the high sensitivity positioning mode of the GPS receiver 10, and an orbital information supply 
means for supplying the orbit information of the GPS satellite acquired from the GPS satellite information obtained 
via the mobile communication network (network) by using the communication control unit 11 to the orbit information 
acquisition means of the GPS control unit 12; a man-machine interface control unit 14 which is an interface means 
with the terminal user A; a satellite signal level detection unit 15 for detecting the level of the GPS satellite signal 
received by the GPS receiver 10 via the GPS control unit 12; a battery control unit 16 that notifies the positioning 
control unit 13 of a remaining battery amount warning when the remaining amount value of a battery (not shown) 
that supplies operating power falls below a preset threshold value; and a communication line status control unit 17 
that switches the communication line between the mode that is always connected and the mode that is connected 
every time a position is searched based on the line control signal from the positioning control unit 13, via the mobile 
communication network between the position information communication terminal 1 and the position management / 
positioning server 2. 
[0020] 
The operation of the position information communication terminal 1 will be described below. The position 
information communication terminal 1 waits in a state in which the power of the GPS receiver 10 is cut off; in order 
to obtain terminal user A’s own position, a position request is sent to the positioning control unit 13 by pressing the 
button provided on the man-machine interface control unit 14. The positioning control unit 13 that has received the 
position request turns on the power of the GPS receiver 10 via the GPS control unit 12 and the GPS receiver 10 starts 
the position detection process. 
[0021]  
The GPS receiver 10 determines whether or not the orbit information of the GPS satellite stored in the GPS receiver 
10 is the latest in order to shorten the time until the position is first detected after the power is turned on. If it 
determines that the orbit information is not the latest, it requests the latest orbit information from the GPS control unit 
12. 
[0022] 
Upon receiving the request for the orbit information, the GPS control unit 12 requests the positioning control unit 13 
to acquire the GPS satellite information. The positioning control unit 13 uses the communication control unit 11 to 
acquire GPS satellite information via the mobile communication network and sends it to the GPS control unit 12; the  
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GPS control unit 12 then obtains orbit information from the GPS satellite information, and sends it to receiver 10. 
The GPS receiver 10 refers to the latest orbit information to perform the position detection processing. 
[0023]  
Then, when the GPS receiver 10 performs the position detection processing and succeeds in positioning, the position 
information is acquired by the GPS control unit 12, and then the position is shown to the terminal user A on the display 
unit provided in the man-machine interface control unit 14 via the positioning control unit 13. 
[0024]  
After successful positioning, the positioning control unit 13 requests the GPS control unit 12 to turn off the power of 
the GPS receiver 10, and the GPS receiver 10 is turned off again. In this way, a series of positioning operations in 
which the power is turned on by the position request from the power-off state and the positioning is successful and 
then the power is turned off again is set to the normal sensitivity positioning mode. 
[0025]  
Here, when the GPS receiver 10 succeeds in the positioning once by the internal positioning calculation technology, 
the GPS receiver 10 can continue to capture and position even if the signal level from the GPS satellite drops to a 
certain value. Therefore, once the positioning is successful, if the GPS receiver 10 continues to operate without being 
cut off, at the next position request, even if the signal level from the GPS satellite is lower than that at the time of the 
first positioning, the positioning can be successful. In this way, the series of positioning operations for constantly 
operating the GPS receiver 10 is referred to as the “high sensitivity positioning mode.” 
[0026] 
When the terminal user A selects either the normal sensitivity positioning mode or the high sensitivity positioning 
mode to request the position, it is set by operating the man-machine interface control unit 14, and positioning is 
performed in the normal sensitivity positioning mode or the high sensitivity positioning mode based on the setting 
information. 
[0027] 
When the position of the position information communication terminal 1 is in an environment where it is easy to 
receive the GPS signal from the GPS satellite, the signal level received by the GPS receiver 10 becomes high. 
Therefore, the man-machine interface control unit 14 is operated in advance to set a constant threshold value K1 in 
the positioning control unit 13 for each signal level of a plurality of GPS satellites. The positioning control unit 13 
compares the level of the GPS satellite signal detected by the satellite signal level detection unit 15 via the GPS 
receiver 10 and the GPS control unit 12 with the threshold value K1, and if the detection level is below the threshold 
K1, the positioning control unit 13 automatically makes a transition to the high sensitivity positioning mode. Further, 
a threshold value K2 different from the threshold value K1 is set in the positioning control unit 13, and when the 
detection level exceeds the threshold value K2, the positioning control unit 13 automatically makes a transition to the 
normal sensitivity positioning mode. 
[0028] 
In addition, the battery control unit 16 inside the position information communication terminal 1 constantly monitors 
the remaining battery level; if the remaining battery level becomes low and it becomes difficult to operate the GPS 
receiver 10, the positioning control unit 13 is notified of the remaining battery amount warning. When the positioning 
control unit 13 receives this remaining battery amount warning, it issues a remaining battery amount warning 
notification to the terminal user A via the man-machine interface control unit 14. Upon receiving this warning, the 
terminal user A operates the man-machine interface control unit 14 as described above to select from the normal 
sensitivity positioning mode, the high sensitivity positioning mode, or cutting off the power of the position 
information communication terminal 1.  
[0029] 
Further, the man-machine interface control unit 14 is operated in advance to set the threshold value of the remaining 
battery level in the battery control unit 16; by registering the positioning mode selection process in the positioning 
control unit 13 when the remaining battery amount monitored by the battery control unit 16 is below the threshold 
value and a remaining battery amount warning is issued, when the battery control unit 16 notifies the positioning 
control unit 13 of the remaining battery amount warning, it becomes possible to automatically shift the positioning 
mode to the normal sensitivity positioning mode. 
[0030] 
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(Embodiment 2) 
First, as shown in FIG. 3, the position management / positioning server 2 of the present embodiment is composed of 
a communication control unit 21 having a mobile communication means connected to the position information 
communication terminal 1 via a mobile communication network; a positioning mode control unit 22 that transmits 
and receives a positioning control message (positioning control information) to and from the position information 
communication terminal 1 via the communication control unit 21; a GPS satellite information management unit 23 
that collects and manages GPS satellite information and transmits the latest orbit information to the position 
information communication terminal 1; a communication line state control unit 24 that switches the communication 
line connecting the position information communication terminal 1 with the position management / positioning server 
2 via the mobile communication network between a mode that is always connected and a mode that is connected for 
each position search; and a position information database 25 that stores position search results and various 
information. Further, the configurations of the position information communication terminal 1 and the GPS 
positioning system of the present embodiment are the same as those in FIGS. 1 and 2; the same configurations are 
denoted by the same reference numerals and the description thereof will be omitted. 
[0031] 
The operation of the GPS positioning system consisting of the position information communication terminal 1 and 
the position management / positioning server 2 will be described below. The position information communication 
terminal 1 and the position management / positioning server 2 are connected by a mobile communication network 
such as a mobile phone; the position searcher B searching the position of the position information communication 
terminal 1 makes a search request to the position management / positioning server 2. Upon receiving the search 
request, the positioning mode control unit 22 registers the request details (positioning mode, search target terminal 
list information, search timeout value and the like) from the position searcher B in the position information database 
25. Here, the positioning mode information specifies the positioning operation of the GPS receiver 10 of the position 
information communication terminal 1 in the normal sensitivity positioning mode or the high sensitivity positioning 
mode. 
[0032] 
Then, the positioning mode control unit 22 requests the communication control unit 21 to transmit to the 
corresponding position information communication terminal 1 a positioning control message (position search request 
message) composed of positioning mode information and application data that specifies the positioning operation of 
the GPS receiver 10 of the position information communication terminal 1 in the normal sensitivity positioning mode 
or the high sensitivity positioning mode.  
[0033] 
The communication control unit 21 connects to the communication control unit 11 of the position information 
communication terminal 1 via the mobile communication network, and as shown in the format in FIG. 4, a position 
search request message composed of a search terminal address, server address, message identifier, search timeout 
time, positioning mode, and line mode is transmitted. 
[0034] 
The position information communication terminal 1 receiving the position search request message acquires the 
positioning mode information in the position search request message in the positioning control unit 13, and the GPS 
receiver 10 starts the position detection operation in the mode designated by the positioning mode information. The 
position detecting operation of the position information communication terminal 1 has been described in the first 
embodiment and the description thereof will not be repeated here. 
[0035] 
When the position information communication terminal 1 to be searched succeeds in positioning, the positioning 
control unit 13 transmits a positioning control message (search response message) including the position information 
to the position management server 2 via the communication control unit 11. As shown in the format in FIG. 5, the 
search response message is composed of a server address, a search terminal address, a message identifier, a search 
result, and position information. 
[0036] 
After the positioning is completed, if the position information communication terminal 1 is in the normal sensitivity 
positioning mode, the power of the GPS receiver 10 is shut off, and in the high sensitivity positioning mode, the 
power of the GPS receiver 10 is continuously turned on. 
[0037] 
Further, at the cycle set in advance in the position information database 25, as shown in the format in FIG. 6, the 
positioning mode control unit 22 in the position management / positioning server 2 sends a positioning control 
message (satellite signal level request message) comprising a search terminal address, a server address, a message 
identifier, and application data of the measurement time via the communication control unit 21. In the position 
information communication terminal 1 that has received this satellite signal level request message, the positioning 
control unit 13 causes the satellite signal level detection unit 15 to monitor the signal level from the GPS satellite  
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during the measurement time specified in the satellite signal level request message, and as the calculation result of 
the average value of the signal level, as shown in the format in FIG. 7, a positioning control message (satellite signal 
level response message) comprising a server address, search terminal address, message identifier, number of captured 
satellites, and application data of signal level list is returned to the position management / positioning server 2 via the 
communication control unit 11. Here, the signal level list in the satellite signal level response message is composed 
of a satellite number and a signal level from that satellite as one set. 
[0038] 
When the position management / positioning server 2 receives the satellite signal level response message, the 
positioning mode control unit 22 reads out the signal level from each satellite from the satellite signal level response 
message and stores it as GPS reception sensitivity paired with the corresponding terminal address in the position 
information database 25. When the positioning mode control unit 22 determines that the high sensitivity positioning 
mode is required when the signal level value is equal to or lower than a predetermined threshold value, it sends a 
request to communication control unit 21 for the position search request message including positioning mode 
information designating the positioning operation of the GPS receiver 10 of the position information communication 
terminal 1 as the high sensitivity positioning mode to be transmitted to the corresponding position information 
communication terminal 1; if it is determined that the normal sensitivity positioning mode is required when the signal 
level value is equal to or higher than a predetermined threshold value, it sends a request to communication control 
unit 21 for the position search request message including positioning mode information designating the positioning 
operation of the GPS receiver 10 of the position information communication terminal 1 as the normal sensitivity 
positioning mode to be transmitted to the corresponding position information communication terminal 1. If it is 
determined that the positioning cannot be performed when the signal level value is equal to or lower than a 
predetermined threshold value, the position search may be stopped. 
[0039] 
Furthermore, the battery control unit 16 within the position information communication terminal 1 notifies the 
positioning control unit 13 of a remaining battery amount warning when the monitored battery remaining amount 
falls below a certain threshold value. Upon receiving the remaining battery amount warning, the positioning control 
unit 13 requests communication control unit 11 to transmit a positioning control message (battery level warning 
message) consisting of a server address, a search terminal address, a message identifier, and battery level application 
data to the position management / positioning server 2 registered in advance, as shown by the format in FIG. 8. In 
response to the request, the communication control unit 11 transmits a remaining battery amount warning message to 
the position management / positioning server 2; in the position management / positioning server 2 that received the 
battery level warning message, the positioning mode control unit 22 refers to the position information database 25, 
requests the communication control unit 21 to transmit the position search request message including the positioning 
mode information that specifies the positioning operation of the GPS receiver 10 to the normal sensitivity positioning 
mode, to the corresponding position information communication terminal 1, and controls so as to reduce the power 
consumption of the battery. Alternatively, the position searcher B may be notified of the remaining battery amount 
warning and the terminal address corresponding to this warning, and the communication control unit 21 requested to 
transmit a position search request message specifying the high sensitivity positioning mode or the normal sensitivity 
positioning mode at the discretion of the position searcher B. After the remaining battery amount warning, the power 
consumption may be reduced by cutting off the power of the GPS receiver 10. 
[0040]  
In addition, line mode information is included in the position search request message shown in Fig. 4; this line mode 
information specifies whether the line is maintained or the line is disconnected even after searching for the mobile 
communication line connecting the communication control unit 11 of the position information communication 
terminal 1 and the communication control unit 21 of the position management / positioning server 2. Here, if retention 
is specified, after searching, the position information communication terminal 1 to be searched continues to maintain 
the mobile communication line even after transmitting the search response message to the position management / 
positioning server 2. On the other hand, if disconnect is specified, after searching, after the position information 
communication terminal 1 to be searched transmits the search response message to the position management / 
positioning server 2, the mobile communication line is disconnected, and the communication control units 11 and 21 
enter the standby state. For example, if it is necessary to acquire the position in real time in a short cycle, by repeating 
the position search while maintaining the line, the processing overhead and communication cost associated with the 
line connection can be saved. 
[0041] The position information database 25 also stores the position search result, the communication line connection 
state, and the like. 
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[0042]  
[Results of the Invention] 
The invention according to claim 1 is provided with a GPS receiver that receives GPS satellite signals from GPS 
satellites and performs positioning operations; a communication control unit having a mobile communication means; 
a GPS control unit having an orbit information acquisition means for acquiring the latest orbit information of the GPS 
satellite in response to a request from a GPS receiver, a position information acquisition means for acquiring position 
information from the GPS receiver, and a positioning operation control means for controlling each positioning 
operation in a normal sensitivity positioning mode in which the GPS receiver is operated only when necessary and a 
high sensitivity positioning mode in which the GPS receiver is always operated by controlling the power of the GPS 
receiver; and a positioning control unit having a positioning mode switching means for switching between the normal 
sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver, and an orbit information 
supply means for supplying the orbit information acquisition means with orbit information obtained via a network 
using the communication control unit; therefore, it has effects wherein it is possible to switch and select between 
normal sensitivity positioning mode and high sensitivity positioning mode, and positioning can be performed with 
higher sensitivity than just inputting the latest satellite orbit information from the outside. 
[0043]  
The invention of claim 2 according to claim 1 is provided with a man-machine interface control unit that outputs 
information corresponding to the operation of the terminal user, wherein the positioning control unit switches between 
the normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based on the 
request of the terminal user acquired via the man-machine interface control unit; therefore, it has effects wherein 
either the normal positioning operation or the high-sensitivity positioning operation is selected according to the 
judgment of the terminal user, and positioning can be performed according to the situation in which the terminal is 
installed. 
[0044]  
The invention of claim 3 according to claim 1, wherein the communication control unit receives positioning control 
information transmitted from the outside, and the positioning control unit switches between the normal sensitivity 
positioning mode and the high sensitivity positioning mode of the GPS receiver based on the positioning control 
information; therefore, it has effects wherein either a normal positioning operation or a highly sensitive positioning 
operation can be selected by external judgment. 
[0045]  
The invention of claim 4 according to claim 1, provided with a satellite signal level detecting unit for detecting the 
level of the GPS signal received by the GPS receiver, wherein the positioning control unit switches between the 
normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based on the signal 
level information acquired from the satellite signal level detecting unit; therefore, it has effects wherein, when the 
satellite signal level is low, high-sensitivity positioning operation can be performed automatically to stabilize 
positioning, and when the satellite signal level is high, the normal sensitivity operation is automatically performed to 
reduce the power consumption and to extend the operating time.  
[0046]  
The invention of claim 5 according to claim 1, provided with a battery that supplies operating power, and a battery 
control unit that notifies the positioning control unit of a remaining battery amount warning when the remaining 
amount value of the battery is lower than a preset threshold value, wherein the positioning control unit switches 
between the normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based 
on the remaining battery amount warning information; therefore, it has effects wherein, when the battery level is 
lower than the threshold value, the normal sensitivity operation is performed to reduce the power consumption, and 
the operation time can be extended. 
[0047]  
The invention of claim 6 according to claim 1, provided with a battery that supplies operating power, a battery control 
unit that notifies the positioning control unit of a remaining battery amount warning when the remaining amount value 
of the battery is lower than a preset threshold value, and a man-machine interface control unit for notifying the 
terminal user of the remaining battery amount warning; wherein the positioning control unit switches between the 
normal sensitivity positioning mode and the high sensitivity positioning mode of the GPS receiver based on the 
remaining battery amount warning; therefore, it has effects wherein, in addition to the same effect as in claim 5, there 
the terminal side can recognize that the remaining battery level is low and can cope with the charging of the battery. 
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[0048] 
The invention of claim 7 according to claim 1, consisting of a position management server that searches the position 
of the terminal, provided with a position information communication terminal, a communication control unit having 
mobile communication means connected to the terminal via a mobile communication network, a positioning mode 
control unit that transmits and receives positioning control information to and from the terminal via the 
communication control unit, and a GPS satellite information management unit that collects and manages GPS satellite 
information and sends the latest GPS satellite orbit information to the terminal via the mobile communication 
network; wherein the positioning control unit of the terminal switches between the normal sensitivity positioning 
mode and the high sensitivity positioning mode of the GPS receiver based on the positioning control information 
from the position management server. Therefore, it has effects wherein, either a normal positioning operation or a 
highly sensitive positioning operation can be selected for a remote terminal. 
[0049] 
The invention of claim 8 according to claim 7, wherein the positioning mode control unit sets positioning mode 
information that specifies the positioning operation of the GPS receiver of the terminal to the normal sensitivity 
positioning mode or the high sensitivity positioning mode, as positioning control information, based on an instruction 
from a position searcher, and the communication control unit of the position management server transmits positioning 
control information in which the positioning mode information is set to the terminal via a mobile communication 
network; therefore, it has effects wherein either a normal positioning operation or a highly sensitive positioning 
operation can be selected as needed for a remote terminal. 
[0050] 
The invention of claim 9 according to claim 7, wherein the terminal is provided with a satellite signal level detecting 
unit that detects a level of the GPS signal received by the GPS receiver, the positioning control unit sets the signal 
level information to positioning control information, the communication control unit of the terminal transmits 
positioning control information in which the signal level information is set to the position management server via a 
mobile communication network, the positioning mode control unit of the position management server, based on the 
signal level information, sets positioning mode information for specifying the positioning operation of the GPS 
receiver of the terminal as the normal sensitivity positioning mode or the high sensitivity positioning mode to the 
positioning control information, and the communication control unit of the position management server transmits 
positioning control information in which the positioning mode information is set to the terminal via a mobile 
communication network; therefore, it has effects wherein by acquiring the level of the GPS satellite signal received 
by the remote terminal, it is possible to perform high-sensitivity positioning operation to stabilize the positioning 
when the satellite signal level received by the terminal is low, power consumption can be reduced by stopping the 
position search when positioning is not possible, or by switching to the positioning with normal sensitivity that 
consumes less battery for terminals installed in positions with good positioning in order to extend the operating time.  
[0051] 
The invention of claim 10 according to claim 7, wherein the terminal is provided with a battery that supplies operating 
power, and a battery control unit that notifies the positioning control unit of a remaining battery amount warning when 
the remaining amount value of the battery is lower than a preset threshold value; wherein the positioning control unit 
sets the remaining battery amount warning information to positioning control information, the communication control 
unit of the terminal transmits the positioning control information in which the remaining battery amount warning 
information is set to the position management server via the mobile communication network, the positioning mode 
control unit of the position management server, based on the remaining battery amount warning information, sets the 
positioning mode information for specifying the positioning operation of the GPS receiver of the terminal as the 
normal sensitivity positioning mode or the high sensitivity positioning mode to the positioning control information, 
and the communication control unit of the position management server transmits positioning control information in 
which the positioning mode information is set to the terminal via a mobile communication network; therefore, it has 
effects wherein it is possible to detect when the battery is dead on the position management server that is far from the 
terminal, and after the remaining battery amount warning, it is possible to reduce the power consumption by switching 
to positioning with normal sensitivity that consumes less battery or by cutting off the power of the GPS receiver so 
that longer operating time can be achieved.  
[0052] 
The invention of claim 11 according to claim 7, wherein the terminal is provided with a battery that supplies operating 
power, and a battery control unit that notifies the positioning control unit of a remaining battery amount warning when 
the remaining amount value of the battery is lower than a preset threshold value; wherein the positioning mode control  
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unit of the position management server, based on the remaining battery amount warning information, notifies the 
position searcher of the battery remaining warning, sets the positioning mode information specifying the positioning 
operation of the GPS receiver of the terminal in the normal sensitivity positioning mode or the high sensitivity 
positioning mode to the positioning control information, and the communication control unit of the position 
management server transmits positioning control information in which the positioning mode information is set to the 
terminal via a mobile communication network; therefore, it has effects wherein, in addition to the same effects as in 
claim 10, the position management server can recognize that the remaining battery level is low and can respond to 
charging the battery and the like. 
[0053] 
The invention of claim 12 according to any one of claims 7 to 11, provided with a communication line status control 
unit in the position information communication terminal or the position management server that switches the 
communication line connecting the position information communication terminal with the position management 
server via the mobile communication network between a mode that is always connected and a mode that is connected 
for each position search based on a request from a position searcher; therefore, it has effects wherein it is possible to 
instruct the communication line status after the terminal makes a position response to the position request from the 
position management server, and in particular when it is necessary to acquire the position in real time in a short cycle, 
by repeating the position search while maintaining the line, the processing overhead and communication cost 
associated with the line connection can be eliminated.  
 
[Brief Description of the Drawings] 
FIG. 1 is a diagram showing a configuration of a position information communication terminal according to a first 
embodiment of the present invention. 
FIG. 2 is a diagram showing a configuration of a GPS positioning system of the present invention. 
FIG. 3 is a diagram showing a configuration of a position management / positioning server according to a second 
embodiment of the present invention. 
FIG. 4 is a diagram showing a format of a position search request message of the above. 
FIG. 5 is a diagram showing a format of a search response message of the above. 
FIG. 6 is a diagram showing a format of a satellite signal level request message of the above. 
FIG. 7 is a diagram showing a format of a satellite signal level response message of the above. 
FIG. 8 is a diagram showing a format of a remaining battery amount warning message of the above. 
[Explanation of Reference Numerals] 
1:  Position information communication terminal 
10:  GPS receiver 
11: Communication control unit 
12: GPS control unit 
13: Positioning control unit 
14: Man-machine interface control unit 
15: Satellite signal level detecting unit 
16: Battery control unit 
17: Communication line status control unit 
 
 
 
 
 
 
 


  


IPR2020-01189 
Apple EX1004 Page 32







  


JP 2004-37116 (P2004-37116A) 
(13)


 


  [FIG. 1]        [FIG. 2] 


 


             [FIG. 3]         


 


          [FIG. 4] 


 


 


 


 


 


 


 


 


 


  


 


 
[FIG. 5] 


[FIG. 6] 


[FIG. 7] 


[FIG. 8] 


IPR2020-01189 
Apple EX1004 Page 33







  


JP 2004-37116 (P2004-37116A) 
(14)


 
Continued from the front page
 
(72) Inventor:   Junichi Suzuki 
                         c/o Matsushita Electric Industrial Co., Ltd. 
                         1048 Oazakadoma, Kadoma-shi, Osaka 
(72) Inventor:   Kazuo Yamada 
                         c/o Matsushita Electric Industrial Co., Ltd. 
                         1048 Oazakadoma, Kadoma-shi, Osaka 
(72) Inventor:   Takuya Sueto 
                         c/o Matsushita Electric Industrial Co., Ltd. 
                         1048 Oazakadoma, Kadoma-shi, Osaka 
(72) Inventor:   Masahito Fukuda 
                         c/o Matsushita Electric Industrial Co., Ltd. 
                         1048 Oazakadoma, Kadoma-shi, Osaka 
(72) Inventor:   Ikuo Tsujimoto 
                         c/o Matsushita Electric Industrial Co., Ltd. 
                         1048 Oazakadoma, Kadoma-shi, Osaka 
(72) Inventor:   Kenji Okuno 
                         c/o Matsushita Electric Industrial Co., Ltd. 
                         1048 Oazakadoma, Kadoma-shi, Osaka 
(72) Inventor:   Kenji Kuramae 
                         c/o Matsushita Electric Industrial Co., Ltd. 
                         1048 Oazakadoma, Kadoma-shi, Osaka 
(72) Inventor:   Masaki Koyama 
                         c/o Matsushita Electric Industrial Co., Ltd. 
                         1048 Oazakadoma, Kadoma-shi, Osaka 
(72) Inventor:   Kazuhiro Kawamoto 
                         c/o Matsushita Electric Industrial Co., Ltd. 
                         1048 Oazakadoma, Kadoma-shi, Osaka 
F Term (Reference)  5J062 AA08 BB05 CC07 DD11 DD12 DD21 EE01 EE04 
   5K067 BB36 EE02 FF23 HH23 JJ52 JJ56 
 
 
 
 
 
 


 


IPR2020-01189 
Apple EX1004 Page 34







EXHIBIT A 


IPR2020-01189 
Apple EX1004 Page 35







IPR2020-01189 
Apple EX1004 Page 36







IPR2020-01189 
Apple EX1004 Page 37







IPR2020-01189 
Apple EX1004 Page 38







IPR2020-01189 
Apple EX1004 Page 39







IPR2020-01189 
Apple EX1004 Page 40







IPR2020-01189 
Apple EX1004 Page 41







IPR2020-01189 
Apple EX1004 Page 42







IPR2020-01189 
Apple EX1004 Page 43







IPR2020-01189 
Apple EX1004 Page 44







IPR2020-01189 
Apple EX1004 Page 45







IPR2020-01189 
Apple EX1004 Page 46







IPR2020-01189 
Apple EX1004 Page 47







IPR2020-01189 
Apple EX1004 Page 48







IPR2020-01189 
Apple EX1004 Page 49







IPR2020-01189 
Apple EX1004 Page 50







EXHIBIT A 


IPR2020-01189 
Apple EX1004 Page 51







MA
N-


MA
CH


IN
E


IN
TE


RF
AC


E
CO


NT
RO


L
UN


IT


PO
SI


TI
ON


RE
QU


ES
T


CO
MM


UN
IC


AT
IO


N
IN


FO
RM


AT
IO


N


PO
SI


TI
ON


IN
G


CO
NT


RO
LU


NI
T


CI
RC


UI
T


CO
NT


RO
L


IN
FO


RM
AT


IO
N


PO
SI


TI
ON


IN
G 


MO
DE


CO
NT


RO
L 


OR
[T


EX
T 


UN
RE


AD
AB


LE
]


AP
PL


IC
AT


IO
N


DA
TA


OR
GP


S
SA


TE
LL


IT
E


IN
FO


RM
AT


IO
N


CI
RC


UI
T


CO
NN


EC
TI


ON
/


CU
TT


IN
G


CO
MM


UN
IC


AT
IO


N
LIN


E 
ST


AT
US


CO
NT


RO
L 


UN
IT


CO
MM


UN
IC


AT
IO


N
CO


NT
RO


LU
NI


T


SI
GN


AL
LE


VE
L


AC
QU


IS
IT


IO
N


SA
TE


LL
IT


E
SI


GN
AL


LE
VE


LD
ET


EC
TI


NG
UN


IT


PO
W


ER
SU


PP
LY


CO
NT


RO
L


PO
SI


TI
ON


IN
FO


RM
AT


IO
N


BA
TT


ER
Y


RE
MA


IN
IN


G
AM


OU
NT


SU
RV


EI
LL


AN
T


BA
TT


ER
Y


RE
MA


IN
IN


G
AM


OU
NT


W
AR


NI
NG


BA
TT


ER
Y


CO
NT


RO
LU


NI
T


GP
S


CO
NT


RO
LU


NI
T


OR
BI


T
IN


FO
RM


AT
IO


N
PO


SI
TI


ON
IN


FO
RM


AT
IO


N
PO


W
ER


SU
PP


LY
CO


NT
RO


L


GP
S


RE
CE


IV
ER


14 16
12 10


15


13
17


11


1


1:
PO


SI
TI


ON
IN


FO
RM


AT
IO


N
CO


MM
UN


IC
AT


IO
N


TE
RM


IN
AL


10
:G


PS
RE


CE
IV


ER
11


:C
OM


MU
NI


CA
TI


ON
CO


NT
RO


LU
NI


T
12


:G
PS


CO
NT


RO
LU


NI
T


13
:P


OS
IT


IO
NI


NG
CO


NT
RO


LU
NI


T
14


:M
AN


-M
AC


HI
NE


IN
TE


RF
AC


E
CO


NT
RO


LU
NI


T 
15


:S
AT


EL
LIT


E
SI


GN
AL


LE
VE


LD
ET


EC
TI


NG
UN


IT
 


16
:B


AT
TE


RY
CO


NT
RO


LU
NI


T
17


:C
OM


MU
NI


CA
TI


ON
LIN


E
ST


AT
US


 C
ON


TR
OL


 
UN


IT
FI


G.
1


PO
SI


TI
ON


RE
SP


ON
SE


IPR2020-01189 
Apple EX1004 Page 52







TE
RM


IN
AL


US
ER


PO
SI


TI
ON


RE
QU


ES
T


PO
SI


TI
ON


RE
SP


ON
SE


NO
TI


FI
CA


TI
ON


PO
SI


TI
ON


IN
FO


RM
AT


IO
N


CO
MM


UN
IC


AT
IO


N
TE


RM
IN


AL


A
1


MO
BI


LE
CO


MM
UN


IC
AT


IO
N


NE
TW


OR
K


PO
SI


TI
ON


MA
NA


GE
ME


NT
/


PO
SI


TI
ON


IN
G


SE
RV


ER


2


PO
SI


TI
ON


SE
AR


CH
ER


B


NO
TI


FI
CA


TI
ON


PO
SI


TI
ON


RE
SP


ON
SE


SE
AR


CH
RE


QU
ES


T


FI
G.


2


IPR2020-01189 
Apple EX1004 Page 53







CO
MM


UN
IC


AT
IO


N
CO


NT
RO


LU
NI


T


PO
SI


TI
ON


MO
DE


CO
NT


RO
L


AP
PL


IC
AT


IO
N


DA
TA


CI
RC


UI
T


CO
NN


EC
TI


ON
/


CU
TO


FF


GP
S


SA
TE


LL
IT


E
IN


FO
RM


AT
IO


N


21


PO
SI


TI
ON


RE
SP


ON
SE


SE
AR


CH
RE


QU
ES


T


NO
TI


FI
CA


TI
ON


PO
SI


TI
ON


IN
G


MO
DE


CO
NT


RO
LU


NI
T


CO
MM


UN
IC


AT
IO


N
LIN


E
ST


AT
US


CO
NT


RO
LU


NI
T


GP
S


SA
TE


LL
IT


E
IN


FO
RM


AT
IO


N
CO


NT
RO


L
UN


IT


LIN
E


CO
NT


RO
LI


NF
OR


MA
TI


ON


22


PO
SI


TI
ON


IN
FO


RM
AT


IO
N


DA
TA


BA
SE


25


24 23


2


PO
SI


TI
ON


SE
AR


CH
RE


SU
LT


TE
RM


IN
AL


GP
S


RE
CE


IP
T


SE
NS


IT
IV


IT
Y


TE
RM


IN
AL


PO
SI


TI
ON


IN
G


MO
DE


CO
MM


UN
IC


AT
IO


N
LIN


E
CO


NN
EC


TI
ON


ST
AT


US


FI
G.


3


IPR2020-01189 
Apple EX1004 Page 54







SE
AR


CH
TE


RM
IN


AL
SE


RV
ER


AD
DR


ES
S


SE
RV


ER
AD


DR
ES


S
ME


SS
AG


E
ID


EN
TI


FI
ER


SE
AR


CH
TI


ME
OU


T
PO


SI
TI


ON
IN


G
MO


DE
CI


RC
UI


T
MO


DE


FI
G.


4


SE
RV


ER
AD


DR
ES


S


FI
G.


5


SE
AR


CH
TE


RM
IN


AL
AD


DR
ES


S
ME


SS
AG


E
ID


EN
TI


FI
ER


SE
AR


CH
RE


SU
LT


PO
SI


TI
ON


IN
FO


RM
AT


IO
N


SE
AR


CH
TE


RM
IN


AL
AD


DR
ES


S
SE


RV
ER


AD
DR


ES
S


ME
SS


AG
E


ID
EN


TI
FI


ER
ME


AS
UR


EM
EN


T
TI


ME


FI
G.


6


IPR2020-01189 
Apple EX1004 Page 55







SE
AR


CH
TE


RM
IN


AL
AD


DR
ES


S
SE


RV
ER


AD
DR


ES
S


ME
SS


AG
E


ID
EN


TI
FI


ER
BA


TT
ER


Y
LE


VE
L


FI
G.


8


SE
RV


ER
AD


DR
ES


S
SE


AR
CH


TE
RM


IN
AL


AD
DR


ES
S


ME
SS


AG
E


ID
EN


TI
FI


ER


NU
MB


ER
OF


CA
PT


UR
ED


SA
TE


LL
IT


ES
SI


GN
AL


LE
VE


LL
IS


T


SI
GN


AL
NU


MB
ER


(#
1)


SI
GN


AL
LE


VE
L


(#
1)


SA
TE


LL
IT


E
NU


MB
ER


(#
2)


SI
GN


AL
NU


MB
ER


(#
2)


SI
GN


AL
LE


VE
L


(#
2)


SI
GN


AL
NU


MB
ER


(#
n)


SI
GN


AL
LE


VE
L


(#
n)


FI
G.


7


IPR2020-01189 
Apple EX1004 Page 56







EXHIBIT B 


IPR2020-01189 
Apple EX1004 Page 57







IPR2020-01189 
Apple EX1004 Page 58





		EX1033Translator-Affidavit-Sakamoto.pdf

		Bibliography

		Abstract

		Claims

		Drawings

		Blank Page



		EX1034Translator-Affidavit-Sakamoto-Figs.pdf

		Sheet #1

		Sheet #2

		Sheet #3

		Sheet #4

		Sheet #5












IPR2020-01190 
Apple EX1001 Page 1


Exhibit


3


Scott Andrews - 5/12/21







IPR2020-01190 
Apple EX1001 Page 2







IPR2020-01190 
Apple EX1001 Page 3







IPR2020-01190 
Apple EX1001 Page 4







IPR2020-01190 
Apple EX1001 Page 5







IPR2020-01190 
Apple EX1001 Page 6







IPR2020-01190 
Apple EX1001 Page 7







IPR2020-01190 
Apple EX1001 Page 8







IPR2020-01190 
Apple EX1001 Page 9







IPR2020-01190 
Apple EX1001 Page 10







IPR2020-01190 
Apple EX1001 Page 11







IPR2020-01190 
Apple EX1001 Page 12












UNITED STATES PATENT AND TRADEMARK OFFICE 


_________________ 


BEFORE THE PATENT TRIAL AND APPEAL BOARD 


_________________ 


APPLE INC., 
Petitioner 


v. 


LBT IP I LLC 
Patent Owner 


_________________ 


Inter Partes Review Case No. IPR2020-01190 


U.S. Patent No. 8,542,113  


DECLARATION OF SCOTT ANDREWS 


IPR2020-01190 
Apple EX1003 Page 1


Exhibit


4


Scott Andrews - 5/12/21







Declaration of Scott Andrews 
Patent No. 8,542,113 


 


TABLE OF CONTENTS 


I. BACKGROUND AND QUALIFICATIONS ........................................... 5 
II. LEGAL FRAMEWORK ..........................................................................11 


A. ANALOGOUS ART ..............................................................................11 
B. OBVIOUSNESS ....................................................................................11 
C. SECONDARY CONSIDERATIONS OF NON-OBVIOUSNESS .......................17 
D. CLAIM CONSTRUCTION ......................................................................18 


III. OPINION REGARDING LEVEL OF SKILL OF A PERSON HAVING 
ORDINARY SKILL IN THE ART ..........................................................19 


IV. BACKGROUND OF TECHNOLOGY ...................................................20 
A. GPS TECHNOLOGY ............................................................................21 
B. ACCELEROMETERS .............................................................................23 
C. DEAD RECKONING .............................................................................26 
D. COMMUNICATION WITH A MONITORING STATION ...............................31 
E. RELIABILITY OF GPS SIGNALS ...........................................................32 
F. POWER CONSUMPTION OF GPS RECEIVERS ........................................35 


V. OPINIONS REGARDING THE ’113 PATENT AND ANALOGOUS 
ART ...........................................................................................................39 
A. SAKAMOTO ........................................................................................39 
B. GOTOH ..............................................................................................49 
C. LEVI ..................................................................................................51 
D. KULACH ............................................................................................53 
E. DESCRIPTION OF THE ALLEGED INVENTION OF THE ’113 PATENT ........55 
F. OPINIONS OF THE COMBINATION OF SAKAMOTO, GOTOH, AND LEVI ......58 


1. Motivation to Combine Sakamoto and Gotoh ..........................58 
2. Obviousness of Modifying Electronic Hardware and Software 


to Be Circuitry ........................................................................67 
3. Sakamoto’s Multiple Embodiments and Motivation to Combine 


the Embodiments .....................................................................71 
4. Physical Components Shared by Claim Elements ...................75 


G. OPINIONS REGARDING GROUND 1: SAKAMOTO IN VIEW OF GOTOH IN 
FURTHER VIEW OF LEVI .....................................................................76 
1. Overview of Ground for Claim 1 .............................................76 
2. Claimed Hardware Components .............................................78 
3. Claim 1 ...................................................................................85 
4. Claim 1(a) ...............................................................................88 


IPR2020-01190 
Apple EX1003 Page 2







Declaration of Scott Andrews 
Patent No. 8,542,113 


 


5. Claim 1(b) ...............................................................................95 
6. Claim 1(c) ............................................................................. 106 
7. Claim 1(d) ............................................................................. 116 
8. Claim 1(e) ............................................................................. 120 
9. Motivation to Combine Sakamoto (as Modified by Gotoh) with 


Levi ....................................................................................... 123 
10. Claim 2 ................................................................................. 126 
11. Claim 3 ................................................................................. 128 
12. Claim 3(a) ............................................................................. 128 
13. Claim 3(b) ............................................................................. 130 
14. Claim 3(c) ............................................................................. 131 
15. Claim 3(d) ............................................................................. 132 
16. Claim 4 ................................................................................. 132 
17. Claim 5 ................................................................................. 133 
18. Claim 6 ................................................................................. 135 
19. Claim 7 ................................................................................. 136 
20. Claim 7(a) ............................................................................. 137 
21. Claim 7(b) ............................................................................. 137 
22. Claim 7(c) ............................................................................. 137 
23. Claim 7(d) ............................................................................. 138 
24. Claim 8 ................................................................................. 138 
25. Claim 9 ................................................................................. 138 
26. Claim 10 ............................................................................... 138 
27. Claim 11 ............................................................................... 139 
28. Claim 12 ............................................................................... 140 
29. Claim 13 ............................................................................... 140 
30. Claim 14 ............................................................................... 141 
31. Claim 15 ............................................................................... 141 
32. Claim 16 ............................................................................... 141 
33. Claim 17[Preamble] ............................................................. 142 
34. Claim 17(a) ........................................................................... 143 
35. Claim 17(b) ........................................................................... 143 
36. Claim 17(c) ........................................................................... 144 
37. Claim 17(c)(i) ....................................................................... 145 
38. Claim 17(c)(ii) ...................................................................... 146 
39. Claim 17(d) ........................................................................... 148 
40. Claim 18 ............................................................................... 148 
41. Claim 19 ............................................................................... 148 
42. Claim 20 ............................................................................... 148 


IPR2020-01190 
Apple EX1003 Page 3







Declaration of Scott Andrews 
Patent No. 8,542,113 


 


H. OPINIONS REGARDING GROUND 2: SAKAMOTO IN VIEW OF GOTOH IN 
FURTHER VIEW OF LEVI AND KULACH ............................................. 149 
1. Claim 1(c) ............................................................................. 149 


VI. CONCLUSION ....................................................................................... 154 
 


  


IPR2020-01190 
Apple EX1003 Page 4







Declaration of Scott Andrews 
Patent No. 8,542,113 


 


 


I, Scott Andrews, hereby declare the following:  


I. BACKGROUND AND QUALIFICATIONS  


1. My name is Scott Andrews, and I am over 21 years of age and otherwise 


competent to make this Declaration. I make this Declaration based on facts and 


matters within my own knowledge and on information provided to me by others, 


and, if called as a witness, I could and would competently testify to the matters set 


forth herein. 


2. I have been retained as a technical expert witness in this matter by 


Counsel for the Petitioner, Apple Inc. (“Petitioner”) to provide my independent 


opinions on certain issues requested by Counsel for Petitioner relating to the 


accompanying Petition for Inter Partes Review of U.S. Patent No. 8,542,113 (“the 


’113 Patent”). I am being compensated at an hourly rate of $450.00. My 


compensation in this matter is not based on the substance of my opinions or on the 


outcome of this matter. I have been informed that LBT IP I LLC is the purported 


owners of the ’113 Patent. I note that I have no financial interest in LBT IP I LLC 


or Petitioner, and I have no other interest in the outcome of this matter.  


3. I have summarized in this section my educational background, career 


history, and other qualifications relevant to this matter.  I have also included a current 


version of my curriculum vitae, attached as Appendix B. 
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4. I have over 30 years of professional experience in the field of mobile 


devices and technologies and systems, including handheld communications and 


navigation devices, vehicle information systems and vehicle safety and control 


systems, and the sensor system that are used in these devices. Further, I have 


authored numerous published technical papers and am a named inventor on 15 U.S. 


and foreign patents. 


5. I received a Bachelor of Science degree in Electrical Engineering from 


University of California, Irvine in 1977 and a Master of Science degree in Electronic 


Engineering from Stanford University in 1982. 


6. From 1977 to 1979, I worked at Ford Aerospace where I designed, 


tested and delivered microwave radar receiver systems. 


7. From 1979 to 1983, I worked at Teledyne Microwave, where I 


developed high reliability microwave components and developed CAD tools. 


8. From 1983 to 1996, I worked at TRW, Inc., having held various 


positions. From 1983 to 1985, I was a Member of the technical staff and a 


Department Manager in the Space Electronics sector. Between 1985 and 1990 I was 


a project manager working on various communications systems projects including 


the US DoD Advanced Research Projects Administration (ARPA) MIMIC Program. 


Between 1990 and 1993 I was the Manager of MMIC (monolithic-microwave-


integrated-circuit) Products Organization. In this role, I developed business strategy 
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and managed customer and R&D programs. During this time, I also developed the 


first single chip 94 GHz Radar, used for automotive cruise control and anti-collision 


systems. In 1993, I transferred to the TRW Automotive Electronics Group, and 


managed about 30 engineers in the Systems Engineering and Advanced Product 


Development organization. In this role, I managed advanced development programs 


such as automotive radar, adaptive cruise control, occupant sensing, automatic crash 


notification systems, in-vehicle information systems, and other emerging 


transportation products. 


9. During this time, I also worked with various types of accelerometers. 


For example, I developed a system that sampled the acceleration signal over time, 


and applied this time series of samples as inputs to a neural network. We then 


adjusted the weights of the neural network so that the system would correctly 


discriminate between crash events and the events, for airbag activation. We also used 


accelerometers to determine and control airbag deployment parameters and timing, 


and to provide information about the crash severity to first responders. 


10. I was employed as a Project General Manager in the Electronics 


Division of Toyota Motor Corporation at Toyota headquarters in Toyota City, Japan 


from April 1996 to around April 2000. In this position, I was responsible for leading 


the development of vehicle telematics systems, infotainment systems, including on-


board and off-board navigation systems, mobile device integration systems, traffic 
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information systems, vehicle communications systems, safety applications, and 


automated vehicle control systems. For example, while I was working at Toyota, I 


was awarded a Japanese patent related to determining the relative orientation of a 


user’s eyepiece (i.e. glasses) relative to their eye axis and a display screen in order 


to determine where on the screen the user was looking. 


11. I am currently a consultant for Cogenia Partners, LLC, focusing on 


systems engineering, business development and technical strategy supporting 


automotive and information technology. I have been in this position since 2001. In 


one of my active engagements, I served as the technical lead on a project funded by 


the National Highway Traffic Safety Administration (NHTSA) to develop 


requirements for connected vehicle safety systems in preparation for NHTSA 


regulations governing such systems. I also served as a technical consultant on 


multiple projects sponsored by the Federal Highway Administration (FHWA) 


related to connected vehicle technology research. 


12. In the various positions mentioned above, I was responsible for research 


and development projects relating to numerous mobile information systems, user 


interface systems, sensory systems, control systems and safety systems, and also had 


the opportunity to collaborate with numerous researchers and suppliers to the auto 


industry. I therefore believe that I have a detailed understanding of the state of the 
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art during the relevant period, as well as a sound basis for opining how persons of 


skill in the art at that time would understand the technical issues in this case. 


13. I am being compensated for my time spent in connection with this case. 


I have no financial interest in the outcome of this case. The opinions provided in this 


report are my own and my compensation does not depend in any way on the 


substance of my opinions. 


14. As part of my work and in forming my opinions in connection with this 


proceeding, I have reviewed the following materials. For any prior art listed below, 


it is my opinion persons of ordinary skill in my field would reasonably rely upon 


such prior art in forming opinions regarding the subject matter of this proceeding: 


• Petition for Inter Partes Review of U.S. Patent No. 8,542,113 (the 
“Petition”); 


• U.S. Patent No. 8,542,113 (“the ’113 Patent”) (Ex 1001); 
• File History for U.S. Patent 8,542,113 (Ex. 1002); 
• JP 2004-37116 to Sakamoto (“Sakamoto”) (Ex. 1004); 
• U.S. Patent App. No. 2003/0217070 to Gotoh et al. (“Gotoh”) (Ex. 


1005) 
• U.S. Patent No.  5,583,776 to Levi et al. (“Levi”) (Ex. 1006); 
• U.S. Patent App. Pub. No. 2007/0208544 to Kulach et al. (“Kulach”) 


(Ex. 1007); 
• U.S. Patent App. No. 2006/0272413 to Vaganov et al. (“Vaganov”) (Ex. 


1008); 
• U.S. Patent No. 7,053,823 to Cervinka et al. (“Cervinka”) (Ex. 1009); 
• U.S. Patent No. 6,799,050 to Krasner (“Krasner”) (Ex. 1010;) 
• U.S. Patent No. 5,902,347 to Backman et al. (“Backman”) (Ex.1013); 
• U.S. Patent No. 7,106,189 to Burneske et al. (“Burneske”) (Ex. 1014); 
• U.S. Patent No. 6,308,134 to Croyle et al. (“Croyle”) (Ex. 1015);  
• U.S. Patent No. 7,024,321 to Deninger et al. (“Deninger”) (Ex. 1016);  
• U.S. Patent No. 7,196,661 to Harvey (“Harvey”) (Ex. 1017);  
• U.S. Patent No. 5,257,195 to Hirata (“Hirata”) (Ex. 1018) 
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• U.S. Patent Application Publication No. 2006/0167647A1 to Krumm et 
al. (“Krumm”) (Ex. 1019);  


• U.S. Patent No. 5,592,173 to Lau et al. (“Lau”) (Ex. 1020);  
• U.S. Patent No. 7,430,675 to Lee (“Lee”) (Ex. 1021); 
• U.S. Patent No. 8,467,804 to Lindquist (“Lindquist”) (Ex. 1022); 
• U.S. Patent No. 7,760,137 to Martucci et al. (“Martucci”) (Ex. 1023); 
• U.S. Patent No. 7,181,192 to Panasik et al. (“Panasik”) (Ex. 1024); 
• U.S. Patent No. 7,126,536 to Rabinowitz et al. (“Rabinowitz”) (Ex. 


1025)  
• U.S. Patent No. 8,797,214 to Taylor et al. (“Taylor”) (Ex. 1026); 
• U.S. Patent No. 7,239,271 to Vyas et al. (“Vyas”) (Ex. 1027); 
• U.S. Patent No. 6,850,844 to Walters et al. (“Walters”) (Ex. 1028); 
• U.S. Patent No. 7,439,907 to Wang et al. (“Wang”) (Ex. 1029); 
• U.S. Patent No. 5,491,486 to Welles, II et al. (“Welles”) (Ex. 1030); 
• Analog Devices ADXL320 Data Sheet (“ADXL320”) (Ex. 1031) 
• Vehicle Location and Navigation Systems, pp. 43-81 (“Zhao”) (Ex. 


1032); 
• CV of Scott Andrews (Ex. 1035); 
• LBT IP I LLC v. Apple Inc., 1:19-cv-01245, No. 1 (D. Del. July 1, 2019) 


(“LBT Complaint”) (Ex. 1036); 
• U.S. Patent Application Publication No .2003/010988 to Geissler et al. 


(“Geissler”) (Ex. 1037); 
• U.S. Patent Application Publication No. 2006/0136173 to Case, Jr. et 


al. (“Case”) (Ex 1038); 
• U.S. Patent Application Publication No. 2007/005243A1 to Horvitz et 


al. (“Horvitz”) (Ex. 1039); 
• U.S. Patent Application Publication No. 2007/0005363A1 to Cucerzan 


et al. (“Cucerzan”) (Ex. 1040); 
• U.S. Patent No. 6,067,046 to Nichols (“Nichols”) (Ex. 1041); 
• U.S. Patent No. 6,522,266 to Soehren et al. (“Soehren”) (Ex. 1042); 
• U.S. Patent No. 6,546,336 to Matsuoka et al. (“Matsuoka”) (Ex. 1043); 
• U.S. Patent No. 6,657,587 to Mohan et al. (“Mohan”) (Ex. 1044); 
• U.S. Patent No. 6,853,909 to Scherzinger et al. (“Scherzinger”) (Ex. 


1045); 
• U.S. Patent No. 7,953,327 to Pereira et al. (“Pereira”) (Ex. 1046); 
• U.S. Patent No. 7,970,412 to Pande et al. (“Pande”) (Ex. 1047); 
• U.S. Patent No. 8,068,984 to Smith et al. (“Smith”) (Ex. 1048); 
• International Patent Application Publication No. WO2007/101724 to 


Deurwaarder (“Deurwaarder”) (Ex. 1049); 
• Any other materials I cite in support of this Declaration. 
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II. LEGAL FRAMEWORK  


15. I am a technical expert and do not offer any legal opinions. However, I 


have been informed about certain legal principles regarding patentability and related 


matters under United States patent law, which I have applied in performing my 


analysis and arriving at my technical opinions in this matter. 


A. ANALOGOUS ART 


16. I have been informed by counsel that for prior art to be used to establish 


the unpatentability of a patent based on obviousness, the prior art must be “analogous 


art” to the claimed invention. I have also been informed by counsel that a prior art 


reference is analogous art to the claimed invention if: (1) the reference is from the 


same field of endeavor as the claimed invention, even if it addresses a different 


problem; or (2) the reference is reasonably pertinent to the problem faced by the 


invention, even if it is not in the same field of endeavor as the claimed invention.  


B. OBVIOUSNESS 


17. I have been informed that a person cannot obtain a patent on an 


invention if the differences between the invention and the prior art are such that the 


subject matter as a whole would have been obvious at the time the invention was 


made to a person having ordinary skill in the art (“POSITA”). I have been informed 


that a conclusion of obviousness may be founded upon more than a single item of 


prior art. I have been further informed that obviousness is determined by evaluating 
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the following factors: (1) the scope and content of the prior art, (2) the differences 


between the prior art and the claim at issue, (3) the level of ordinary skill in the 


pertinent art, and (4) secondary considerations of non-obviousness. In addition, the 


obviousness inquiry should not be done in hindsight. Instead, the obviousness 


inquiry should be done through the eyes of a POSITA at the time of the alleged 


invention. 


18. In considering whether certain prior art renders a particular patent claim 


obvious, I have been informed that I can consider the scope and content of the prior 


art, including the fact that one of skill in the art would regularly look to the 


disclosures in patents, trade publications, journal articles, conference papers, 


industry standards, product literature and documentation, texts describing 


competitive technologies, requests for comment published by standard setting 


organizations, and materials from industry conferences, as examples. I have been 


informed that for a prior art reference to be proper for use in an obviousness analysis, 


the reference must be “analogous art” to the claimed invention. I have been informed 


that a reference is analogous art to the claimed invention if: (1) the reference is from 


the same field of endeavor as the claimed invention (even if it addresses a different 


problem); or (2) the reference is reasonably pertinent to the problem faced by the 


inventor (even if it is not in the same field of endeavor as the claimed invention). In 


order for a reference to be “reasonably pertinent” to the problem, it must logically 
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have commended itself to an inventor's attention in considering his problem. In 


determining whether a reference is reasonably pertinent, one should consider the 


problem faced by the inventor, as reflected either explicitly or implicitly, in the 


specification. I believe that all of the references I considered in forming my opinions 


in this IPR are well within the range of references a POSITA would have consulted 


to address the type of problems described in the Challenged Claims. 


19. I have been informed that, in order to establish that a claimed invention 


was obvious based on a combination of prior art elements, a clear articulation of the 


reason(s) why a claimed invention would have been obvious must be provided. 


Specifically, I am informed that, under the U.S. Supreme Court’s KSR decision, a 


combination of multiple items of prior art renders a patent claim obvious when there 


was an apparent reason for one of ordinary skill in the art, at the time of the invention, 


to combine the prior art, which can include, but is not limited to, any of the following 


rationales: (A) combining prior art methods according to known methods to yield 


predictable results; (B) substituting one known element for another to obtain 


predictable results; (C) using a known technique to improve a similar device in the 


same way; (D) applying a known technique to a known device ready for 


improvement to yield predictable results; (E) trying a finite number of identified, 


predictable potential solutions, with a reasonable expectation of success; (F) 


identifying that known work in one field of endeavor may prompt variations of it for 
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use in either the same field or a different one based on design incentives or other 


market forces if the variations are predictable to one of ordinary skill in the art; or 


(G) identifying an explicit teaching, suggestion, or motivation in the prior art that 


would have led one of ordinary skill to modify the prior art reference or to combine 


the prior art references to arrive at the claimed invention. I am also informed that 


where there is a motivation to combine, claims may be rejected as prima facie 


obvious provided a POSITA would have had a reasonable expectation of success 


regarding the proposed combination. 


20. I am informed that the existence of an explicit teaching, suggestion, or 


motivation to combine known elements of the prior art is a sufficient, but not a 


necessary, condition to a finding of obviousness. This so-called “teaching-


suggestion-motivation” test is not the exclusive test and is not to be applied rigidly 


in an obviousness analysis. In determining whether the subject matter of a patent 


claim is obvious, neither the particular motivation nor the avowed purpose of the 


patentee controls. Instead, the important consideration is the objective reach of the 


claim. In other words, if the claim extends to what is obvious, then the claim is 


invalid. I am further informed that the obviousness analysis often necessitates 


consideration of the interrelated teachings of multiple patents, the effects of demands 


known to the technological community or present in the marketplace, and the 


background knowledge possessed by a person having ordinary skill in the art. All of 
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these issues may be considered to determine whether there was an apparent reason 


to combine the known elements in the fashion claimed by the patent. 


21. I also am informed that in conducting an obviousness analysis, a precise 


teaching directed to the specific subject matter of the challenged claim need not be 


sought out because it is appropriate to take account of the inferences and creative 


steps that a POSITA would employ. The prior art considered can be directed to any 


need or problem known in the field of endeavor at the time of invention and can 


provide a reason for combining the elements of the prior art in the manner claimed. 


In other words, the prior art need not be directed towards solving the same specific 


problem as the problem addressed by the patent. Further, the individual prior art 


references themselves need not all be directed towards solving the same problem. I 


am informed that, under the KSR obviousness standard, common sense is important 


and should be considered. Common sense teaches that familiar items may have 


obvious uses beyond their primary purposes. 


22. I also am informed that the fact that a particular combination of prior 


art elements was “obvious to try” may indicate that the combination was obvious 


even if no one attempted the combination. If the combination was obvious to try 


(regardless of whether it was actually tried) or leads to anticipated success, then it is 


likely the result of ordinary skill and common sense rather than innovation. I am 


further informed that in many fields it may be that there is little discussion of obvious 
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techniques or combinations, and it often may be the case that market demand, rather 


than scientific literature or knowledge, will drive the design of an invention. I am 


informed that an invention that is a combination of prior art must do more than yield 


predictable results to be non-obvious.  


23. I am informed that for a patent claim to be obvious, the claim must be 


obvious to a POSITA at the time of the alleged invention. I am informed that the 


factors to consider in determining the level of ordinary skill in the art include (1) the 


educational level and experience of people working in the field at the time the 


invention was made, (2) the types of problems faced in the art and the solutions 


found to those problems, and (3) the sophistication of the technology in the field. 


24. I am informed that it is improper to combine references where the 


references teach away from their combination. I am informed that a reference may 


be said to teach away when a POSITA, upon reading the reference, would be 


discouraged from following the path set out in the reference, or would be led in a 


direction divergent from the path that was taken by the patent applicant. In general, 


a reference will teach away if it suggests that the line of development flowing from 


the reference’s disclosure is unlikely to be productive of the result sought by the 


patentee. I am informed that a reference teaches away, for example, if (1) the 


combination would produce a seemingly inoperative device, or (2) the references 


leave the impression that the product would not have the property sought by the 
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patentee. I also am informed, however, that a reference does not teach away if it 


merely expresses a general preference for an alternative invention but does not 


criticize, discredit, or otherwise discourage investigation into the invention claimed.  


C. SECONDARY CONSIDERATIONS OF NON-OBVIOUSNESS 


25. I am informed that even if a prima facie case of obviousness is 


established, the final determination of obviousness must also consider “secondary 


considerations” if presented. In most instances, the patentee raises these secondary 


considerations of non-obviousness. In that context, the patentee argues an invention 


would not have been obvious in view of these considerations, which include: (a) 


commercial success of a product due to the merits of the claimed invention; (b) a 


long-felt, but unsatisfied need for the invention; (c) failure of others to find the 


solution provided by the claimed invention; (d) deliberate copying of the invention 


by others; (e) unexpected results achieved by the invention; (f) praise of the 


invention by others skilled in the art; (g) lack of independent simultaneous invention 


within a comparatively short space of time; (h) teaching away from the invention in 


the prior art. 


26. I am further informed that secondary-considerations evidence is only 


relevant if the offering party establishes a connection, or nexus, between the 


evidence and the claimed invention. The nexus cannot be based on prior art features. 


The establishment of a nexus is a question of fact. While I understand that the Patent 
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Owner here has not offered any secondary considerations at this time, I will 


supplement my opinions in the event that the Patent Owner raises secondary 


considerations during the course of this proceeding. 


D. CLAIM CONSTRUCTION 


27. I have been informed by counsel that the first step in an unpatentability 


analysis involves construing the claims, as necessary, to determine their scope. 


Second, the construed claim language is then compared to the disclosures of the prior 


art. I am informed that claims are generally given their ordinary and custom meaning 


as understood by one of ordinary skill in the art at the time of the invention, in light 


of the patent specification. 


28. For purposes of this proceeding, I have applied the claim constructions 


set forth in the claim construction section of the Petition for Inter Partes Review of 


U.S. Patent No. 8,542,113 (the “Petition”) that this declaration accompanies when 


analyzing the prior art and the claims. For any claim terms not construed, I have 


applied the meaning of the claim terms of the ’113 Patent that are generally 


consistent with the terms’ ordinary and customary meaning, as a person of ordinary 


skill in the art would have understood them at the time of the invention. I have been 


instructed to assume for purposes of this proceeding that the time of the invention is 


January 6, 2008. 
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III. OPINION REGARDING LEVEL OF SKILL OF A PERSON HAVING 
ORDINARY SKILL IN THE ART 


29. I was asked to provide my opinion as to the level of skill of a person 


having ordinary skill in the art (“POSITA”) of the ’113 Patent at the time of the 


claimed invention, which I have been instructed to assume is January 6, 2008. In 


determining the characteristics of a hypothetical person of ordinary skill in the art of 


the ’113 Patent at the time of the claimed invention, I was told to consider several 


factors, including the type of problems encountered in the art, the solutions to those 


problems, the rapidity with which innovations are made in the field, the 


sophistication of the technology, and the education level of active workers in the 


field. I also placed myself back in the time frame of the claimed invention and 


considered the colleagues with whom I had worked at that time.  


30. In my opinion, a person having ordinary skill in the art of the ’113 


Patent at the time of its filing would have been a person having, as of January 6, 


2008, a Bachelor’s degree in Electrical Engineering, Mechanical Engineering, 


Computer Engineering, or Computer Science, or an equivalent degree with at least 


two years of experience in GPS navigation, dead reckoning, portable tracking 


devices, or related technologies. Additional education may substitute for lesser work 


experience and vice-versa. Such a person of ordinary skill in the art would have been 


capable of understanding the ’113 Patent and the prior art references discussed 


herein. 
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31. Based on my education, training, and professional experience in the 


field of the claimed invention, I am familiar with the level and abilities of a person 


of ordinary skill in the art at the time of the claimed invention. Additionally, I met 


at least these minimum qualifications to be a person having ordinary skill in the art 


at least as of January 6, 2008. Further, although my qualifications may exceed those 


of the hypothetical person having ordinary skill in the art defined above, my analysis 


and opinions regarding the ’113 Patent have been rendered from the perspective of 


a person having ordinary skill in the art at the time of the invention. 


32. My opinions provided in this Declaration are made as of the priority 


date of the ’113 Patent (which counsel has informed me is January 6, 2008), unless 


expressly stated otherwise. To the extent that any verb tense used in this Declaration 


or any deposition or testimony provided in this matter is a present tense, e.g., “would 


reasonably understand,” such verb tense should be understood to be my opinion as 


of the ’113 Patent’s priority date (again, unless expressly stated otherwise). I merely 


use the present verb tense for ease of reading. 


IV. BACKGROUND OF TECHNOLOGY 


33. I was asked to briefly summarize the background of the technology 


from the standpoint of a POSITA prior to January 6, 2008. 
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A. GPS TECHNOLOGY 


34. For decades, location tracking devices have utilized GPS technology to 


provide increasingly fast and accurate determination of a device's current and/or past 


location. NAVSTAR GPS was originally developed in the 1970s by the U.S. 


Department of Defense for military applications. See, e.g., Vyas (Ex. 1027), 1:36-


51; Zhao, 63. Since that time, numerous advancements have taken place, such as the 


addition of satellites leading to 24 operational GPS satellites in orbit, and civilian 


use has been authorized by the United States government, within limitations. Zhao, 


63-64. Additionally, various components employed utilized for GPS-based location 


sensing have been manufactured to be smaller and less expensive, allowing GPS 


technology to be adapted into affordable portable hand-held devices at least as early 


as 1996. Backman (Ex. 1013), 2:17-20. By this time, various technical improvements 


were already being employed to overcome well-known issues associated with GPS 


technology, such as low signal strength and the extensive power consumption of 


GPS receivers, as will be discussed in further detail below. 


35. GPS satellites operate by transmitting a signal comprising almanac and 


time information, as well as clock and other correction coefficients to receiving 


devices on Earth. Wang, 2:1-4. Using this data received from each satellite signal 


collected over time by the GPS receiver, precise orbital coordinates of each 


respective satellite is then determined by the device using "ephemeris data" 
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corresponding to the expected orbital position of each satellite. Wang, 2:24-26; 


Zhao, 64-65. This ephemeris data may also be, in some cases, received from a remote 


location such as a server over a communication network such as a mobile telephone 


network. Thereafter, a "pseudorange" for the particular satellite is determined by 


exploiting the known invariance of the speed of light. Croyle (Ex. 1015), 3:24-31. 


Given the position of at least four satellites and the pseudorange from each of the 


satellites, a triangulation process may then be used to calculate the location 


coordinates of the GPS receiver by calculating the geometric intersection of the 


pseudoranges. Id., 3:20-24. 


36. Thus, GPS satellite signals do not and would not have comprised 


location coordinates of the tracking device directly, such as the longitudinal, 


latitudinal, and elevational positional coordinates. See ’113 Patent at 4:23-25. 


Rather, a POSITA would have recognized that the ephemeris data including orbital 


information of a plurality of satellites would have been used for locally determining 


longitudinal, latitudinal, and elevational coordinates of the satellite. 


37. For example, as described by Zhao, a geodetic system for determining 


a user's location, such as WGS 84, defines points using three parameters: ellipsoidal 


height (elevation), geodetic latitude, and geodetic longitude. Zhao, 23, 64. These 


parameters are not directly transmitted by each satellite, but rather are determined 


based on location information (e.g. ephemeris data) transmitted from each satellite 


IPR2020-01190 
Apple EX1003 Page 22







Declaration of Scott Andrews 
Patent No. 8,542,113 


 


to a receiving device. Id. In the system described by Zhao, observation of at least 


four satellites with known coordinates at a given time permits determination of the 


3D coordinates of the GPS receiver using a series of parametric equations. Zhao, 64, 


68. Thus, any GPS satellite signal would have comprised location coordinates 


information comprising the information necessary to calculate longitudinal, 


latitudinal, and elevational coordinates rather than containing the coordinates 


themselves. 


38. A POSITA would have understood that location coordinate information 


would not necessarily comprise precise location coordinates but rather would 


comprise any information relating to location coordinates that would then be 


subsequently used for determining location coordinates, such as the ephemeris data 


used to precisely determine the position of the GPS satellite at a given time. Wang, 


2:24-26; Harvey (Ex. 1017), 2:24-35. 


B. ACCELEROMETERS 


39. Accelerometers were also a well-established technology for use in 


mobile applications prior to the filing date of the ’113 Patent. Portable electronic 


devices were known to include inertial sensors, such as accelerometers to track 


location. See, e.g., Taylor, 4:60-5:2, 7:14-16. Specifically, Burneske, filed in 2004, 


teaches a tracking device comprising three linear accelerometers positioned within 


the tracking device to measure acceleration components along three orthogonal axes. 
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Burneske (Ex. 1014), 7:36-44. Such inertial location tracking techniques were also 


known to be used in larger vehicle tracking systems, such as Croyle published in 


2001.  


40. Croyle teaches a vehicle navigation system using multiple orthogonal 


axes accelerometers to measure acceleration of a vehicle. Croyle, Abstract. The 


vehicle navigation system of Croyle is further taught as including a GPS receiver for 


receiving GPS signals to determine position and velocity information of the vehicle 


navigation system. Croyle, 3:10-19, 4:1-16. Specifically, Croyle's accelerometers to 


produce a voltage measure displacement from zero, convert the voltage to an 


acceleration, integrate the acceleration once to produce a velocity, and use the 


velocity to determine change in distance information. Croyle, 4:48-67. Thereafter, 


Croyle teaches determining a current position by adding a change in distance 


information to a previously known position. Id., 12:40-43. Croyle, 1:45-49 (teaching 


a navigation system is smaller and more cost effective and takes advantage of the 


availability of low cost micro-machined accelerometers); Croyle, 11:43-46 (teaching 


that if the GPS heading is invalid or the GPS measurements are insufficient the 


system falls back on the orthogonal axis accelerometer), 13:29-33 (teaching that 


when GPS is unavailable or unreliable the improved navigation system will fall back 


on the calibrated accelerometers). 
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41. Further, the accelerometers employed in mobile electronics as 


described in the '113 Patent were already well-known. '113 Patent at 6:50-55. For 


example, the ADXL320 product sheet describes smart hand-held devices and mobile 


phones as known applications for the accelerometer. ADXL320 (Ex. 1031), 1. The 


ADXL320 accelerometer operates by providing analog voltages proportional to 


sensed acceleration. ADXL320, 11. The sensor of this type of accelerometer had been 


known to comprise polysilicon springs suspending a mass over a surface, the springs 


providing a resistance against acceleration forces. Deflection of the mass are 


measured using a square wave-driven, differential capacitor comprising fixed plates 


and plates attached to the moving mass. Thus, during operation of the accelerometer, 


acceleration deflects the mass and thereby unbalances the differential capacitor, 


resulting in an output square wave with an amplitude proportional to the 


acceleration. ADXL320, 11. Such accelerometers were commonplace and well-


known well before the January 2008 date. 


42. Before the priority date of the ’113 Patent, accelerometers were 


accurate, inexpensive, readily available, and easily incorporated into a larger 


electronic component (e.g., navigation device). See Levi (Ex. 1006), 3:22-26 


(teaching accelerometers have become “available at low cost ...”); Vaganov (Ex. 


1008), [0007] (teaching the market for accelerometers includes hand held devices, 


e.g. cell phones, PDAs, hand-held computers), [0020] (teaching a small three-axis 
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accelerometer that provide high sensitivity to acceleration, high reliability, and high 


long term stability, and low cost). 


43. Thus, it was well-known to include accelerometers in mobile location 


tracking systems to determine position changes and monitor physical impacts. 


Further, the methods of use of accelerometers were well established and it was 


known that a differential voltage from raw accelerometer data was converted into an 


acceleration value, then double integrated to determine positional displacement. 


C. DEAD RECKONING 


44. Dead reckoning is a well-known technique for determining location 


relative to a reference point of a starting location based on known displacements. 


Zhao, 45.  


45. Location tracking technology had been known to utilize dead reckoning 


techniques alongside GPS technology at least as early as 1991. Hirata (Ex. 1018), 


3:22-42. For example, portable electronic devices were known to include a dead 


reckoning component, such as an accelerometer, to track location in complement to 


or in place of a GPS receiver, especially when GPS service was degraded. Walters 


(Ex. 1028), 2:47-54, 14:45-48; Croyle, 1:20-24,12:57-65, 13:49-53; Cervinka, 3:53-


4:1; Lau, 4:10-13.  


46. Specifically, Walters teaches a portable electronic navigation device 


including a GPS receiver and a dead reckoning component, such as an 
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accelerometer. Walters, Abstract. The portable electronic navigation device is taught 


as using the triangulation positioning functionality (GPS) and the dead reckoning 


functionality in complement to one another. Walters, 8:66-9:5. Walters also 


discloses that the dead reckoning component allows the portable electronic 


navigation device to continue monitoring position when such triangulation 


positioning functionality experiences interference, such as urban canyons or when 


the device is indoors. Walters, 9:23-29. 


47. Scherzinger teaches an aided inertial navigation system for land 


surveying with a walking stick navigator device including a GPS surveying 


instrument, such as a GPS receiver. Scherzinger (Ex. 1045), Abstract, 4:20-34. As a 


result of signal blockage, the system enters a dead reckoning navigation mode, in 


which relative displacements from an inertial measurement unit including a triad of 


accelerometers are used to control position error drift. Scherzinger, 1:20-24, 3:42-


45. Scherzinger further teaches that a present position is computed using sampled 


inertial data from the inertial measurement unit. Scherzinger, 4:4-19. Thus, dead 


reckoning techniques were well-known and had been established well before 


January 2008.  


48. Nichols teaches a handheld surveying device including a GPS receiver 


that may be augmented by a dead reckoning positioning unit. Nichols (Ex. 1041), 


Abstract. Nichols teaches that dead reckoning systems compute a position solution 
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by deducing displacements from a known starting point, by double integrating 


acceleration and adding the results of the integration to the starting position to obtain 


current location. Nichols, 4:3-14. Nichols further teaches that dead reckoning 


systems were useful where GPS or other RF positioning signals are unavailable, such 


as under urban canopies and in urban canyons. Nichols, 3:60-65. Similarly, Soehren 


and Pereira also teach devices including both dead reckoning systems and GPS. 


Soehren (Ex. 1042), Abstract, 5:57-59, 8:32-33; Pereira (Ex. 1046), Abstract, 8:22-


33. 


49. Additionally, Matsuoka teaches a portable position detector including 


a GPS receiver unit and an acceleration sensor. Matsuoka (Ex. 1043), Abstract, 


11:39-46, 20:2-6. Specifically, Matsuoka teaches that self-contained navigation can 


determine a position of the portable position detector even where a signal cannot be 


received from the GPS. Matsuoka, Abstract, 4:38-60, 8:19-24.  


50. Pande teaches an aided location communication system including a 


geolocation server and a wireless communication device having a GPS section. 


Pande (Ex. 1047), Abstract. The aided location communication system switches 


from a GPS-standalone mode to an aided mode where the system is unable to receive 


any GPS signals. Pande, 20:39-53. Pande also teaches an augmented autonomous 


mode utilizing sensors, such as accelerometers, to aid the aided location 


communication system outside of communication operations. Pande, 20:34-39.  
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51. Smith teaches a navigation system including a GPS receiver and an 


inertial navigation system unit which may include devices such as MEMS 


accelerometers, that continues to provide location data to a user in the absence of 


radio location data. Smith (Ex. 1048), Abstract, 6:15-28, 29:9-17. The navigation 


system permits improved accuracy of the GPS, and the inertial positioning system 


by providing cross-calibration of location data, which permits effective use of the 


much less costly inertial positioning system components. Smith, 29:17-31. 


52. Geissler teaches a three-dimensional GPS-assisted tracking device. The 


tracking device is taught as comprising a transceiver, an AM receiver receiving 


position data from GPS satellites, a battery, a three-axis accelerometer that provides 


acceleration data which, when integrated based on time, results in a speed, and 


relative distance measurement, and a radio frequency antenna. Geissler (Ex 1037), 


[0033], [0036], [0039]. Further, a processing unit of the tracking device uses GPS 


location of a reference station that transmits GPS coordinates to the tracking device 


as a positioning reference. Geissler, [0041], [0062]. Geissler also teaches that the 


GPS receiver may self-power down if a usable set of satellite signals is not received. 


Geissler, [0066]. 


53. Case teaches a multi-sensor monitoring system with a combined GPS 


and accelerometer-based speed and distance monitor. Case (Ex. 1038), Abstract, 


[0056]. Additionally, Case teaches that because accelerometer-based speed and 


IPR2020-01190 
Apple EX1003 Page 29







Declaration of Scott Andrews 
Patent No. 8,542,113 


 


distance monitoring systems do not require as much battery power as a GPS-based 


system, the accelerometer based system may be sampled more frequently to save 


power. Case, [0062]. 


54. Deurwaarder teaches a portable navigation device, which may be a 


handheld device such as a mobile telephone, comprising an accelerometer and a GPS 


receiver. Deurwaarder (Ex. 1049), Abstract, 2:3-10, 3:5. The portable navigation 


device may incorporate an assisted satellite navigation option using a dual axis 


accelerometer to predict position when no GPS is available. Deurwaarder, p. 4:3-5. 


Deurwaarder describes a first behavior if GPS is available, where a pure GPS 


solution is used and the assisted satellite navigation is calibrated, and a second 


behavior if GPS is unavailable, where the assisted satellite navigation is used and 


acceleration is integrated in time to give an assisted satellite navigation derived 


position. Deurwaarder, 4-5. 


55. Thus, dead reckoning techniques had been known to use inertial 


location tracking as supplemental location tracking to satellite based location 


tracking (i.e., GPS) well before January 2008. Accordingly, a POSITA would have 


been aware of the benefit of relying on accelerometer data to determine position 


when primary location tracking (i.e., GPS) was degraded. 
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D. COMMUNICATION WITH A MONITORING STATION 


56. Prior to 2008, it was also well-known to rely on communication 


services to send location coordinates and monitor electronic tracking devices. 


Specifically, a base station including a cellular phone was known (Martucci, 5:25-


29, 10:51-67, 15:4-6), as well as a communication channel for communicating 


navigational data between a remote server and a navigation device (Walters, 10:41-


45). It was further established that one or more contact numbers may be inputted by 


a user to a handheld portable device as emergency contact information and that the 


device would automatically contact an emergency dispatcher based on one or more 


acceleration profiles. Panasik (Ex. 1024), 3:2-8, 6:52-54. 


57. Martucci teaches a portable positioning determining device comprising 


a satellite navigation receiver (i.e., GPS receiver). Martucci, Abstract. The 


positioning determining device communicates location information with a base 


station via a two-way paging system. Martucci, 12:55-57. The base station is taught 


as including a cellular phone for communicating over a cellular network. Martucci, 


15:4-6, 21:8-12. 


58. Panasik teaches an automated emergency alert system including a 


handheld portable communication device, and a dynamic sensor, such as an 


accelerometer, to generate an acceleration profile of the device. Panasik teaches 


initiating communication over a network if it is determined that the acceleration 
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profile matches a predefined acceleration profile. Panasik, Abstract, 3:2-8, 4:46-49. 


Further, Panasik teaches collecting user information, such as one or more contact 


numbers of persons associated with the user (e.g., an emergency contact person). 


Panasik, 6:50-61. Thus, as shown by these examples, it was well-known prior to 


January, 2008 to contact an individual on a contact list upon sensing an emergency 


event by an accelerometer. 


59. In 1993, while at TRW Automotive Electronics, I built a system that 


used triangulation of signals from paging towers (receive communication signals) to 


determine the location of a device. The device then used a spread spectrum radio to 


send its location and a request for location information (directions, points of interest, 


etc.) to a remote server which the used the location to find the requested directions 


and/or local points of interest (hospitals, ATM, etc.) which were then sent back to 


the device. The user could then read the directions and navigate to the requested 


destination. Thus, using communication signals to determine location, and then 


communicating that location information to a monitoring station was known at least 


15 years before the priority date of the ’113 patent.  


E. RELIABILITY OF GPS SIGNALS 


60. Prior to January 6, 2008 it was a known issue that GPS signals may be 


relatively weak, on the order of -160 dBW. Rabinowitz (Ex. 1025), 1:57-64. It had 


also been known that the already weak GPS signals may become degraded from 
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interference with physical obstacles, such as buildings or indoor environments, 


further frustrating attempts to accurately determine a device's location. See, e.g., 


Croyle, 11:43-46; Walters, 9:23-29; Krumm (Ex. 1019), [0003]-[0004], [0042]; Lau 


(Ex. 1020), 4:10-13, 9:60-65; Krasner, 5:12-15 (teaching GPS signals may be 


unavailable in enclosed areas including buildings). Thus, a variety of solutions have 


been developed to overcome the unreliability often experienced by devices sensing 


GPS signals. 


61. Croyle teaches a preamplifier attached to a GPS antenna of the GPS 


receiver to amplify the GPS signal. Croyle, 3:16-18. Croyle also teaches using 


longitudinal and latitudinal acceleration information from the accelerometer to 


determine position if GPS is not available. Croyle, 5:39-45, 11:43-46. Thus, it was 


known prior to 2008 to (a) amplify received GPS signals and (b) include an 


accelerometer in a location tracking device to rely on when a GPS signal was 


unavailable.  


62. Taylor teaches location tracking of a wireless communication device, 


such as a cell phone comprising a GPS receiver and an event sensor, such as an 


accelerometer. Taylor (Ex. 1026), 2:7-9, 13:16-18, 13:22-24. Taylor teaches that the 


GPS receiver provides an indication of reliability of the signal based on satellite 


acquisition, signal strength, and concordance of data received from multiple satellite 


signals. Taylor, 13:29-37. Similarly, Lau teaches measuring GPS satellite visibility 
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of the GPS receiver and when no GPS signals are received the GPS receiver is set to 


a low power standby mode for a long time duration to avoid depleting batteries. Lau, 


10:52-65. Thus, prior to January 2008, it was well-known to measure a GPS signal 


level and to control GPS functionality based on its signal level to conserve battery 


power. 


63. Lindquist teaches repetitively switching power-on to power-off to a 


GPS receiver circuit of a mobile terminal. Lindquist (Ex. 1022), Abstract. The 


power-on to power-off duty cycle can be regulated in response to identifying GPS 


isolation based on insufficient signal strength. Lindquist, 3:62-4:7. Further, 


Lindquist expressly discloses that power may be conserved by powering down the 


GPS receiver circuit. Lindquist, 12:22-27. Lindquist also teaches determining 


acceleration-based location of the mobile device using acceleration information 


from an accelerometer during a power-off cycle of the GPS receiver circuit. 


Lindquist, 2:1-20. Lindquist, 1:31-35 (teaching GPS signal can be significantly 


impacted by environmental factors and become hard to impossible to acquire within 


a building, car, or under foliage). 


64. Krumm teaches a system and method for determining if a device is 


inside or outside of a building to save power by suppressing services from certain 


devices. Krumm, Abstract. Specifically, Krumm teaches if it is determined the device 


is inside, the system turns off the GPS system to conserve battery. Krumm, [0003], 
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[0039]. Thus, a POSITA would have been aware of the benefit of suppressing (i.e., 


powering down) GPS circuitry while inside (a location where GPS signal would 


have been known to be weak) to reduce power consumption of the GPS receiver (a 


well-known issue, as discussed below). 


65. Further, it was known to measure a GPS signal strength (i.e., signal 


level) to detect indoor/outdoor conditions. Specifically, Wang teaches a mobile 


navigation receiver including a signal strength detector for testing the received signal 


strength to detect indoor/outdoor transitions of the receiver. Wang (Ex. 1029), 5:58-


63. 


66. Horvitz teaches a location-centric signal shadow mapping and storing 


architecture which stores information associated with the loss of location-identifying 


signals, such as GPS signals. Horvitz (Ex. 1039), Abstract. Here, the architecture 


stores information of GPS shadowed locations, where a GPS shadow is an area 


where a receiver cannot receive adequate GPS signals due to blockage or 


degradation from structures. Horvitz, [0025]. 


67. Additionally, Cucerzan teaches that GPS signals are often not available 


inside buildings. Cucerzan, (Ex. 1040), [0054]. 


F. POWER CONSUMPTION OF GPS RECEIVERS 


68. In addition to the unreliability of GPS signals, another known 


significant obstacle to GPS technology was the high power consumption of the GPS 
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receiver. Specifically, it was established at least as early as 1994 that GPS receivers 


consumed a substantial amount of power. Welles (Ex. 1030), 4:1-22; Martucci (Ex. 


1023), 1:62-2:3. As will be shown, power conservation for location tracking circuitry 


(specifically including GPS receivers within mobile devices) was a well-established 


solution used to reduce power consumption. Further, it was known that many mobile 


devices, such as location tracking units and cellular phones relied on battery power 


to operate. See, e.g. Welles, 4:67-5:1; Martucci, 11:43-52. Since battery 


conservation was a prevalent concern, many solutions have been developed relating 


to battery monitoring and battery conservation techniques. See, e.g. Martucci, 23:32-


35; Wang, 11:11-14; Lau, 4:16-26. 


69. Welles teaches a mobile tracking unit for a vehicle tracking system of a 


vehicle including a power source, such as a battery, and a navigation set, such as a 


GPS receiver, that reduces power consumption by selectively activating the 


navigation set. Welles, Abstract, 1:17-19, 4:67. Specifically, Welles teaches reducing 


an activation rate of the navigation set when it is determined that the vehicle is 


stationary, which is disclosed as substantially reducing the overall power 


consumption by a factor of at least 100. Welles, 4:18-22. Thus, it was known prior 


to 2008 that reducing the activation of a GPS receiver would have led to substantial 


power savings, which a POSITA would have recognized to have been especially 


beneficial to mobile systems relying on limited battery power. 
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70. In addition, some systems were known to include battery monitors to 


monitor battery conditions of portable electronic devices, such as available battery 


power. See, e.g. Deninger (Ex. 1015), 2:36-40; Lee (Ex. 1021), 5:28-33. 


Specifically, Deninger teaches a battery monitoring system comprising battery 


monitoring equipment that senses electrical charge of a battery and transmits a 


battery status message and powers down electrical components in response to a low-


battery-charge condition. Deninger, Abstract, 9:48-56, 10:17-26. Deninger 


specifically discloses that a low battery charge routine, initiated when sampled 


battery voltage falls within a predetermined low-battery-charge range, involves 


powering down a GPS receiver. Deninger, 8:46-51, 10:26-33. Similarly, Lee teaches 


power management for a battery powered electronic device by reducing power 


consumption including a power manager and a battery monitor couple to a battery 


of the electronic device for providing battery conditions, such as charge level, 


temperature, voltage, and current. Lee, Abstract, 3:54-4:3. 


71. Mohan teaches a tracking system that disables a GPS receiver and a 


communications transceiver when not in use to conserve power. Mohan (Ex. 1044), 


Abstract, 2:14-22. Mohan further teaches a power management subsystem to 


monitor a battery of the tracking system and, if the battery capacity is low, transmit 


a signal to a low power alarm that causes the system to enter a low-power alarm 


mode. Mohan, 3:20-30, 6:14-18. Mohan also teaches sensing logic for interrogating 


IPR2020-01190 
Apple EX1003 Page 37







Declaration of Scott Andrews 
Patent No. 8,542,113 


 


the GPS signal strength, where the GPS signal is periodically polled until a sufficient 


level of GPS signal is determined and the system proceeds with normal operation. 


Mohan, 5:25-37. 


72. Cucerzan teaches a portable device capable of communicating with a 


position location system, such as GPS, to determine a physical location of the device. 


Cucerzan (Ex. 1040), [0045], [0047]. Cucerzan teaches that GPS location detection 


can be augmented with a movement detector, such as an accelerometer. Cucerzan, 


[0054]. 


73. Thus, it was known to include a battery monitoring component in an 


electronic tracking device to monitor battery conditions and manage power to 


electronic components according to the remaining battery level. Accordingly, the 


solutions of the prior art had already developed the various features discussed above 


prior to January 6, 2008, including primary GPS location tracking, supplemental 


location tracking via accelerometers using dead reckoning techniques, 


communication with a base station, and battery power monitors, to solve the well-


known problems of unreliable GPS signals and the power consumption associated 


with GPS receivers. 
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V. OPINIONS REGARDING THE ’113 PATENT AND ANALOGOUS 
ART 


A. SAKAMOTO 


74. I have been informed that Japanese Patent Publication No. JP2004-


37116 to Sakamoto (“Sakamoto” or “Ex. 1004”) is prior art to the ’113 Patent. I have 


reviewed the certified translation of Sakamoto and provide herein my opinions on 


the teachings of Sakamoto. The opinions provided herein do not necessarily 


represent my entire understanding of Sakamoto. 


75. Sakamoto generally relates to a GPS positioning system that includes a 


communication terminal and a GPS receiver. Sakamoto, Abstract, [0018-0019]. In 


its background section, Sakamoto recognizes that it is difficult to track and capture 


GPS satellite signals when they have a low signal level, and that GPS signals are 


sometimes even unavailable (“positioning is not possible”). Sakamoto [0002], 


[0050]. Sakamoto teaches that the GPS positioning system may even stop searching 


for the position of the communication terminal when a GPS signal strength is “equal 


to or lower than a predetermined threshold value[.]” Sakamoto, [0038]. 


76. Sakamoto teaches that the communication terminal or more specifically 


the GPS positioning system within the communication terminal may operate in and 


switch between various positioning (aka “operating”) modes depending on the signal 


level of the GPS signal from the GPS satellite. The three operating modes that 


Sakamoto teaches are: (1) the “normal sensitivity mode”; (2) the “high sensitivity 
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mode”; and (3) a mode that I will call the stop-position searching mode1. Sakamoto, 


[0005], [0038].  


77. With respect to the normal sensitivity and high sensitivity modes, 


Sakamoto discloses that the position information communication terminal 1 switches 


between both modes. In the normal sensitivity positioning mode, a GPS receiver 10 


of the terminal 1 is operated only when necessary by shutting off the power to the 


GPS receiver 10 after positioning is completed, while in the high sensitivity 


                                         


1 I recognize that when Sakamoto’s GPS receiver stops position search, Sakamoto 


does not expressly refer to the stopping position searching as a “stop-position 


searching” mode or an “off mode.” However, it is my opinion that when the GPS 


receiver is not performing position searching because position searching was 


stopped due to a poor receive signal below a predetermined threshold value, this is 


a third mode of operation or that a third “mode” would have otherwise been obvious. 


Regardless, my reference to the “stop-position searching” state of operation as a 


“mode” is for ease of reference and is not inconsistent with Sakamoto’s teachings of 


a distinct state of operation where position searching is stopped because position 


searching cannot be performed due to a signal level below a predetermined threshold 


value. Sakamoto, [0038]. [0050]. 
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positioning mode, the GPS receiver 10 operates constantly and is continuously 


powered on. Sakamoto, Abstract, [0025]. The terminal 1 comprises a positioning 


control unit 13 and GPS control unit 12 operable to switch the positioning mode 


based on one of positioning control information, a threshold setting, a signal level 


received by GPS receiver 10 measured by a satellite signal level detecting unit 15, 


and remaining battery information from a battery control unit 16. Sakamoto, [0007], 


[0020]-[0024], [0027], [0045], [0046], Fig. 1.  


78. As shown in Fig. 1 reproduced below, the position information 


communication terminal 1 comprises a GPS receiver 10 for receiving GPS satellite 


signals from multiple GPS satellites and performs positioning operations, a 


communication control unit 11 with a mobile communication means, a GPS control 


unit 12, a positioning control unit 13, a man-machine interface control unit 14, a 


satellite signal level detection unit 15 for detecting the level of the GPS satellite 


signal. The position information communication terminal 1 also includes a battery 


control unit 16 that monitors a remaining battery amount and notifies the positioning 


control unit 13 of a remaining battery amount warning when a remaining battery 


amount of a battery falls below a preset threshold value. Sakamoto, [0019], [0029]. 
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Sakamoto, Fig. 1. 


79. Sakamoto teaches that the position information communication 


terminal 1 communicates with a position management server 2 via a mobile 


communication network. This is shown in Fig. 2 reproduced below. 


 


Sakamoto, Fig. 2. The position management server 2 further comprises a 


communication control unit 21, a positioning mode control unit 22, GPS satellite 
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information control unit 23, communication line status control unit 24, and position 


information database 25. Sakamoto, [0030], Fig. 3 (reproduced below). 


 


Sakamoto, Fig. 3.  


80. Sakamoto teaches that “when the satellite signal level is high, the 


normal sensitivity operation is automatically performed to reduce power 


consumption and to extend the operating time.” Sakamoto, [0045]. When the 


position information communication terminal 1 is set to the normal sensitivity 


positioning mode, power is cut off to the GPS receiver 10 until the positioning 


control unit 13 receives a position request from the man-machine interface control 


unit 14. When the position request is received, the GPS control unit 12 turns on 


power to the GPS receiver 10, and a position detection process is performed. 


Sakamoto, [0020]. After successful positioning, the positioning control unit 13 


requests the GPS control unit 12 to turn off the power of the GPS receiver 10. 
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Sakamoto, [0024]. The normal sensitivity positioning mode is taught as consuming 


comparatively less power than the high sensitivity positioning mode because power 


is cut off to the GPS receiver 10. Sakamoto, [0039], [0045], [0051].  


81. Sakamoto teaches that when the position information communication 


terminal 1 is set to the high sensitivity positioning mode in response to detecting a 


signal level value that is below a predetermined threshold value (e.g., K1). 


Sakamoto, [0027]. The high sensitivity positioning mode is taught as consuming 


increased power compared to the normal sensitivity positioning mode, but succeeds 


in stabilizing positioning even when the signal level of a GPS satellite is low. 


Sakamoto, [0025], [0050]. When the position information communication terminal 


1 is set to the high sensitivity positioning mode, the GPS receiver 10 continues to 


operate without being cut off, even after successful positioning.  


82. With respect to the stop-position searching mode, Sakamoto teaches 


that when the GPS signal from the GPS satellite is so poor or weak that position 


determination cannot be performed, the position determination/searching is stopped: 


If it is determined that the positioning cannot be performed when 


the signal level value is equal to or lower than a predetermined 


threshold value, the position search may be stopped. 


 


Sakamoto, [0038] (emphasis added). Sakamoto teaches that in the stop-position 


searching mode, power to the GPS receiver 10 is either decreased or cut off to reduce 
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power consumption and extend operating time. Sakamoto, [0028], [0038-0039], 


[0050-0051].  


83. Sakamoto teaches switching between the modes of operation based on 


a satellite signal level monitored by the satellite signal level detecting unit 15 or the 


remaining battery amount monitored by the battery control unit 16. 


84. Sakamoto teaches that as the signal level of the received satellite signal 


increases (i.e., the GPS signal improves), the mode of operation is automatically 


switched between the stop-position searching mode, the high sensitivity positioning 


mode, and the normal sensitivity positioning mode, respectively. For example, when 


the satellite signal level is equal to or below a first predetermined threshold, such 


that positioning cannot be performed, the position search may be stopped 


corresponding to the stop-position searching mode. When the satellite signal level is 


below a second predetermined threshold, the position information communication 


terminal 1 is set to the high sensitivity positioning mode. When the satellite signal 


level is higher than a third predetermined threshold, the position information 


communication terminal 1 is set to the normal sensitivity positioning mode. 


Sakamoto, [0027], [0038], [0050]. 


85. In another example of controlling the positioning mode, Sakamoto 


teaches that as a remaining battery level decreases, the mode of operation switches 


between the high sensitivity positioning mode, the normal sensitivity positioning 
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mode, and cutting off the power of either of  the GPS receiver 10 (Sakamoto, [0039], 


[0051]) or the position information terminal 1 (i.e., powering off the entire terminal 


rather than specific components of terminal 1), to reduce power consumption. 


Sakamoto, [0028], [0039], [0046]. Specifically, when the remaining battery level 


falls below a preset threshold value the battery control unit 16 notifies the 


positioning control unit 13 of a remaining battery amount warning. Sakamoto, 


[0028]. Given the remaining battery amount warning, the positioning control unit 13 


either selects the mode of operation directly or communicates positioning control 


information including remaining battery amount warning information to the 


communication control unit 11, which transmits the positioning control information 


to the position management server 2, via a mobile communication network. 


Sakamoto, [0029], [0051]. Based on the remaining battery amount warning 


information, the position management server 2 specifies the positioning operation of 


the GPS receiver 10. Sakamoto, [0039], [0051]. Sakamoto teaches that it is possible 


to reduce the power consumption by switching to positioning with the normal 


sensitivity positioning mode that consumes less battery or by cutting off the power 


of the GPS receiver so that longer operating time can be achieved. Sakamoto, [0039], 


[0051]. 


86. Sakamoto teaches in a first embodiment, a man-machine interface 


control unit 14 that can be operated to set threshold values (e.g., K1, K2) for 
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comparison with the GPS signal level detected by the satellite signal level detection 


unit 15. Sakamoto, [0027]. If the GPS signal level is below a threshold (e.g., K1), 


then the positioning control unit 13 automatically switches the positioning 


information communication terminal 1 to the high sensitivity mode. If the GPS 


signal level exceeds the threshold (e.g., K2), then the positioning control unit 13 


automatically switches the positioning information communication terminal 1 to the 


normal sensitivity mode. Sakamoto, [0027]. 


87. The man-machine interface control unit 14 may also be operated to set 


a threshold value of the remaining battery level, which is monitored by the battery 


control unit 16. Sakamoto, [0029]. When the remaining battery level is below the 


threshold value, the positioning information communication terminal 1 is 


automatically shifted to the normal sensitivity positioning mode by the positioning 


control unit 13. Sakamoto, [0029]. I note that while Sakamoto does not explicitly 


describe this interface 14, he does describe interface 14 as being used to set the 


threshold battery level. In my opinion, a POSITA would understand that in order to 


set the threshold battery level, the threshold level would need to be represented in 


some way, for example as a bar graph, or a slider, or using a numerical input, for 


example, percentage of total battery level. Thus, since the user interface would 


represent the threshold battery level in some way, when the battery warning 
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indication was provided, a POSITA would have understood that this would mean 


the battery was at the threshold level indicated by the user interface. 


88. In a second embodiment, Sakamoto teaches that the position 


management server 2 receives a satellite signal level response massage from the 


position information communication terminal 1 and switches between the normal 


sensitivity positioning mode and the high sensitivity positioning mode based on a 


level of the GPS signal detected by the satellite signal level detection unit 15. 


Sakamoto, [0037-0038]. If the signal level is low, high sensitivity positioning is 


performed to achieve positioning and stabilize positioning. If the signal level is high, 


normal sensitivity positioning operation is performed to reduce power consumption. 


Sakamoto, [0038], [0045]. Further, if it is determined that the signal level value is 


lower than a predetermined threshold value, the position search may be stopped to 


reduce power consumption (or power to the GPS receiver 10 is cut off). Sakamoto, 


[0038], [0050]. 


89. Because both Sakamoto and the ’113 Patent are directed to portable 


electronic tracking device employing a GPS receiver, Sakamoto is in the same field 


of endeavor as the ’113 Patent.  


90. Additionally, like the ’113 Patent, Sakamoto discloses a portable 


electronic tracking device that employs a GPS receiver and is concerned with 


reducing the applied power to a GPS receiver by stopping position searching when 
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the GPS signal is unavailable. ’113 Patent, 9:49-50, 7:67–8:5; Sakamoto, [0050], 


[0038]. Therefore, Sakamoto is in the same field of endeavor and is reasonably 


pertinent to a problem purportedly solved by the claimed invention in the ’113 


Patent. 


B. GOTOH 


91. I have been informed that U.S. Patent Publication No. 2003/0217070 to 


Gotoh et al. (“Gotoh” or “Ex. 1005”) is prior art to the ’113 Patent. I have reviewed 


Gotoh and provide herein my opinions on the teachings of Gotoh. The opinions 


provided herein do not necessarily represent my entire understanding of Gotoh. 


92. Gotoh generally relates to a positioning system for identifying the 


position of a cellular phone terminal. When the cellular phone terminal is in a 


location where it cannot receive a GPS signal or is outside the accessible range of a 


communications system, the cellular phone terminal will start recording acceleration 


data using an accelerometer. Gotoh, Abstract. Gotoh recognizes in its background 


section that in some situations a mobile terminal may not be able to access a 


positional information providing service when communication conditions are poor, 


or when the mobile terminal is in an indoor environment (e.g., subways, and 


buildings). When in these types of situations the mobile terminal would then be 


unable to properly record positional information and accurately trace a user’s route. 


Gotoh, [0007].  
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93. Gotoh teaches that it is “possible to predict a travel route by 


complementing the positional data with the acceleration log ...” and that a distance 


traveled can be derived from the extracted acceleration log. Gotoh, [0021], [0026], 


[0096]. The mobile terminal “finishes measuring the acceleration in a case where 


the cellular phone terminal 10 becomes able to receive GPS signals, and 


communication with the communication system 30 is recovered.” Gotoh, [0067], 


[0098]. Gotoh teaches that a control unit within the mobile terminal will then send 


the acceleration data to a “management system 20 through the communication 


system 30 and the network N ...” Gotoh, [0084]. Once received a management 


computer 21 within the management system 20 “derives a distance traveled between 


the accelerometer measurement start time and the measurement end time based on 


the acceleration data 230.” Gotoh, [0090]. The “management computer 21 derives 


the travel distance by twice integrating the acceleration log of the acceleration data 


230 with respect to time.” Id.  


94. Because both Gotoh and the ’113 Patent are directed to portable 


electronic tracking devices that employ GPS receivers, Gotoh is in the same field of 


endeavor as the ’113 Patent.  


95. Additionally, like the ’113 Patent, Gotoh discloses a mobile device that 


employs an accelerometer for measuring acceleration values when the GPS receiver 


is unable to receive GPS signals. ’113 Patent, 7:4-10, 7:67–8:17, 9:38-67; Gotoh, 
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Abstract, [0096], [0102]. Therefore, Gotoh is in the same field of endeavor and is 


reasonably pertinent to a problem purportedly solved by the claimed invention in the 


’113 Patent. 


C. LEVI 


96. I have been informed that U.S. Patent No. 5,583,776 to Levi et al. 


(“Levi” or “Ex. 1006”) is prior art to the ’113 Patent. I have reviewed Levi and 


provide herein my opinions on the teachings of Levi. The opinions provided herein 


do not necessarily represent my entire understanding of Levi. 


97. Levi generally relates to a portable navigation device that contains both 


a GPS receiver and an accelerometer. More specifically Levi teaches that the 


navigation system uses the well-known technique of “dead reckoning” (DR) to 


obtain a position “by measuring or deducing displacements from a known staring 


point in accordance with motion of the user.” Levi, 1:7-17. Levi teaches the 


“incorporation of DR functions with GPS position information, thus providing the 


individual foot traveler with an autonomous navigation capability.” Levi, 1:60-63. 


Levi’s navigation system combines a digital compass, a pedometer, and a barometric 


altimeter to comprise the dead reckoning (DR) system that is used in conjunction 


with a GPS receiver. Levi, 2:5-14. Levi expressly teaches that the benefit of 


integrating a DR system with a GPS receiver is that the DR system “continuously 
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tracks the user’s position without references to external aids or signals” during GPS 


outages. Id.  


98. Levi teaches that in the preferred embodiment the navigation pedometer 


is comprised of a silicon accelerometer that provides acceleration data indicative of 


footsteps. Levi, 3:13-16, 4:18-21 (teaching that “[w]alking thus produces a periodic 


variation in acceleration, ... indicated by the accelerometer” and that peaks in the 


acceleration indicate individual steps). Levi teaches that the portable navigation 


device contains “DR software” that “accesses the compass, altimeter, pedometer 


frequency, and calibration table data to obtain velocity magnitude and 3-D 


direction”, and that while the DR software normally uses GPS to obtain a starting 


position when it is available it can also utilize a manual position fixed by a map 


selection or text entry. Levi, 8:1-6. “When GPS is not valid, DR uses the last fix, 


whether GPS or manual, for a start point.” Furthermore, Levi teaches that “DR 


navigation is automatically used by the navigation module when GPS is 


unavailable,” and that the GPS and DR sources are selected depending on whether 


GPS is available or not. Levi, 8:7-9, 8:20-22, 8:22-23 (teaching that “when GPS fixes 


are available, the DR system is continuously updated using the GPS fix.”). 


99. Because both Levi and the ’113 Patent are directed to portable 


electronic tracking devices that employ GPS receivers, Levi is in the same field of 


endeavor as the ’113 Patent. 
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100. Additionally, like the ’113 Patent, Levi discloses a mobile device that 


utilizes a secondary system that includes an accelerometer for measuring 


acceleration values when the GPS receiver is unable to receive GPS signals. ’113 


Patent, 7:4-10, 7:67–8:17, 9:38-67; Levi, 2:5-14, 3:13-16, 8:1-11, 8:20-23. 


Therefore, Levi is in the same field of endeavor and is reasonably pertinent to a 


problem purportedly solved by the claimed invention in the ’113 Patent. 


D. KULACH 


101. I have been informed that U.S. Patent Publication No. 2007/0208544 to 


Kulach et al. (“Kulach” or “Ex. 1007”) is prior art to the ’113 Patent. I have reviewed 


Kulach and provide herein my opinions on the teachings of Kulach. The opinions 


provided herein do not necessarily represent my entire understanding of Kulach. 


102. Kulach generally relates to a method and apparatus that utilizes 


accelerometers that measure accelerations and a processing system that can generate 


a motion parameter metric utilizing the acceleration measurements and further 


estimate a motion parameter using the generated metric. Kulach, Abstract. More 


specifically, Kulach teaches a portable tacking apparatus that can include one or 


more accelerometers for the measurement of accelerations in multiple directions, 


and a navigation device that may include a GPS receiver for determining 


geographical locations. Kulach, [0023]-[0026], [0061]. Kulach teaches that the one 


or more accelerometers may be housed in a “sensor unit 32” within the portable 
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tracking apparatus. Kulach, [0079], Fig. 9., [0061] (teaching that the “navigation 


device 24 may include a GPS receiver ...”). 


103. Kulach teaches that the portable tracking apparatus determines motion 


parameters, including acceleration, velocity, and total distance. Kulach, [0054]. 


Furthermore, Kulach teaches the portable tracking apparatus is capable of 


automatically disabling components (i.e., navigation device 24 and unit 32), when 


“not in use to achieve optimum power consumption and functionality.”  and to 


“conserve energy[.]” Kulach, [0083], [0090] (teaching that “the apparatus 10 can 


disable most of its sensors to conserve energy and enable a subset of the sensors, 


such as he one or more accelerometers 12, only frequently enough to maintain 


context awareness.”).  


104. Because both Kulach, and the ’113 Patent are directed to portable 


electronic tracking devices that employ GPS receivers, Kulach is in the same field 


of endeavor as the ’113 Patent.  


105. Additionally, like the ’113 Patent, Kulach discloses a portable 


electronic tracking device that is capable of controlling power usage by disabling 


components, such as an accelerometer, when not in use to conserve energy and 


achieve optimum system power consumption. ’113 Patent, Abstract, 5:13-17, 7:67–


8:5, 8:34-39; Kulach, [0083]. Therefore, Kulach is in the same field of endeavor and 
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is reasonably pertinent to a problem purportedly solved by the claimed invention in 


the ’113 Patent.  


E. DESCRIPTION OF THE ALLEGED INVENTION OF THE ’113 
PATENT 


106. The ’113 Patent describes a device and method to monitor the location 


coordinates of an electronic tracking device. The tracking device generally contains: 


circuitry for receiving at least a portion of a communication signal wherein said 


portion of the communication signal comprises location coordinates (e.g., GPS 


signals); accelerometer circuitry for measuring the differential positioning of the 


tracking device (e.g., a dual-axis accelerometer); location tracking circuitry (e.g., 


GPS logic circuitry); signal processing circuitry; and a battery power monitor that 


can selectively activate and deactivate at least one portion of the transceiver circuitry 


and location tracking circuitry in response to the measured signal level/strength of 


the at least one portion of the receive communication signal. ’113 Patent, Abstract, 


6:16-27, 6:50-59, 9:58-67. 


107. The ’113 Patent provides an exemplary embodiment of the electronic 


tracking device in Figure 1 depicted below.  
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’113 Patent, Fig. 1, 5:53-56. (teaching that the “tracking device 100 contains various 


electronic components 101 such as a transceiver 102, signal processing circuitry 104 


(e.g., a microprocessor or other signal circuitry), and accelerometer130.”). The ’113 


Patent describes that the location tracking circuitry 114 may be that of GPS logic 


circuitry, and that the tracking device 100 periodically checks availability of GPS 


signals and determines if said communication signal is above a first signal level.’113 


Patent, 6:18-21, 7:7-10. The ’113 Patent teaches that the location tracking circuitry 


114 “calculates location data received and sends the data to signal processing 


IPR2020-01190 
Apple EX1003 Page 56







Declaration of Scott Andrews 
Patent No. 8,542,113 


 


circuitry 104.” ’113 Patent, 6:16-18, 6:21-24 (teaching that the detecting circuitry 


115 or the signal processing circuitry 104 may measure the signal power level). 


When a communication signal (i.e., GPS signal) received by the GPS receiver is 


below a first signal level, the location tracking circuitry deactivates portions of the 


GPS circuitry to reduce power consumption. ’113 Patent, 6:55-62, 7:4-7, 7:67-8:17. 


By reducing GPS receiver usage when the GPS signal is “insufficient for processing” 


(9:49-50), the device “conserves battery power” (7:67–8:5). Furthermore, the ’113 


Patent teaches that “[w]hen GPS signaling is not practicable, electronic device 


proximity measurements provide differential location coordinate information to 


calculate current location coordinate information.” ’113 Patent, 8:14-17, 9:48-50 


(teaching that the “accelerometer 130 activates if a power level of the received 


communication signal is insufficient for processing”), 9:53-54 (teaching that the 


“processing unit 104 computes current location coordinates using acceleration 


measurements”).   


108. Furthermore the ’113 Patent teaches that all or portions of the location 


tracking circuitry (i.e., GPS circuitry) is activated at selected time intervals to 


determine if the received communication signal is of sufficient signal strength, and 


if the received communication signal is of sufficient signal strength the location 


tracking circuitry 114 is activated, the accelerator 130 is deactivated, and the signal 
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processing circuitry 104 will begin determining location coordinates from the 


received communication signal. ’113 Patent, 9:54-67. 


F. OPINIONS OF THE COMBINATION OF SAKAMOTO, GOTOH, 
AND LEVI 


1. Motivation to Combine Sakamoto and Gotoh  


109. In my opinion, a POSITA would have found it obvious and been 


motivated to employ the accelerometer from Gotoh in the system of Sakamoto to 


supplement Sakamoto’s stated existing problem of being unable to determine 


position when there is insufficient GPS signal level. Sakamoto, [0038], [0050]. 


Rather than having the position information communication terminal 1 in Sakamoto 


be unable to determine a position when GPS signals were unavailable, it would have 


been desirable and advantageous to add an accelerometer to the Sakamoto terminal 


to perform known dead reckoning techniques to determine position. By the priority 


date of the ’113 Patent, accelerometers were accurate, inexpensive, readily available, 


and easily incorporated into a larger electronic component (e.g., navigation device). 


See ¶ 42. Additionally, dead reckoning techniques employing inertial sensors such 


as accelerometers were widely used and well known at the time of the invention for 


position determination. Gotoh, [0051], [0053]; Levi, 1:12-24. 


110. In more detail, a POSITA would have found it obvious to, and been 


motivated to, modify Sakamoto, which teaches a GPS receiver 10 in a position 


information communication terminal 1 which stops position searching when the 
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signal strength of the GPS signal is below a predetermined threshold level, to include 


Gotoh’s teaching of an accelerometer to start recording acceleration data when a 


cellular phone terminal cannot receive GPS signals. The problem of poor (i.e., weak) 


GPS signals was well known prior to the ’113 Patent. It was well known that GPS 


signals from GPS satellites were often weak due to various factors, such as tall 


buildings or structures or being inside a building. See ¶ 60 and Section IV.E 


(Reliability of GPS Signals). Sakamoto expressly teaches that “[i]f it is determined 


that the positioning cannot be performed when the signal level value is equal to or 


lower than a predetermined threshold value, the position search may be stopped.” 


Sakamoto, [0038]. Similarly, Gotoh teaches “Furthermore, in some cases, the 


positional information providing service can not be accessed from indoor 


environment such as inside the subways and building where communication 


condition is poor. In these cases, the positional information can not be properly 


recorded and the route the worker took can not be accurately traced.” Gotoh, [0007]. 


Thus, it was known that GPS positioning could not be performed when the signal 


level was insufficient. 


111. It was also well known using an accelerometer to determine position 


was a readily-available option. Well before the priority date of the ’113 Patent, 


accelerometers were used to determine the position of a tracking device, such as 


through dead reckoning techniques. Gotoh teaches a solution to the problem of 
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insufficient GPS signal by starting to measure acceleration data with an 


accelerometer. Gotoh, [0081]. Other references also teach using an accelerometer to 


supplement a GPS receiver when GPS signals are weak. See Section IV.B. 


(Accelerometers). In my opinion, a POSITA would have readily recognized the 


desire to use an accelerometer when the GPS signal is weak as an alternative method 


of determining a position. Use of an accelerometer is not desirable as the sole 


measure of determining a position, as it requires setting a known position from time-


to-time (as I discuss in the following paragraph). But, for use during GPS signal 


outages (which are presumably intermittent) or when battery power is low, using an 


accelerometer as a supplemental tracking device is expected, routine, and desirable 


because it allows the device to continue to determine and monitor the device’s 


position even when GPS positioning is unavailable. 


112. Dead reckoning utilizes basic calculus, physics, and trigonometry 


applied to acceleration values and a last known location to determine a current 


position. See Section IV.C (Dead Reckoning). The accelerometer outputs 


acceleration values at incremental time intervals, and the acceleration values are 


twice integrated to determine a distance traveled (sometimes called a 


“displacement”) while measuring acceleration. Gotoh, [0040], [0090].  


113. A POSITA would have similarly been motivated and found it obvious 


to modify the system of Sakamoto to include the means to perform dead reckoning 
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(DR) (i.e., utilize the accelerometer data and last known location and perform the 


necessary calculations to derive a current location). It was well known prior to the 


’113 Patent that considerable work had been performed in the area of integrating 


GPS and DR systems into electronic portable navigation systems. Levi, 1:51-53. As 


I discussed above performing dead reckoning entails using basic 


calculus/trigonometry to derive acceleration values and a subsequent position and 


then adding the derived position to the last known location to determine a current 


position. Levi, 1:13-16, 1:20-25. Such calculations for performing DR were well 


known to be performed utilizing software modules. Levi, 7:64-8:11. Furthermore, a 


POSITA would have understood that commercially available processors were 


capable of performing such simple mathematical computations (e.g., multiplication 


and addition). A POSITA would have understood that a benefit of performing the 


DR locally on the mobile device would have been that the mobile device would be 


capable of providing its user with their real time location and/or navigational 


functions during times when no cellular networks and GPS signals were available. 


This would have improved the reliability and robustness of the mobile device.   


114.  Furthermore, there would have been a reasonable expectation of 


success for adding processing means to the system of Sakamoto for the purpose of 


performing DR calculations, such that a POSITA would have known how to perform 


the modification of Sakamoto’s system without undue experimentation. As 
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discussed above, integrating DR processing and accelerometers was well known and 


commonly utilized within mobile tracking devices. For example, the ’113 Patent 


discusses that “consumer electronics manufacturers, e.g., Apple, Ericsson, and Nike, 


incorporate accelerometers in personal electronic devises, e.g., Apple iPhone, ...” 


’113 Patent, 1:51-59, 2:16-19 (teaching that “manufacturers of conventional internal 


navigation systems deploy one or more accelerometers ...”). There would have been 


a reasonable expectation of success for adding DR processing means to the system 


of Sakamoto for the purpose of performing DR calculations. Given the well-known 


and widespread use of accelerometers in hand-held portable devices as an alternative 


position determination means, the modification would have been straightforward, 


such that a POSITA would have had a reasonable expectation of success modifying 


the Sakamoto terminal to include the means for processing data received from 


accelerometers and performing DR calculations. 


115. In my opinion, using an accelerometer to supplement a GPS receiver is 


use of a known technique (e.g., Gotoh’s accelerometer supplementing Sakamoto’s 


GPS receiver 10 and other location tracking circuitry) to improve a similar device 


(Sakamoto’s terminal 1, including GPS receiver 10 and other location tracking 


circuitry) in the same way. Specifically, the known supplemental location tracking 


technique employing the accelerometer to measure acceleration data from Gotoh is 


an improvement upon the base device of Sakamoto (the position information 
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communication terminal 1), such that the position can be determined even without a 


sufficient GPS signal. Further, a POSITA would have recognized that the 


supplemental location tracking technique was applicable to the position information 


communication terminal 1 of Sakamoto to allow for positioning when GPS signal is 


insufficient. Specifically, both the Sakamoto terminal and the Gotoh cellular phone 


terminal are communication devices (both communicate with a remote server or 


management system across a wireless communications network), both have GPS 


receivers and determine position using GPS, and both are portable. Therefore, a 


POSITA would have understood an accelerometer, as used in the Gotoh cellular 


phone terminal, was usable in a communication device with a GPS receiver.  


116. For a POSITA to combine the accelerometer teachings of Gotoh with 


the system of Sakamoto would have required nothing more than merely combining 


prior art elements according to known methods to yield predictable results. 


Specifically, Gotoh teaches the desirability of including an accelerometer as a 


supplemental location tracking device in a portable location tracking terminal, such 


as cellular phones or other mobile tracking devices. Gotoh, [0051], [0053]; Croyle, 


12:57-65; Levi, 1:12-24. Additionally, the accelerometer of Gotoh combined in the 


system of Sakamoto would have performed the same function of supplemental 


location tracking to start recording acceleration data when GPS signal cannot be 


received. Gotoh, [0081]. It would have been simple to add an accelerometer to 
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Sakamoto’s terminal, as the terminal already includes a positioning control unit that 


performs evaluation of the signal strength and other processing steps. Sakamoto, 


[0027]. In the proposed modification, the Gotoh accelerometer would send the 


acceleration values to the positioning control unit. A POSITA would know how to 


program the control unit to perform basic dead reckoning steps using the received 


acceleration values, as programs for dead reckoning are simple and within a 


POSITA’s expertise (as evidenced by the numerous prior art references discussing 


dead reckoning). In circumstances where the positioning control unit determines the 


GPS signal is below the predetermined threshold value (Sakamoto, [0038], 0050]), 


the positioning control unit would set a mode of determining position using the 


acceleration values. Thus, because using accelerometer data to determine position 


was known, modifying the Sakamoto system would have yielded the predictable 


result of using the accelerometer when the Sakamoto GPS receiver received a weak 


or no GPS signal. 


117. Furthermore, there would have been a reasonable expectation of 


success for adding the accelerometer of Gotoh in the system of Sakamoto, such that 


a POSITA would have known how to perform the modification of Sakamoto’s 


system without undue experimentation. As discussed above, accelerometers were 


readily available, inexpensive, and ready for use and integration with larger 


electronic devices. For example, the ’113 Patent discusses using a specific 
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accelerometer provided by Analog Devices, Inc. ’113 Patent, 6:50-55. The 


accelerometer—the ADXL320—is described in the data sheet as “low cost,” and for 


use in “cost-sensitive motion- and tilt-sensitive applications,” including smart hand-


held devices, mobile phones, and sports and health-related applications. I have been 


informed by counsel the ADXL320 data sheet is prior art to the ’113 Patent, but even 


if not, the statements made in the ADXL320 data sheet regarding certain 


accelerometers being low cost and for use in portable, hand-held devices was well 


known to a POSITA. Given the ubiquitous use of accelerometers in hand-held 


portable devices as an alternative position determination means, the modification 


would have been straightforward, such that a POSITA would have had a reasonable 


expectation of success modifying the Sakamoto terminal to include the Gotoh 


accelerometer.  


118. It also would have been obvious to use the accelerometer data, and 


therefore, increase applied power (as a POSITA would have understood “increasing 


applied power” as described in the ’113 Patent at ’113 Patent, 3:40-50, 6:55-59, 


6:62-65, 9:48-52, 8:47-50) to the accelerometer to start (“commence”) 


accelerometer measurements, when such functionality was needed due to poor GPS 


signal reception, as taught by Gotoh. Measuring and processing the acceleration 


values when needed saves battery power in a mobile device with limited battery 


capacity. There would not have been a need to measure and/or process acceleration 
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data unless such data was actually going to be used for outputting information or 


instructions to the portable device. Otherwise, unnecessary processing is performed, 


wasting processing resources and unnecessarily using battery power. In my opinion, 


a designer of electronic devices with limited battery and processing resources does 


not commonly design the device to output, process, or read sensor data (e.g., 


accelerometer data) for no reason or otherwise perform processing on sensor data 


that is not otherwise going to be used by the device. Therefore, it would have been 


obvious to increase applied power (as a POSITA would have understood “increasing 


applied power” as described in the ’113 Patent) to the accelerometer as taught by 


Gotoh, used in the modified Sakamoto system only in response to a GPS signal level 


being unavailable in order to reduce power consumption and increase battery life in 


Sakamoto’s system, which is a stated goal in Sakamoto. Such a use of a known 


technique of starting measuring acceleration and recording acceleration data (i.e., 


increasing applied power to an accelerometer as a POSITA would have understood 


“increasing applied power” as described in the ’113 Patent) in response to a GPS 


signal level being unavailable would have advantageously improved Sakamoto’s 


similar mobile tracking device in the same way by allowing Sakamoto’s device to 


perform location tracking via an accelerometer even when GPS signals are 


unavailable or weak. Such a combination would have had a reasonable expectation 


of success because utilizing GPS for primary location tracking and an accelerometer 
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for supplemental location tracking in a device was well known in the prior art, as 


evidenced by Gotoh. Furthermore, such a combination would have had a reasonable 


expectation of success for power conservation because Sakamoto expressly teaches 


conserving power in a mobile device and Gotoh teaches measuring and recording 


acceleration only when GPS is unavailable.  


119. With respect to additional modifications of Sakamoto based on Levi’s 


teachings, I provide an additional motivation to combine at Section V.G.9, below.  


2. Obviousness of Modifying Electronic Hardware and 
Software to Be Circuitry 


120. A POSITA would have found it obvious to substitute any of the 


hardware or software components in the prior art that perform functions similar to 


those claimed by the ’113 Patent’s as components with electronic circuitry.  


121. The ’113 Patent recognizes that the disclosed electronic tracking device 


is merely “various electronic components 101” disposed on a printed circuit board 


(PCB). ’113 Patent, 5:52-59. The ’113 Patent does not provide or otherwise indicate 


any specific details of the location tracking circuitry or other described circuitry, 


instead describing the circuitry primarily by its functionality.  


The signal processing circuitry 104, in one example, associated with 


the tracking device 100 configured to store a first identification 


code, produce a second identification code, determine location 


coordinates, and generate a positioning signal that contains 
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location data ( as described in more detail in incorporated by reference 


U.S. patent application Ser. No. 11/753,979 filed on May 25, 2007).  


’113 Patent, 5:65–6:4 (emphasis added). 


In one embodiment, location tracking circuitry 114, calculates 


location data received and sends the data to signal processing 


circuitry 104. Memory 112 stores operating software and data, for 


instance, communicated to and from signal processing circuit 104 


and/or location tracking circuitry 114, e.g., GPS logic circuitry. In 


one embodiment, a signal detecting circuitry 115 detects and measures 


signal power level. In another embodiment, the signal processing 


circuitry 104 processes and measures signal power level. Battery 


level detection circuitry ( e.g., battery level monitor 116) detects a 


battery level of battery 118, which contains one or more individual units 


or a plurality of units grouped as a single unit. 


’113 Patent, 6:15-27 (emphasis added). The ’113 Patent even describes the signal 


processing circuitry as a “microprocessor or other signal logic circuitry,” thus 


indicating the term “circuitry” equates to electronic components performing the 


disclosed functionality. ’113 Patent, 5:54-56. The ’113 Patent also describes 


variations on the electronic tracking device, including electronic components 


mounted on the PCB (printed circuit board) versus “one integrated circuit.” ’113 


Patent, 5:56-59, 6:8-14. PCBs were extremely well known for aggregating 


electronic components so that the components are electrically connected and/or 


electrically communicate with each other.  
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122. The prior art references of Sakamoto, Gotoh, Levi, and Kulach each 


provides figures with hardware components that are in communication with each 


other. For example, Sakamoto further depicts the communication terminal 1 in Fig. 


1, as containing various components that are in communication with each other. The 


communication between components is indicated via the arrows disposed between 


the various components. See Sakamoto’s Fig. 1 reproduced below. A POSITA 


would have recognized Fig. 1 of Sakamoto indicates physical components in 


electrical communication with one another, satisfying circuitry. 


 


Sakamoto, Fig. 1.  
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123. Likewise, Gotoh teaches a cellular phone terminal 10 further 


comprising components 11-14 that also have arrows depicting communication 


occurring between the various components. See Gotoh’s Figure 1 reproduced below.  


 


Gotoh, Fig. 1, [0051] (teaching that the cellular phone terminal 10 comprises a “GPS 


signal reception unit 12, an accelerometer 13, an acceleration data storage unit 14, 


and a control unit 11 for controlling these units”).  


124. Furthermore, in order to achieve a functioning device that is also very 


compact (e.g., a cellular phone terminal), a POSITA would have found it obvious to 


combine such components on a PCB, as PCBs were extremely well known in the art 


and in common use. In fact, Krasner teaches that the functions of multiple 


microprocessors may be combined into a single processor/digital circuit, and that 


GPS signal processing circuitry and cell phone circuitry may be placed within the 


same integrated circuit. Krasner, 10:30-38. 
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125. A POSITA would have thus readily recognized that hardware, 


software, and/or firmware components for performing particular functions would 


have been easily substituted with that of circuitry for performing the same. A 


POSITA would have also understood that those who design such components (e.g., 


electronic engineers/designers) would have found it obvious and a matter of design 


choice whether or not to obtain a desired functionality using circuitry, which 


commonly included hardware or firmware components, or utilize processors, 


controllers, integrated circuits, programmable logic devices, and/or other data and 


signal processing devices with the necessary memory and communication means 


(e.g., transmitters, receivers, and/or communication busses) for carrying out the 


same functions. In electronics design, utilizing hardware, software, firmware, and/or 


combinations thereof for achieving a desired functionality is very common and well 


known. Therefore, a POSITA would have found it obvious and been motivated to 


embody the various electronic components disclosed in Sakamoto, Gotoh, Levi, and 


Kulach as circuitry. 


3. Sakamoto’s Multiple Embodiments and Motivation to 
Combine the Embodiments 


126. A POSITA would have understood that Sakamoto teaches at least two 


embodiments: “Embodiment 1” and “Embodiment 2”. Sakamoto, [0018], [0030], 


respectively. Referring to Embodiment 1, Sakamoto states: “In this embodiment, the 
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position information communication terminal 1 will be described.” Sakamoto, 


[0019]. 


127. In Embodiment 1, Sakamoto teaches that the position information 


communication terminal 1, or more specifically the positioning control unit 13 is 


what sets the positioning (aka operating) mode dependent on the detected level of 


the received satellite signal. Sakamoto, [0020-0024], [0027].  


128. Referring to Embodiment 2, positioning control unit via 


communication control unit 11 sends the position information to the position 


management server 2 ([0035]) via a mobile communication network [0050], the 


position management server 2 then uses the position control message (i.e., satellite 


signal level response message) to determine which sensitivity positioning mode 


should be used and instructs the terminal 1 to utilize the appropriate positioning 


mode. Sakamoto, [0037-0038]. Embodiment 2 expressly teaches stopping the 


position search when the received GPS signal level value is equal to or lower than a 


predetermined threshold value. Sakamoto, [0038], [0050].  Regarding Embodiment 


2, Sakamoto states “the configurations of the position information 


communication terminal 1 and the GPS positioning system of the present 


embodiment are the same as those in FIGS. 1 and 2; the same configurations 


are denoted by the same reference numerals and the description thereof will be 


omitted.” Sakamoto, [0030], [0034] (emphasis added). Both embodiments explicitly 
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teach determining the level of a received satellite signal and specifying a positioning 


mode (e.g., high/normal sensitivity positioning mode) based on the determined level 


of the received satellite signal. Sakamoto, [0027] (describing Embodiment 1); 


Sakamoto, [0037-0038], [0045], [0050] (describing Embodiment 2).  


129. A POSITA, understanding that both embodiments are  similar (e.g., 


both focusing on detecting a signal strength and setting a sensitivity positioning 


mode based on the detected signal strength), and further understanding that 


Embodiment 2 is expressly taught as including the same hardware as that of 


Embodiment 1 (e.g., the configurations of the terminal 1 and server 2), would have 


found it obvious and been motivated to combine both embodiments or otherwise 


modify one embodiment with teachings of the other. Furthermore, given the 


aforementioned similarities between the embodiments and the express teaching 


regarding the inclusion of the same hardware in both embodiments, it would have 


been obvious to a POSITA to employ the methods and techniques described with 


respect to Embodiment 1 in the GPS system of Embodiment 2 and vice-versa. Such 


a modification would have entailed utilizing components from both embodiments to 


perform the disclosed methods and techniques of at least one of the embodiments. 


Sakamoto’s disclosure regarding the GPS system that is taught for each of the 


embodiments is the same, and to the extent any modification would be necessary, it 


would require only routine programming of the GPS system to perform the disclosed 
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methods of further reducing power usage. A POSITA would have understood that 


such a combination would have had a reasonable expectation of success given 


Sakamoto’s express teaching that the same hardware is used in both embodiments.  


130. In Embodiment 1, Sakamoto teaches that the position information 


communication terminal 1, or more specifically the positioning control unit 13 is 


what sets the positioning (aka operating) mode dependent on the detected level of 


the received satellite signal. Sakamoto, [0020-0024], [0027]. In Embodiment 2, 


positioning control unit via communication control unit 11 sends the position 


information to the position management server 2 ([0035]) via a mobile 


communication network [0050], the position management server 2 then uses the 


position control message (i.e., satellite signal level response message) to determine 


which sensitivity positioning mode should be used and instructs the terminal 1 to 


utilize the appropriate positioning mode. Sakamoto, [0037-0038]. Embodiment 2 


expressly teaches stopping the position search when the received GPS signal level 


value is equal to or lower than a predetermined threshold value. Sakamoto, [0038], 


[0050]. A POSITA would have found it obvious to perform detecting of both the 


position and GPS satellite signal strength at the terminal, as taught for Embodiment 


1, while still maintaining the ability to stop position searching when a received GPS 


satellite signal level is equal to or lower than the predetermined threshold value, as 


taught with respect to Embodiment 2. Such a modification would have allowed 
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terminal 1 to perform position searching and set the positioning mode (from among 


the three possible modes: high, normal, and stop-position searching. Sakamoto, 


[0027], [0038], [0050]) without server 2 instructing terminal 1 which mode to select. 


This would have been advantageous in the event the wireless communication 


network was unavailable or available with only limited connectivity (e.g., weak 


signal) causing restricted communication with the server. Sakamoto, [0005], Claims 


7-8 (disclosing mobile communication network); Gotoh, [0078] (recognizing that 


communication of GPS information with a remote server may be limited by the 


communications network availability/range).  


4. Physical Components Shared by Claim Elements 


131. Some of the elements of the ’113 Patent’s claims share one or more 


components as they are mapped below and in the Petition. For example for Claim 1, 


the mapped “electronic tracking device” comprises Sakamoto’s GPS receiver 10 and 


the GPS control unit 12, whereas the mapped “location tracking circuitry” also 


comprises the GPS control unit (in addition to other components). A POSITA would 


have understood and expected that a particular component would perform multiple 


functions. In portable (mobile) electronic devices, space is at a premium. A POSITA 


would not have expected each operational module to operate using completely 


dedicated hardware/circuitry, but rather to share particular hardware/circuitry as 


much as possible to conserve space. See Krasner, 10:16–51 (discussing various 
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configurations of its components, including combining functions into a single 


processor). Similarly, a POSITA would have understood providing duplicate 


components for each subsystem of a consumer electronic device would have been 


wasteful of production cost, materials cost, and/or power consumption. Instead, a 


POSITA would have understood that the claim elements, as mapped, would have 


been distinguishable by their distinct functions performed and the totality of their 


composition (i.e. the hardware/circuitry not shared between the claim elements). 


Thus, in my opinion, the mapping of the claim elements in the Petition, in which 


hardware/circuitry is shared amongst otherwise distinctly-operating elements, is 


appropriate and obvious. 


G. OPINIONS REGARDING GROUND 1: SAKAMOTO IN VIEW OF GOTOH IN 
FURTHER VIEW OF LEVI 


1. Overview of Ground for Claim 1 


132. In my opinion, the combination of Sakamoto, Gotoh, and Levi teaches 


each of the limitations of Claim 1. Sakamoto teaches a GPS positioning system 


comprising position information communication terminal 1 and position 


management/positioning server 2. Sakamoto, [0018]. The terminal 1 and server 2 


communicate with each other over a mobile communication network. Id. The 


terminal 1 includes electronic components that collectively operate to monitor and 


track location, including GPS receiver and satellite signal level detection unit for 


detecting a signal level of a GPS satellite signal. Sakamoto, [0019]. Sakamoto 
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recognizes (1) GPS signals are sometimes unavailable or otherwise weak; and (2) 


operation of the GPS receiver when GPS signals cannot be received wastes battery 


power. Sakamoto, [0038], [0050]. To address these concerns, Sakamoto teaches a 


method of stopping position searching using the GPS receiver when GPS signals are 


unavailable. Id. 


133. I note that Sakamoto does not teach an accelerometer, but 


accelerometers for supplemental position determination were well known prior to 


the ’113 Patent. For example, Gotoh teaches a portable device (e.g., a cell phone) 


including a GPS receiver and an accelerometer. Gotoh, [0053]. Like Sakamoto, 


Gotoh recognizes GPS signals sometimes cannot be received. Gotoh, [0066]. In such 


cases, Gotoh teaches supplementing GPS-based position determination with the 


accelerometer by determining position based on accelerometer data. Gotoh, [0081]-


[0082].  


134. Claims 1(d)-(e) also recite the well-known technique of “dead 


reckoning,” which relies on a known position and displacements measured by the 


accelerometer to determine the current location. Claims 1(d)-(e) does not use the 


term “dead reckoning,” but a POSITA would have readily recognized that position 


determination based on a known location and a differential positional measurement 


from the known location (i.e., a displacement) is dead reckoning.  
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2. Claimed Hardware Components 


135. I note that Claim 1 recites a method that uses multiple hardware 


components. This section discusses each of the claimed hardware components and 


how the art teaches each component. 


136. Claim 1 recites a primary location tracking system (Claim 1(a)) that 


communicates a receive communication signal (Claim 1(a)); and a secondary 


location tracking system (Claim 1(d)). Claim 1 further recites (1) an electronic 


tracking device including primary location tracking circuitry (Claim 1(a)); and (2) 


supplemental location tracking circuitry (Claim 1(c)) associated with the secondary 


location tracking system (Claim 1(d)).  


a) “primary location tracking system” in Claim 1(a) 


137. Sakamoto discloses a “primary location tracking system” in the form of 


GPS satellites that communicate a receive communication signal. See ’113 Patent, 


5:13-17 (describing GPS satellites as an example of a “primary location tracking 


system”). Sakamoto teaches a “GPS positioning system” and a “GPS receiver that 


receives GPS satellite signals from GPS satellites and performs positioning 


operations.” Sakamoto, Abstract, [0005], [0019], Claim 1. Per Sakamoto, the GPS 


satellites “communicate” a receive communication signal, i.e., at least the GPS 


satellite signals, because the GPS receiver receives the GPS satellite signals from 


the GPS satellites.  


IPR2020-01190 
Apple EX1003 Page 78







Declaration of Scott Andrews 
Patent No. 8,542,113 


 


b) “electronic tracking device” in Claim 1(a) 


138. Sakamoto teaches an electronic tracking device, and Sakamoto as 


modified to include an accelerometer taught by Gotoh also teaches an electronic 


tracking device including supplemental location tracking circuitry. 


139. Sakamoto teaches the position information communication terminal 1 


includes various electronic components that collectively operate to monitor and track 


a location of terminal 1. Sakamoto, [0019], [0037]-[0038], FIGs. 1-3. The collective 


GPS receiver 10, GPS control unit 12, positioning control unit 13, communication 


control unit 11, satellite signal level detection unit 15, communication line status 


control unit 17, and battery control unit 16 (the “Sakamoto Electronic 


Components”), in combination with Gotoh’s accelerometer, comprise the claimed 


“electronic tracking device.” These components are similar to the ’113 Patent’s 


components included in the described electronic tracking device. Cf. ’113 Patent, 


5:51–6:55. Annotated Figure 1 below shows a red box around the claimed 


“electronic tracking device” (modified to include Gotoh’s accelerometer): 
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140. With these components, terminal user A or position searcher B may 


request a position of position information communication terminal 1. Sakamoto, 


[0018], [0030]-[0031]. In response, terminal 1 determines its position, which is 


subsequently sent to server 2 and/or position searcher B and shown to terminal user 


A. Sakamoto, [0018], [0020], [0023], FIG. 2 (illustrating terminal users A and B), 


[0035]. Position information communication terminal 1 is operable to determine its 


position and be tracked by another terminal (i.e., monitor and track its position) using 


the Sakamoto Electronic Components. As Sakamoto explains, GPS receiver 10 and 


GPS control unit 12 receive and determine terminal user A’s position, which can be 


IPR2020-01190 
Apple EX1003 Page 80







Declaration of Scott Andrews 
Patent No. 8,542,113 


 


sent to monitoring device (server 2) or position searcher B. Sakamoto, [0020-0024], 


[0030-0031], [0035].  


141. I also note the Sakamoto Electronic Components (alone and including 


Gotoh’s accelerometer) are, collectively, also operable to control power usage. The 


satellite signal level detection unit 15 detects a level of a GPS satellite signal, and 


the positioning control unit 13 “compares the level” of the signal with a 


predetermined threshold value (when position searching is not possible) to determine 


whether to stop position searching. Sakamoto, [0027], [0038], [0050]. “When the 


position information communication terminal 1 to be searched succeeds in 


positioning, the positioning control unit 13 transmits a positioning control message 


(search response message) including the position information to the position 


management server 2 via the communication control unit 11.” Sakamoto, [0035], 


[0037], [0040] (discussing maintaining or disconnecting the communication line 


after transmitting position information to server 2).  


142. Therefore, the Sakamoto Electronic Components (alone and including 


Gotoh’s accelerometer) enable monitoring and tracking position information 


communication terminal 1 to “flexibly control the operation mode of the GPS 


receiver.…” Sakamoto, [0003]. Because the Sakamoto Electronic Components 


enable, at the least, (1) determining the position of terminal 1; (2) transmitting the 


position to server 2; and (3) determining a GPS satellite signal level and comparing 
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the signal level to a threshold value to stop position searching when position 


searching cannot be performed to save power, Sakamoto, as modified to include an 


accelerometer as taught by Gotoh, teaches an “electronic tracking device,” as 


claimed.  


c) “primary location tracking circuitry” in Claim 1(a) 


143. Sakamoto teaches “primary location tracking circuitry” in the form of 


GPS receiver 10, GPS control unit 12, satellite signal level detecting unit 15, and 


positioning control unit 13 (the “Sakamoto GPS Components”). These components 


collectively receive a GPS signal, detect (i.e., measure) the GPS signal level, and 


determine a location of the GPS receiver. Sakamoto, [0019]. Sakamoto teaches the 


GPS receiver 10 starts a position detection process (Sakamoto, [0020]), which 


includes referring to the latest orbit information (Sakamoto, [0021]-[0022]), and 


upon GPS receiver 10 successfully performing position detection processing, “the 


position information is acquired by the GPS control unit 12” (Sakamoto, [0023]). 


Sakamoto teaches satellite signal level detecting unit 15 “detecting the level of the 


GPS satellite signal received by the GPS receiver 10 via the GPS control unit 12.” 


Sakamoto, [0019], [0008], [0045]. The positioning control unit 13 performs a 


comparison of a detected satellite signal level to a threshold value. Sakamoto, 


[0027], [0037] (teaching positioning control unit causes satellite signal level 


detection unit to monitor the GPS signal level). As depicted in annotated FIG. 1 
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below, GPS receiver 10 communicates with GPS control unit 12, and GPS control 


unit 12 communicates a signal level to satellite signal level detecting unit 15, which 


then communicates the level to positioning control unit 13: 


 


d) “supplemental location tracking circuitry” in Claim 1(c) 


144. Gotoh teaches “supplemental location tracking circuitry” in the form of 


accelerometer 13. Gotoh teaches a “cellular phone terminal 10 as a mobile terminal” 


that “comprises a GPS signal reception unit 12, an accelerometer 13, an acceleration 


data storage unit 14, and a control unit 11 for controlling these units.” Gotoh, [0051]. 


Cellular phone terminal 10 (annotated in red), accelerometer 13 and acceleration 


data storage unit 14 (annotated in blue) are depicted in annotated FIG. 1, below:  
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e) supplemental location tracking circuitry “associated 
with a secondary location tracking system” in Claim 1(d) 


145. Sakamoto in combination with Gotoh teaches a “secondary location 


tracking system.” I note the ’113 Patent describes a location tracking system as “any 


system that transfers and/or determines location coordinates using one or more 


devices….” ’113 Patent, 4:45-50. In the proposed modification to Sakamoto, it 


would have been obvious to program Sakamoto’s positioning control unit 13 to 


perform Levi’s DR functionality (as discussed for Claims 1(d)-(e)). The programmed 


positioning control unit in combination with an accelerometer is then configured to 


determine location coordinates. That is, when the Sakamoto positioning control unit 


is programmed to perform the DR functionality as taught by Levi using an 


accelerometer (as taught by both Gotoh and Levi), then the combined accelerometer 


and programmed positioning control unit constitute a secondary location tracking 
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system, and the accelerometer is “associated” with the system by virtue of providing 


acceleration data to the positioning control unit for processing and determining a 


position (as otherwise taught by Levi).   


3. Claim 1 


a) “A method to control power usage comprising:” 


146. Sakamoto teaches controlling power usage of a position information 


communication terminal 1 via several methods (“method to control power 


usage…”). First, Sakamoto teaches stopping a position search when a level of a GPS 


satellite signal received by GPS receiver 10 of position information communication 


terminal 1 is equal to or below a predetermined level; Sakamoto teaches that stopping 


a position search in this manner reduces power consumption (“method to control 


power usage”). To perform this method, in one embodiment Sakamoto teaches 


measuring a signal level from a satellite in a process taught at [0037]-[0038] and 


discussed at Section V.G.4, below. In response to the satellite signal level message, 


positioning mode control unit 22 of position management / positioning server 2 


determines a positioning mode based on the satellite signal level. Id. Sakamoto 


teaches three positioning modes: 1) high sensitivity positioning mode, 2) normal 


sensitivity positioning mode, and 3) stop-position searching mode. In both normal 


sensitivity positioning mode and stop-position searching mode, power consumption 


is reduced compared to high sensitivity mode because “in the high sensitivity 
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positioning mode, the power of the GPS receiver 10 is continuously turned on.” 


Sakamoto, [0024-0025], [0027], [0036]-[0038], [0050].  


147. Sakamoto teaches that “power consumption can be reduced by stopping 


the position search when positioning is not possible.”  


If it is determined that the positioning cannot be performed when the 


signal level value is equal to or lower than the predetermined threshold 


value, the position search may be stopped. 


Sakamoto, [0038]. 


[W]herein by acquiring the level of the GPS satellite signal received by 


the remote terminal, it is possible to perform high-sensitivity 


positioning operation to stabilize the positioning when the satellite 


signal level received by the terminal is low, power consumption can be 


reduced by stopping the position search when positioning is not 


possible, or by switching to the positioning with normal sensitivity that 


consumes less battery for terminals installed in positions with good 


positioning in order to extend the operating time. 


Sakamoto, [0050]. 


148. Second, Sakamoto teaches a method to control power usage of a device 


via a “normal sensitivity mode” that turns off a GPS receiver to “reduce the power 


consumption and to extend the operating time. Sakamoto, [0027], [0037].  


[A] satellite signal level detecting unit for detecting the level of the GPS 


signal received by the GPS receiver, wherein the positioning control 


unit switches between the normal sensitivity positioning mode and the 
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high sensitivity positioning mode of the GPS receiver based on the 


signal level information acquired from the satellite signal level 


detecting unit[.] 


Sakamoto, [0045].  


149. Sakamoto teaches a GPS control unit 12 that controls the power supply 


of GPS receiver 10 by switching between the “normal sensitivity positioning mode” 


and the “high sensitivity positioning mode” based on a signal level information 


acquired from the satellite signal level detecting unit. In the “normal sensitivity 


positioning mode,” the GPS receiver 10 is powered off, in one example, after 


completing positioning, thus reducing power consumption. 


Through control of the power supply of the GPS receiver 10 by GPS 


control unit 12, each positioning operation is controlled of the normal 


sensitivity positioning mode in which the GPS receiver 10 is 


operated only when necessary and the high sensitivity positioning 


mode in which the GPS receiver 10 is always operated, the latest 


orbit information of GPS satellites is obtained, the positioning control 


unit 13 switches between the normal sensitivity positioning mode and 


the high sensitivity positioning mode of the GPS receiver 10, and the 


orbit information obtained via the network using the communication 


control unit 11 is supplied to the GPS control unit 12. 


Sakamoto, Abstract (emphasis added). 
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After the positioning is completed, if the position information 


communication terminal 1 is in the normal sensitivity positioning 


mode, the power of the GPS receiver 10 is shut off[.] 


Sakamoto, [0036] (emphasis added). 


150. In a further example of controlling power usage, Sakamoto teaches a 


battery control unit 16 that notifies a positioning control unit 13 of a remaining 


battery amount warning when the remaining battery amount of position information 


communication terminal 1 is lower than a preset threshold value. Sakamoto, [0019], 


[0028]-[0029], [0039]. Sakamoto teaches that the positioning control unit switches 


between the normal sensitivity positioning mode and the high sensitivity positioning 


mode of GPS receiver 10 based on the remaining battery amount, thus saving power 


(“controlling power usage”). Sakamoto, [0009]-[0010], [0046]-[0047]. 


151. Therefore, in my opinion, for at least these reasons, Sakamoto teaches 


“a method to control power usage.” 


4. Claim 1(a) 


a) “measuring a receive communication signal level by 
primary location tracking circuitry of an electronic 
tracking device communicated by a primary location 
tracking system;” 


152. In my opinion, Claim 1(a) would have been understood by a POSITA 


to require the primary location tracking system to communicate a receive 


communication signal and not a level of the signal. As I discussed at ¶ 137, the 
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primary location tracking system described in the ’113 Patent is the GPS satellites. 


In my opinion, a POSITA would understand this claim element to require the 


primary location tracking circuitry of the electronic tracking device to measure the 


signal level of a receive communication signal communicated by a primary location 


tracking system (the GPS satellites). Thus, the signal communicated by the primary 


electronic tracking system is measured by the primary electronic tracking circuitry 


of the electronic tracking device. 


153. As discussed at ¶ 143, Sakamoto’s “primary location tracking circuitry” 


comprises GPS receiver 10, GPS control unit 12, positioning control unit 13, and 


satellite signal level detecting unit 15; these components are collectively referred to 


as the “Sakamoto GPS Components” and are depicted in Fig. 1 below (annotated in 


a blue box) along with the signal path for the received GPS signal (annotated in 


green), as discussed below.  
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Sakamoto, Fig. 1 (annotated). 


154. Sakamoto teaches that the Sakamoto GPS Components of position 


information control terminal 1 perform the receipt and measuring of a receive 


communication signal, as I discuss below. In particular, GPS receiver 10 receives a 


GPS signal and sends the receive GPS signal to GPS control unit 12. GPS control 


unit 12 sends the receive GPS signal to satellite signal level detection unit 15, where 


satellite signal level detection unit 15 detects (i.e., measures) the level of the GPS 


satellite signal that GPS receiver 10 received. Sakamoto, [0019] (“[A] satellite signal 


level detection unit 15 for detecting the level of the GPS satellite signal received by 


the GPS receiver 10 via the GPS control unit 12[.]”); Sakamoto, [0027] (“The 
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positioning control unit 13 compares the level of the GPS satellite signal detected by 


the satellite signal level detection unit 15 via the GPS receiver 10 and the GPS 


control unit 12…”), Fig. 1 (annotated) (reproduced above). 


155. In one embodiment, in response to a “positioning control message 


(satellite signal level request message)” sent from position management / 


positioning server 2 to position information communication terminal 1, positioning 


control unit 13 of terminal 1 “causes the satellite signal level detection unit 15 to 


monitor the signal level from the GPS satellite during the measurement time 


specified in the satellite signal level request message.” Sakamoto, [0037]. The 


positioning control message causes positioning control unit 13 to make satellite 


signal level detection unit 15 monitor the signal level from the GPS satellite during 


a set measurement time. Fig. 6 depicts the format of the “positioning control message 


(satellite signal level request message)” sent from position management / positioning 


server 2 to position information communication terminal 1, including the 


“measurement time” during which satellite signal level detection 15 monitors the 


signal level from the GPS satellite.  
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Sakamoto, Fig. 6.  


156. Sakamoto teaches that satellite signal level detection unit 15 monitors 


the signal level from the GPS satellite during the measurement time specified in the 


satellite signal level request message, and communication control unit 11 of terminal 


1 transmits a “positioning control message (satellite signal level response message)” 


to position management / positioning server 2. Sakamoto, [0037]. As depicted in Fig. 


7 below, the “positioning control message (satellite signal level response message)” 


includes a “signal level list” that includes “signal number,” “satellite number” and 


“signal level” information.  


 


Sakamoto, Fig. 7. 


157. Satellite signal level detection unit 15 both detects (i.e., measures) a 


level of the receive GPS signal and determines whether the receive GPS signal level 


value is “equal to or lower than a predetermined threshold value.” In particular, 
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Sakamoto teaches three positioning modes: 1) high sensitivity mode, 2) normal 


mode, and 3) stop-positioning search mode. Sakamoto, [0038]. 


158. Sakamoto teaches that terminal 1 (also referred to in ¶ [0050] below as 


“the remote terminal,” because terminal 1 is remote from position management / 


positioning server 2) can switch to the stop-positioning search mode based on the 


request from server 2 to reduce power consumption when positioning is not possible. 


Sakamoto teaches this process in detail at [0050]. Sakamoto, [0050]. In my opinion, 


a POSITA would have understood that when the receive GPS signal level is too low 


for even the high sensitivity mode, server 2 sets positioning mode information for 


specifying the positioning operation of the GPS receiver 10 of terminal 1 to the stop-


position searching mode to reduce power consumption.  


159. The communication between terminal 1 and server 2 is taught at Fig. 2, 


below. 
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Sakamoto, Fig. 2. Sakamoto further teaches that Fig. 3 depicts position management 


/ positioning server 2, including position information database 25. 


 


160. Sakamoto teaches that the process of measuring the signal level from 


the GPS satellite is performed “at the cycle set in advance in the position information 


database 25.” Id. Sakamoto does not provide a specific example of the cycle timing. 


However, “at the cycle set in advance” would have been understood by a POSITA 


as a predetermined period of time between each cycle. Therefore, in my opinion, this 


process of requesting measurements and measuring a receive communication signal 


level would have been performed automatically according to the “cycle set in 


advance.”  
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161. Sakamoto also teaches an embodiment where the measurement process 


is performed manually in response to either a request from position searcher A or 


position searcher B. See [0012], [0018], [0020-0024], [0031], [0039], [0049], 


[0053], Claim 8. 


162. Under either the automatic or manual satellite signal level measuring 


process, Sakamoto teaches Claim 1(a). 


5. Claim 1(b) 


a) “reducing applied power level to the primary location 
tracking circuitry in response to measurement of a 
receive communication signal level less than a first 
signal level;” 


163. As I discussed above at Claim 1(a), Sakamoto teaches detecting (i.e., 


measuring) a GPS satellite signal level and determining the signal level is below “a 


predetermined threshold value,” i.e. “measurement of a receive communication 


signal level less than a first signal level,” as. claimed. Sakamoto, [0038], [0050]. In 


my opinion, Sakamoto teaches Claim 1(b).  


164. I first note that Claim 3(a) of the ’113 Patent recites “reactivating the 


primary location tracking circuitry,” where there is no “deactivating” the primary 


location tracking circuitry recited in Claim 1 and instead, Claim 1 recites “reducing 


applied power level.” ’113 Patent, 10:31-32, 10:53 (emphasis added). This 


juxtaposition of “reducing applied power level” to the primary location tracking 


circuitry and “reactivating” the primary location tracking circuitry indicates to me 
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the ’113 Patent (both the description and claims) equates deactivation/reactivation 


with reducing/increasing power level. See ’113 Patent, 3:42-46. Because the ’113 


Patent provides little detail on what is meant by “activating” or “deactivating” either 


of the GPS receiver (primary location tracking circuitry) or the accelerometer 


(supplemental location tracking circuitry), and further, the ’113 Patent describes 


only controlling power levels to reduce/increase power consumption, it is my 


opinion the ’113 Patent uses these terms (increasing applied power level and 


activating or reducing applied power level and deactivating) synonymously. ’113 


Patent, 3:40-50, 6:55-59, 6:62-65, 9:48-52, 8:47-50. 


165. As I discussed above for Claim 1(a), Sakamoto teaches positioning 


server 2 sends a position search request message to terminal 1. Sakamoto, [0034], 


[0037-0038]. In response to the position search request message terminal 1 performs 


a position detection operation, including detecting GPS satellite signal levels via 


satellite signal level detection unit 15 (along with GPS receiver 10 and GPS control 


unit 12). Id. Fig. 1 depicts the signal path from GPS receiver 10 to GPS control unit 


12 to satellite signal level detecting unit 15.  
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Sakamoto, Fig. 1 (annotated). 


166. I note that both Sakamoto and the ’113 Patent contemplate averaging 


signals from multiple satellites. The ’113 Patent describes receiving signals from at 


least four GPS satellites to calculate positional information. ’113 Patent, 4:60-63 


(“The positional information of the GPS receiver is calculated based on distance 


calculations from at least four satellites to determine positional information of the 


GPS receiver.”) (emphasis added). I note that Sakamoto teaches averaging signal 


levels received from multiple satellites. Sakamoto's satellite signal level detecting 


unit 15 monitors the “signal level from the GPS satellite during the measurement 


time specified in the satellite signal level request message[.]” Sakamoto, [0037]. 
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Sakamoto teaches that satellite signal level detection unit 15 performs a “calculation 


result of the average value of the signal level” including “number of captured 


satellites.” Sakamoto, [0037]. In my opinion, a POSITA would have understood 


Sakamoto’s teaching of an “average value of the signal level” would have met 


“measurement of a receive communication signal level” in the same manner as a 


POSITA would understand the ’113 Patent describes “measurement of a receive 


communication signal level,” because Sakamoto’s “average value of the signal 


level” comprises sets of signal levels and signal numbers, and the ’113 Patent 


describes receiving signals from at least four satellites (i.e., a plurality of satellites). 


Thus, in my opinion, a POSITA would have understood that Sakamoto describes 


comparing a signal level to a threshold in the same manner as the ’113 Patent. In my 


opinion, Sakamoto teaches the claimed “measurement of a receive communication 


signal level.”  


167. Sakamoto teaches that a positioning control message, as depicted in 


FIG. 7, comprising signal level information is returned to position 


management/positioning server 2 and positioning mode control unit 22 of 


positioning server 2 reads the signal level from each satellite in the signal level list 


and stores both the signal level information and satellite number in position 


information database 25. Sakamoto, [0030], [0037]-[0038], [0041]. Satellite signal 
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level list is depicted in FIG. 7 below as comprising pairs of signal numbers and signal 


levels. 


 


Sakamoto, Fig. 7. 


168. Sakamoto teaches that in response to the positioning control message 


(including the signal level list) depicted in Fig. 7, the positioning mode control unit 


22 of positioning server 2 determines a positioning mode for position information 


communication terminal 1 based on the satellite signal level and “sends a request to 


communication control unit 21” of positioning server 2 including “positioning mode 


information designating the positioning operation of the GPS receiver 10.” 


Sakamoto, [0038], [0050]. Sakamoto teaches that communication control unit 21 of 


positioning server 2 communicates with communication control unit 11 of terminal 


1 “via a mobile communication network[.]” Sakamoto, [0033], [0035], [0037-0040]. 


Therefore, a POSITA would have understood that server 2 sends the “positioning 


mode information designating the positioning operation of the GPS receiver 10” via 


a mobile communication network to terminal 1.  
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169. As I discussed above, Sakamoto teaches three positioning modes that 


are selected based on the GPS satellite signal level: 1) high mode, 2) normal mode, 


and 3) stop-position searching mode. Sakamoto, [0024]-[0025], [0038], [0050]. 


Sakamoto teaches that when the signal level is above a threshold value (e.g., K2) 


(i.e., good signal level), the positioning operations of the GPS receiver 10 are 


performed only when needed (in response to a manual request or cyclically). 


Sakamoto, [0020]-[0024], [0027], [0037]. Sakamoto teaches that if the signal level 


is below a threshold value (e.g., K1) (i.e., poor signal level), then terminal 1 


“automatically makes a transition to the high sensitivity positioning mode.” 


Sakamoto, [0027]. In the high sensitivity mode, “the power of the GPS receiver is 


continuously turned on.” Sakamoto, [0037].  


170. In the third positioning mode (“stop-position searching mode), 


Sakamoto teaches that “[i]f it is determined that the positioning can not be performed 


when the signal level value is equal to or lower than a predetermined threshold value, 


the position search may be stopped.” Sakamoto, [0038], [0050]. I refer to this third 


mode as the “stop-position searching mode” because Sakamoto teaches that 


“positioning cannot be performed” when the signal level value is equal to or lower 


than a predetermined threshold, and thus, the position search is stopped. A POSITA 


would have understood that the stop-position searching mode is a distinct, third 


mode because stopping the position search is a mode that is distinct from both the 
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normal and high sensitivity modes. Sakamoto teaches that the high sensitivity mode 


is selected when a signal level value is “equal to or lower than a predetermined 


threshold value,” (e.g., K1), as discussed above. Sakamoto, [0027]. However, 


Sakamoto specifically teaches that in the high sensitivity mode, the GPS receiver 10 


is “constantly operating.” Sakamoto, [0025], [0019]. Likewise, the normal 


sensitivity mode is selected when “the detection level exceeds the threshold value 


K2,” or “the signal level value is equal to or higher than a predetermined threshold 


value[.]” Sakamoto, [0027], [0038]. Sakamoto teaches that in both the normal and 


high sensitivity modes, the GPS receiver 10 and related circuitry perform positioning 


operations, while in the stop-position searching mode, the position search may be 


stopped. Sakamoto, [0024-0025], [0027], [0038], [0050]. For at least these reasons, 


a POSITA would have understood the “stop-positioning search mode” is a third 


mode in Sakamoto.  


171. Furthermore, a POSITA would have understood that a “predetermined 


threshold” for a signal level value “equal to or lower than a predetermined threshold” 


(e.g., K1) to select the high sensitivity mode would have been different from “the 


signal level value is equal to or lower than a predetermined threshold value” for 


selecting the stop-position searching mode (i.e., lower than the bottom threshold for 


the high sensitivity mode). Sakamoto, [0038]. A POSITA would have understood 


from the collective teachings of Sakamoto that “a predetermined threshold” for 
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selecting the high sensitivity mode and “a predetermined threshold” for selecting the 


stop-position searching mode would have been different; indeed, each threshold is 


for selecting a separate and distinct mode (e.g., transitioning from normal mode to 


high sensitivity mode vs. transitioning from high sensitivity mode to stop-position 


searching mode). Further, a POSITA would have recognized that Sakamoto’s system 


would have been configured to transition from one of the modes to any other mode 


(including directly from stop-position searching mode to normal mode and/or vice-


versa) when appropriate. Furthermore, Sakamoto teaches that the stop-position 


searching mode is selected when positioning cannot be performed. Sakamoto, 


[0038], 0050]. Therefore, a POSITA would have understood that “a predetermined 


threshold” for the stop-position searching mode would have been for a signal level 


lower (i.e., poorer) than the signal level range for the high sensitivity mode. For at 


least these reasons, a POSITA would have understood that Sakamoto teaches three 


distinct modes with distinct thresholds so that Sakamoto’s system would have been 


operable and able to select the correct mode that corresponds to the signal level value 


(i.e., normal mode, high sensitivity mode, or stop-position searching mode). 


Therefore, I note that Sakamoto’s “predetermined threshold value” for the stop-


positioning search mode meets the claimed “first signal level” of the ’113 Patent. 


See ’113 Patent, 6:55-59; Sakamoto, [0038], [0050]. I note that “a predetermined 


threshold” “K1” is not relied on for this mapping.  
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172. It is my opinion that Sakamoto’s stop-position searching mode teaches 


the claimed “reducing applied power level.” In particular, Sakamoto specifically 


teaches that “power consumption can be reduced by stopping the position search 


when positioning is not possible” and that reducing power consumption “extend[s] 


the operating time” for terminal 1.  


[I]t has effects wherein by acquiring the level of the GPS satellite signal 


received by the remote terminal, it is possible to perform high-


sensitivity positioning operation to stabilize the positioning when the 


satellite signal level received by the terminal is low, power 


consumption can be reduced by stopping the position search when 


positioning is not possible, or by switching to the positioning with 


normal sensitivity that consumes less battery for terminals installed in 


positions with good positioning in order to extend the operating time. 


Sakamoto, [0050] (emphasis added). Sakamoto additionally teaches that “when 


positioning cannot be performed when the signal level value is equal to or lower than 


a predetermined threshold value, the position search may be stopped.”  


…wherein the terminal is provided with a satellite signal level detecting 


unit that detects a level of the GPS signal received by the GPS receiver, 


the positioning control unit sets the signal level information to 


positioning control information, the communication control unit of the 


terminal transmits positioning control information in which the signal 


level information is set to the position management server via a mobile 


communication network, the positioning mode control unit of the 


position management server, based on the signal level information, sets 
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positioning mode information for specifying the positioning operation 


of the GPS receiver of the terminal…and the communication control 


unit of the position management server transmits positioning control 


information in which the positioning mode information is set to the 


terminal via a mobile communication network;…If it is determined 


that the positioning cannot be performed when the signal level 


value is equal to or lower than a predetermined threshold value, 


the position search may be stopped. 


Sakamoto, [0038] (emphasis added). 


173. A POSITA would have understood that when a position search is 


stopped, the power applied to the components involved in position searching (the 


components I discussed above as being mapped to the “primary location tracking 


circuitry,” namely, GPS receiver 10, GPS control unit 12, positioning control unit 


13, and satellite signal level detecting unit 15), would have been reduced in response 


to the measurement of a receive communication signal level value less than a first 


signal level value for at least the reasons discussed above. A POSITA would have 


understood that when GPS receiver 10 is not performing searching while in the stop-


position searching mode, that would constitute reducing applied power to the GPS 


receiver 10. Furthermore, Sakamoto specifically teaches that “power consumption 


can be reduced” and the operating time of terminal 1 can be extended while in the 


stop-position searching mode. A POSITA would have understood that “power 


consumption can be reduced” and the operating time of terminal 1 can be extended 
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as teaching “reducing applied power” to the aforementioned “primary location 


tracking circuitry,” and that this reduction in power consumption would have been 


performed in response to a signal level value less than a predetermined threshold 


value. In particular, it is my opinion that if position searching is stopped, then at least 


some functions (e.g., receiving and processing GPS satellite signals) of the GPS 


receiver 10 and GPS control unit 12 are also stopped and, therefore, the applied 


power level of GPS receiver 10 and GPS control unit 12 is also reduced accordingly. 


Sakamoto itself teaches the benefits of such power reduction. For example, 


Sakamoto teaches “[T]urning off the power of the GPS receiver so that longer 


operating time can be achieved.” Sakamoto, [0051].  


174. Therefore, for at least these reasons, it is my opinion that the stop-


position searching mode, in which a position search is stopped, teaches the claimed 


“reducing applied power level to the primary location tracking circuitry in response 


to measurement of a receive communication signal level less than a first signal 


level.”  


175. Additionally or alternatively, I also note that a POSITA would have 


understood Sakamoto as teaching turning off the power of the GPS receiver 10 in 


the stop-position searching mode, as is also done while in the normal mode. 


Sakamoto, [0050]. First, Sakamoto teaches a “positioning operation control means 


wherein, by controlling the power supply of the GPS receiver 10, each positioning 
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operation is controlled[.]” Sakamoto, [0019]. Sakamoto also teaches that in the 


normal mode, the power to the GPS receiver 10 is turned off. Sakamoto, [0024]. 


Additionally, Sakamoto teaches that the power consumption of the battery is 


reduced. Sakamoto, [0039]. Sakamoto teaches that in the stop-positioning search 


mode and in the normal mode, positioning operations are not performed and 


performed only upon request, respectively. Since Sakamoto teaches powering off the 


GPS in the normal mode, a POSITA would have understood or it would have been 


obvious to a POSITA that Sakamoto also teaches powering off the GPS in the stop-


positioning search mode for the same reasons that the GPS is powered off in the 


normal mode: saving battery power and extending operating time by powering off a 


component (e.g., GPS receiver 10) that is not being used. A POSITA would have 


further understood that powering off the GPS receiver 10 “reduc[es] applied power” 


to the GPS receiver.  


6. Claim 1(c) 


a) increasing applied power level to supplemental location 
tracking circuitry response to measurement of the 
receive communication signal less than the first signal 
level; 


176. First, I note that Claim 1(c) is missing the word “in” immediately before 


the recited “response.” I note that Claim 1(b) recites reducing the power level “in 


response to measurement…” Therefore, in my opinion, Claim 1(c) is understood as 
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reciting increasing applied power level to supplemental location tracking circuitry 


“in response to measurement…”  


177. It is my opinion that Sakamoto teaches “measurement of a receive 


communication signal level less than the first signal level,” as I discussed above at 


Claims 1(a)-(b). See Claims 1(a)-(b).  


178. Supplemental location tracking circuitry, such as an accelerometer, was 


extremely well known at the time of the ’113 Patent. As I discussed in the 


Background of the Technology above, use of an accelerometer (or other sensors 


including an e-compass, gyroscope, pedometer) to supplement GPS location 


tracking circuitry when GPS signal levels are weak or unusable was a well-known 


technique. See Section IV.B. One example of supplementing GPS location tracking 


circuitry with an accelerometer is taught by Gotoh (Ex. 1005).  


179. It is my opinion that Sakamoto as modified by Gotoh teaches the 


claimed “increasing applied power level to supplemental location tracking circuitry” 


[in] response to Sakamoto’s measurement of a receive communication signal level 


less than a first signal level. As I discuss further below, Gotoh teaches “starting” 


measuring acceleration when GPS signals cannot be received. Gotoh, [0066], 


[0096]. It is my opinion that Sakamoto’s system as modified to include Gotoh’s 


accelerometer for use when GPS signals cannot be received would have started 


measuring acceleration when GPS signals cannot be received. Indeed, Gotoh teaches 
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measuring accelerometer values when GPS signals cannot be received, which a 


POSITA would have understood as teaching measuring accelerometer values in 


response to a receive communication signal less than a first signal level. And 


Sakamoto teaches an express signal level value, namely transitioning to a stop-


positioning search mode when a “signal level value is equal to or lower than a 


predetermined threshold[.]” Sakamoto, [0038]. A POSITA would have understood 


that in Sakamoto’s system as modified by Gotoh’s accelerometer, the modified 


Sakamoto system would have started measuring accelerometer measurements in 


response to the GPS signal level less than a predetermined threshold value. 


180. I first note that the ’113 Patent does not use the phrase “increasing 


applied power level” to the accelerometer outside of the claims. Instead, the ’113 


Patent describes “commencing” acceleration measurements or coming out of 


standby mode. ’113 Patent, 3:40-50, 6:55-59, 6:62-65, 9:48-52, 8:47-50, Fig. 3 


“S308.” Therefore, a POSITA would have understood “increasing applied power” 


as it is described in the ’113 Patent as “commencing” or starting acceleration 


measurements. Additionally, the ’113 Patent does not indicate any distinction 


between commencing accelerometer measurements and activating the 


accelerometer.  
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181. Gotoh teaches a cellular phone terminal 10 (annotated in red) and an 


accelerometer 13 and acceleration data storage unit 14 (both annotated in blue) 


below: 


 


Gotoh, FIG. 1 (annotated). Gotoh teaches accelerometer 13 starting measuring 


acceleration and the “acceleration data storage unit 14 stores data on the acceleration 


applied to the cellular phone terminal 10 in time series.” Gotoh, [0053]. Gotoh 


teaches that control unit 11 of cellular phone terminal 10 “has a function for 


performing wireless communication with … communication system 30.” Gotoh, 


[0052]. Gotoh further teaches that “communication system 30 is connected to the 


management system 20 via a network N.” Gotoh, [0054], Fig. 1. Gotoh teaches that 


management computer 21 of management system 20 performs double integration 


with respect to time on the acceleration data to derive a distance traveled between a 


measurement start time and a measurement end time. 
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[T]he management computer 21 derives a distance traveled between the 


acceleration measurement start time and the measurement end time 


based on the acceleration data 230 (step S24). Here, the management 


computer 21 derives the travel distance by twice integrating the 


acceleration log of the acceleration data 230 with respect to time. 


Gotoh, [0090].  


182. Gotoh teaches starting acceleration measurements when cellular 


terminal 10 cannot receive GPS signals.  


Data regarding the time at which the cellular phone terminal 10 starts 


measuring the acceleration is recorded in the data area for measurement 


start time. In the present embodiment, the cellular phone terminal 10 


starts measuring the acceleration in a case where the cellular phone 


terminal 10 can not receive GPS signals when the worker tries to 


perform the process for notifying the positional information, or in a case 


where the cellular phone terminal 10 can not communicate with the 


communication system 30. 


Gotoh, [0066] (emphasis added).  


(1) In the above embodiment, in a case where the cellular phone 


terminal 10 can not receive GPS signals, or in a case where the 


cellular phone terminal 10 is outside the range accessible to the 


communication system 30, the cellular phone terminal 10 starts 


recording acceleration data indicative of the acceleration measured 


by the accelerometer 13. Therefore, even in a case where the 


communication condition of the cellular phone terminal 10 is not fine, 
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the travel route of the worker can be predicted using the acceleration 


data. 


Gotoh, [0096] (emphasis added). Gotoh teaches that there are places where “the 


positional information can not be accessed from indoor environments such as inside 


the subways and buildings where communication condition is poor.” Gotoh, [0007]; 


see also, [0025], [0036]. 


183. Therefore, when Gotoh’s terminal 10 cannot receive GPS signals, the 


GPS signal level is poor and less than a first signal level, such that the position of 


the terminal cannot be acquired using the GPS signal reception unit 12. Gotoh, 


[0025], [0036], [0007], Abstract. Gotoh then starts acceleration measurements. 


Gotoh, [0066]. In my opinion, Gotoh’s starting acceleration measurements is 


substantially similar to the ’113 Patent’s description of commencing or activating 


accelerometer measurements due to poor signal level less than a first signal level. 


There is no apparent distinct between the ’113 Patent’s commencing accelerometer 


measurements and Gotoh’s starting accelerometer measurements. Therefore, my 


understanding of “increasing applied power” to the accelerometer would, based on 


the ’113 Patent’s limited disclosure, encompass commencing accelerometer 


measurements.  


184. Alternatively, Gotoh’s starting accelerometer measurements renders 


obvious “increasing applied power” to the accelerometer. Gotoh teaches that when 
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GPS signals cannot be received, the accelerometer starts measuring acceleration data 


to track the location of a worker. It would have been obvious to a POSITA to use 


accelerometer data in situations where GPS signals cannot be received due to poor 


GPS signal reception, and thus increase applied power (as understood by a POSITA 


as described in the ’113 Patent) to the accelerometer to start measuring acceleration 


data only when such functionality was needed, as taught by Gotoh. A POSITA 


would have understood and found it obvious to measure and process acceleration 


data only when needed (such as in the situations taught by Gotoh) to save battery 


power in a cellular phone terminal (or other similar, mobile device) with limited 


battery power. Gotoh teaches an embodiment where acceleration is started to be 


measured when GPS signals cannot be received and acceleration measurements end 


when GPS signals once again become available. Gotoh, [0066]-[0067]. Therefore, a 


POSITA would have understood and found it obvious to measure, process, and/or 


record acceleration data only when such data were going to be used for outputting 


information or instructions to the portable device (and/or remote monitoring station, 


such as management system 20). Performing actions such as measuring, processing, 


and/or recording acceleration data when such data would not be used would have 


unnecessarily wasted battery power in a device with limited battery power. 


Therefore, in my opinion, it would have been obvious to increase applied power (as 


understood by a POSITA as described in the ’113 Patent) to the accelerometer in 


IPR2020-01190 
Apple EX1003 Page 112







Declaration of Scott Andrews 
Patent No. 8,542,113 


 


Sakamoto’s modified system only in response to a GPS signal level being 


unavailable, as taught by Gotoh, to reduce power consumption and increase battery 


life in Sakamoto’s system. Furthermore, Sakamoto itself teaches such a stated goal. 


Therefore, to the extent that Patent Owner contends Gotoh does not teach 


“increasing applied power level” to the accelerometer, it would have been obvious 


to do so.  


185. Gotoh also teaches reading or otherwise using accelerometer 


measurements in response to unavailable GPS signals. For example, Gotoh teaches 


that when a worker pushes the notification button on cellular terminal 10, “the 


cellular terminal 10 detects a communication condition (step S11). This 


communication condition includes a condition for receiving GPS signals[.]” Gotoh, 


[0078]. In the case where the communication condition is such that the cellular 


phone terminal cannot receive GPS signals “(step S12; No),” then “the cellular 


phone terminal 10 measures the acceleration by the accelerometer 13, and starts 


recording data on the measured acceleration (step S14).” Gotoh, [0081]. The 


“control unit 11 obtains the current time by the built-in clock, and records the 


obtained current time as a measurement start time in the acceleration storage unit 


14.” Gotoh, [0081]. Gotoh teaches that the accelerometer 13 continues measuring 


acceleration and acceleration data is recorded in acceleration data storage unit 14 if 


“GPS signal reception unit 12 has still been unable to receive GPS signals” in “(step 
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S15;No)[.]” Gotoh, [0082] (emphasis added). Control unit 11 “continues to monitor 


the reception condition for GPS signals….” Gotoh, [0082]. “[T]he measuring of the 


acceleration by the accelerometer 13 and recording of the data are to be continued 


(step S16)” if “the GPS signal reception unit 12 has still been unable to receive GPS 


signals…(step S15; No)[.]” Gotoh, [0082] (emphasis added). Fig. 5 depicts steps 


S12, S14, S15, and S16 as shown in annotated Fig. 5 below. 
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Gotoh, FIG. 5 (annotated).  


186. This teaching in Gotoh indicates that the measuring and start recording 


of data is responsive to unavailable GPS signals, and only continues until such time 
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the GPS signals are again available. Once the GPS signals are again available, the 


recorded acceleration data is transmitted to the management server and the process 


ends. This further indicates to me the applied power to the accelerometer is increased 


to measure the accelerometer data during those times of unavailable GPS signals.  


187. I note that Gotoh also teaches an embodiment where the accelerometer 


records “acceleration data all the time[.]” Gotoh, [0102]. Such an embodiment 


further indicates that Gotoh teaches that starting measuring acceleration data is the 


commencement of reading acceleration data. For clarity, I note that I do not rely on 


the embodiment where acceleration is constantly recorded for teaching Claim 1(c). 


I rely on the embodiment where acceleration is started to be measured when the 


cellular phone terminal cannot receive GPS signals, as I discussed above. But, in my 


opinion, Gotoh’s comparison of an embodiment where the accelerometer data is 


recorded all the time versus when only recorded during times of unavailable GPS 


signals further indicates applied power to Gotoh’s accelerometer is increased in 


response to a low signal level. 


188. I note that in Section V.F.1 I provided a motivation to combine 


Sakamoto and Gotoh for the combination described for this claim.  


7. Claim 1(d) 


a) “determining differential positional measurements 
based in part on acceleration measurements of 
supplemental location tracking circuitry associated with 
a secondary location tracking system; and” 
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189. As I discussed above at ¶ 145, in my opinion, Sakamoto’s positioning 


control unit programmed to perform Levi’s DR method in combination with an 


accelerometer as taught by Gotoh (or Levi) teaches the claimed “secondary location 


tracking system.” Additionally, Gotoh (or Levi) teaches “supplemental location 


tracking circuitry in the form of an accelerometer. 


190. In my opinion, Claims 1(d)-1(e) encompass the extremely well-known 


technique of “dead reckoning” (which I abbreviate herein as “DR”), where a position 


is calculated/determined based on a known starting position and displacement from 


the known starting position, such that the displacement added to the known starting 


location yields a calculated position. As I discussed in the Background of the 


Technology, the technique of dead reckoning pre-dates the ’113 Patent by many 


years. See Section IV.C. One example of dead reckoning is taught by Levi (Ex. 


1006). I note that Levi pre-dates the ’113 Patent by over a decade, and Levi itself 


notes the “importance of supplementing the GPS position solution with an integrated 


GPS/DR system is evidenced by the considerable work that has been done in this 


area.” Levi, 1:49-55. In my opinion, Levi teaches Claims 1(d)-1(e).  


191. Levi teaches using an accelerometer to provide acceleration data 


indicative of footsteps. Levi, 3:13-16 (“The present invention uses an accelerometer 


to provide acceleration data indicative of footsteps. The basic sensor for the 


navigation pedometer of the presently preferred embodiment comprises a silicon 
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accelerometer.”); Levi 3:27-36 (“The sensing element of the presently preferred 


embodiment comprises a mass suspended on a flexure. When the mass is subjected 


to an acceleration force (for example, during a footstep), the resulting motion can be 


detected by an electrical resistance change in the flexure or by motion measurement 


of the mass…The sensed footsteps are converted to distance and velocity.”). 


Additionally, Levi teaches the well-known fact that acceleration double integrated 


with respect to time calculates displacement: “Double integration calculates position 


from acceleration as the user moves…Results of the integration are added to the 


starting position to obtain current location.” Levi, 1:19-25. 


192. As background, Newton’s laws state that objects change their position 


because of velocity, and velocity arises from forces that accelerate (or decelerate) 


the object. When a force is applied to an object at rest, it will accelerate, and the 


object will move (i.e., it will be “displaced”). Similarly, if a force is applied to an 


object moving at constant speed, it will either speed up, slow down, or change 


direction, depending on the direction of the force. (A change in the direction of an 


object, even if the speed does not change, still requires an acceleration, in this case 


right or left). When the object moves, it experiences a “displacement” (i.e., a 


displacement from its original trajectory). Thus, measuring acceleration of an object 


allows the determination of the displacement of that object. The actual physical 


movement can be computed by integrating the displacement over some time interval 
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to obtain velocity, and then integrating the velocity over the time interval to obtain 


distance. 


193. An accelerometer, such as the accelerometer taught by Gotoh or Levi, 


measures the acceleration that causes displacement. By measuring acceleration with 


an accelerometer, the displacement of the object is also measured, i.e., the 


differential positional measurement.  


194. With a known frame of reference, the displacement vector can thereby 


be generated. As would have been well known to a POSITA, the accelerometer is 


mounted in a fixed orientation within a device, such as navigational device or 


cellular phone (i.e., the accelerometer is not just loose within the phone’s housing). 


The orientation of the phone (carrying the fixed accelerometer) is relative to the earth 


reference frame as measured by the different axes of the accelerometer. By 


measuring acceleration with this orientation, a displacement vector based on the 


acceleration measurements is also determined.  


195. In one example, Levi teaches determining a displacement vector 


(velocity magnitude and position change direction) based on acceleration 


measurements from the accelerometer. Levi, 7:64-8:3 (“The DR software module of 


the present invention performs dead reckoning (DR) navigation by sampling vector 


velocities for incremental course changes. Calculations can be performed 


continuously whenever there is a detected velocity. The DR software accesses the 
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compass, altimeter, pedometer frequency, and calibration table data to obtain 


velocity magnitude and 3-D direction.”). In my opinion, a POSITA would have 


understood Levi’s DR system and software module as using acceleration to 


determine velocity (i.e., by integrating acceleration with respect to time) and 


integrating velocity with respect to time to determine displacement. Therefore, in 


my opinion, Levi teaches the claimed “determining differential positional 


measurements” by, at the least, determining the displacement (or the displacement 


vector by determining the velocity magnitude and direction).  


196. I provide a motivation to combine Sakamoto with Levi at Claim 1(e) 


below. I incorporate the motivation to combine herein.  


8. Claim 1(e) 


a) “determining positional coordinates of electronic 
tracking device responsive to a known reference 
coordinate values and the differential positional 
measurements.” 


197. In my opinion, Levi teaches the steps of Claim 1(e). As I noted above, 


for Claim 1(d), Levi teaches DR “refers to a position solution.” Levi, 1:13-17. This 


“position solution” is a “positional coordinate” obtained by measuring the 


displacement from a known starting point as recited in Claim 1(e). 


198. I first note a POSITA would have readily understood that dead 


reckoning, as taught by Levi, determines a position of the user. Levi teaches 


“supplementing the GPS position solution with an integrated GPS/DR system…” 
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Levi, 1:49-55. Levi teaches well-known DR techniques, including determining a 


position based on displacement from a known position, including a last known 


location. In one example, Levi teaches “‘dead reckoning’ (DR) refers to a position 


solution that is obtained by measuring or deducing displacements from a known 


starting point in accordance with motion of the user.” Levi, 1:13-17 (emphasis 


added). Levi teaches using “GPS to obtain starting positions when GPS is valid, but 


also accepts manual position fixes by map selection or text entry. When GPS is not 


valid, DR uses the last fix, whether GPS or manual, for a start point.” Levi, 7:64–


8:11. A “fix” would be understood to be a position “fix,” which is common 


nomenclature. Levi teaches “DR calculates an incremental change in position from 


a known starting point[.]” Levi, 8:42-44, 7:64-66. Levi teaches the speed readout and 


distance since last fix: “DR Access position solution from DR system. Graphical 


compass output display. Pedometer speed readout and distance since last fix.” Levi, 


7:49-52.  


199. From at least these collective teachings, it is my understanding Levi 


teaches “determining positional coordinates” of an electronic tracking device 


(Sakamoto’s terminal 1 as modified by Gotoh to include an accelerometer and as 


modified by Levi’s dead reckoning system). Levi teaches that “DR continuously 


tracks the user’s position” when there are “GPS outages.” Levi, 2:5-14. Levi teaches 
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that the current course and speed calculation is “continuously displayed on the map” 


and that “the starting location can be current position.” 


Current course and speed calculation is continuously displayed on 


the map, along with a position track. The user can enter or select 


locations for area navigation. The user can determine course and range 


between two locations, using trigonometry algorithms. Horizontal, 


vertical, and slant range are found with trigonometry. The user can 


select a destination such as a feature or waypoint to obtain navigation 


information. The starting location can be current position or some 


other user-defined position. Time and velocity may be calculated 


from the given positions or course and range, such as required velocity 


or estimated-time-of-arrival. 


Levi, 8:25-35 (emphasis added). Levi further teaches that a user can access features 


via menu-driven model selections, including showing current position on map. Levi, 


7:37-45 (“POS Show current position on map. Indicator shows whether the position 


is derived from GPS or DR.”).  


200. Each of these teachings indicate determining a position of the device. 


And, because the position is based on the displacement from a known starting 


point, a POSITA would understand the position determination is “responsive to a 


known reference coordinate values,” i.e., the known starting point. Therefore, Levi 


teaches determining positional coordinates of electronic tracking device responsive 
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to a known reference coordinate values and the differential positional measurements 


of Claim 1(e). 


9. Motivation to Combine Sakamoto (as Modified by Gotoh) 
with Levi 


201. In my opinion, a POSITA would have found it obvious and been 


motivated to modify Sakamoto (as modified to include an accelerometer as taught 


by Gotoh) to include Levi’s DR steps for determining a position based on 


acceleration measurements. A POSITA would have recognized the benefits of using 


an accelerometer to determine differential positional coordinates when GPS signals 


are either weak or unavailable. 


202. In my opinion, a POSITA would have understood that modifying the 


accelerometer in Sakamoto’s system (as modified by Gotoh) such that Sakamoto’s 


terminal would have performed well-known dead reckoning steps would have been 


using a known technique in Sakamoto’s similar portable device with a GPS receiver. 


A POSITA would further have understood that such a combination would have 


predictably resulted in determining position via acceleration measurements when 


GPS is unavailable, as taught by Levi. Levi itself teaches combining a GPS receiver 


for GPS location tracking and an accelerometer for position tracking (during GPS 


outages, in particular). In my opinion, combining the teachings of Sakamoto, Gotoh, 


and Levi would therefore have been straightforward and would not have required 
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undue experimentation. As I discussed above and in the Background of the 


Technology, dead reckoning techniques have been known and utilized for centuries, 


with Levi teaching dead reckoning techniques utilizing acceleration data from an 


accelerometer. In my opinion, the combination of Sakamoto, Gotoh, and Levi would 


therefore have had a reasonable expectation of success. As I also discussed above, 


Sakamoto and Levi both teach portable tracking devices with GPS components. In 


my opinion, modifying Sakamoto’s device (as modified by Gotoh’s accelerometer) 


would have required only simple, well-understood programming techniques, 


especially because techniques for performing dead reckoning are well-known and 


well-understood. 


203.  A POSITA would have understood that both Levi and Gotoh teach 


using an accelerometer to supplement GPS location tracking when GPS signals are 


either weak or unavailable to continue to provide position information even when 


GPS signals are too low to allow a GPS position determination. Gotoh, however, 


sends the measured acceleration data to a remote management system 20 where the 


DR calculations are performed. A POSITA would have found it obvious and would 


have been motivated to modify an accelerometer in Sakamoto’s system (as modified 


by Gotoh) to include well-known dead reckoning techniques and would have looked 


to and used Levi for further improvements. For example, Levi teaches performing 


DR computations locally in the portable device. A POSITA would have been 
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motivated to combine the teachings of Levi to the Sakamoto system (as modified by 


Gotoh) so that the position of the device would have been determined in the device 


itself rather than needing to send the data to a remote server, such that a user’s 


“[c]urrent course and speed calculation” would have been “continuously displayed 


on the map, along with a position track.” See, Levi, 8:25-35, 7:37-45. A POSITA 


would have found it obvious and been motivated to make this combination to allow 


the device to continue determining its position even during periods when a GPS 


and/or the cellular connection are lost. Such a use of a known technique of 


performing DR calculations locally would have improved the similar Sakamoto 


portable terminal (as modified by Gotoh) in the same way by allowing Sakamoto’s 


modified portable terminal to perform DR calculations even when a GPS signal level 


is too low to perform positioning operations. A POSITA would have had a 


reasonable expectation of success because such DR techniques were well known and 


commonly used, as taught by Levi and as I discussed in Section IV.C, above. A 


POSITA would have been motivated and would have made such a combination to 


provide the additional functionality as described by Levi to the modified Sakamoto 


system for the same benefits taught by Levi (e.g., Levi, 2:10-14 “the integrated GPS-


DR navigation system of the present invention provides advantages during GPS 


outages. In these outages, DR continuously tracks the user’s position without 


references to external aids or signals.”)  
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10. Claim 2 


a) “The method of claim 1, wherein the receive 
communication signal less than a first signal level 
comprises an attenuated receive communication signal 
less than a first signal level in response to the electronic 
tracking device moving to at least one of a partially 
enclosed or substantially enclosed structure at least 
partially blocked from communication with the primary 
location tracking system” 


204. In my opinion, the combination of Sakamoto, Gotoh, and Levi teaches 


claim 1. See Claim 1. In my opinion, the combination of Sakamoto, Gotoh, and Levi 


also teaches claim 2. As I discussed above at Claims 1(a) and 1(b), Sakamoto teaches 


“the receive communication signal less than a first signal level.” See Claims 1(a), 


1(b).  


205. The ’113 Patent describes situations where GPS signals may be 


“obstructed or partially blocked”: 


[A] minimal GPS signal level may not be detectable when an individual 


or object is not located in a skyward position. For instance, when an 


individual or object carrying a GPS transceiver enters a covered 


structure, e.g., a garage, a parking structure, or a large building, GPS 


satellite communication signals may be obstructed or partially blocked, 


hindering tracking and monitoring capability. Not only is a GPS 


transceiver receiving a weak GPS signal… 


’113 Patent, 2:63–3:4. 
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206. In my opinion, a POSITA would have understood that a “weak GPS 


signal” that is “obstructed or partially blocked, hindering tracking and monitoring 


capability,” is an “attenuated” signal, as claimed. A POSITA would have understood 


that an “attenuated” signal was a well-known problem in the prior art well before the 


time of the ’113 Patent, as I discussed in the Background of the Technology. See 


Section IV.E (Reliability of GPS Signals). 


207. Levi teaches problems with GPS signals due to “antenna shading, 


jamming, or interference.” Levi, 1:59-60. In my opinion, a POSITA would have 


understood that such antenna shading, jamming, or interference occurs frequently 


when inside buildings, in urban canyons, or other areas where GPS satellite signals 


must pass through materials (and in the process are absorbed or reflected, causing a 


reduced signal level on the other side of the obstruction). A POSITA would have 


understood that such reduction in signal intensity is “attenuation.”  


208. In my opinion, it would have been obvious to a POSITA that the GPS 


signal “equal to or below a predetermined threshold” in Sakamoto would have been 


attenuated in response to terminal 1 (including GPS receiver 10) moving into a 


partially or substantially enclosed structure, such as a building. I note that Sakamoto 


itself recognizes that position searching with the GPS receiver may be “not possible” 


because GPS signals are unavailable. Sakamoto, [0038], [0050].  


IPR2020-01190 
Apple EX1003 Page 127







Declaration of Scott Andrews 
Patent No. 8,542,113 


 


209. In my opinion, it would have been obvious to a POSITA that a cause of 


an attenuated signal (e.g., the GPS signal “equal to or below a predetermined 


threshold” of Sakamoto that I discussed above) would have been “antenna shading, 


jamming, or interference” as taught by Levi, or from being indoors, as the ’113 Patent 


describes the prior art. In particular, a POSITA would have understood Levi’s 


teaching of “antenna shading” occurs when an antenna is in a location where an 


obstruction lies between the antenna and the signal source (e.g., GPS satellites). 


Furthermore, a POSITA would have been familiar with a system like GPS, where 


the signal sources are satellites located overhead (in Earth’s orbit), such that it is 


common to observe “antenna shading” when the antenna is moved indoors or under 


the cover of a structure.  


11. Claim 3 


a) “The method of claim 1, further comprising the steps 
of:” 


210. In my opinion, the combination of Sakamoto, Gotoh, and Levi teaches 


Claim 1. See Claim 1. 


12. Claim 3(a) 


a) “reactivating the primary location tracking circuitry in 
response to measurement of the receive communication 
signal above the first signal level;” 


211. In my opinion, Sakamoto teaches the GPS receiver 10 is reactivated in 


response to the signal level being above the predetermined threshold value, as 
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detected by the satellite signal level detection unit 15. As I discussed above, GPS 


receiver 10 is mapped as part of the primary location tracking circuitry (“Sakamoto 


GPS Components) for Claim 1(a). See Claim 1(a).  


212. In my opinion, a POSITA would have understood that when 


Sakamoto’s terminal 1 is in the stop-position searching mode, position searching is 


stopped and the GPS receiver power level is reduced or cut off. See Claim 1(b). A 


POSITA would further have understood that when the GPS signal level is detected 


as greater than a predetermined threshold level such that the normal or high mode is 


selected as the positioning control mode, then the GPS receiver is “reactivated” 


because the primary location tracking circuitry would have been used to perform 


position tracking. See Sakamoto, [0037]-[0038], Claim 1(a). I note that Sakamoto 


teaches that in the “normal” mode, the GPS receiver powers on and off. Sakamoto, 


[0024]. I note that Sakamoto teaches that in the “high” mode, the GPS receiver is 


“continuously turned on.” Sakamoto, [0036]. Such a transition from the stop-


position searching mode to the normal mode or high mode would therefore 


“reactivate” the GPS receiver 10 (that does not perform position searching while in 


the stop-position searching mode) and the transition would have been in response to 


the signal value level “above” (equal to or higher than) the “first signal level” 


(predetermined threshold value). The selection of either the high mode or the normal 
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mode would be dependent on the signal level, as Sakamoto teaches signal level value 


thresholds for selecting either the high mode or normal mode. Sakamoto, [0027]. 


213. As noted above, a POSITA would have understood that a location 


tracking device that transitioned to stop-positioning mode (i.e. deactivated GPS) 


when the signal level was low, but did not transition to a positioning mode (i.e. 


activate GPS) when the signal was high enough to obtain positioning would never 


generate position values at all after the first GPS deactivation. A POSITA would 


have understood such a device to be useless. Thus a POSITA would have also, for 


this reason, understood that GPS control unit 12 instructs GPS receiver 10 to begin 


position searching, thus increasing power usage by the GPS receiver. Sakamoto, 


[0027]. 


13. Claim 3(b) 


a) “wherein the primary location tracking system comprises 
a wireless location tracking system;” 


214. As I discussed above for Claim 1(a), the “primary location tracking 


system” at least includes Sakamoto’s GPS satellites. In my opinion, a POSITA 


would have understood that GPS satellites, such as those taught by Sakamoto, 


transmit GPS signals. Sakamoto, [0019]. In my opinion, a POSITA would have 


understood that GPS satellites transmit GPS signals wirelessly and that GPS 


receivers receive said wireless signals. It is my opinion that a POSITA would have 


known that GPS satellites transmit signals wirelessly for the simple and extremely 
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well-known facts that 1) GPS satellites orbit around the Earth and 2) GPS satellites 


do not use wires to connect to devices on the Earth’s surface (using wires would, of 


course, constitute a “wired” system as opposed to a “wireless” system). Therefore, 


a POSITA would have understood that GPS satellites transmit GPS signals 


wirelessly. Furthermore, a POSITA would have understood from Gotoh’s teachings 


that “GPS signal reception unit 12 receives a radio wave (a GPS signal) from a 


predetermined GPS (Global Positioning System) satellite.” Gotoh, [0053]. 


215. Sakamoto teaches that terminal 1 and server 2 “are connected by a 


mobile communication network such as a mobile phone.” Sakamoto, [0031]. 


Therefore, a POSITA would have understood that both terminal 1 and server 2 


communicate with each other wirelessly. A POSITA would have understood that 


terminal 1 and server 2 both individually and collectively function as location 


tracking systems because both terminal 1 and server 2 transfer and/or determine 


location coordinates. Sakamoto, [0019-0023], [0030-0038]. Therefore, in my 


opinion, Sakamoto teaches a “primary location tracking system” (including GPS 


satellites) comprises a wireless location tracking system for at least the reasons I 


provided above. 


14. Claim 3(c) 


a) “wherein the supplemental location tracking system 
comprises an accelerometer; and” 
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216. In my opinion, a POSITA would have understood from Claim 3(c) 


reciting an accelerometer and the context of Claim 3(c) that the claimed 


“supplemental location tracking system” references the claimed “supplemental 


location tracking circuitry” recited in Claim 1(c).   


217. As I discussed with regard to Claim 1(c), Gotoh’s accelerometer 13 is 


mapped to the claimed “supplemental location tracking circuitry.” See Claim 1(c). 


15. Claim 3(d) 


a) “wherein the known reference coordinate values 
comprise last known coordinate values of the electronic 
tracking device.” 


218. As I discussed above for Claim 1(e), Levi teaches “known reference 


coordinate values comprise last known coordinate values.” A POSITA would have 


understood that a “last fix” or “known starting point” are “last known coordinate 


values.” See Claim 1(e).  


16. Claim 4 


a) “The method of claim 1, wherein the primary location 
tracking circuitry is configured to communicate with a 
satellite based location tracking system.” 


219. In my opinion, the combination of Sakamoto, Gotoh, and Levi teaches 


Claim 1. See Claim 1. 


220. As I discussed with respect to Claim 1(a), the Sakamoto GPS 


components, including GPS receiver 10, are mapped to the “primary location 


tracking circuitry.” As I discussed above, Sakamoto’s GPS receiver 10 “receives 
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GPS satellite signals from GPS satellites.” In my opinion, a POSITA would have 


understood that said GPS satellites are part of a satellite-based location tracking 


system, such that GPS receiver 10 receiving GPS signals from GPS satellites is 


communication with a satellite based location tracking system. Sakamoto further 


teaches that GPS control unit 12 of terminal 1 receives “orbit information” that is 


used to determine position. Sakamoto, [0005], [0011], [0019], [0022]. In my opinion, 


because Sakamoto teaches using “orbit information” to determine position and the 


orbit information is received from an orbital information supply means or GPS 


satellite information management unit, then communication with the orbital 


information supply means or GPS satellite information management unit is 


communication with a satellite based location tracking system.  


17. Claim 5 


a) “The method of claim 1, wherein the primary location 
tracking circuitry is configured to communicate with at 
least one of a portable wireless communication device 
another tracking device, or a wireless communication 
monitoring station.” 


221. In my opinion, the combination of Sakamoto, Gotoh, and Levi teaches 


Claim 1. See Claim 1. 


222. In my opinion, Sakamoto teaches “wherein the primary location 


tracking circuitry is configured to communicate with at least one of … a wireless 


communication monitoring station.” As I discussed above with respect to Claim 1, 
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the Sakamoto GPS Components (“primary location tracking circuitry”) are part of 


terminal 1. Sakamoto teaches that the Sakamoto GPS Components communicate 


with positioning server 2 via a wireless communication network. Sakamoto, [0030]. 


 


Sakamoto, Fig. 2.  


223. In my opinion, position management / positioning server 2 is a 


“wireless communication monitoring station” as claimed because server 2 manages 


and monitors the position of terminal 1 and also communicates with terminal 1. In 


particular, Sakamoto teaches position management / positioning server 2 manages 


and monitors the position of terminal 1 by, in one example, instructing terminal 1 to 


obtain and transmit its position to position searcher B via positioning server 2 and 


the mobile communication network (depicted in Fig. 2, above). Sakamoto, [0030-


0032], [0035]. In my opinion, these teachings of Sakamoto teach that terminal 1 is 


configured to communicate (including by sending position information) with server 


2. Furthermore, it is my opinion that because Sakamoto’s terminal 1 includes the 
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Sakamoto GPS Components, Sakamoto teaches that “primary location tracking 


circuitry” are configured to communicate with server 2 (the claimed “wireless 


communication monitoring station.”).  


18. Claim 6 


a) “The method of claim 1, wherein the supplemental 
location tracking circuitry is configured to communicate 
with at least one of a portable wireless communication 
device, another tracking device, or a wireless 
communication monitoring station.” 


224. In my opinion, the combination of Sakamoto, Gotoh, and Levi teaches 


Claim 1. See Claim 1. 


225. Sakamoto as modified by Gotoh teaches an accelerometer. See Claim 


1(c). The modified Sakamoto system as modified by Levi teaches performing DR 


calculations at the terminal itself. See Claims 1(d)-1(e). Sakamoto teaches a 


positioning operation such that a position searcher B requests a position of terminal 


1 via server 2. See Claim 1(a). In the modified Sakamoto system, even when GPS 


signals are too weak for positioning (e.g., during a GPS outage as taught by Levi), 


the accelerometer of Gotoh and DR teachings of Levi allow for position tracking via 


the DR system. See Claims 1(c)-1(e) Therefore, a POSITA would have understood 


that the modified Sakamoto would have responded to a position request from 


position searcher B by communicating with positioning server 2 (i.e., wireless 


communication monitoring station) via a mobile communication network by sending 
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DR positioning data (during a GPS outage or when GPS signals are too weak to 


perform GPS position searching), such that the “supplemental location tracking 


circuitry is configured to communicate with a wireless communication monitoring 


station.”  


226. A POSITA further would have been motivated to combine Sakamoto 


(as modified by Gotoh) and Levi in light of the teachings of Cervinka. Similar to 


Levi (as mapped for Claims 1(d)-1(e)), Cervinka also teaches the use of dead 


reckoning when GPS data is no longer available. Cervinka expressly teaches position 


determination is accomplished using the last known coordinates and dead reckoning 


data. Cervinka, 7:50-55 (“One skilled in the art will also understand that with the 


last known position of the cargo, as determined by the GPS position data, and the 


dead reckoning data received from the tracking device 14, the central server 10 may 


determine the current position of the cargo.”), FIG. 3, 1:57-62. Cervinka further 


teaches dead reckoning data, such as the recited “displacements,” is provided by 


accelerometers. Cervinka, 7:1-9, 3:53–4:1. Therefore, a POSITA would have found 


it obvious and been motivated to combine Sakamoto and Levi in the manner 


described above in light of the teachings of Cervinka for the same advantages 


described by Cervinka.  


19. Claim 7 


a) “A method to control power usage comprising:” 
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227. See Claim 1(Preamble). 


20. Claim 7(a) 


a) “measuring a receive communication signal level by 
primary location tracking circuitry of an electronic 
tracking device communicated by a primary location 
tracking system;” 


228. See Claim 1(a). 


21. Claim 7(b) 


a) “adjusting applied power levels to the primary location 
tracking circuitry and supplemental location tracking 
circuitry in response to measurement of a receive 
communication signal level relative to a predetermined 
signal level;” 


229. See Claims 1(b), 1(c). In my opinion, a POSITA would have understood 


that “adjusting power levels” at least includes “increasing” or “decreasing” applied 


power levels. I note that Sakamoto teaches a predetermined threshold (i.e., 


predetermined signal level). See Claims 1(a)-1(c). In my opinion, a POSITA would 


have understood a “signal level relative to a predetermined signal level” at least 


includes “a signal level less than a first signal level” and “a signal level above a first 


signal level” because such signals would be relative (i.e., in relation to) said 


predetermined signal level.  


22. Claim 7(c) 


a) “determining differential positional measurements 
based in part on acceleration measurements of 
supplemental location tracking circuitry associated with 
a secondary location tracking system; and” 
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230. See Claim 1(d). 


23. Claim 7(d) 


a) “determining positional coordinates of electronic 
tracking device responsive to a known reference 
coordinate values and the differential positional 
measurements.” 


231. See Claim 1(e).  


24. Claim 8 


a) “The method of claim 7, wherein the receive 
communication signal comprises an attenuated receive 
communication signal less than the predetermined 
signal level in response to the electronic tracking device 
moving to at least one of a partially enclosed or 
substantially enclosed structure at least partially blocked 
from communication with the primary location tracking 
system.” 


232. See Claim 2. For “signal less than the predetermined signal level,” see 


Claim 7(b).  


25. Claim 9 


a) “The method of claim 7, wherein the primary location 
tracking circuitry is activated in response to a 
measurement of the receive communication signal being 
above the predetermined signal level” 


233. See Claim 3(a). In my opinion, a POSITA would have understood that 


“activating” at least includes “reactivating.” See my discussion at Claim 7(b) for 


“signal being above the predetermined signal level.”  


26. Claim 10 
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a) “The method of claim 7, wherein the primary location 
tracking circuitry is deactivated in response to a 
measurement of the receive communication signal being 
below the predetermined signal level.” 


234. See Claim 1(b). In my opinion, a POSITA would have understood that 


“the primary location tracking circuitry is deactivated …” at least includes “stopping 


the position search” because when a position search is stopped, the primary location 


tracking circuitry is not necessary and would not be in use (i.e., deactivated). As I 


discussed at Claim 1(b) above, a POSITA would have understood that when a 


position search is stopped, the primary location tracking circuitry components, such 


as GPS receiver 10, would not have been in use (“deactivated”). Additionally, a 


POSITA would have understood that power to such components, such as GPS 


receiver 10, would have been cut off (“deactivated”). In addition, even to the extent 


that power was not entirely removed from the location tracking circuitry, a POSITA 


would have understood that when “position searching is stopped” in Sakamoto, the 


receiver would not be trying to acquire GPS signals, and thus the processing circuitry 


to perform this operation would be idle (i.e., deactivated). 


235. See my discussion at Claim 7(b) for “signal being below the 


predetermined signal level.” 


27. Claim 11 


a) “The method of claim 7, wherein the supplemental 
location tracking circuitry is activated in response to a 
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measurement of the receive communication signal being 
below the predetermined signal level.” 


236. See Claim 1(c). In my opinion, a POSITA would have understood “the 


supplemental location tracking circuitry is activated…” at least includes “starts 


measuring the acceleration” because Gotoh teaches starting to measure and record 


acceleration in response to a measurement of the receive communication signal 


being below the predetermined signal level. See my discussion at Claim 1(c). 


237. For my discussion of the “signal being below the predetermined signal 


level,” see Claim 7(b). 


28. Claim 12 


a) “The method of claim 7, wherein the supplemental 
location tracking circuitry is deactivated in response to a 
measurement of the receive communication signal being 
above the predetermined signal level.” 


238. See Claim 1(c). In my opinion, a POSITA would have understood that 


the “supplemental location tracking circuitry is deactivated” at least includes 


“finishing measuring acceleration and recording data” as taught by Gotoh. For 


“signal being above the predetermined signal level,” see Claim 7(b). 


29. Claim 13 


a) The method of claim 7, wherein the primary location 
tracking system comprises a wireless location tracking 
system, the supplemental location tracking system 
comprises an accelerometer, and the known reference 
coordinate values comprise last known coordinate values 
of the electronic tracking device. 
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239. See Claims 1(a), 3(b) for “the primary location tracking system 


comprises a wireless location tracking system.”  


240. In my opinion, a POSITA would have understood from the context of 


Claim 7(c) and the recitation of an “accelerometer” that the claimed “supplemental 


location tracking system” is referencing the claimed “supplemental location tracking 


circuitry” of Claim 7(c).  


241. See Claims 1(c), 3(c) for “the supplemental location tracking system 


comprises an accelerometer. 


242. See Claim 1(e), 3(d) for “the known reference coordinate values 


comprise last known coordinate values.” 


30. Claim 14 


a) “The method of claim 7, wherein the primary location 
tracking circuitry is configured to communicate with a 
satellite based location tracking system.” 


243. See Claims 4, 7. 


31. Claim 15 


a) “The method of claim 7, wherein the primary location 
tracking circuitry is configured to communicate with at 
least one of a portable wireless communication device 
another tracking device, or a wireless communication 
monitoring station.” 


244. See Claims 5, 7. 


32. Claim 16 
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a) “The method of claim 7, wherein the supplemental 
location tracking circuitry is configured to communicate 
with at least one of a portable wireless communication 
device another tracking device, or a wireless 
communication monitoring station.” 


245. See Claims 6, 7. 


33. Claim 17[Preamble] 


a) “A portable electronic tracking device to monitor 
location coordinates of one or more individuals and 
objects, the device comprising:” 


246. See Claim 1(a). Further, I note that Sakamoto teaches that portable 


terminals have limited battery capacity (Sakamoto, [0003]) that mobile 


communication network is a mobile phone (Sakamoto, [0031]), and the various 


components of terminal 1 (Sakamoto, [0019]) including a battery that is not shown. 


Furthermore, Sakamoto teaches terminal 1includes a mobile communication means, 


includes a battery that is monitored to reduce power consumption, and a terminal 1 


that communicates across a mobile communication network. See Sakamoto, [0018-


0019], [0030-0031], [0050-0051]. In my opinion, a POSITA would have understood 


from Sakamoto that terminal 1 (including the mapped Sakamoto Electronic 


Components and mapped as the claimed “electronic tracking device” of Claim 1(a)) 


is a portable terminal.  


247. A POSITA would have understood that the Sakamoto Electronic 


Components monitor location coordinates of terminal 1 (and therefore also monitor 


the location coordinates of a user holding/carrying/moving terminal 1). A POSITA 
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would have understood that including GPS location tracking circuitry in terminal 1 


would have resulted in a portable electronic tracking device to monitor location 


coordinates of one or more individuals and objects, for example, when a user 


requests a position or when a position searcher B requests a location of terminal 1. 


Sakamoto, [0005], [0018-0024], [0030-0031], [0037-0038]. 


34. Claim 17(a) 


a) “primary location tracking circuitry to measure a receive 
communication signal level communicated by a primary 
location tracking system and received by the electronic 
tracking device;” 


248. See Claim 1(a). For my discussion of “receive communication signal” 


versus “receive communication signal level,” see Claim 1(a).  


249. In my opinion, the mapped “Sakamoto GPS Components” (primary 


location tracking circuitry) measure a receive communication signal level 


communicated by a GPS satellite (primary location tracking system). See Claim 1(a), 


Section V.G.2.c and V.G.2 (hardware mappings for these components). 


250. In my opinion and as discussed above in Section V.G.2, the Sakamoto 


GPS Components (that receive a communication signal communicated by a GPS 


satellite) are included in the Sakamoto Electronic Components mapped as the 


“electronic tracking device.” Therefore, in my opinion, Sakamoto teaches 


“…received by the electronic tracking device.”  


35. Claim 17(b) 
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a) “supplemental location tracking circuitry to determine 
positional measurements based in part on measurements 
associated with a secondary location tracking system; 
and” 


251. See Claim 1(c)-(d). 


36. Claim 17(c) 


a) “a battery power monitor configured to:” 


252. In my opinion, the ’113 Patent describes a “battery management 


module” and “battery monitor” as “power management circuitry…controls power 


levels associated with the first tracking device to reduce or increase power 


consumption of a transceiver and its associated circuitry.” ’113 Patent, 3:42-46, 


3:30-33. Sakamoto teaches a battery control unit 16 that notifies positioning control 


unit 13 of a battery amount warning when a remaining battery amount is lower than 


a preset threshold value. Sakamoto, [0010], [0029]. Sakamoto also teaches that 


satellite signal level detection unit 15 measures a receive signal communicated by a 


GPS satellite (primary location tracking system) and passes information regarding 


the signal level to positioning control unit 13. See Claims 1(a), 1(b). Sakamoto 


teaches positioning control unit 13 sends a request to GPS control unit 12 for 


switching between positioning modes for the GPS receiver 10 based on the receive 


signal from either the battery control unit 16 or the signal from signal level detecting 


unit 15. See Claims 1(a), 1(b). Therefore, in my opinion, a POSITA would have 


understood that GPS control unit 12, positioning control unit 13, satellite signal level 
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detecting unit 15, and battery control unit 16 together constitute a “battery power 


monitor” as described by the ’113 Patent. The components of the mapped “battery 


power monitor” are depicted below in the annotated Fig. 1. 


 


Sakamoto, FIG. 1 (annotated). 


37. Claim 17(c)(i) 


a) “reduce applied power level to the primary location 
tracking circuitry in response to measurement of a 
receive communication signal level less than a first 
signal level; and” 


253. In my opinion, Sakamoto teaches this limitation. See Claim 1(b). 


Furthermore, in my opinion, Sakamoto teaches a battery power monitor configured 


IPR2020-01190 
Apple EX1003 Page 145







Declaration of Scott Andrews 
Patent No. 8,542,113 


 


to reduce applied power to the primary location tracking circuitry. As I discussed 


above at Claim 1(b), Sakamoto teaches positioning control unit 13 alone or in 


combination with GPS control unit 12 switches between the three positioning modes. 


Sakamoto, Abstract, [0005-0011], [0019], Claims 1-7. Sakamoto also teaches battery 


control unit 16 sending a signal to positioning control unit 13 to switch between 


positioning modes based on the remaining battery amount. Sakamoto, [0009-0010], 


[0014-0015], [0020-0024], [0028-0029], [0039], Claims 5-6, 10-11. In my opinion, 


the mapped “battery power monitor” (that I discussed at Claim 17(c)) therefore 


performs the switching between the three positioning modes I discussed above (high, 


normal, stop-positioning searching). Therefore, in my opinion, a POSITA would 


have understood that the mapped battery power monitor components reduce applied 


power to the primary location tracking circuitry by selecting the stop-positioning 


search mode in response to measurement of a receive communication signal level 


less than a first signal level[.] 


38. Claim 17(c)(ii) 


a) “increase applied power level to supplemental location 
tracking circuitry response to measurement of the 
receive communication signal less than the first signal 
level;” 


254. Similar to Claim 17(c)(i), which recites “in response to measurement,” 


I note that I understand Claim 17(c)(ii) as reciting increasing applied power level “in 
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response to measurement,” although Claim 17(c)(ii) is missing the “in” that appears 


in Claim 17(c)(i).   


255. In my opinion, Sakamoto as modified by Gotoh teaches this limitation. 


See Claim 1(c). It is also my opinion that Sakamoto as modified by Gotoh teaches a 


battery power monitor (see Claim 17(c) for the mapped components) configured to 


increase applied power to the supplemental location tracking circuitry. As I 


discussed above at Claim 1(b), Sakamoto teaches positioning control unit 13 alone 


or in combination with GPS control unit 12 switches between the three positioning 


modes. Sakamoto, Abstract, [0005-0011], [0019], Claims 1-7. Sakamoto also 


teaches battery control unit 16 sending a signal to positioning control unit 13 to 


switch between positioning modes based on the remaining battery amount. 


Sakamoto, [0009-0010], [0014-0015], [0020-0024], [0028-0029], [0039], Claims 5-


6, 10-11. In my opinion, the mapped “battery power monitor” (that I discussed at 


Claim 17(c)) therefore performs the switching between the three positioning modes 


I discussed above (high, normal, stop-positioning searching). See Claim 17(c)(i).  


256. In my opinion, in Sakamoto’s system as modified by Gotoh to include 


an accelerometer, the system “starts measuring” acceleration data in response to the 


GPS signal level value less than a predetermined threshold. See Claim 1(c). It is my 


opinion that the mapped battery power monitor components would have increased 


applied power level to the accelerometer (the claimed “supplemental location 
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tracking circuitry”) in response to measurement of a receive communication signal 


level less than the first signal level (Sakamoto’s predetermined threshold value).  


39. Claim 17(d) 


a) “wherein the electronic tracking device is configured to 
determine positional coordinates responsive to a known 
reference coordinate values and the differential 
positional measurements.” 


257. See Claim 1(e). 


40. Claim 18 


a) “The device of claim 17, wherein the primary location 
tracking circuitry is configured to communicate with a 
satellite based location tracking system.” 


258. See Claims 1(a), 4, 17. 


41. Claim 19 


a) “The device of claim 17, wherein the primary location 
tracking circuitry is configured to communicate with at 
least one of a portable wireless communication device 
another tracking device, or a wireless communication 
monitoring station.” 


259. See Claims 5, 17. 


42. Claim 20 


a) “The device of claim 17, wherein the supplemental 
location tracking circuitry is configured to communicate 
with at least one of a portable wireless communication 
device another tracking device, or a wireless 
communication monitoring station.” 


260. See Claims 6, 17. 
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H. OPINIONS REGARDING GROUND 2: SAKAMOTO IN VIEW OF GOTOH IN 
FURTHER VIEW OF LEVI AND KULACH 


1. Claim 1(c) 


a) increasing applied power level to supplemental location 
tracking circuitry response to measurement of the 
receive communication signal less than the first signal 
level; 


261. See Ground 1, Claim 1(c) above.  


262. Kulach teaches a sensor unit 32 (annotated in blue below) that 


comprises “sensors 12,” which Kulach teaches are one or more accelerometers 12. 


Kulach teaches that sensor unit 32 is part of portable apparatus 10. Kulach, [0079] 


(“As is discussed above, the various components of the apparatus 10 may be housed 


integrally or separately in any combination. In some embodiments, the apparatus 10 


includes an interface unit 30 for housing the user interface 28 and associated 


components and a sensor unit 32 for housing the one or more accelerometers 12, the 


processing system 16, and the communications element 26.”); Kulach at [0026] (“the 


apparatus 10 may include any number of accelerometers 12, including a single 


accelerometer 12[.]”); Kulach, [0091], Fig. 10. 
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Kulach, FIG. 5 (annotated). 


263. Kulach teaches two examples of powering off accelerometers 12 when 


not in use to conserve energy and achieve optimum system power consumption and 


functionality.  


As is shown in FIGS. 6 through 9, the interface unit 30 and sensor unit 


32 may each be operable to communicate with the navigation unit 24 


to receive and utilize navigation information. The navigation device 24 


may be discrete from the units 30, 32, as shown in FIG. 6, the 


navigation device 24 may be integral with the interface unit 30, as 


shown in FIG. 7, the navigation device 24 may be integral with the 


sensor unit 32, as shown in FIG. 8, and/or the navigation device 24 


may be integral with both units 30, 32, as shown in FIG. 9. Further, in 
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some embodiments, any one or more of the units 30, 32, 36 and 


navigation device 24 may be automatically disabled when not in use 


to achieve optimum system power consumption and functionality. 


Kulach, [0083] (emphasis added).  


264. In one embodiment, “sensor 12” of Fig. 5 is taught as accelerometer 12 


because Kulach teaches “sensor unit 32 for housing the one or more accelerometers 


12[.]” Kulach, [0079]. Kulach also refers to the accelerometer(s) as accelerometer(s) 


12. Kulach, [0024], [0026], [0029]. Kulach teaches that sensors, including 


accelerometers 12, may be enabled “only frequently enough to maintain context 


awareness” and otherwise “disable[d]” to “conserve energy[.]”  


Based on the determination of the use context and with minimal or no 


user intervention, the apparatus 10 can provide any appropriate set of 


functions. For example, while in proximity to a compatible external 


system, the apparatus 10 can automatically establish a communication 


channel and exchange information with the compatible external system. 


Similarly, while monitoring user activity, the apparatus 10 can record 


motion history and associated motion parameters and metrics. While 


not in use, the apparatus 10 can disable most of its sensors to 


conserve energy and enable a subset of the sensors, such as the one 


or more accelerometers 12, only frequently enough to maintain 


context awareness.  


Kulach, [0090] (emphasis added). 
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265. Therefore, a POSITA would have understood that Kulach teaches 


disabling or otherwise reducing power to an accelerometer or accelerometers when 


not in use to save power. A POSITA would have further understood that Kulach 


teaches enabling or applying power to an accelerometer when it is to be used. Kulach 


specifically teaches conserving energy and achieving optimum system power 


consumption by disabling an accelerometer 12 when it is not in use. Therefore, based 


on the teachings of Kulach, a POSITA would have been motivated to disable to 


reduce applied power to an accelerometer when not in use and, conversely, enable 


or increase applied power to an accelerometer when it is to be used.  


266. In my opinion, a POSITA would have found it obvious and been 


motivated to combine the teachings of Kulach with Sakamoto (as modified by Gotoh 


and Levi) for the reasons I discussed above and for the advantages specifically taught 


by Kulach. In my opinion, combining Kulach’s teachings in this way would have 


resulted in Gotoh’s accelerometer being disabled or having reduced power applied 


to said accelerometer when not in use (not measuring or recording acceleration data, 


as described at Ground 1, Claim 1(c)) and conversely, enabling or increasing applied 


power to said accelerometer when the accelerometer is to be used. Such a 


combination would have been further obvious to a POSITA in light of the limited 


battery capacity of portable devices, such as those taught by Sakamoto, Gotoh, Levi, 


and Kulach. Furthermore, a POSITA would have understood that Sakamoto itself 
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teaches power control methods to reduce power consumption in mobile devices, as 


I discussed above at Claim 1(b), for example. Sakamoto, [0024], [0036]. Therefore, 


in my opinion, a POSITA would have found it obvious and been motivated to 


combine Kulach’s technique of enabling/disabling (powering off/off, 


increasing/reducing applied power) sensors when not in use in the similar portable 


device of Sakamoto as modified by Gotoh in the same way to achieve Kulach’s 


specifically stated benefits, including advantageous energy conservation and 


optimum system power consumption. In my opinion, such a combination would 


have had a reasonable expectation of success because Sakamoto itself already 


contemplates powering on/off components as needed in normal mode to achieve 


reduced power consumption. Therefore, applying Kulach’s power-saving technique 


in the modified Sakamoto system would have been straightforward and would have 


yielded the same benefits as stated in Kulach with a reasonable expectation of 


success. For at least these reasons, a POSITA would have been motivated to make 


such a combination and would have done so. 
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VI. CONCLUSION


I declare that all statements made herein of my knowledge are true, and that


all statements made on information and belief are believed to be true, and that these 


statements were made with the knowledge that willful false statements and the like 


so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 


18 of the United States Code. 


Date: 


By: 
Scott Andrews 


7/22/2020
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APPARATUS AND METHOD FOR 
DETERMINING LOCATION AND TRACKING 


COORDINATES OF A TRACKING DEVICE 


2 
temporarily disabled to avoid accidental data overwriting and 
prevent stored data corruption. After free- fall and expected 
shock, the hard-disk write feature is enabled to allow data to 
be written to one or more hard-disk tracks. Still others includ-


RELATED APPLICATIONS 


This application incorporates by reference in their entirety: 
U.S. patent application Ser. No. 11/753,979 filed on May 25, 
2007, entitled "Apparatus and Method for Providing Location 
Information on Individuals and Objects Using Tracking 
Devices"; U.S. patent application Ser. No. 11/933,024 filed 


5 ing medical product manufacturers utilize accelerometers to 
measure depth of Cardio Pulmonary Resuscitation (CPR) 
chest compressions. Sportswear manufacturers, e.g., Nike 
sports watches and footwear, incorporate accelerometers to 
feedback, speed and distance to a runner via a connected 


10 iPod® Nano. 


on Oct. 31, 2007, entitled "Apparatus and Method for Manu
facturing an Electronic Package"; U.S. patent application Ser. 
No. 11/784,400 filed on Apr. 5, 2007, entitled "Communica
tion System and Method Including Dual Mode Capability"; 15 


U.S. patent application Ser. No. 11/784,318 filed on Apr. 5, 
2007, entitled "Communication System and Method Includ
ing Communication Billing Options"; and U.S. patent appli
cation Ser. No. 11/935,901 filed on Nov. 6, 2007, entitled 
"System and Method for Creating and Managing a Personal- 20 


ized Web Interface for Monitoring Location Information on 
Individuals and Objects Using Tracking Devices." 


BACKGROUND OF THE INVENTION 


Still others including manufacturers of conventional iner
tial navigation systems deploy one or more accelerometers as 
part of, for instance, on-board electronics of a vehicle, vessel, 
train and/or airplane. In addition to accelerometer measure
ments, conventional inertial navigation systems integrate one 
or more gyroscopes with the on-board electronics to assist 
tracking including performing various measurements, e.g., 
tilt, angle, and roll. More specifically, gyroscopes measure 
angular velocity, for instance, of a vehicle, vessel, train, and 
or airplane in an inertial reference frame. The inertial refer
ence frame, provided, for instance, by a human operator, a 
GPS receiver, or position and velocity measurements from 
one or more motion sensors. 


More specifically, integration of measured inertial accel-


1. Field of the Invention 
25 erations commences with, for instance, original velocity, for 


instance, of a vehicle, vessel, train, and or airplane to yield 
updated inertial system velocities. Another integration of 
updated inertial system velocities yields an updated inertial 


The invention relates generally to the field oflocation and 
tracking communication systems. More particularly, the 
present invention relates in one embodiment to an accelerom
eter incorporated as part of portable electronic tracking 30 


device for individuals and objects to improve monitoring by a 
wireless location and tracking system and/or wireless com
munication system (WCS). 


2. Description of Related Technology 
Accelerometers are conventionally integrated into elec- 35 


tronics systems that are part of a vehicle, vessel, and airplane 
to detect, measure, and monitor deflections, vibrations, and 
acceleration. Accelerometers, for example, may include one 
or more Micro Electro-Mechanical System (MEMS) devices. 
In particular, MEMS devices include one or more suspended 40 


cantilever beams ( e.g., single-axis, dual-axis, and three-axis 
models), as well as deflection sensing circuitry. Accelerom
eters are utilized by a multitude of electronics manufacturers. 


For instance, electronics gaming manufacturers exploit an 
accelerometers deflection sensing capability, for instance, to 45 


measure device tilt and control game functionality. In another 
instance, consumer electronics manufacturers, e.g., Apple, 
Ericsson, and Nike, incorporate accelerometers in personal 
electronic devices, e.g., Apple iPhone to provide a changeable 
screen display orientation that toggles between portrait and 50 


landscape layout window settings; to manage human inputs 
through a human interface, e.g., Apple iPod® touch screen 
interface; and to measure game movement, and tilt, e.g., Wii 
gaming remotes. Still, others including automobile electron-
ics circuitry manufacturers utilize MEMS accelerometers to 55 


initiate airbag deployment in accordance with a detected col
lision severity level by measuring negative vehicle accelera
tion. 


system orientation, e.g., tilt, angle, and roll, within a system 
limited positioning accuracy. In one instance to improve posi
tioning accuracy, conventional inertial navigation, systems 
utilize GPS system outputs. In another instance to improve 
positioning accuracy, conventional inertial navigation sys
tems intermittently reset to zero inertial tracking velocity, for 
instance, by stopping the inertial navigation system. In yet 
other examples, control theory and Kalman filtering provide 
a framework to combine motion sensor information in 
attempts to improve positional accuracy of the updated iner
tial system orientation. 


Potential drawbacks of many conventional inertial naviga
tion systems include electrical and mechanical hardware 
occupying a large real estate footprint and requiring complex 
electronic measurement and control circuitry with limited 
applicably to changed environmental conditions. Further
more, many conventional inertial navigation system calcula
tions are prone to accumulated acceleration and velocity mea-
surement errors. For instance, many conventional inertial 
navigation acceleration and velocity measurement errors are 
on the order of 0.6 nautical miles per hour in position and 
tenths of a degree per hour in orientation. 


In contrast to conventional inertial navigation systems, a 
conventional Global Positioning Satellite (GPS) system uses 
Global Positioning Signals (GPS) to monitor and track loca
tion coordinates communicated between, location coordi
nates monitoring satellites and an individual or an object 
having a GPS transceiver. In this system, GPS monitoring of 
location coordinates is practical when a GPS transceiver 
receives at least a minimal GPS signal level. However, a 
minimal GPS signal level may not be detectable when an Other electronics manufacturer products, e.g., Nokia 5500 


sport, count step motions using a 3D accelerometer, and 
translate user information via user's taps or shaking motion to 
select song titles and to enable mp3 player track switching. In 
another instance, portable or laptop computers include hard
disk, drives integrated with an accelerometer to detect dis
placement or falling incidents. For instance, when a hard-disk 
accelerometer detects a low-g condition, e.g., indicating free
fall and expected shock, a hard-disk write feature may be 


60 individual or object is not located in a skyward position. For 
instance, when an individual or object carrying a GPS trans
ceiver enters a covered structure, e.g., a garage, a parking 
structure, or a large building, GPS satellite communication 
signals may be obstructed or partially blocked, hindering 


65 tracking and monitoring capability. Not only is a GPS trans
ceiver receiving a weak GPS signal, but also the GPS trans
ceiver is depleting battery power in failed attempts to acquire 
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communication signals from one or more location coordi
nates monitoring satellites, e.g., GPS satellites, or out-of
range location coordinates reference towers. Furthermore, 
weak GPS communication signals may introduce errors in 
location coordinates information. 


In summary, electronic tracking device and methodology 
that provides additional advantages over conventional sys
tems such as improved power management, e.g., efficient use 


4 
FIG. 2 illustrates a location tracking system associated 


with the electronic tracking device and the wireless network 
in accordance with an embodiment of the present invention. 


FIG. 3 illustrates a flow diagram to manage and control 
5 circuitry associated with the electronic tracking device of 


FIGS. 1 and 2 in accordance with an embodiment of the 
present invention. 


DETAILED DESCRIPTION 


Reference is now made to the drawings wherein like 
numerals refer to like parts throughout. 


of battery power and provide other improvements include 
supplementing conventional electronic tracking device moni- 10 


taring, e.g., increased measurement accuracy of location 
coordinates of objects and individuals traveling into and/or 
through a structure, e.g., a partially covered building, a park
ing structure, or a substantially enclosed structure, such as a 
basement or a storage area in a high-rise office building. 


As used herein, the terms "location coordinates" refer 
without limitation to any set or partial set of integer, real 


15 and/or complex location data or information such as longitu
dinal, latitudinal, and elevational positional coordinates. 


SUMMARY OF THE INVENTION 


In a first aspect of the present invention, a portable elec
tronic apparatus for a tracking device is disclosed. The elec
tronic apparatus includes a transceiver, an accelerometer, and 
an antenna. The antenna is disposed on the tracking device. 
The antenna is configured to communicate signal strength to 
a signal processor associated with the tracking device. In one 
variant, responsive to the signal strength, a battery manage
ment module ( e.g., battery monitor) controls electronic com
ponents associated with the tracking device. In one variant, an 
accelerometer performs an acceleration measurement. In one 
variant, prior or nearby location coordinates associated with 
the tracking device are utilized or assist to compute current 
location coordinates information of the tracking device. 


In a second aspect of the present invention, a method is 
disclosed to communicate location coordinates of a first, 
tracking device. In this method, a transceiver communicates 
measured signal strength. In response to measured signal 
strength level, a power management circuitry ( e.g., battery 
monitor) controls power levels associated with the first track
ing device to reduce or increase power consumption of a 
transceiver and its associated circuitry. In one variant, a user 
defines a first signal level, e.g., a threshold level, to commence 
accelerometer measurements. In one variant, if a first signal 
level is detected, an accelerometer measures displacement 
from prior location, coordinates of the first tracking device. In 
another variant, if a first signal level is detected, an acceler
ometer measures relative displacement from prior location 
coordinates of a second tracking device. In yet another vari
ant, if a first signal level is detected, the relative displacement 
is utilized to compute current location coordinates informa
tion of the first tracking device. In another variant, the accel
erometer may be activated to measure impacts of an object or 
an individual to determine if the object or individual may be 
medical attention (e.g., be injured). 


As used herein, the terms "tracking device" and "electronic 
tracking device" refers to without, limitation, to any hybrid 
electronic circuit, integrated circuit (IC), chip, chip set, sys-


20 tern-on-a-chip, microwave integrated circuit (MIC), Mono
lithic Microwave Integrated Circuit (MMIC), low noise 
amplifier, power amplifier, transceiver, receiver, transmitter 
and Application Specific Integrated Circuit (ASIC) that may 
be constructed and/or fabricated. The chip or IC may be 


25 constructed ("fabricated") on a small rectangle (a "die") cut 
from, for example, a Silicon ( or special applications, Sap
phire), Gallium Arsenide, or Indium Phosphide wafer. The IC 
may be classified, for example, into analogue, digital, or 
hybrid (both analogue and digital on the same chip and or 


30 analog-to-digital converter). Digital integrated circuits may 
contain anything from one to millions of logic gates, inver
tors, and, or, nand, and nor gates, flipflops, multiplexors, etc. 
on a few square millimeters. The small size of these circuits 
allows high speed, low power dissipation, and reduced manu-


35 facturing cost compared with board-level integration. 
As used herein, the terms "data transfer", "tracking and 


location system", "location and tracking system", "location 
tracking system", and "positioning system," refer to without 
limitation to any system, that transfers and/or determines 


40 location coordinates using one or more devices, such as Glo
bal Positioning System (GPS). 


As used herein, the terms "Global Positioning System" 
refer to without limitation to any services, methods or devices 
that utilize GPS technology to determine position of a GPS 


45 receiver based on measuring a signal transfer time of signals 
communicated between satellites having known positions 
and the GPS receiver. A signal transfer time is proportional, to 
a distance of a respective satellite from the GPS receiver. The 
distance between a satellite and a GPS receiver may be con-


50 verted, utilizing signal propagation velocity, into a respective 
signal transfer time. The positional information of the GPS 
receiver is calculated based on distance calculations from at 
least four satellites to determine positional information of the 
GPS receiver. 


These and other embodiments, aspects, advantages, and 
features of the present invention will be set forth in part in the 
description which follows, and in part will become apparent 55 


to those skilled in the art by reference to the following 
description of the invention and referenced drawings or by 
practice of the invention. The aspects, advantages and fea
tures of the invention are realized and attained by means of the 
instrumentalities, procedures, and combinations particularly 60 


pointed out in the appended claims. 


As used herein, the terms "wireless network" refers to, 
without limitation, any digital, analog, microwave, and mil
limeter wave communication networks that transfer signals 
from one location to another location, such as, but not limited 
to IEEE 802.1 lg, Bluetooth, WiMax, IS-95, GSM, IS-95, 
CGM, CDMA, wCDMA, PDC, UMTS, TDMA, and FDMA, 
or combinations thereof. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 illustrates a schematic of an electronic tracking 65 


device in accordance with an embodiment of the present 
invention. 


Major Features 
In one aspect, the present invention discloses an apparatus 


and method, to provide an improved capability electronic 
tracking device. In one embodiment, the device provides 
electronic circuitry including an accelerometer to measure 
location coordinates without requiring GPS signaling. In this 
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such as standard pocket of an individual's shirt having 
approximate dimensions of 1.5 inch by 2.5 inch by 1.0 inch. 
In yet another example, electronic tracking device 100 may be 
one integrated circuit having dimensionality in the mm range 


embodiment, location coordinates of an electronic tracking 
device are measured when the electronic tracking device is 
located in a partially enclosed structure, e.g., a building or 
parking lot, up to a fully enclosed structure. In one embodi
ment, the electronic tracking device conserves battery power 
when the device is partially or fully blocked access to location 
coordinates from one or more GPS satellites, e.g., a primary 
location tracking system. In yet another embodiment, accel
erometer measures force applied to the electronic tracking 
device and provides an alert, message to a guardian or other 
responsible person. In one embodiment, the alert message 
includes location coordinates of the electronic tracking 
device and other information, e.g., magnitude or nature of 
force, as well as possibility of injury of an object or individual 
having the electronic tracking device. As described though 
out the following specification, the present invention gener
ally provides a portable electronic device configuration for 
locating and tracking an individual or an object. 


5 in all directions (or even smaller). 
In one embodiment, location tracking circuitry 114, calcu


lates location data received and sends the data to signal, 
processing circuitry 104. Memory 112 stores operating soft
ware and data, for instance, communicated to and from signal 


10 processing circuit 104 and or location tracking circuitry 114, 
e.g., GPS logic circuitry. In one embodiment, a signal detect
ing circuitry 115 detects and measures signal power level. In 
another embodiment, the signal processing circuitry 104 pro
cesses and measures signal power level. Battery level detec-


15 tion circuitry ( e.g., battery level monitor 116) detects a battery 
level of battery 118, which contains one or more individual 
units or grouped as a single unit. 


Exemplary Apparatus 
In one non-limiting example, antennas 122a, 122b electri


cally couple to transceiver 102. In one variant, transceiver 102 
Referring now to FIGS. 1-2 exemplary embodiments of the 


electronic tracking device of the invention are described in 
detail. Please note that the following discussions of electron-
ics and components for an electronic tracking device to moni-
tor and locate individuals are non-limiting; thus, the present 
invention may be useful in other electronic signal transferring 
and communication applications, such as electronics mod
ules included in items such as: watches, calculators, clocks, 
computer keyboards, computer mice, and/or mobile phones 


20 includes one integrated circuit or, in another embodiment, 
may be multiple individual circuits or integrated circuits. 
Transceiver 102 communicates a signal including location 
data between tracking device 100 and the monitoring station 
110, for example, by any of the following including: wireless 


25 network, wireless data transfer station, wired telephone, and 
Internet channel. A demodulator circuit 126 extracts base-


to location and track, trajectory of movement and current 
location of these items within boundaries of or proximity to a 30 


room, building, city, state, and country. 
Furthermore, it will be appreciated that while described 


primarily in the context of tracking individuals or objects, at 
least portions of the apparatus and methods described herein 
may be used in other applications, such as, utilized, without 35 


limitation, for control systems that monitor components such 
as transducers, sensors, and electrical, and/or optical compo
nents that are part of an assembly line process. Moreover, it 
will be recognized that the present invention may find utility 
beyond purely tracking and monitoring concerns. Myriad of 40 


other functions will be recognized by those of ordinary skill in 
the art given the present disclosure. 
Electronic Tracking Device 


Referring to FIG. 1, tracking device 100 contains various 
electronic components 101 such as transceiver 102, signal 45 


processing circuitry 104 (e.g., a microprocessor or other sig
nal logic circuitry), and accelerometer 130. In one non-lim
iting example, the electronic components 101 are disposed, 
deposited, or mounted, on a substrate 107 (e.g., Printed Cir
cuit Board (PCB)). The PCB 107, for example, may be manu- 50 


factured from: polyacryclic (PA), polycarbonate (PC), com
posite material, and arylonitrile-butadiene-styrene (ABS) 
substrates, blends or combinations thereof, or the like (as 
described in more detail, in incorporated by reference U.S. 
patent application Ser. No. 11/933,024 filed on Oct. 31, 55 


2007). The signal processing circuitry 104, in one example, 
associated with the tracking device 100 configured to store a 
first identification code, produce a second identification code, 
determine location coordinates, and generate a positioning 
signal that contains location data ( as described in more detail 60 


in incorporated by reference U.S. patent application Ser. No. 
11/753,979 filed on May 25, 2007). For instance, the location 
data includes longitudinal, latitudinal, and elevational posi
tion of a tracking device, current address or recent address of 
the tracking device, a nearby landmark, to the tracking device, 65 


and the like. In one example, electronic tracking device 100 is 
portable and mobile and fits easily within a compact, volume, 


band signals, for instance at 100 KHz, including tracking 
device configuration and software updates, as well as con
verts a low-frequency AC signal to a DC voltage level. The 
DC voltage level, in one example, is supplied to battery charg
ing circuitry 128 to recharge a battery level of the battery 118. 
In one embodiment, a user of monitoring station 110, e.g., a 
mobile personal digital assistant, mobile phone, or the like, by 
listening ( or downloading) one or more advertisements to 
reduce and/or shift, usage charges to another user, account, or 
database ( as described in more detail in previous incorporated 
by reference U.S. patent application Ser. Nos. 11/784,400 and 
11/784,318 each filed on Apr. 5, 2007). 


In another embodiment, an accelerometer 130, for 
example, a dual-axis accelerometer 130, e.g. ADXL320 inte
grated circuit manufactured by Analog Devices having two 
substantially orthogonal beams, may be utilized. The data 
sheet ADXH320L from Analog Devices is incorporated by 
reference. In one embodiment, the accelerometer 130 acti
vates upon one or more designated antenna( s ), e.g., antennas 
122a, 122b, detecting a first signal level, e.g., a low signal 
level or threshold value, as specified by, for instance, a user or 
system administrator. In one variant of this embodiment, 
electrical circuitry associated with GPS signal acquisition, 
e.g., all or a portion of amplifier block 120, may be, for 
instance, placed on standby or in a sleep mode. In another 
embodiment, the accelerometer 130 remains in a standby 
mode until, for instance, a system administrator, a specified, 
time period, or a user activates the accelerometer 130. In one 
embodiment, the amplifier block 120 includes multiple elec
tronic functions and blocks including a low noise amplifier, a 
power amplifier, a RF power switch, or the like, placed in a 
sleep or standby mode, for instance, to converse a battery 
level of the battery 118. 


In another variant of this embodiment, circuitry, such as 
amplifier block 120 or location tracking circuitry 114, may be 
placed in a sleep or standby mode to conserve a battery level 
of the battery 118. In one variant, the tracking device 100 
periodically checks availability ofGPS signal, e.g., performs 
a GPS signal acquisition to determine if a receive communi
cation signal is above a first, signal level. Referring to 
embodiment depicted in FIG. 2, electronic tracking device 
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tion coordinates) to monitoring station 110 (e.g., a mobile 
phone, a personal digital assistant) through a wireless net
work 140. As described above, when GPS signaling is not 
practicable, electronic device proximity measurements pro-


100 exits an opening 150 in partially enclosed structure 210; 
thus, electronic tracking device 100 may resume GPS signal 
acquisition using GPS satellite 143 (e.g., in response to a 
periodic check by the tracking device 100 of a receive com
munication signal level above a first signal level). 5 vide differential location coordinate information to calculate 


In one embodiment, system administrator selects a signal 
noise bandwidth, e.g., within a range of 3 to 500 Hz, of the 
accelerator 130 to measure dynamic acceleration ( e.g., due to 
vibration forces applied, to electronic tracking device 100). In 
another embodiment, system administrator selects a signal 10 


noise bandwidth, e.g., within a range of 3 to 500 Hz, to 
measure static acceleration ( due to gravitational forces 
applied to electronic tracking device 100). In particular, exter
nal forces on electronic tracking device 100 cause, for 
example, internal structural movements, e.g., deflection of 15 


dual-axis beams, of the accelerometer 130. The deflection of 
dual-axis beams generates differential voltage( s ). 


Differential voltage(s) are proportional to acceleration 
measurements, e.g., discrete acceleration measurements, of 
electronic tracking device 100, for instance in x, y, and z 20 


directions. Differential voltage(s), in one instance, are rela
tive to, for instance, a last known GPS location coordinates of 
electronic tracking device 100. By performing electronic 
device proximity measurements, e.g., measuring acceleration 
vectors of electronic tracking device 100 at time intervals, 25 


e.g., Tl, T2, T3 ... TN, monitoring station 110 computes 
electronic tracking device velocity at time intervals, e.g., Tl, 
T2, T3 ... TN. In one embodiment, time intervals, e.g., Tl, 
T2, and T3 ... TN are measured in accordance with instruc
tions by a system administrator or user. In one embodiment, 30 


time intervals are selected within a range of one micro-second 
to several minutes. 


In one embodiment, the monitoring station 110 performs 
an integration of the acceleration measurements as a function 
of time to compute electronic tracking device velocity at time 35 


intervals, e.g., Tl, T2, and T3 ... TN. By referencing prior 
location coordinates, e.g., last known accurate location data 
of the electronic tracking device 100 or last known location 
data of nearby electronic tracking device (e.g., second track
ing device 101 in proximity to electronic tracking device 40 


100), monitoring station 110 computes a current location of 
electronic tracking device 100 utilizing electronic tracking 
device velocity computations. Advantageously, monitoring 
station 110, in an above described embodiment, uses above 
described device proximity measurements to monitor current 45 


location data of electronic tracking device 100 without con
nectivity to receive communication signals from GPS satel
lites. 


current location coordinate information. 
In one embodiment, accelerometer, e.g., accelerometer 


130, determines if electronic tracking device 100 in a station
ary position for a period, for instance, designated by system 
administrator or user. For example, electronic tracking device 
100 may be, for example, located on a counter top, within, a 
pocket of clothing, or in suitcase, not being moved, or not 
currently in use. Continuing with this embodiment, electronic 
tracking device 100 communicates a code, e.g., a stationary 
acknowledgement code, to communication network, e.g., 
wireless network 140. In one variant, when or if monitoring 
station 110 requests location data through communication 
network, electronic tracking device 100 determines located in 
a stationary or substantially stationary position and electronic 
tracking device 100 communicates its last-known location to 
the monitoring station 110 without accessing or requiring 
GPS signaling or active GPS circuitry, e.g., location tracking 
circuitry 114. Advantageously, in this embodiment, when 
electronic tracking device 100 does not utilize and require 
GPS circuitry, e.g., location tracking circuitry 114, or func
tionality, the power resources are preserved of battery 118 in 
contrast to many conventional GPS communication, system 
continuing power-on GPS circuitry. In one embodiment, elec
tronic tracking device 130 associated with a person or object 
remains at a substantially stationary position approximately 
one-forth to one-third of a calendar day; thus, this feature of 
not accessing GPS circuitry preserves battery power. 


In another embodiment, an accelerometer, such as accel
erometer 130, detects tapping against electronic tracking 
device 100. For instance, upon wake-up, userprompt, system, 
administrator prompt, or active, accelerometer 130 detects a 
person or object tapping a sequence on electronic tracking 
device 100. In one embodiment, electronic tracking device 
100 includes digital signal programming circuitry (such as of 
signal, processing circuitry 104). The digital signal program
ming circuitry recognizes progranimed motions received by 
accelerometer, such as accelerometer 130, and transmits an 
alert message to the monitoring station 110 upon receiving a 
recognized motion pattern. For example, electronic tracking 
device 100 may be programmed to recognize an "SOS tap 
cadence". Thus, it electronic tracking device 100 is repeat-
edly tapped, for instance, in a "dot-dot-dot, dash-dash-dash, 
dot-dot-dot" pattern, signal processing circuitry 104 recog
nizes a motion pattern and transmit an alert message to wire-In one embodiment, the monitoring station 110 may 


include a mobile phone having connectivity to wireless net
work 140 electrically coupled to electronic tracking device 
100 (FIG. 2). In this variant, the wireless network 140 resides 
or circulates within at least a portion of a semi-enclosed, 
partially-enclosed, or fully enclosed structure, e.g., building, 
parking structure, closet, storage room, or the like ( e.g., struc
ture 210 in FIG. 2). Furthermore, in one embodiment, the 
present invention conserves battery power by placing on 
standby, low power mode, or disabling entirely GPS signal, 
acquisition, circuitry and other associated devices, e.g., all or 
a portion of amplifier block 120 including power amplifiers, 
LNAs, switches, and the like. Furthermore, during supple
mental location coordinates tracking, e.g., electronic device 
proximity measurements, the transceiver circuitry ( e.g., 
transceiver 102, location tracking circuitry 114, and signal, 
processing circuitry 104) consumes reduced battery power 
for GPS circuitry while the electronic tracking device 100 
communicates displacement vectors (e.g., differential loca-


50 less network 114 to monitoring station 110. In one instance, 
alert message may be associated a distress pattern and require 
an appropriate response. In one variant, the accelerometer 
may recognize when an object or individual spins or turns 
motion of electronic tracking device 100. Continuing with 


55 this embodiment, signal processing circuitry 104 recognizes 
programmed motions, and transceiver 102 transmits an alert 
message to wireless network 114 associated with pro
grammed motions. In another variant, electronic tracking 
device 100 is programmed to recognize other motion pat-


60 terns, such as, when it is tumbled or flipped. Depending upon 
on duration, time, or cadence of these movements or motion 
patterns, electronic tracking device 100 communicates an 
alert message to the wireless network 114. In one variant, 
wireless network 114 performs an appropriate action, such as 


65 communicating information signal to monitoring station 110. 
In another example, physical impacts on electronic track


ing device 100 are measured to determine it an individual or 
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various embodiments, it will be understood that various omis
sions, substitutions and changes in the form and details of the 
device or process illustrated may be made by those skilled in 
the art without departing from the spirit of the invention. The 
foregoing description is of the best mode presently contem
plated of carrying out the invention. This description is in no 
way meant to be limiting, but rather should be taken as illus
trative of the general principles of the invention. The scope of 
the invention should be determined with reference to the 


10 claims. 


object may be injured. In one embodiment, magnitude of 
displacement vectors may be measured by one or more accel
erometers, such as accelerometer 130, disposed at various 
inclinations and orientations, e.g., disposed substantially 
orthogonal to one another. Continuing with this embodiment, 5 


when a measured physical impact is above a predetermined 
level, an object or individual associated with electronic track
ing device 100 may have suffered a fall or be in need of 
medical attention. In one variant of this embodiment, a user 
(e.g., a system administrator, or person located in a contact 
book) at monitoring station 110 becomes alerted, e.g., by text 
message, email, or voice mail (as more fully described in 
previously incorporated by reference U.S. patent application 
Ser. No. 11/935,901 filed on Nov. 6, 2007, entitled "System 
and Method for Creating and Managing a Personalized Web 15 


Interface for Monitoring Location Information on Individuals 
and Objects Using Tracking Devices"). In one variant ofthis 
embodiment, if a user does not affirmatively respond, another 
individual, guardian, medical personnel, or law enforcement 
officer is contacted by monitoring station 110 (as more fully 20 


described in Ser. No. 11/935,901 ). In yet another variant of 
this embodiment, monitoring station 110 continues to contact 
individuals until the alert message is affirmatively answered. 
Battery Conservation 


Referring to FIG. 3, a flow chart 300 illustrates battery 25 


conservation for electronic tracking device 100 as described 
in FIGS. 1, 2 in accordance with one embodiment of the 
present invention. In step 302, antenna 122a associated with 
electronic tracking device 100 acquires a snapshot of receive 
communication signal including location coordinates data. In 30 


step 304, processing unit 104 processes the snapshot of 
receive communication signal including location coordinates 
data. In step 306, processing unit 104 determines a power 
level of receive communication signal. 


In step 308, accelerometer 130 activates if a power level of 35 


the receive communication signal is insufficient for process
ing. In one variant of step 308, accelerometer 130 measures 
acceleration of electronic tracking device 100 at time inter
vals, e.g., Tl, T2, T3 ... TN. 


In step 310, processing unit 104 computes current location 40 


coordinates using acceleration measurements. In step 312, all 
or a portion of amplifier block 120 and associated circuitry, 
e.g., location tracking circuitry, are activated at selected time 
intervals to determine if receive communication signal is of 
sufficient signal strength. In one variation of step 312, upon 45 


determining receive communication signal of sufficient sig
nal strength, location tracking circuitry 114 are activated, and 
processing unit 104 determines location coordinates from the 
receive communication signal. In another variation of step 
312, upon determining receive communication signal of suf- 50 


ficient signal strength, accelerometer 130 is deactivated and 
location tracking circuitry 114 are activated, and processing 
unit 104 determines location coordinates from the receive 
communication signal. 


What is claimed is: 
1. A location monitoring apparatus for an electronic track


ing device to track by a monitoring station comprising: 
an accelerometer to generate displacement vectors associ


ated with the electronic tracking device; and 
a signal processor to measure a signal level of a receive 


communication signal comprising location coordinates 
information; 


wherein the accelerometer activates or deactivates based in 
part on a value of the signal level of the receive commu
nication signal, wherein to generate displacement vec
tors comprises to generate differential voltage values 
representative of acceleration with respect to an initial 
location coordinates reference values, convert the differ-
ential voltage values of the electronic tracking device; 
and communicate the acceleration values to the moni-
toring station. 


2. The apparatus of claim 1, wherein the monitoring station 
converts the acceleration values to delta positional values and 
calculates current location coordinates information of the 
electronic tracking device in response to initial location coor-
dinates reference values and delta positional values. 


3. The apparatus of claim 1, wherein the monitoring station 
comprises a mobile phone electrically coupled to a wireless 
communication network to communicate information 
between the electronic tracking device and the mobile phone. 


4. The apparatus of claim 1, further comprising an addi-
tional accelerometer responsive to physical impacts of the 
electronic tracking device; wherein a user is alerted of the 
physical impacts based in part on a magnitude value of the 
physical impacts. 


5. The apparatus of claim 1, further comprising: 
a multitude of additional accelerometers to provide outputs 


responsive to physical impacts of the electronic tracking 
device in a variety of physical orientations; 


wherein the monitoring station contacts an individual on a 
contact list in response to magnitude of the outputs 
above a threshold level; and 


wherein the contact list and the threshold level in response 
to input from a system administrator or a user. 


6. The apparatus of claim 1, wherein the first signal level 
comprises a threshold value determined by a user or system 
administrator to deactivate location tracking circuitry and 
power amplifier circuitry and to activate the accelerometer to 


It is noted that many variations of the methods described 
above may be utilized consistent with the present invention. 
Specifically, certain steps are optional and may be performed 


55 measure differential voltage values responsive to a measure
ment of displacement of the electronic tracking device from 
known reference coordinate values. 


or deleted as desired. Similarly, other steps ( such as additional 
data sampling, processing, filtration, calibration, or math
ematical analysis for example) may be added to the foregoing 
embodiments. Additionally, the order of performance of cer
tain steps may be permuted, or performed in parallel ( or 
series) if desired. Hence, the foregoing embodiments are 
merely illustrative of the broader methods of the invention 
disclosed herein. 


While the above detailed description has shown, described, 
and pointed out novel features of the invention as applied to 


7. The apparatus of claim 6, wherein the known reference 
coordinate values comprise a last known location of the elec-


60 tronic tracking device. 


65 


8. A location monitoring apparatus for an electronic track
ing device to track by a monitoring station comprising: 


an accelerometer to generate displacement vectors associ
ated with the electronic tracking device; 


a signal processor to measure a signal level of a receive 
communication signal comprising location coordinates 
information, wherein the accelerometer activates or 
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deactivates based in part of a value of the signal level of 
the receive communication signal; 


a power amplifier to amplify a signal level of at least one of 
the receive communication signal and a transmit com-
munication signal; and 5 


battery monitor circuitry to measure available battery 
power and adjust power usage to the power amplifier 
responsive to available battery power and to a signal 
level of the receive communication signal. 


9. A location monitoring apparatus for an electronic track- 10 


ing device to track by a monitoring station comprising: 
an accelerometer to generate displacement vectors associ


ated with the electronic tracking device; 
a signal processor to measure a signal level of a receive 15 


communication signal comprising location coordinates 
information, wherein the accelerometer activates or 
deactivates based in part of a value of the signal level of 
the receive communication signal; 


power amplifier circuitry; 


12 
location tracking circuitry; and 
battery management circuitry to adjust power level applied 


to the location tracking circuitry and the power amplifier 
circuitry responsive to the signal level. 


10. A location monitoring apparatus for an electronic track
ing device powered by a battery to track by a monitoring 
station comprising: 


an accelerometer to generate displacement vectors associ
ated with the electronic tracking device; and 


a signal processor to measure a signal level of a receive 
communication signal comprising location coordinates 
information; and 


a battery power monitor configured to activate and deacti
vate at least one portion of the electronic tracking device 
to conserve battery power in response to a signal level of 
the receive communication signal, wherein the acceler
ometer activates or deactivates based in part on the sig
nal level of the receive communication signal. 


* * * * * 
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I, Scott Andrews, hereby declare the following:  


 BACKGROUND AND QUALIFICATIONS  


1. My name is Scott Andrews, and I am over 21 years of age and otherwise 


competent to make this Declaration. I make this Declaration based on facts and 


matters within my own knowledge and on information provided to me by others, 


and, if called as a witness, I could and would competently testify to the matters set 


forth herein. 


2. I have been retained as a technical expert witness in this matter by 


Counsel for the Petitioner, Apple Inc. (“Petitioner”) to provide my independent 


opinions on certain issues requested by Counsel for Petitioner relating to the 


accompanying Petition for Inter Partes Review of U.S. Patent No. 8,102,256 (“the 


’256 Patent”). I am being compensated at an hourly rate of $450.00. My 


compensation in this matter is not based on the substance of my opinions or on the 


outcome of this matter. I have been informed that LBT IP I LLC is the purported 


owners of the ’256 Patent. I note that I have no financial interest in LBT IP I LLC 


or Petitioner, and I have no other interest in the outcome of this matter.  


3. I have summarized in this section my educational background, career 


history, and other qualifications relevant to this matter.  I have also included a current 


version of my curriculum vitae, attached as Appendix B. 


4. I have over 30 years of professional experience in the field of mobile 
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devices and technologies and systems, including handheld communications and 


navigation devices, vehicle information systems and vehicle safety and control 


systems, and the sensor system that are used in these devices. Further, I have 


authored numerous published technical papers and am a named inventor on 15 U.S. 


and foreign patents. 


5. I received a Bachelor of Science degree in Electrical Engineering from 


University of California, Irvine in 1977 and a Master of Science degree in Electronic 


Engineering from Stanford University in 1982. 


6. From 1977 to 1979, I worked at Ford Aerospace where I designed, 


tested and delivered microwave radar receiver systems. 


7. From 1979 to 1983, I worked at Teledyne Microwave, where I 


developed high reliability microwave components and developed CAD tools. 


8. From 1983 to 1996, I worked at TRW, Inc., having held various 


positions. From 1983 to 1985, I was a Member of the technical staff and a 


Department Manager in the Space Electronics sector. Between 1985 and 1990 I was 


a project manager working on various communications systems projects including 


the US DoD Advanced Research Projects Administration (ARPA) MIMIC Program. 


Between 1990 and 1993 I was the Manager of MMIC (monolithic-microwave-


integrated-circuit) Products Organization. In this role, I developed business strategy 


and managed customer and R&D programs. During this time, I also developed the 
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first single chip 94 GHz Radar, used for automotive cruise control and anti-collision 


systems. In 1993, I transferred to the TRW Automotive Electronics Group, and 


managed about 30 engineers in the Systems Engineering and Advanced Product 


Development organization. In this role, I managed advanced development programs 


such as automotive radar, adaptive cruise control, occupant sensing, automatic crash 


notification systems, in-vehicle information systems, and other emerging 


transportation products. 


9. During this time, I also worked with various types of accelerometers. 


For example, I developed a system that sampled the acceleration signal over time, 


and applied this time series of samples as inputs to a neural network. We then 


adjusted the weights of the neural network so that the system would correctly 


discriminate between crash events and the events, for airbag activation. We also used 


accelerometers to determine and control airbag deployment parameters and timing, 


and to provide information about the crash severity to first responders. 


10. I was employed as a Project General Manager in the Electronics 


Division of Toyota Motor Corporation at Toyota headquarters in Toyota City, Japan 


from April 1996 to around April 2000. In this position, I was responsible for leading 


the development of vehicle telematics systems, infotainment systems, including on-


board and off-board navigation systems, mobile device integration systems, traffic 


information systems, vehicle communications systems, safety applications, and 
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automated vehicle control systems. For example, while I was working at Toyota, I 


was awarded a Japanese patent related to determining the relative orientation of a 


user’s eyepiece (i.e. glasses) relative to their eye axis and a display screen in order 


to determine where on the screen the user was looking. 


11. I am currently a consultant for Cogenia Partners, LLC, focusing on 


systems engineering, business development and technical strategy supporting 


automotive and information technology. I have been in this position since 2001. In 


one of my active engagements, I served as the technical lead on a project funded by 


the National Highway Traffic Safety Administration (NHTSA) to develop 


requirements for connected vehicle safety systems in preparation for NHTSA 


regulations governing such systems. I also served as a technical consultant on 


multiple projects sponsored by the Federal Highway Administration (FHWA) 


related to connected vehicle technology research. 


12. In the various positions mentioned above, I was responsible for research 


and development projects relating to numerous mobile information systems, user 


interface systems, sensory systems, control systems and safety systems, and also had 


the opportunity to collaborate with numerous researchers and suppliers to the auto 


industry. I therefore believe that I have a detailed understanding of the state of the 


art during the relevant period, as well as a sound basis for opining how persons of 


skill in the art at that time would understand the technical issues in this case. 
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13. I am being compensated for my time spent in connection with this case. 


I have no financial interest in the outcome of this case. The opinions provided in this 


report are my own and my compensation does not depend in any way on the 


substance of my opinions. 


14. As part of my work and in forming my opinions in connection with this 


proceeding, I have reviewed the following materials. For any prior art listed below, 


it is my opinion persons of ordinary skill in my field would reasonably rely upon 


such prior art in forming opinions regarding the subject matter of this proceeding: 


• Petition for Inter Partes Review of U.S. Patent No. 8,102,256; 
• U.S. Patent No. 8,102,256 (Ex. 1001); 
• File History for U.S. Patent 8,102,256 (Ex. 1002); 
• JP 2004-37116 to Sakamoto (“Sakamoto”) (Ex. 1004); 
• U.S. Patent App. No. 2003/0217070 to Gotoh et al. (“Gotoh”) (Ex. 


1005) 
• U.S. Patent No.  5,583,776 to Levi et al. (“Levi”) (Ex. 1006); 
• U.S. Patent App. Pub. No. 2007/0208544 to Kulach et al. (“Kulach”) 


(Ex. 1007); 
• U.S. Patent App. No. 2006/0272413 to Vaganov et al. (“Vaganov”) (Ex. 


1008); 
• U.S. Patent No. 7,053,823 to Cervinka et al. (“Cervinka”) (Ex. 1009); 
• U.S. Patent No. 6,799,050 to Krasner (“Krasner”) (Ex. 1010;) 
• U.S. Patent No. 5,902,347 to Backman et al. (“Backman”) (Ex.1013); 
• U.S. Patent No. 7,106,189 to Burneske et al. (“Burnseske”) (Ex. 1014); 
• U.S. Patent No. 6,308,134 to Croyle et al. (“Croyle”) (Ex. 1015);  
• U.S. Patent No. 7,024,321 to Deninger et al. (“Deninger”) (Ex. 1016);  
• U.S. Patent No. 7,196,661 to Harvey (“Harvey”) (Ex. 1017);  
• U.S. Patent No. 5,257,195 to Hirata (“Hirata”) (Ex. 1018) 
• U.S. Patent Application Publication No. 2006/0167647A1 to Krumm et 


al. (“Krumm”) (Ex. 1019);  
• U.S. Patent No. 5,592,173 to Lau et al. (“Lau”) (Ex. 1020);  
• U.S. Patent No. 7,430,675 to Lee (“Lee”) (Ex. 1021); 
• U.S. Patent No. 8,467,804 to Lindquist (“Lindquist”) (Ex. 1022); 
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• U.S. Patent No. 7,760,137 to Martucci et al. (“Martucci”) (Ex. 1023); 
• U.S. Patent No. 7,181,192 to Panasik et al. (“Panasik”) (Ex. 1024); 
• U.S. Patent No. 7,126,536 to Rabinowitz et al. (“Rabinowitz”) (Ex. 


1025)  
• U.S. Patent No. 8,797,214 to Taylor et al. (“Taylor”) (Ex. 1026); 
• U.S. Patent No. 7,239,271 to Vyas et al. (“Vyas”) (Ex. 1027); 
• U.S. Patent No. 6,850,844 to Walters et al. (“Walters”) (Ex. 1028); 
• U.S. Patent No. 7,439,907 to Wang et al. (“Wang”) (Ex. 1029); 
• U.S. Patent No. 5,491,486 to Welles, II et al. (“Welles”) (Ex. 1030); 
• Analog Devices ADXL320 Data Sheet (“ADXL320”) (Ex. 1031) 
• Vehicle Location and Navigation Systems, pp. 43–81 (“Zhao”) (Ex. 


1032); 
• CV of Scott Andrews (Ex. 1035); 
• LBT IP I LLC v. Apple Inc., 1:19-cv-01245, No. 1 (D. Del. July 1, 2019) 


(“LBT Complaint”) (Ex. 1036); 
• U.S. Patent Application Publication No .2003/010988 to Geissler et al. 


(“Geissler”) (Ex. 1037); 
• U.S. Patent Application Publication No. 2006/0136173 to Case, Jr. et 


al. (“Case”) (Ex 1038); 
• U.S. Patent Application Publication No. 2007/005243A1 to Horvitz et 


al. (“Horvitz”) (Ex. 1039); 
• U.S. Patent Application Publication No. 2007/0005363A1 to Cucerzan 


et al. (“Cucerzan”) (Ex. 1040); 
• U.S. Patent No. 6,067,046 to Nichols (“Nichols”) (Ex. 1041); 
• U.S. Patent No. 6,522,266 to Soehren et al. (“Soehren”) (Ex. 1042); 
• U.S. Patent No. 6,546,336 to Matsuoka et al. (“Matsuoka”) (Ex. 1043); 
• U.S. Patent No. 6,657,587 to Mohan et al. (“Mohan”) (Ex. 1044); 
• U.S. Patent No. 6,853,909 to Scherzinger et al. (“Scherzinger”) (Ex. 


1045); 
• U.S. Patent No. 7,953,327 to Pereira et al. (“Pereira”) (Ex. 1046); 
• U.S. Patent No. 7,970,412 to Pande et al. (“Pande”) (Ex. 1047); 
• U.S. Patent No. 8,068,984 to Smith et al. (“Smith”) (Ex. 1048); 
• International Patent Application Publication No. WO2007/101724 to 


Deurwaarder (“Deurwaarder”) (Ex. 1049); 
• U.S. Patent No. 6,961,019 to McConnell et al. (“McConnell”) (Ex. 


1051); 
• U.S. Patent No. 3,906,166 to Cooper et al. (“Cooper”) (Ex. 1064); 
• U.S. Patent No. 6,085,109 to Koga (“Koga”) (Ex. 1065); 
• U.S. Patent No. 6,304,748 to Li et al. (“Li”) (Ex. 1066); 
• Any other materials I cite in support of this Declaration. 
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 LEGAL FRAMEWORK  


15. I am a technical expert and do not offer any legal opinions. However, I 


have been informed about certain legal principles regarding patentability and related 


matters under United States patent law, which I have applied in performing my 


analysis and arriving at my technical opinions in this matter. 


A. ANALOGOUS ART 


16. I have been informed by counsel that for prior art to be used to establish 


the unpatentability of a patent based on obviousness, the prior art must be “analogous 


art” to the claimed invention. I have also been informed by counsel that a prior art 


reference is analogous art to the claimed invention if: (1) the reference is from the 


same field of endeavor as the claimed invention, even if it addresses a different 


problem; or (2) the reference is reasonably pertinent to the problem faced by the 


invention, even if it is not in the same field of endeavor as the claimed invention.  


B. OBVIOUSNESS 


17. I have been informed that a person cannot obtain a patent on an 


invention if the differences between the invention and the prior art are such that the 


subject matter as a whole would have been obvious at the time the invention was 


made to a person having ordinary skill in the art (“POSITA”). I have been informed 


that a conclusion of obviousness may be founded upon more than a single item of 


prior art. I have been further informed that obviousness is determined by evaluating 
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the following factors: (1) the scope and content of the prior art, (2) the differences 


between the prior art and the claim at issue, (3) the level of ordinary skill in the 


pertinent art, and (4) secondary considerations of non-obviousness. In addition, the 


obviousness inquiry should not be done in hindsight. Instead, the obviousness 


inquiry should be done through the eyes of a POSITA at the time of the alleged 


invention. 


18. In considering whether certain prior art renders a particular patent claim 


obvious, I have been informed that I can consider the scope and content of the prior 


art, including the fact that one of skill in the art would regularly look to the 


disclosures in patents, trade publications, journal articles, conference papers, 


industry standards, product literature and documentation, texts describing 


competitive technologies, requests for comment published by standard setting 


organizations, and materials from industry conferences, as examples. I have been 


informed that for a prior art reference to be proper for use in an obviousness analysis, 


the reference must be “analogous art” to the claimed invention. I have been informed 


that a reference is analogous art to the claimed invention if: (1) the reference is from 


the same field of endeavor as the claimed invention (even if it addresses a different 


problem); or (2) the reference is reasonably pertinent to the problem faced by the 


inventor (even if it is not in the same field of endeavor as the claimed invention). In 


order for a reference to be “reasonably pertinent” to the problem, it must logically 
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have commended itself to an inventor's attention in considering his problem. In 


determining whether a reference is reasonably pertinent, one should consider the 


problem faced by the inventor, as reflected either explicitly or implicitly, in the 


specification. I believe that all of the references I considered in forming my opinions 


in this IPR are well within the range of references a POSITA would have consulted 


to address the type of problems described in the Challenged Claims. 


19. I have been informed that, in order to establish that a claimed invention 


was obvious based on a combination of prior art elements, a clear articulation of the 


reason(s) why a claimed invention would have been obvious must be provided. 


Specifically, I am informed that, under the U.S. Supreme Court’s KSR decision, a 


combination of multiple items of prior art renders a patent claim obvious when there 


was an apparent reason for one of ordinary skill in the art, at the time of the invention, 


to combine the prior art, which can include, but is not limited to, any of the following 


rationales: (A) combining prior art methods according to known methods to yield 


predictable results; (B) substituting one known element for another to obtain 


predictable results; (C) using a known technique to improve a similar device in the 


same way; (D) applying a known technique to a known device ready for 


improvement to yield predictable results; (E) trying a finite number of identified, 


predictable potential solutions, with a reasonable expectation of success; (F) 


identifying that known work in one field of endeavor may prompt variations of it for 
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use in either the same field or a different one based on design incentives or other 


market forces if the variations are predictable to one of ordinary skill in the art; or 


(G) identifying an explicit teaching, suggestion, or motivation in the prior art that 


would have led one of ordinary skill to modify the prior art reference or to combine 


the prior art references to arrive at the claimed invention. I am also informed that 


where there is a motivation to combine, claims may be rejected as prima facie 


obvious provided a POSITA would have had a reasonable expectation of success 


regarding the proposed combination. 


20. I am informed that the existence of an explicit teaching, suggestion, or 


motivation to combine known elements of the prior art is a sufficient, but not a 


necessary, condition to a finding of obviousness. This so-called “teaching-


suggestion-motivation” test is not the exclusive test and is not to be applied rigidly 


in an obviousness analysis. In determining whether the subject matter of a patent 


claim is obvious, neither the particular motivation nor the avowed purpose of the 


patentee controls. Instead, the important consideration is the objective reach of the 


claim. In other words, if the claim extends to what is obvious, then the claim is 


invalid. I am further informed that the obviousness analysis often necessitates 


consideration of the interrelated teachings of multiple patents, the effects of demands 


known to the technological community or present in the marketplace, and the 


background knowledge possessed by a person having ordinary skill in the art. All of 
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these issues may be considered to determine whether there was an apparent reason 


to combine the known elements in the fashion claimed by the patent. 


21. I also am informed that in conducting an obviousness analysis, a precise 


teaching directed to the specific subject matter of the challenged claim need not be 


sought out because it is appropriate to take account of the inferences and creative 


steps that a POSITA would employ. The prior art considered can be directed to any 


need or problem known in the field of endeavor at the time of invention and can 


provide a reason for combining the elements of the prior art in the manner claimed. 


In other words, the prior art need not be directed towards solving the same specific 


problem as the problem addressed by the patent. Further, the individual prior art 


references themselves need not all be directed towards solving the same problem. I 


am informed that, under the KSR obviousness standard, common sense is important 


and should be considered. Common sense teaches that familiar items may have 


obvious uses beyond their primary purposes. 


22. I also am informed that the fact that a particular combination of prior 


art elements was “obvious to try” may indicate that the combination was obvious 


even if no one attempted the combination. If the combination was obvious to try 


(regardless of whether it was actually tried) or leads to anticipated success, then it is 


likely the result of ordinary skill and common sense rather than innovation. I am 


further informed that in many fields it may be that there is little discussion of obvious 
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techniques or combinations, and it often may be the case that market demand, rather 


than scientific literature or knowledge, will drive the design of an invention. I am 


informed that an invention that is a combination of prior art must do more than yield 


predictable results to be non-obvious.  


23. I am informed that for a patent claim to be obvious, the claim must be 


obvious to a POSITA at the time of the alleged invention. I am informed that the 


factors to consider in determining the level of ordinary skill in the art include (1) the 


educational level and experience of people working in the field at the time the 


invention was made, (2) the types of problems faced in the art and the solutions 


found to those problems, and (3) the sophistication of the technology in the field. 


24. I am informed that it is improper to combine references where the 


references teach away from their combination. I am informed that a reference may 


be said to teach away when a POSITA, upon reading the reference, would be 


discouraged from following the path set out in the reference, or would be led in a 


direction divergent from the path that was taken by the patent applicant. In general, 


a reference will teach away if it suggests that the line of development flowing from 


the reference’s disclosure is unlikely to be productive of the result sought by the 


patentee. I am informed that a reference teaches away, for example, if (1) the 


combination would produce a seemingly inoperative device, or (2) the references 


leave the impression that the product would not have the property sought by the 
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patentee. I also am informed, however, that a reference does not teach away if it 


merely expresses a general preference for an alternative invention but does not 


criticize, discredit, or otherwise discourage investigation into the invention claimed.  


C. SECONDARY CONSIDERATIONS OF NON-OBVIOUSNESS 


25. I am informed that even if a prima facie case of obviousness is 


established, the final determination of obviousness must also consider “secondary 


considerations” if presented. In most instances, the patentee raises these secondary 


considerations of non-obviousness. In that context, the patentee argues an invention 


would not have been obvious in view of these considerations, which include: (a) 


commercial success of a product due to the merits of the claimed invention; (b) a 


long-felt, but unsatisfied need for the invention; (c) failure of others to find the 


solution provided by the claimed invention; (d) deliberate copying of the invention 


by others; (e) unexpected results achieved by the invention; (f) praise of the 


invention by others skilled in the art; (g) lack of independent simultaneous invention 


within a comparatively short space of time; (h) teaching away from the invention in 


the prior art. 


26. I am further informed that secondary-considerations evidence is only 


relevant if the offering party establishes a connection, or nexus, between the 


evidence and the claimed invention. The nexus cannot be based on prior art features. 


The establishment of a nexus is a question of fact. While I understand that the Patent 
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Owner here has not offered any secondary considerations at this time, I will 


supplement my opinions in the event that the Patent Owner raises secondary 


considerations during the course of this proceeding. 


D. CLAIM CONSTRUCTION 


27. I have been informed by counsel that the first step in an unpatentability 


analysis involves construing the claims, as necessary, to determine their scope. 


Second, the construed claim language is then compared to the disclosures of the prior 


art. I am informed that claims are generally given their ordinary and custom meaning 


as understood by one of ordinary skill in the art at the time of the invention, in light 


of the patent specification. 


28. For purposes of this proceeding, I have applied the claim constructions 


set forth in the claim construction section of the Petition for Inter Partes Review of 


U.S. Patent No. 8,102,256 (the “Petition”) that this declaration accompanies when 


analyzing the prior art and the claims. For any claim terms not construed, I have 


applied the meaning of the claim terms of the ’256 Patent that are generally 


consistent with the terms’ ordinary and customary meaning, as a person of ordinary 


skill in the art would have understood them at the time of the invention. I have been 


instructed to assume for purposes of this proceeding that the time of the invention is 


January 6, 2008. 
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 OPINION REGARDING LEVEL OF SKILL OF A PERSON HAVING 
ORDINARY SKILL IN THE ART 
 


29. I was asked to provide my opinion as to the level of skill of a person 


having ordinary skill in the art (“POSITA”) of the ’256 Patent at the time of the 


claimed invention, which I have been instructed to assume is January 6, 2008. In 


determining the characteristics of a hypothetical person of ordinary skill in the art of 


the ’256 Patent at the time of the claimed invention, I was told to consider several 


factors, including the type of problems encountered in the art, the solutions to those 


problems, the rapidity with which innovations are made in the field, the 


sophistication of the technology, and the education level of active workers in the 


field. I also placed myself back in the time frame of the claimed invention and 


considered the colleagues with whom I had worked at that time.  


30. In my opinion, a person having ordinary skill in the art of the ’256 


Patent at the time of its filing would have been a person having, as of January 6, 


2008, a Bachelor’s degree in Electrical Engineering, Mechanical Engineering, 


Computer Engineering, or Computer Science, or an equivalent degree with at least 


two years of experience in GPS navigation, dead reckoning, portable tracking 


devices, or related technologies. Additional education may substitute for lesser work 


experience and vice-versa. Such a person of ordinary skill in the art would have been 
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capable of understanding the ’256 Patent and the prior art references discussed 


herein. 


31. Based on my education, training, and professional experience in the 


field of the claimed invention, I am familiar with the level and abilities of a person 


of ordinary skill in the art at the time of the claimed invention. Additionally, I met 


at least these minimum qualifications to be a person having ordinary skill in the art 


at least as of January 6, 2008. Further, although my qualifications may exceed those 


of the hypothetical person having ordinary skill in the art defined above, my analysis 


and opinions regarding the ’256 Patent have been rendered from the perspective of 


a person having ordinary skill in the art at the time of the invention. 


32. My opinions provided in this Declaration are made as of the priority 


date of the ’256 Patent (which counsel has informed me is January 6, 2008), unless 


expressly stated otherwise. To the extent that any verb tense used in this Declaration 


or any deposition or testimony provided in this matter is a present tense, e.g., “would 


reasonably understand,” such verb tense should be understood to be my opinion as 


of the ’256 Patent’s priority date (again, unless expressly stated otherwise). I merely 


use the present verb tense for ease of reading. 


 GPS DISCUSSION 


33. GPS satellite signals were known to comprise ephemeris data, as well 


as time data. The combination of ephemeris data and time data were used to 
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accurately calculate the position of a receiver relative to a location of the particular 


GPS satellite from which the signal was received at various times. Wang, 2:1–4, 


2:24–26. A POSITA would have understood that the GPS satellite signal would not 


have comprised location coordinates of the tracking device itself directly, such as 


the longitudinal, latitudinal, and elevational positional coordinates mentioned at 


4:13–16 of the ’256 Patent. However, a POSITA would have recognized that the 


ephemeris data would include orbital information of the satellite for determining 


longitudinal, latitudinal, and elevational coordinates of the satellite, for example, 


given in the WGS 84 reference system at various times. Harvey (Ex. 1017), 2:24–


35. A point in a geodetic coordinate system, such as WGS 84, is defined by the 


following parameters: ellipsoidal height (elevation), geodetic latitude, and geodetic 


longitude. Zhao, 23. Thus, any GPS satellite signal would have comprised location 


coordinates information comprising longitudinal, latitudinal, and elevational 


coordinates of the GPS satellite in the WGS 84 reference system or a similar 


coordinates reference system. Observation of at least four satellites simultaneously 


would permit determination of the 3D coordinates of the GPS receiver. Zhao, 64. 


Accordingly, with known coordinates for the satellites at a given time, a series of 


parametric equations would have been used to calculate the 3D coordinates of the 


GPS receiver. Zhao, 68. 
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34. Further, a POSITA would have understood that the broader location 


coordinates information does not necessarily comprise precise location coordinates 


but could comprise any information relating to location coordinates and used for 


determining location coordinates, such as the ephemeris data used to precisely 


determine the position of a receiver relative to a location of the GPS satellite at a 


given time. Wang, 2:24–26; Harvey, 2:24–35. Since it was known that a GPS 


satellite signal could be used to determine the location coordinates of the GPS 


satellite and to calculate the location coordinates of the GPS receiver, (Zhao, 68; 


Wang, 2:24–26; Harvey, 2:24–35) any GPS satellite signal would have comprised 


location coordinates information. 


 BACKGROUND OF THE TECHNOLOGY 


35. I was asked to briefly summarize the background of the technology 


from the standpoint of a POSITA prior to January 6, 2008. 


A. GPS TECHNOLOGY 


36. For decades, location tracking devices have utilized GPS technology to 


provide increasingly fast and accurate determination of a device's current and/or past 


location. NAVSTAR GPS was originally developed in the 1970s by the U.S. 


Department of Defense for military applications. See, e.g., Vyas (Ex. 1027), 1:36–


51; Zhao, 63. Since that time, numerous advancements have taken place, such as the 


addition of satellites leading to 24 operational GPS satellites in orbit, and civilian 
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use has been authorized by the United States government, within limitations. Zhao, 


63–64. Additionally, various components employed utilized for GPS-based location 


sensing have been manufactured to be smaller and less expensive, allowing GPS 


technology to be adapted into affordable portable hand-held devices at least as early 


as 1996. Backman (Ex. 1013), 2:17–20. By this time, various technical 


improvements were already being employed to overcome well-known issues 


associated with GPS technology, such as low signal strength and the extensive power 


consumption of GPS receivers, as will be discussed in further detail below. 


37. GPS satellites operate by transmitting a signal comprising almanac and 


time information, as well as clock and other correction coefficients to receiving 


devices on Earth. Wang, 2:1–4. Using this data received from each satellite signal 


collected over time by the GPS receiver, precise orbital coordinates of each 


respective satellite are then determined by the device using “ephemeris data” 


corresponding to the expected orbital position of each satellite. Wang, 2:24–26; 


Zhao, 64–65. This ephemeris data is embedded in the satellite signals, but it may 


also be, in some cases, received from a remote location such as a server over a 


communication network such as a mobile telephone network (an approach known as 


“assisted GPS”, or AGPS). Thereafter, a “pseudorange” for the particular satellite is 


determined by exploiting the known invariance of the speed of light. Croyle, 3:24–


31. Given the position of at least four satellites and the pseudorange from each of 
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the satellites, a triangulation process may then be used to calculate the location 


coordinates of the GPS receiver by calculating the geometric intersection of the 


pseudoranges. Id., 3:20–24. 


38. Thus, GPS satellite signals do not and would not have comprised 


location coordinates of the tracking device directly, such as the longitudinal, 


latitudinal, and elevational positional coordinates. See ’256 Patent at 4:36–41. 


Rather, a POSITA would have recognized that the ephemeris data including orbital 


information of a plurality of satellites would have been used for locally determining 


longitudinal, latitudinal, and elevational coordinates of the satellite, and using this 


information together with the measured pseudoranges to determine the location 


coordinates of the receiver. 


39. For example, as described by Zhao, a geodetic system for determining 


a user's location, such as WGS 84, defines points using three parameters: ellipsoidal 


height (elevation), geodetic latitude, and geodetic longitude. Zhao, 23, 64. These 


parameters are not directly transmitted by each satellite, but rather are determined 


based on location information (e.g. ephemeris data) transmitted from each satellite 


to a receiving device. Id. In the system described by Zhao, observation of at least 


four satellites with known coordinates at a given time permits determination of the 


3D coordinates of the GPS receiver using a series of parametric equations. Zhao, 64, 


68. Thus, any GPS satellite signal would have comprised location coordinates 
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information comprising the information necessary to calculate longitudinal, 


latitudinal, and elevational coordinates rather than containing the coordinates 


themselves. 


40. A POSITA would have understood that location coordinate information 


would not necessarily comprise precise location coordinates but rather would 


comprise any information relating to location coordinates that would then be 


subsequently used for determining location coordinates, such as time data and the 


ephemeris data used to precisely determine the position of the GPS satellite at a 


given time. Wang, 2:24–26; Harvey, 2:24–35. 


B. ACCELEROMETERS 


41. Accelerometers were also a well-established technology for use in 


mobile applications prior to the filing date of the ’256 Patent. Portable electronic 


devices were known to include inertial sensors, such as accelerometers to track 


location. See, e.g., Taylor, 4:60–5:2, 7:14–16. Specifically, Burneske, filed in 2004, 


teaches a tracking device comprising three linear accelerometers positioned within 


the tracking device to measure acceleration components along three orthogonal axes. 


Burneske (Ex. 1014), 7:36–44. Such inertial location tracking techniques were also 


known to be used in larger vehicle tracking systems, such as Croyle published in 


2001.  
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42. Croyle teaches a vehicle navigation system using multiple orthogonal 


axes accelerometers to measure acceleration of a vehicle. Croyle (Ex. 1015), 


Abstract. The vehicle navigation system of Croyle is further taught as including a 


GPS receiver for receiving GPS signals to determine position and velocity 


information of the vehicle navigation system. Croyle, 3:10–19, 4:1–16. Specifically, 


Croyle's accelerometers to produce a voltage measure displacement from zero, 


convert the voltage to an acceleration, integrate the acceleration once to produce a 


velocity, and use the velocity to determine change in distance information. Croyle, 


4:48–67. Thereafter, Croyle teaches determining a current position by adding a 


change in distance information to a previously known position. Id., 12:40–43. 


Croyle, 1:45–49 (teaching a navigation system is smaller and more cost effective 


and takes advantage of the availability of low cost micro-machined accelerometers); 


Croyle, 11:43–46 (teaching that if the GPS heading is invalid or the GPS 


measurements are insufficient the system falls back on the orthogonal axis 


accelerometer), 13:29–33 (teaching that when GPS is unavailable or unreliable the 


improved navigation system will fall back on the calibrated accelerometers). 


43. Further, the accelerometers employed in mobile electronics as 


described in the ’256 Patent were already well-known. ’256 Patent at 6:39–44. For 


example, the ADXL320 product sheet describes smart hand-held devices and mobile 


phones as known applications for the accelerometer. ADXL320 (Ex. 1031), 1. The 
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ADXL320 accelerometer operates by providing analog voltages proportional to 


sensed acceleration. ADXL320, 11. The sensor of this type of accelerometer had been 


known to comprise polysilicon springs suspending a mass over a surface, the springs 


providing a resistance against acceleration forces. Deflection of the mass are 


measured using a square wave-driven, differential capacitor comprising fixed plates 


and plates attached to the moving mass. Thus, during operation of the accelerometer, 


acceleration deflects the mass and thereby unbalances the differential capacitor, 


resulting in an output square wave with an amplitude proportional to the 


acceleration. ADXL320, 11. Such accelerometers were commonplace and well-


known well before the January 2008 date. 


44. Before the priority date of the ’256 Patent, accelerometers were 


accurate, inexpensive, readily available, and easily incorporated into a larger 


electronic component (e.g., navigation device). See Levi (Ex. 1006), 3:22–26 


(teaching accelerometers have become “available at low cost ...”); Vaganov (Ex. 


1008), [0007] (teaching the market for accelerometers includes hand held devices, 


e.g. cell phones, PDAs, hand-held computers), [0020] (teaching a small three-axis 


accelerometer that provide high sensitivity to acceleration, high reliability, and high 


long term stability, and low cost). 


45. Thus, it was well-known to include accelerometers in mobile location 


tracking systems to determine position changes and monitor physical impacts. 
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Further, the methods of use of accelerometers were well established and it was 


known that a differential voltage from raw accelerometer data was converted into an 


acceleration value, then double integrated to determine positional displacement. 


C. DEAD RECKONING 


46. Dead reckoning is a well-known technique for determining location 


relative to a reference point of a starting location based on known displacements. 


Zhao (Ex. 1032), 45. Dead reckoning works by determining the displacement 


(distance and direction) of a moving object from a known position. Usually the 


displacements are determined at intervals. For example, in nautical dead reckoning 


the distance traveled along a set course (direction) is computed based on the speed 


of the ship and the time interval since that course was set. Typically, when the course 


is later steered to a new heading, the time is noted, and the distance from the last 


course change is determined. The same approach can be used for shorter time 


intervals by measuring acceleration instead of speed. Basic physics teaches that the 


average acceleration on an object multiplied by the time interval over which that 


average was measured will determine the average speed over that same interval. The 


average speed multiplied by the time interval will yield the average distance 


traveled, and the average direction of the acceleration vector will also be the average 


direction traveled. This process can be carried out over short time intervals, and the 
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displacement vectors added together to obtain a more accurate overall displacement. 


This process is often referred to a “double integration.”  


47. Location tracking technology had been known to utilize dead reckoning 


techniques alongside GPS technology at least as early as 1991. Hirata (Ex. 1018), 


3:22–42. For example, portable electronic devices were known to include a dead 


reckoning component, such as an accelerometer, to track location in complement to 


or in place of a GPS receiver, especially when GPS service was degraded. Walters 


(Ex. 1028), 2:47–54, 14:45–48; Croyle, 1:20–24,12:57–65, 13:49–53; Cervinka (Ex. 


1009), 3:53–4:1; Lau (Ex. 1020), 4:10–13.  


48. Specifically, Walters teaches a portable electronic navigation device 


including a GPS receiver and a dead reckoning component, such as an 


accelerometer. Walters, Abstract. The portable electronic navigation device is taught 


as using the triangulation positioning functionality (GPS) and the dead reckoning 


functionality in complement to one another. Walters, 8:66–9:5. Walters also 


discloses that the dead reckoning component allows the portable electronic 


navigation device to continue monitoring position when such triangulation 


positioning functionality experiences interference, such as urban canyons or when 


the device is indoors. Walters, 9:23–29. 


49. Scherzinger teaches an aided inertial navigation system for land 


surveying with a walking stick navigator device including a GPS surveying 
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instrument, such as a GPS receiver. Scherzinger (Ex. 1045), Abstract, 4:20–34. As 


a result of signal blockage, the system enters a dead reckoning navigation mode, in 


which relative displacements from an inertial measurement unit including a triad of 


accelerometers are used to control position error drift. Scherzinger, 1:20–24, 3:42–


45. Scherzinger further teaches that a present position is computed using sampled 


inertial data from the inertial measurement unit. Scherzinger, 4:4–19. Thus, dead 


reckoning techniques were well-known and had been established well before 


January 2008.  


50. Nichols teaches a handheld surveying device including a GPS receiver 


that may be augmented by a dead reckoning positioning unit. Nichols (Ex. 1041), 


Abstract. Nichols teaches that dead reckoning systems compute a position solution 


by deducing displacements from a known starting point, by double integrating 


acceleration and adding the results of the integration to the starting position to obtain 


current location. Nichols, 4:3–14. Nichols further teaches that dead reckoning 


systems were useful where GPS or other RF positioning signals are unavailable, such 


as under urban canopies and in urban canyons. Nichols, 3:60–65. Similarly, Soehren 


and Pereira also teach devices including both dead reckoning systems and GPS. 


Soehren (Ex. 1042), Abstract, 5:57–59, 8:32–33; Pereira (Ex. 1046), Abstract, 8:22–


33. 
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51. Additionally, Matsuoka teaches a portable position detector including 


a GPS receiver unit and an acceleration sensor. Matsuoka (Ex. 1043), Abstract, 


11:39–46, 20:2–6. Specifically, Matsuoka teaches that self-contained navigation can 


determine a position of the portable position detector even where a signal cannot be 


received from the GPS. Matsuoka, Abstract, 4:38–60, 8:19–24.  


52. Pande teaches an aided location communication system including a 


geolocation server and a wireless communication device having a GPS section. 


Pande (Ex. 1047), Abstract. The aided location communication system switches 


from a GPS-standalone mode to an aided mode where the system is unable to receive 


any GPS signals. Pande, 20:39–53. Pande also teaches an augmented autonomous 


mode utilizing sensors, such as accelerometers, to aid the aided location 


communication system outside of communication operations. Pande, 20:34–39.  


53. Smith teaches a navigation system including a GPS receiver and an 


inertial navigation system unit which may include devices such as MEMS 


accelerometers, that continues to provide location data to a user in the absence of 


radio location data. Smith (Ex. 1048), Abstract, 6:15–28, 29:9–17. The navigation 


system permits improved accuracy of the GPS, and the inertial positioning system 


by providing cross-calibration of location data, which permits effective use of the 


much less costly inertial positioning system components. Smith, 29:17–31. 
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54. Geissler teaches a three-dimensional GPS-assisted tracking device. The 


tracking device is taught as comprising a transceiver, an AM receiver receiving 


position data from GPS satellites, a battery, a three-axis accelerometer that provides 


acceleration data which, when integrated based on time, results in a speed, and 


relative distance measurement, and a radio frequency antenna. Geissler (Ex. 1037), 


[0033], [0036], [0039]. Further, a processing unit of the tracking device uses GPS 


location of a reference station that transmits GPS coordinates to the tracking device 


as a positioning reference. Geissler, [0041], [0062]. Geissler also teaches that the 


GPS receiver may self-power down if a usable set of satellite signals is not received. 


Geissler, [0066]. 


55. Case teaches a multi-sensor monitoring system with a combined GPS 


and accelerometer-based speed and distance monitor. Case (Ex. 1038), Abstract, 


[0056]. Additionally, Case teaches that because accelerometer-based speed and 


distance monitoring systems do not require as much battery power as a GPS-based 


system, the accelerometer based system may be sampled more frequently to save 


power. Case, [0062]. 


56. Deurwaarder teaches a portable navigation device, which may be a 


handheld device such as a mobile telephone, comprising an accelerometer and a GPS 


receiver. Deurwaarder (Ex. 1049), Abstract, 2:3–10, 3:5. The portable navigation 


device may incorporate an assisted satellite navigation option using a dual axis 


IPR2020-01191 
Apple EX1003 Page 31







Declaration of Scott Andrews 
Patent No. 8,102,256 


 


accelerometer to predict position when no GPS is available. Deurwaarder, p. 4:3–5. 


Deurwaarder describes a first behavior if GPS is available, where a pure GPS 


solution is used and the assisted satellite navigation is calibrated, and a second 


behavior if GPS is unavailable, where the assisted satellite navigation is used and 


acceleration is integrated in time to give an assisted satellite navigation derived 


position. Deurwaarder, 4–5. 


57. Thus, dead reckoning techniques had been known to use inertial 


location tracking as supplemental location tracking to satellite based location 


tracking (i.e., GPS) well before January 2008. Accordingly, a POSITA would have 


been aware of the benefit of relying on accelerometer data to determine position 


when primary location tracking (i.e., GPS) was degraded. 


D. COMMUNICATION WITH A MONITORING STATION 


58. Prior to 2008, it was also well-known to rely on communication 


services to send location coordinates and monitor electronic tracking devices. 


Specifically, a base station including a cellular phone was known (Martucci (Ex. 


1023), 5:25–29, 10:51–67, 15:4–6), as well as a communication channel for 


communicating navigational data between a remote server and a navigation device 


(Walters (Ex. 1028),10:41–45). It was further established that one or more contact 


numbers may be inputted by a user to a handheld portable device as emergency 


contact information and that the device would automatically contact an emergency 
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dispatcher based on one or more acceleration profiles. Panasik (Ex. 1024), 3:2–8, 


6:52–54. 


59. Martucci teaches a portable positioning determining device comprising 


a satellite navigation receiver (i.e., GPS receiver). Martucci, Abstract. The 


positioning determining device communicates location information with a base 


station via a two-way paging system. Martucci, 12:55–57. The base station is taught 


as including a cellular phone for communicating over a cellular network. Martucci, 


15:4–6, 21:8–12. 


60. Panasik teaches an automated emergency alert system including a 


handheld portable communication device, and a dynamic sensor, such as an 


accelerometer, to generate an acceleration profile of the device. Panasik teaches 


initiating communication over a network if it is determined that the acceleration 


profile matches a predefined acceleration profile. Panasik (Ex. 1024), Abstract, 3:2–


8, 4:46–49. Further, Panasik teaches collecting user information, such as one or 


more contact numbers of persons associated with the user (e.g., an emergency 


contact person). Panasik, 6:50–61. Thus, as shown by these examples, it was well-


known prior to January 2008 to contact an individual on a contact list upon sensing 


an emergency event by an accelerometer. 


61. In 1993, while at TRW Automotive Electronics, I built a system that 


used triangulation of signals from paging towers (receive communication signals) to 
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determine the location of a device. The device then used a spread spectrum radio to 


send its location and a request for location information (directions, points of interest, 


etc.) to a remote server which the used the location to find the requested directions 


and/or local points of interest (hospitals, ATM, etc.) which were then sent back to 


the device. The user could then read the directions and navigate to the requested 


destination. Thus, using communication signals to determine location, and then 


communicating that location information to a monitoring station was known at least 


15 years before the priority date of the ’256 Patent.  


E. RELIABILITY OF GPS SIGNALS 


62. Prior to January 6, 2008, it was a known issue that GPS signals may be 


relatively weak, on the order of -160 dBW. Rabinowitz (Ex. 1025),1:57–64. It had 


also been known that the already weak GPS signals may become degraded from 


interference with physical obstacles, such as buildings or indoor environments, 


further frustrating attempts to accurately determine a device's location. See, e.g., 


Croyle, 11:43–46; Walters, 9:23–29; Krumm (Ex. 1019), [0003]–[0004], [0042]; 


Lau (Ex. 1020), 4:10–13, 9:60–65; Krasner (Ex. 1010), 5:12–15 (teaching GPS 


signals may be unavailable in enclosed areas including buildings). Thus, a variety of 


solutions have been developed to overcome the unreliability often experienced by 


devices sensing GPS signals. 
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63. Croyle teaches a preamplifier attached to a GPS antenna of the GPS 


receiver to amplify the GPS signal. Croyle (Ex. 1015), 3:16–18. Croyle also teaches 


using longitudinal and latitudinal acceleration information from the accelerometer 


to determine position if GPS is not available. Croyle, 5:39–45, 11:43–46. Thus, it 


was known prior to 2008 to (a) amplify received GPS signals and (b) include an 


accelerometer in a location tracking device to rely on when a GPS signal was 


unavailable.  


64. Taylor teaches location tracking of a wireless communication device, 


such as a cell phone comprising a GPS receiver and an event sensor, such as an 


accelerometer. Taylor (Ex. 1026), 2:7–9, 13:16–18, 13:22–24. Taylor teaches that 


the GPS receiver provides an indication of reliability of the signal based on satellite 


acquisition, signal strength, and concordance of data received from multiple satellite 


signals. Taylor, 13:29–37. Similarly, Lau teaches measuring GPS satellite visibility 


of the GPS receiver and when no GPS signals are received the GPS receiver is set to 


a low power standby mode for a long time duration to avoid depleting batteries. Lau, 


10:52–65. Thus, prior to January 2008, it was well-known to measure a GPS signal 


level and to control GPS functionality based on its signal level to conserve battery 


power. 


65. Lindquist teaches repetitively switching power-on to power-off to a 


GPS receiver circuit of a mobile terminal. Lindquist (Ex. 1022), Abstract. The 
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power-on to power-off duty cycle can be regulated in response to identifying GPS 


isolation based on insufficient signal strength. Lindquist, 3:62–4:7. Further, 


Lindquist expressly discloses that power may be conserved by powering down the 


GPS receiver circuit. Lindquist, 12:22–27. Lindquist also teaches determining 


acceleration-based location of the mobile device using acceleration information 


from an accelerometer during a power-off cycle of the GPS receiver circuit. 


Lindquist, 2:1–20. Lindquist, 1:31–35 (teaching GPS signal can be significantly 


impacted by environmental factors and become hard to impossible to acquire within 


a building, car, or under foliage). 


66. Krumm teaches a system and method for determining if a device is 


inside or outside of a building to save power by suppressing services from certain 


devices. Krumm, Abstract. Specifically, Krumm teaches if it is determined the device 


is inside, the system turns off the GPS system to conserve battery. Krumm, [0003], 


[0039]. Thus, a POSITA would have been aware of the benefit of suppressing (i.e., 


powering down) GPS circuitry while inside (a location where GPS signal would 


have been known to be weak) to reduce power consumption of the GPS receiver (a 


well-known issue, as discussed below). 


67. Further, it was known to measure a GPS signal strength (i.e., signal 


level) to detect indoor/outdoor conditions. Specifically, Wang teaches a mobile 


navigation receiver including a signal strength detector for testing the received signal 
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strength to detect indoor/outdoor transitions of the receiver. Wang (Ex. 1029), 5:58–


63. 


68. Horvitz teaches a location-centric signal shadow mapping and storing 


architecture which stores information associated with the loss of location-identifying 


signals, such as GPS signals. Horvitz (Ex. 1039), Abstract. Here, the architecture 


stores information of GPS shadowed locations, where a GPS shadow is an area 


where a receiver cannot receive adequate GPS signals due to blockage or 


degradation from structures. Horvitz, [0025]. 


69. Additionally, Cucerzan teaches that GPS signals are not available 


inside buildings. Cucerzan, (Ex. 1040), [0054]. 


F. POWER CONSUMPTION OF GPS RECEIVERS 


70. In addition to the unreliability of GPS signals, another known 


significant obstacle to GPS technology was the high power consumption of the GPS 


receiver. Specifically, it was established at least as early as 1994 that GPS receivers 


consumed a substantial amount of power. Welles (Ex. 1030), 4:1–22; Martucci, 


1:62–2:3. As will be shown, power conservation for location tracking circuitry 


(specifically including GPS receivers within mobile devices) was a well-established 


solution used to reduce power consumption. Further, it was known that many mobile 


devices, such as location tracking units and cellular phones relied on battery power 


to operate. See, e.g. Welles, 4:67–5:1; Martucci, 11:43–52. Since battery 
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conservation was a prevalent concern, many solutions have been developed relating 


to battery monitoring and battery conservation techniques. See, e.g. Martucci, 


23:32–35; Wang, 11:11–14; Lau, 4:16–26. 


71. Welles teaches a mobile tracking unit for a vehicle tracking system of a 


vehicle including a power source, such as a battery, and a navigation set, such as a 


GPS receiver, that reduces power consumption by selectively activating the 


navigation set. Welles, Abstract, 1:17–19, 4:67. Specifically, Welles teaches 


reducing an activation rate of the navigation set when it is determined that the vehicle 


is stationary, which is disclosed as substantially reducing the overall power 


consumption by a factor of at least 100. Welles, 4:18–22. Thus, it was known prior 


to 2008 that reducing the activation of a GPS receiver would have led to substantial 


power savings, which a POSITA would have recognized to have been especially 


beneficial to mobile systems relying on limited battery power. 


72. In addition, some systems were known to include battery monitors to 


monitor battery conditions of portable electronic devices, such as available battery 


power. See, e.g. Deninger (Ex. 1016), 2:36–40; Lee (Ex. 1021), 5:28–33. 


Specifically, Deninger teaches a battery monitoring system comprising battery 


monitoring equipment that senses electrical charge of a battery and transmits a 


battery status message and powers down electrical components in response to a low-


battery-charge condition. Deninger, Abstract, 9:48–56, 10:17–26. Deninger 
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specifically discloses that a low battery charge routine, initiated when sampled 


battery voltage falls within a predetermined low-battery-charge range, involves 


powering down a GPS receiver. Deninger, 8:46–51, 10:26–33. Similarly, Lee 


teaches power management for a battery powered electronic device by reducing 


power consumption including a power manager and a battery monitor couple to a 


battery of the electronic device for providing battery conditions, such as charge level, 


temperature, voltage, and current. Lee, Abstract, 3:54–4:3. 


73. Mohan teaches a tracking system that disables a GPS receiver and a 


communications transceiver when not in use to conserve power. Mohan (Ex. 1044), 


Abstract, 2:14–22. Mohan further teaches a power management subsystem to 


monitor a battery of the tracking system and, if the battery capacity is low, transmit 


a signal to a low power alarm that causes the system to enter a low-power alarm 


mode. Mohan, 3:20–30, 6:14–18. Mohan also teaches sensing logic for interrogating 


the GPS signal strength, where the GPS signal is periodically polled until a sufficient 


level of GPS signal is determined and the system proceeds with normal operation. 


Mohan, 5:25–37. 


74. Cucerzan teaches a portable device capable of communicating with a 


position location system, such as GPS, to determine a physical location of the device. 


Cucerzan (Ex. 1040), [0045], [0047]. Cucerzan teaches that GPS location detection 
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can be augmented with a movement detector, such as an accelerometer. Cucerzan, 


[0054]. 


75. Thus, it was known to include a battery monitoring component in an 


electronic tracking device to monitor battery conditions and manage power to 


electronic components according to the remaining battery level. Accordingly, the 


solutions of the prior art had already developed the various features discussed above 


prior to January 6, 2008, including primary GPS location tracking, supplemental 


location tracking via accelerometers using dead reckoning techniques, 


communication with a base station, and battery power monitors, to solve the well-


known problems of unreliable GPS signals and the power consumption associated 


with GPS receivers.  


G. POWER AMPLIFIER OF PORTABLE CELLULAR DEVICE 


76. It was known in the art since at least 1975 that portable cellular devices 


include a cellular transmitter and a cellular receiver (or a transceiver). It was also 


known that a transmitter would include a power amplifier for amplifying a transmit 


communication signal. Cooper (Ex. 1064) issued in 1975 and teaches a power 


amplifier 268 for a cellular transmitter.  


Referring to FIG. 9, there is shown a block diagram of a portable unit, 


such as, for example, the portable unit 132, for use with the system 


according to the invention. The receiver portion of the portable unit is 


a dual conversion receiver containing several blocks which are of 
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conventional design including an RF amplifier 250, a first mixer 252, a 


first IF amplifier 254, a second mixer and second local oscillator 256 


and 258, respectively, a second intermediate frequency amplifier 260, 


a discriminator 262, an audio amplifier 264 and an earpiece 266, all of 


which operate in a conventional manner. The transmitter portion also 


contains several conventional blocks including a power amplifier 268, 


a driver 270, a doubler 272 and a tripler 274. An antenna 276 is 


connected to a diplexer 278, which is in turn connected to the RF 


amplifier 250 and the power amplifier 268 for applying signals from 


the antenna 276 to the RF amplifier 250 and for transmitting power 


from the power amplifier 268 to the antenna 276. 


Cooper, 15:21–40 (emphasis added). 
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Cooper, Fig. 9 (annotated). 


77. Another example is taught by Koga (Ex. 1065) that issued July 4, 2000. 


Koga teaches a power amplifier for a cellular transmitter. Koga, 10:30–50, 14:35–


42, Fig. 6. 


78. Yet another example of a power amplifier for a cellular transmitter is 


taught by Li (Ex. 1066) that issued October 16, 2001. Li, 4:5–10, 2:9–25, Figs. 2–3. 


79. Yet another example of a power amplifier for a cellular transmitter is 


taught by McConnell (Ex. 1051) that issued November 1, 2005. McConnell, 3:40–


53. 


 OPINIONS REGARDING THE ’256 PATENT AND ANALOGOUS 
ART 
 


A. SAKAMOTO 


80. I have been informed that Japanese Patent Publication No. JP2004-


37116 to Sakamoto (“Sakamoto” or “Ex. 1004”) is prior art to the ’256 Patent. I have 


reviewed the certified translation of Sakamoto and provide herein my opinions on 


the teachings of Sakamoto. The opinions provided herein do not necessarily 


represent my entire understanding of Sakamoto. 


81. Sakamoto generally relates to a GPS positioning system that includes a 


communication terminal and a GPS receiver. Sakamoto, Abstract, [0018]–[0019]. In 


its background section, Sakamoto recognizes that it is difficult to track and capture 
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GPS satellite signals when they have a low signal level, and that GPS signals are 


sometimes even unavailable (“positioning is not possible”). Sakamoto [0002], 


[0050]. Sakamoto teaches that the GPS positioning system may even stop searching 


for the position of the communication terminal when a GPS signal strength is “equal 


to or lower than a predetermined threshold value”. Sakamoto, [0038]. 


82. Sakamoto teaches that the communication terminal or more specifically 


the GPS positioning system within the communication terminal may operate in and 


switch between various positioning (aka “operating”) modes depending on the signal 


level of the GPS signal from the GPS satellite. The three operating modes that 


Sakamoto teaches are: (1) the “normal sensitivity mode”; (2) the “high sensitivity 


mode”; and (3) a mode that I will call the stop-position searching mode1. Sakamoto, 


[0005], [0038].  


                                         


1 I recognize that when Sakamoto’s GPS receiver stops position search, Sakamoto 


does not expressly refer to the stopping position searching as a “stop-position 


searching” mode or an “off mode.” However, for the reasons I provide below, it is 


my opinion that when the GPS receiver is not performing position searching because 


position searching was stopped due to a poor receive signal below a predetermined 


threshold value, this is a third mode of operation or that a third “mode” would have 
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83. With respect to the normal sensitivity and high sensitivity modes, 


Sakamoto discloses that the position information communication terminal 1 switches 


between both modes. In the normal sensitivity positioning mode, a GPS receiver 10 


of the terminal 1 is operated only when necessary by shutting off the power to the 


GPS receiver 10 after positioning is completed, while in the high sensitivity 


positioning mode, the GPS receiver 10 operates constantly and is continuously 


powered on. Sakamoto, Abstract, [0025]. The terminal 1 comprises a positioning 


control unit 13 and GPS control unit 12 operable to switch the positioning mode 


based on one of positioning control information, a threshold setting, a signal level 


received by GPS receiver 10 measured by a satellite signal level detecting unit 15, 


and remaining battery information from a battery control unit 16. Sakamoto, [0007], 


[0020]–[0024], [0027], [0045], [0046], Fig. 1.  


84. As shown in Fig. 1 reproduced below, the position information 


communication terminal 1 comprises a GPS receiver 10 for receiving a GPS satellite 


                                         


otherwise been obvious. Regardless, my reference to the “stop-position searching” 


state of operation as a “mode” is for ease of reference and is not inconsistent with 


Sakamoto’s teachings of a distinct state of operation where position searching is 


stopped because position searching cannot be performed due to a signal level below 


a predetermined threshold level. Sakamoto, [0038]. [0050]. 
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signals from multiple GPS satellites and performs positioning operations, a 


communication control unit 11 with a mobile communication means, a GPS control 


unit 12, a positioning control unit 13, a man-machine interface control unit 14, a 


satellite signal level detection unit 15 for detecting the level of the GPS satellite 


signal. The position information communication terminal 1 also includes a battery 


control unit 16 that monitors a remaining battery amount and notifies the positioning 


control unit 13 of a remaining battery amount warning when a remaining battery 


amount of a battery falls below a preset threshold value. Sakamoto, [0019], [0029]. 
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Sakamoto, Fig. 12. 


85. Sakamoto teaches that the position information communication 


terminal 1 communicates with a position management server 2 via a mobile 


communication network. This is shown in Fig. 2 reproduced below. 


 


Sakamoto, Fig. 2. The position management server 2 further comprises a 


communication control unit 21, a positioning mode control unit 22, GPS satellite 


information control unit 23, communication line status control unit 24, and position 


information database 25. Sakamoto, [0030], Fig. 3 (reproduced below). 


                                         


2 The figures from Sakamoto provided herein are reproductions of the translated 


Sakamoto figures prepared by Petitioner’s counsel. These figures are higher 


resolution and larger size for ease of reference. These reproduced figures are 


accurate representations of Sakamoto’s translated figures. See Affidavit for 


Sakamoto Figures Translation (Ex. 1004). 
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Sakamoto, Fig. 3.  


86. Sakamoto teaches that “when the satellite signal level is high, the 


normal sensitivity operation is automatically performed to reduce power 


consumption and to extend the operating time.” Sakamoto, [0045]. When the 


position information communication terminal 1 is set to the normal sensitivity 


positioning mode, power is cut off to the GPS receiver 10 until the positioning 


control unit 13 receives a position request from the man-machine interface control 


unit 14. When the position request is received, the GPS control unit 12 turns on 


power to the GPS receiver 10, and a position detection process is performed. 


Sakamoto, [0020]. After successful positioning, the positioning control unit 13 


requests the GPS control unit 12 to turn off the power of the GPS receiver 10. 


Sakamoto, [0024]. The normal sensitivity positioning mode is taught as consuming 
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comparatively less power than the high sensitivity positioning mode because power 


is cut off to the GPS receiver 10. Sakamoto, [0039], [0045], [0051].  


87. Sakamoto teaches that the position information communication 


terminal 1 is set to the high sensitivity positioning mode in response to detecting a 


signal level value that is below a predetermined threshold value (e.g., K1). 


Sakamoto, [0027]. The high sensitivity positioning mode is taught as consuming 


increased power compared to the normal sensitivity positioning mode, but succeeds 


in stabilizing positioning even when the signal level of a GPS satellite is low. 


Sakamoto, [0025], [0050]. When the position information communication terminal 


1 is set to the high sensitivity positioning mode, the GPS receiver 10 continues to 


operate without being cut off, even after successful positioning.  


88. With respect to the stop-position searching mode, Sakamoto teaches 


that when the GPS signal from the GPS satellite is so poor or weak that position 


determination cannot be performed, the position determination/searching is stopped: 


If it is determined that the positioning cannot be performed when 


the signal level value is equal to or lower than a predetermined 


threshold value, the position search may be stopped. 


Sakamoto, [0038] (emphasis added). Sakamoto teaches that in the stop-position 


searching mode, power to the GPS receiver 10 is either decreased or cut off to reduce 


power consumption and extend operating time. Sakamoto, [0028], [0038]–[0039], 


[0050]–[0051].  
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89. Sakamoto teaches switching between the modes of operation based on 


a satellite signal level monitored by the satellite signal level detecting unit 15 or the 


remaining battery amount monitored by the battery control unit 16. Sakamoto 


teaches that as the signal level of the received satellite signal increases (i.e., the GPS 


signal improves), the mode of operation is automatically switched between the stop-


position searching mode, the high sensitivity positioning mode, and the normal 


sensitivity positioning mode, respectively. For example, when the satellite signal 


level is equal to or below a first predetermined threshold, such that positioning 


cannot be performed, the position search may be stopped corresponding to the stop-


position searching mode. When the satellite signal level is below a second 


predetermined threshold, the position information communication terminal 1 is set 


to the high sensitivity positioning mode. When the satellite signal level is higher than 


a third predetermined threshold, the position information communication terminal 1 


is set to the normal sensitivity positioning mode. Sakamoto, [0027], [0038], [0050]. 


A POSITA would have understood from the teachings of Sakamoto that “a 


predetermined threshold value” for stop-position search mode would have been a 


different (and lower) value than a threshold value for the high sensitivity positioning 


mode. 


90. In another example of controlling the positioning mode, Sakamoto 


teaches that as a remaining battery level decreases, the mode of operation switches 
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between the high sensitivity positioning mode, the normal sensitivity positioning 


mode, and cutting off the power of either of  the GPS receiver 10 (Sakamoto, [0039], 


[0051]) or the position information terminal 1 (i.e., powering off the entire terminal 


rather than specific components of terminal 1), to reduce power consumption. 


Sakamoto, [0028], [0039], [0046]. Specifically, when the remaining battery level 


falls below a preset threshold value the battery control unit 16 notifies the 


positioning control unit 13 of a remaining battery amount warning. Sakamoto, 


[0028]. Given the remaining battery amount warning, the positioning control unit 13 


either selects the mode of operation directly or communicates positioning control 


information including remaining battery amount warning information to the 


communication control unit 11, which transmits the positioning control information 


to the position management server 2, via a mobile communication network. 


Sakamoto, [0029], [0051]. Based on the remaining battery amount warning 


information, the position management server 2 specifies the positioning operation of 


the GPS receiver 10. Sakamoto, [0039], [0051]. Sakamoto teaches that it is possible 


to reduce the power consumption by switching to positioning with the normal 


sensitivity positioning mode that consumes less battery or by cutting off the power 


of the GPS receiver so that longer operating time can be achieved. Sakamoto, [0039], 


[0051]. 
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91. Sakamoto teaches in a first embodiment, a man-machine interface 


control unit 14 that can be operated to set threshold values (e.g., K1 and K2) for 


comparison with the GPS signal level detected by the satellite signal level detection 


unit 15. Sakamoto, [0027]. If the GPS signal level is below a threshold (e.g., K1), 


then the positioning control unit 13 automatically switches the positioning 


information communication terminal 1 to the high sensitivity mode. If the GPS 


signal level exceeds the threshold (e.g., K2), then the positioning control unit 13 


automatically switches the positioning information communication terminal 1 to the 


normal sensitivity mode. Sakamoto, [0027]. 


92. The man-machine interface control unit 14 may also be operated to set 


a threshold value of the remaining battery level, which is monitored by the battery 


control unit 16. Sakamoto, [0029]. When the remaining battery level is below the 


threshold value, the positioning information communication terminal 1 is 


automatically shifted to the normal sensitivity positioning mode by the positioning 


control unit 13. Sakamoto, [0029]. I note that while Sakamoto does not explicitly 


describe this interface 14, he does describe interface 14 as being used to set the 


threshold battery level. In my opinion, a POSITA would understand that in order to 


set the threshold battery level, the threshold level would need to be represented in 


some way, for example as a bar graph, or a slider, or using a numerical input, for 


example, percentage of total battery level. Thus, since the user interface would 
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represent the threshold battery level in some way, when the battery warning 


indication was provided, a POSITA would have understood that this would mean 


the battery was at the threshold level indicated by the user interface. 


93. In a second embodiment, Sakamoto teaches that the position 


management server 2 receives a satellite signal level response massage from the 


position information communication terminal 1 and switches between the normal 


sensitivity positioning mode and the high sensitivity positioning mode based on a 


level of the GPS signal detected by the satellite signal level detection unit 15. 


Sakamoto, [0037]–[0038]. If the signal level is low, high sensitivity positioning is 


performed to achieve positioning and stabilize positioning. If the signal level is high, 


normal sensitivity positioning operation is performed to reduce power consumption. 


Sakamoto, [0038], [0045]. Further, if it is determined that the signal level value is 


lower than a predetermined threshold value, the position search may be stopped to 


reduce power consumption (or power to the GPS receiver 10 is cut off). Sakamoto, 


[0038], [0050]. 


94. Because both Sakamoto and the ’256 Patent are directed to portable 


electronic tracking device employing a GPS receiver, Sakamoto is in the same field 


of endeavor as the ’256 Patent.  


95. Additionally, like the ’256 Patent, Sakamoto discloses a portable 


electronic tracking device that employs a GPS receiver and is concerned with 
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reducing the applied power to a GPS receiver by stopping position searching when 


the GPS signal is unavailable. ’256 Patent, 9:40–54, 7:56–8:6; Sakamoto, [0050], 


[0038]. Therefore, Sakamoto is in the same field of endeavor and is reasonably 


pertinent to a problem purportedly solved by the claimed invention in the ’256 


Patent. 


B. GOTOH 


96. I have been informed that U.S. Patent Publication No. 2003/0217070 to 


Gotoh et al. (“Gotoh” or “Ex. 1005”) is prior art to the ’256 Patent. I have reviewed 


Gotoh and provide herein my opinions on the teachings of Gotoh. The opinions 


provided herein do not necessarily represent my entire understanding of Gotoh. 


97. Gotoh generally relates to a positioning system for identifying the 


position of a cellular phone terminal. When the cellular phone terminal is in a 


location where it cannot receive a GPS signal or is outside the accessible range of a 


communications system, the cellular phone terminal will start recording acceleration 


data using an accelerometer. Gotoh, Abstract. Gotoh recognizes in its background 


section that in some situations a mobile terminal may not be able to access a 


positional information providing service when communication conditions are poor, 


or when the mobile terminal is in an indoor environment (e.g., subways, and 


buildings). When in these types of situations the mobile terminal would then be 
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unable to properly record positional information and accurately trace a user’s route. 


Gotoh, [0007].  


98. Gotoh teaches that it is “possible to predict a travel route by 


complementing the positional data with the acceleration log ...” and that a distance 


traveled can be derived from the extracted acceleration log. Gotoh, [0021], [0026], 


[0096]. The mobile terminal “finishes measuring the acceleration in a case where 


the cellular phone terminal 10 becomes able to receive GPS signals, and 


communication with the communication system 30 is recovered.” Gotoh, [0067], 


[0098]. Gotoh teaches that a control unit within the mobile terminal will then send 


the acceleration data to a “management system 20 through the communication 


system 30 and the network N ...” Gotoh, [0084]. Once received a management 


computer 21 within the management system 20 “derives a distance traveled between 


the accelerometer measurement start time and the measurement end time based on 


the acceleration data 230.” Gotoh, [0090]. The “management computer 21 derives 


the travel distance by twice integrating the acceleration log of the acceleration data 


230 with respect to time.” Id.  


99. Because both Gotoh and the ’256 Patent are directed to portable 


electronic tracking devices that employ GPS receivers, Gotoh is in the same field of 


endeavor as the ’256 Patent.  
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100. Additionally, like the ’256 Patent, Gotoh discloses a mobile device that 


employs an accelerometer for measuring acceleration values when the GPS receiver 


is unable to receive GPS signals. ’256 Patent, 7:61–8:6, 9:40–54; Gotoh, Abstract, 


[0096], [0102]. Therefore, Gotoh is in the same field of endeavor and is reasonably 


pertinent to a problem purportedly solved by the claimed invention in the ’256 


Patent. 


C. KRASNER 


101. I have been informed by counsel that U.S. Patent 6,799,050 to Krasner 


(“Krasner” or (“Ex. 1010”) is prior art to the ’256 Patent.  


102. I have reviewed Krasner and provide herein my opinions on the 


teachings of Krasner. The opinions provided herein do not necessarily represent my 


entire understanding of Krasner. 


103. Krasner teaches a combined GPS receiver and communication system 


for a mobile device, where a communication transceiver section 109 of the mobile 


device includes a power amplifier 108. Krasner, Title, 3:5–16, 3:31–41, 5:20–25, 


5:64–67, FIG. 2. To reduce cross-interference between weak GPS signals and 


communication signals (such as a cellular telephone signal, 5:24–25), Krasner 


teaches gating the GPS receiver (i.e., activating or not activating) based on a power 


level control signal 105. Krasner, 4:41–48, 7:10–23, 6:51–62. When power to the 


power amplifier is reduced or cut, the GPS receiver is activated to receive GPS 
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signals, and conversely, when the power level maintains normal power in the power 


amplifier, the GPS receiver is prevented from receiving GPS signals. Krasner, 7:10–


23.  


104. Krasner generally relates to a mobile device including a satellite 


positioning system receiver and a cellular transceiver. Krasner, Abstract. Krasner 


determines position information using GPS and addresses issues involving cross-


interference between a cellular transceiver and GPS receiver. Krasner, 6:1–9, 7:10–


39. Further, Krasner teaches receiving a GPS signal comprising a “snapshot,” stating 


“[i]n one embodiment of the present invention, GPS signal processing circuit 114 


also includes a digital snapshot memory which is coupled to the output of the A/D 


converter and which can store a record of the data to be processed. The snapshot 


memory is used to process the GPS signals which are typically stored in a separate 


memory device coupled to GPS processing circuitry 114. The snapshot memory can 


also be employed for communication signals that are packetized, that is, signals 


consisting of bursts of data bits followed by long periods of inactivity. Continuous 


signaling, such as many cellular-type signals, may also be processed in a continuous 


manner by the processing circuitry.” Krasner, 4:23–34. 


105. Because both Krasner and the ’256 Patent are directed to portable 


electronic devices comprising both GPS and mobile communication, in my opinion, 


Krasner is in the same field of endeavor and is pertinent to a problem to be solved 
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by the claimed invention in the ’256 Patent. ’256 Patent, 4:62–5:18; Krasner, 6:1–


22. 


D. KULACH 


106. I have been informed that U.S. Patent Publication No. 2007/0208544 to 


Kulach et al. (“Kulach” or “Ex. 1007”) is prior art to the ’256 Patent. I have reviewed 


Kulach and provide herein my opinions on the teachings of Kulach. The opinions 


provided herein do not necessarily represent my entire understanding of Kulach. 


107. Kulach generally relates to a method and apparatus that utilizes 


accelerometers that measure accelerations and a processing system that can generate 


a motion parameter metric utilizing the acceleration measurements and further 


estimate a motion parameter using the generated metric. Kulach, Abstract. More 


specifically, Kulach teaches a portable tacking apparatus that can include one or 


more accelerometers for the measurement of accelerations in multiple directions, 


and a navigation device that may include a GPS receiver for determining 


geographical locations. Kulach, [0023]–[0026], [0061]. Kulach teaches that the one 


or more accelerometers may be housed in a “sensor unit 32” within the portable 


tracking apparatus. Kulach, [0079], Fig. 9., [0061] (teaching that the “navigation 


device 24 may include a GPS receiver ...”). 


108. Kulach teaches that the portable tracking apparatus determines motion 


parameters, including acceleration, velocity, and total distance. Kulach, [0054]. 
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Furthermore, Kulach teaches the portable tracking apparatus is capable of 


automatically disabling components (i.e., navigation device 24 and unit 32), when 


“not in use to achieve optimum power consumption and functionality.”  and to 


“conserve energy[.]” Kulach, [0083], [0090] (teaching that “the apparatus 10 can 


disable most of its sensors to conserve energy and enable a subset of the sensors, 


such as he one or more accelerometers 12, only frequently enough to maintain 


context awareness.”).  


109. Because both Kulach, and the ’256 Patent are directed to portable 


electronic tracking devices that employ GPS receivers, Kulach is in the same field 


of endeavor as the ’256 Patent.  


110. Additionally, like the ’256 Patent, Kulach discloses a portable 


electronic tracking device that is capable of controlling power usage by disabling 


components, such as an accelerometer, when not in use to conserve energy and 


achieve optimum system power consumption. ’256 Patent, Abstract, 5:4–11, 7:61–


8:6, 8:28–32; Kulach, [0083]. Therefore, Kulach is in the same field of endeavor and 


is reasonably pertinent to a problem purportedly solved by the claimed invention in 


the ’256 Patent.  


E. DESCRIPTION OF THE ALLEGED INVENTION OF THE ’256 
PATENT 


111. The ’256 Patent describes a device and method to monitor the location 


coordinates of an electronic tracking device. The tracking device generally contains: 
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circuitry for receiving at least a portion of a communication signal wherein said 


portion of the communication signal comprises location coordinates (e.g., GPS 


signals); accelerometer circuitry for measuring the differential positioning of the 


tracking device (e.g., a dual-axis accelerometer); location tracking circuitry (e.g., 


GPS logic circuitry); signal processing circuitry; and a battery power monitor that 


can selectively activate and deactivate at least one portion of the transceiver circuitry 


and location tracking circuitry in response to the measured signal level/strength of 


the at least one portion of the receive communication signal. ’256 Patent, Abstract, 


6:6–17, 6:39–48, 9:45–54. 


112. The ’256 Patent provides an exemplary embodiment of the electronic 


tracking device in Figure 1 depicted below.  
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’256 Patent, Fig. 1, 5:44–47. (teaching that the “tracking device 100 contains various 


electronic components 101 such as a transceiver 102, signal processing circuitry 104 


(e.g., a microprocessor or other signal circuitry), and accelerometer130.”). The ’256 


Patent describes that the location tracking circuitry 114 may be that of GPS logic 


circuitry, and that the tracking device 100 periodically checks availability of GPS 


signals and determines if said communication signal is above a first signal level. 


’256 Patent, 6:8–10, 6:63–66. The ’256 Patent teaches that the location tracking 


circuitry 114 “calculates location data received and sends the data to signal 
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processing circuitry 104.” ’256 Patent, 6:6–8, 6:11–14 (teaching that the detecting 


circuitry 115 or the signal processing circuitry 104 may measure the signal power 


level). When a communication signal (i.e., GPS signal) received by the GPS receiver 


is below a first signal level, the location tracking circuitry deactivates portions of the 


GPS circuitry to reduce power consumption. ’256 Patent, 6:44–51, 6:60–63, 7:56–


8:6. By reducing GPS receiver usage when the GPS signal is “insufficient for 


processing” (9:35–37), the device “conserves battery power” (7:56–61). 


Furthermore, the ’256 Patent teaches that “[w]hen GPS signaling is not practicable, 


electronic device proximity measurements provide differential location coordinate 


information to calculate current location coordinate information.” ’256 Patent, 8:3–


6, 9:35–37 (teaching that the “accelerometer 130 activates if a power level of the 


received communication signal is insufficient for processing”), 9:40–41 (teaching 


that the “processing unit 104 computes current location coordinates using 


acceleration measurements”).   


113. Furthermore the ’256 Patent teaches that all or portions of the location 


tracking circuitry (i.e., GPS circuitry) is activated at selected time intervals to 


determine if the received communication signal is of sufficient signal strength, and 


if the received communication signal is of sufficient signal strength the location 


tracking circuitry 114 is activated, the accelerator 130 is deactivated, and the signal 
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processing circuitry 104 will begin determining location coordinates from the 


received communication signal. ’256 Patent, 9:41–54. 


F. OPINIONS OF THE COMBINATION OF SAKAMOTO AND 
GOTOH  


1. Motivation to Combine Sakamoto and Gotoh  


114. In my opinion, a POSITA would have found it obvious and been 


motivated to employ the accelerometer from Gotoh in the system of Sakamoto to 


supplement Sakamoto’s stated existing problem of insufficient GPS signal. 


Sakamoto, [0038], [0050]. Rather than having the position information 


communication terminal 1 in Sakamoto be unable to determine a position when GPS 


signals were unavailable, it would have been desirable and advantageous to add an 


accelerometer to the Sakamoto terminal to perform known dead reckoning 


techniques to determine position. As described in the technology background of this 


declaration, by the priority date of the ’256 Patent, accelerometers were accurate, 


inexpensive, readily available, easily incorporated into a larger electronic 


component (e.g., navigation device), and used a relatively small amount of battery 


power. See Levi, 3:22–26 (teaching accelerometers have become “available at low 


cost ...”); Croyle, 1:45–49 (teaching a navigation system is smaller and more cost 


effective and takes advantage of the availability of low cost micro-machined 


accelerometers); Vaganov, [0007] (teaching the market for accelerometers includes 


hand held devices, e.g. cell phones, PDAs, hand-held computers), [0020] (teaching 
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a small three-axis accelerometer that provide high sensitivity to acceleration, low 


power consumption, high reliability, and high long term stability, and low cost). 


Additionally, dead reckoning techniques employing inertial sensors such as 


accelerometers were widely used and well known at the time of the invention for 


position determination. Gotoh, [0051], [0053]; Croyle, 12:57–65; Levi, 1:12–24. 


115. In more detail, a POSITA would have found it obvious to, and been 


motivated to, modify Sakamoto, which teaches a GPS receiver 10 in a position 


information communication terminal 1 which stops position searching when the 


signal strength of the GPS signal is below a predetermined threshold level, to include 


Gotoh’s teaching of an accelerometer to start recording acceleration data when a 


cellular phone terminal cannot receive GPS signals. As described in the technology 


background section of this declaration, the problem of poor (i.e., weak) GPS signals 


was well known prior to the ’256 Patent. See, Section V.E. It was well known that 


GPS signals from GPS satellites were often weak due to various factors, such as tall 


buildings or structures or being inside a building. Lindquist (Ex. 1022), 1:31–35 


(teaching GPS signal can be significantly impacted by environmental factors and 


become hard to impossible to acquire within a building, car, or under foliage); 


Krasner, 5:12–15 (teaching GPS signals may be unavailable when in tunnels, mines 


building, and enclosed areas); Krumm, [0003], [0039]; Gotoh, [0007]. Sakamoto 


expressly teaches that “[i]f it is determined that the positioning cannot be performed 
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when the signal level value is equal to or lower than a predetermined threshold value, 


the position search may be stopped.” Sakamoto, [0038]. Similarly, Gotoh teaches 


“Furthermore, in some cases, the positional information providing service can not 


be accessed from indoor environment such as inside the subways and building where 


communication condition is poor. In these cases, the positional information can not 


be properly recorded and the route the worker took can not be accurately traced.” 


Gotoh, [0007]. Thus, it was known that GPS positioning could not be performed 


when the signal level was insufficient. 


116. It was also well known using an accelerometer to determine position 


was a ready-available option. Well before the priority date of the ’256 Patent, 


accelerometers were used to determine the position of a tracking device, such as 


through dead reckoning techniques. Gotoh teaches a solution to the problem of 


insufficient GPS signal by starting to measure acceleration data with an 


accelerometer. Gotoh, [0081]. Other references also teach using an accelerometer to 


supplement a GPS receiver when GPS signals are weak. Levi, 8:6–9 (teaching when 


GPS is not valid or available dead reckoning (DR) is used), Croyle, 11:43–46 


(teaching that if the GPS heading is invalid or the GPS measurements are insufficient 


the system falls back on the orthogonal axis accelerometer), 13:29–33 (teaching that 


when GPS is unavailable or unreliable the improved navigation system will fall back 


on the calibrated accelerometers). In my opinion, a POSITA would have readily 
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recognized the benefit of using an accelerometer when the GPS signal is weak as an 


alternative method of determining a position. Use of an accelerometer is not 


desirable as the sole measure of determining a position, as it requires setting a known 


position from time-to-time (as I discuss in the following paragraph). But, for use 


during GPS signal outages (which are presumably intermittent) or when battery 


power is low, using an accelerometer as a supplemental tracking device is expected, 


routine, and desirable. 


117. As described in the technology background section of this declaration, 


dead reckoning utilizes basic calculus, physics, and trigonometry applied to 


acceleration values and a last known location to determine a current position. See 


Section V.C. Levi, 1:13–16 (teaching that dead reckoning (DR) “refers to a position 


solution that is obtained by measuring or deducing displacements from a known 


staring point in accordance with motion of the user”), 8:6–7 (teaching DR uses the 


last fix, whether GPS or manual, for a start point”), 8:42–44 (teaching DR calculates 


incremental change in position from a known starting point), 1:20–21 (teaching that 


“[d]ouble integration calculates position from acceleration as the user moves”), 


1:23–25 (teaching “[r]esults from the integration are added to the starting position 


to obtain current location”). The accelerometer outputs acceleration values at 


incremental time intervals, and the acceleration values are twice integrated to 


determine a distance traveled (sometimes called a “displacement”) while measuring 
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acceleration. Gotoh, [0040], [0090]. Once a distance traveled is calculated, the 


tracking device uses a last known location and the distance traveled from such last 


known location to determine the current location. Levi, 8:42–44, 1:20–21, 1:23–25. 


Dead reckoning requires periodically setting a known location, either through 


manual entry or through use of a GPS. Levi, 8:6–7. This is because the distance 


traveled (based on the acceleration values) and heading or bearing must be compared 


to a known location in order to determine a new position. 


118. A POSITA would have similarly been motivated and found it obvious 


to modify the system of Sakamoto to include the means to perform dead reckoning 


(DR) (i.e., utilize the accelerometer data and last known location and perform the 


necessary calculations to derive a current location). As described in the technology 


background section of this declaration, it was well known prior to the ’256 Patent 


that considerable work had been performed in the area of integrating GPS and DR 


systems into electronic portable navigation systems. Levi, 1:51–53. See Sections 


V.B-C. As I discussed above performing dead reckoning entails using basic 


calculus/trigonometry to derive acceleration values and a subsequent position and 


then adding the derived position to the last known location to determine a current 


position. Levi, 1:13–16, 1:20–25. Such calculations for performing DR were well 


known to be performed utilizing software modules. Levi, 7:64–8:11. Furthermore, a 


POSITA would have understood that commercially available processors were 
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capable of performing such simple mathematical computations (e.g., multiplication 


and addition). A POSITA would have understood that a benefit of performing the 


DR locally on the mobile device would have been that the mobile device would be 


capable of providing its user with their real time location and/or navigational 


functions during times when no cellular networks and GPS signals were available. 


This would have improved the reliability and robustness of the mobile device.   


119.  Furthermore, there would have been a reasonable expectation of 


success for adding processing means to the system of Sakamoto for the purpose of 


performing DR calculations, such that a POSITA would have known how to perform 


the modification of Sakamoto’s system without undue experimentation. As 


discussed above, integrating DR processing and accelerometers was well known and 


commonly utilized within mobile tracking devices. For example, the ’256 Patent 


discusses that “consumer electronics manufacturers, e.g., Apple, Ericsson, and Nike, 


incorporate accelerometers in personal electronic devises, e.g., Apple iPhone, ...” 


’256 Patent, 1:46–54, 2:11–14 (teaching that “manufacturers of conventional 


internal navigation systems deploy one or more accelerometers ...”). There would 


have been a reasonable expectation of success for adding DR processing means to 


the system of Sakamoto for the purpose of performing DR calculations. Given the 


well-known and widespread use of accelerometers in hand-held portable devices as 


an alternative position determination means, the modification would have been 
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straightforward, such that a POSITA would have had a reasonable expectation of 


success modifying the Sakamoto terminal to include the means for processing data 


received from accelerometers and performing DR calculations. 


120. In my opinion, using an accelerometer to supplement a GPS receiver is 


use of a known technique (e.g., Gotoh’s accelerometer supplementing Sakamoto’s 


GPS receiver 10 and other location tracking circuitry) to improve a similar device 


(Sakamoto’s terminal 1, including GPS receiver 10 and other location tracking 


circuitry) in the same way. Specifically, the known supplemental location tracking 


technique employing the accelerometer to measure acceleration data from Gotoh is 


an improvement upon the base device of Sakamoto (the position information 


communication terminal 1), such that the position can be determined even without a 


sufficient GPS signal. Further, a POSITA would have recognized that the 


supplemental location tracking technique was applicable to the position information 


communication terminal 1 of Sakamoto to allow for positioning when GPS signal is 


insufficient. Specifically, both the Sakamoto terminal and the Gotoh cellular phone 


terminal are communication devices (both communicate with a remote server or 


management system across a wireless communications network), both have GPS 


receivers and determine position using GPS, and both are portable. Therefore, a 


POSITA would have understood an accelerometer, as used in the Gotoh cellular 


phone terminal, was usable in a communication device with a GPS receiver.  
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121. For a POSITA to combine the accelerometer teachings of Gotoh with 


the system of Sakamoto would have required nothing more than merely combining 


prior art elements according to known methods to yield predictable results. 


Specifically, Gotoh teaches the desirability of including an accelerometer as a 


supplemental location tracking device in a portable location tracking terminal, such 


as cellular phones or other mobile tracking devices. Gotoh, [0051], [0053]; Croyle, 


12:57–65; Levi, 1:12–24. Additionally, the accelerometer of Gotoh combined in the 


system of Sakamoto would have performed the same function of supplemental 


location tracking to start recording acceleration data when GPS signal cannot be 


received. Gotoh, [0081]. It would have been simple to add an accelerometer to 


Sakamoto’s terminal, as the terminal already includes a positioning control unit that 


performs evaluation of the signal strength and other processing steps. Sakamoto, 


[0027]. In the proposed modification, the Gotoh accelerometer would send the 


acceleration values to the positioning control unit. A POSITA would know how to 


program the control unit to perform basic dead reckoning steps using the received 


acceleration values, as programs for dead reckoning are simple and within a 


POSITA’s expertise (as evidenced by the numerous prior art references discussing 


dead reckoning). In circumstances where the positioning control unit determines the 


GPS signal is below the predetermined threshold value (Sakamoto, [0038], 0050]), 


the positioning control unit would set a mode of determining position using the 
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acceleration values. Thus, because using accelerometer data to determine position 


was known, modifying the Sakamoto system would have yielded the predictable 


result of using the accelerometer when the Sakamoto GPS receiver received a weak 


or no GPS signal. 


122. Furthermore, there would have been a reasonable expectation of 


success for adding the accelerometer of Gotoh in the system of Sakamoto, such that 


a POSITA would have known how to perform the modification of Sakamoto’s 


system without undue experimentation. As discussed above, accelerometers were 


readily available, inexpensive, and ready for use and integration with larger 


electronic devices. For example, the ’256 Patent discusses using a specific 


accelerometer provided by Analog Devices, Inc. ’256 Patent, 6:39–44. The 


accelerometer—the ADXL320—is described in the data sheet as “low cost,” “low 


power,” and for use in “cost-sensitive motion- and tilt-sensitive applications,” 


including smart hand-held devices, mobile phones, and sports and health-related 


applications. I have been informed by counsel the ADXL320 data sheet is prior art 


to the ’256 Patent, but even if not, the statements made in the ADXL320 data sheet 


regarding certain accelerometers being low cost, low power, and for use in portable, 


hand-held devices was well known to a POSITA. Given the ubiquitous use of 


accelerometers in hand-held portable devices as an alternative position 


determination means, the modification would have been straightforward, such that a 
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POSITA would have had a reasonable expectation of success modifying the 


Sakamoto terminal to include the Gotoh accelerometer.  


123. It also would have been obvious to only use the accelerometer data, and 


therefore, increase applied power to the accelerometer to start accelerometer 


measurements, when such functionality was needed due to poor GPS signal 


reception, as taught by Gotoh. Only measuring and processing the acceleration 


values when needed saves battery power in a mobile device with limited battery 


capacity. There would not have been a need to measure and/or process acceleration 


data unless such data was actually going to be used for outputting information or 


instructions to the portable device. Otherwise, unnecessary processing is performed, 


wasting processing resources and unnecessarily using battery power. In my opinion, 


a designer of electronic devices with limited battery and processing resources does 


not commonly design the device to perform read sensor data (e.g., accelerometer 


data) for no reason or otherwise perform processing on sensor data that is not 


otherwise going to be used by the device. Therefore, it would have been obvious to 


increase applied power to the accelerometer, as taught by Gotoh, used in the 


modified Sakamoto system only in response to a GPS signal level being unavailable 


in order to reduce power consumption and increase battery life in Sakamoto’s 


system, which is a stated goal in Sakamoto. Such a use of a known technique of 


starting measuring acceleration and recording acceleration data (i.e., increasing 
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applied power to an accelerometer) in response to a GPS signal level being 


unavailable would have advantageously improved Sakamoto’s similar mobile 


tracking device in the same way by allowing Sakamoto’s device to perform location 


tracking via an accelerometer even when GPS signals are unavailable or weak. Such 


a combination would have had a reasonable expectation of success because utilizing 


GPS for primary location tracking and an accelerometer for supplemental location 


tracking in a device was well known in the prior art, as evidenced by Gotoh. 


Furthermore, such a combination would have had a reasonable expectation of 


success for power conservation because Sakamoto expressly teaches conserving 


power in a mobile device and Gotoh teaches measuring and recording acceleration 


only when GPS is unavailable.  


2. Sakamoto’s Multiple Embodiments and Motivation to Combine 
the Embodiments 


124. A POSITA would have understood that Sakamoto teaches at least two 


embodiments: “Embodiment 1” and “Embodiment 2”. Sakamoto, [0018], [0030], 


respectively. Referring to Embodiment 1, Sakamoto states: “In this embodiment, the 


position information communication terminal 1 will be described.” Sakamoto, 


[0019]. Regarding Embodiment 2, Sakamoto states “the configurations of the 


position information communication terminal 1 and the GPS positioning 


system of the present embodiment are the same as those in FIGS. 1 and 2; the 


same configurations are denoted by the same reference numerals and the 
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description thereof will be omitted.” Sakamoto, [0030], [0034] (emphasis added). 


Both embodiments explicitly teach determining the level of a received satellite 


signal and specifying a positioning mode (e.g., high/normal sensitivity positioning 


mode) based on the determined level of the received satellite signal. Sakamoto, 


[0027] (describing Embodiment 1); Sakamoto, [0037]–[0038], [0045], [0050] 


(describing Embodiment 2).  


125. A POSITA, understanding that both embodiments are  similar (e.g., 


both focusing on detecting a signal strength and setting a sensitivity positioning 


mode based on the detected signal strength), and further understanding that 


Embodiment 2 is expressly taught as including the same hardware as that of 


Embodiment 1 (e.g., the configurations of the terminal 1 and server 2), would have 


found it obvious and been motivated to combine both embodiments or otherwise 


modify one embodiment with teachings of the other. Furthermore, given the 


aforementioned similarities between the embodiments and the express teaching 


regarding the inclusion of the same hardware in both embodiments, it would have 


been obvious to a POSITA to employ the methods and techniques described with 


respect to Embodiment 1 in the GPS system of Embodiment 2 and vice-versa. Such 


a modification would have entailed utilizing components from both embodiments to 


perform the disclosed methods and techniques of at least one of the embodiments. 


Sakamoto’s disclosure regarding the GPS system that is taught for each of the 
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embodiments is the same, and to the extent any modification would be necessary, it 


would require only routine programming of the GPS system to perform the disclosed 


methods of further reducing power usage. A POSITA would have understood that 


such a combination would have had a reasonable expectation of success given 


Sakamoto’s express teaching that the same hardware is used in both embodiments.  


126. In Embodiment 1, Sakamoto teaches that the position information 


communication terminal 1, or more specifically the positioning control unit 13 is 


what sets the positioning (aka operating) mode dependent on the detected level of 


the received satellite signal. Sakamoto, [0020]–[0024], [0027]. In Embodiment 2, 


positioning control unit via communication control unit 11 sends the position 


information to the position management server 2 ([0035]) via a mobile 


communication network [0050], the position management server 2 then uses the 


position control message (i.e., satellite signal level response message) to determine 


which sensitivity positioning mode should be used and instructs the terminal 1 to 


utilize the appropriate positioning mode. Sakamoto, [0037]–[0038]. Embodiment 2 


expressly teaches stopping the position search when the received GPS signal level 


value is equal to or lower than a predetermined threshold value. Sakamoto, [0038], 


[0050]. A POSITA would have found it obvious to perform detecting of both the 


position and GPS satellite signal strength at the terminal, as taught for Embodiment 


1, while still maintaining the ability to stop position searching when a received GPS 
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satellite signal level is equal to or lower than the predetermined threshold value, as 


taught with respect to Embodiment 2. Such a modification would have allowed 


terminal 1 to perform position searching and set the positioning mode (from among 


the three possible modes: high, normal, and stop-position searching. Sakamoto, 


[0027], [0038], [0050]) without server 2 instructing terminal 1 which mode to select. 


This would have been advantageous in the event the wireless communication 


network was unavailable or available with only limited connectivity (e.g., weak 


signal) causing restricted communication with the server. Sakamoto, [0005], Claims 


7–8 (disclosing mobile communication network); Gotoh, [0078] (recognizing that 


communication of GPS information with a remote server may be limited by the 


communications network availability/range). 


3. Physical Components Shared by Claim Elements 


127. Some of the elements of the ’256 Patent’s claims share one or more 


components as they are mapped below and in the Petition. For example, for Claim 


9, the mapped “location tracking circuitry” comprises Sakamoto’s GPS receiver 10 


and the GPS control unit, whereas the mapped “battery management circuitry” also 


comprises the GPS control unit (in addition to other components). A POSITA would 


have understood and expected that a particular component would perform multiple 


functions. In portable (mobile) electronic devices, space is at a premium. A POSITA 


would not have expected each operational module to operate using completely 
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dedicated hardware/circuitry, but rather to share particular hardware/circuitry as 


much as possible to conserve space. See Krasner, 10:16–51 (discussing various 


configurations of its components, including combining functions into a single 


processor). Similarly, a POSITA would have understood providing duplicate 


components for each subsystem of a consumer electronic device would have been 


wasteful of production cost, materials cost, and/or power consumption. Instead, a 


POSITA would have understood that the claim elements, as mapped, would have 


been distinguishable by their distinct functions performed and the totality of their 


composition (i.e. the hardware/circuitry not shared between the claim elements). 


Thus, in my opinion, the mapping of the claim elements in the Petition, in which 


hardware/circuitry is shared amongst otherwise distinctly-operating elements, is 


appropriate and obvious. 


 OPINIONS REGARDING GROUND 1: SAKAMOTO IN VIEW OF 
GOTOH 


A. CLAIM 10 


1. Claim 10[Preamble]  


a) “A location monitoring apparatus for an electronic 
tracking device powered by a battery to track by a 
monitoring station comprising:” 


128. In my opinion, to the extent the preamble is limiting, Sakamoto as 


modified by Gotoh teaches Claim 10[Preamble].  
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129. First, I note that Sakamoto teaches an “electronic tracking device.” In 


my opinion, Sakamoto’s GPS receiver 10, communication control unit 11, GPS 


control unit 12, positioning control unit 13, satellite signal level detection unit 15, 


battery control unit 16, and communication line status control unit 17 (either 


individually or collectively) along with Gotoh’s accelerometer constitute the 


claimed “electronic tracking device.”  


130. Second, I note that Sakamoto teaches the claimed “location monitoring 


apparatus for an electronic tracking device…” In my opinion, Sakamoto’s GPS 


receiver 10, GPS control unit 12, positioning control unit 13, satellite signal level 


detection unit 15, and battery control unit 16 (either individually or collectively) 


along with Gotoh’s accelerometer 13 constitute the claimed “location monitoring 


apparatus for an electronic tracking device.” Sakamoto, [0019]. Gotoh's 


accelerometer is enabled and utilized for determining a distance traveled when GPS 


signals are unavailable for GPS location tracking. Gotoh, Abstract, [0053], [0090]. 


I also note that the mapped “location monitoring apparatus” is “for” the mapped 


“electronic tracking device,” thus meeting the claim.  


131. It is my opinion that these “electronic tracking device” components 


allow Sakamoto’s position management / positioning server 2 (i.e., a monitoring 


station) (including a position searcher B) to track Sakamoto’s terminal 1 (“to track 


by a monitoring station”). Sakamoto teaches server 2 (along with position searcher 
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B) can request terminal 1’s position in a “position search request message” 


transmitted from server 2 to terminal 1’s communication control unit 11 via a mobile 


communication network. Sakamoto, [0031]–[0033], Fig. 4. In response to receipt of 


the position search request message, GPS receiver 10 of terminal 1 “starts the 


position detection operation[.]” Sakamoto, [0034]. When positioning is successful, 


Sakamoto teaches that terminal 1’s positioning control unit 13 transmits a search 


response message via communication control unit 11 and the mobile communication 


network to server 2, where the search response message includes position 


information. Sakamoto, [0035], Fig. 5.  


132. Sakamoto teaches that the terminal 1 (and terminal user A) and server 


2 (along with position searcher B) are linked via a mobile communication network, 


as depicted in Fig. 2 below. 


 


Sakamoto, Fig. 2. 
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133. Sakamoto teaches that terminal 1 also includes a battery such that 


terminal 1 is “powered by a battery” that “supplies operating power” to terminal 1, 


as claimed. Sakamoto, [0019], Claim 5 (“…provided with a battery that supplies 


operating power…”).  


134. I included a motivation to modify Sakamoto to include Gotoh’s 


accelerometer in Section VI.F.1 above, and that motivation to combine applies here 


and is incorporated by reference herein.  


2. Claim 10(a) 


a) “an accelerometer to generate displacement vectors 
associated with the electronic tracking device; and” 


135. As I discussed for Claim 10(preamble) above, Gotoh teaches an 


accelerometer 13. I note that Sakamoto does not specifically teach an accelerometer. 


As I discussed in the Background of the Technology, portable devices that included 


both GPS components (and/or “circuitry”) for GPS-based position determination 


and an accelerometer for accelerometer-based position determination were 


extremely well known and widely in use before the time of the ’256 Patent. One 


example is Gotoh. In my opinion, Gotoh either teaches or renders obvious the 


claimed “an accelerometer to generate displacement vectors.”  


136. Gotoh teaches using an accelerometer 13 of cellular phone terminal 10 


to start measuring “acceleration applied to the cellular phone terminal 10” as 


acceleration data in time series (including a measurement start time and end time) 
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and storing it in an acceleration log of acceleration data storage unit 14 in response 


to cellular phone terminal 10 not being able to receive GPS signals (“can not receive 


GPS signals[.]”). Gotoh, [0066]–[0067], Abstract, [0051]–[0054], [0059], [0064], 


[0081]–[0082], [0084], [0099], Figs. 1, 3. Gotoh teaches that the acceleration log 


stored in acceleration data storage unit 14 is transmitted to management computer 


21 of management system 20 via communication system 30 and network N and the 


acceleration data is stored in acceleration data storage unit 23 as acceleration data 


230. Id. Gotoh teaches that acceleration data 230 is stored in time series and includes 


“data regarding a measurement start time, a measurement end time, and an 


acceleration log in association with the terminal identifier.” Gotoh, [0064], [0066]–


[0067], [0053], [0090]–[0091]. Gotoh teaches that acceleration data 230 is twice 


integrated with respect to time (start time and end time) to obtain an estimated 


distance traveled between a first position and a second position. Id.  


137. In my opinion, the acceleration data generated by the Gotoh 


accelerometer is “to generate displacement vectors associated with the electronic 


tracking device,” as claimed. Newton’s laws state that objects change their position 


because of velocity, and velocity arises from forces that accelerate (or decelerate) 


the object. When a force is applied to an object at rest, it will accelerate, and the 


object will move (i.e., it will be “displaced”). Similarly, if a force is applied to an 


object moving at constant speed, it will either speed up, slow down, or change 
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direction, depending on the direction of the force. (A change in the direction of an 


object, even if the speed does not change, still requires an acceleration, in this case 


right or left). When the object moves, it experiences a “displacement” (i.e., a 


displacement from its original trajectory). Thus, measuring acceleration of an object 


allows the determination of the displacement of that object. The actual physical 


movement can be computed by integrating the displacement over some time interval 


to obtain velocity, and then integrating the velocity over the time interval to obtain 


distance. 


138. An accelerometer, such as the accelerometer taught by Gotoh, measures 


the acceleration that causes displacement. By measuring acceleration with an 


accelerometer, the displacement of the object is also measured. With a known frame 


of reference, the displacement vector can thereby be generated.  


139. Gotoh teaches such a known frame of reference. Gotoh teaches the 


accelerometer 13 measures the “acceleration applied to the cellular phone terminal 


10.” Gotoh, [0053], [0099]. As would have been well known to a POSITA, the 


accelerometer is mounted in a fixed orientation within the cellular phone terminal 


(i.e., the accelerometer is not just loose within the phone’s housing). The orientation 


of the phone (carrying the fixed accelerometer) is relative to the earth reference 


frame as measured by the different axes of the accelerometer. By measuring 
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acceleration with this orientation, Gotoh teaches “an accelerometer to generate 


displacement vectors associated with the electronic tracking device.”   


140. As I discussed above, Gotoh teaches that the acceleration data is 


“acceleration applied to cellular phone terminal 10.” Gotoh, [0053], [0099]. 


Therefore, because the phone is also carrying the electronic tracking device as I 


discussed above for the Claim 10 preamble, the generated displacement vectors are 


“associated with the electronic tracking device,” as claimed. When the accelerometer 


as taught by Gotoh is added to Sakamoto’s terminal 1, the terminal would similarly 


measure the acceleration applied to the Sakamoto terminal 1 as the terminal is carried 


or moved by terminal user A. Sakamoto, [0018].  


141. I included a motivation to modify Sakamoto to include Gotoh’s 


accelerometer in Section VI.F.1 above, and that the motivation to combine applies 


here and is incorporated by reference herein.  


3. Claim 10(b) 


a) “a signal processor to measure a signal level of a receive 
communication signal comprising location coordinates 
information; and” 


142. In my opinion, Sakamoto teaches the claimed “signal processor.” 


Sakamoto teaches satellite signal level detecting unit 15 that “detects a level of the 


GPS signal received by the GPS receiver.” Sakamoto, [0008], [0019], [0045], 


[0050], Claim 4. Sakamoto also teaches that the received satellite signal level is 


IPR2020-01191 
Apple EX1003 Page 82







Declaration of Scott Andrews 
Patent No. 8,102,256 


 


compared with “a predetermined threshold signal level” for determining whether to 


stop position searching. Sakamoto, [0038], [0050]. Sakamoto teaches satellite signal 


level detecting unit 15 both monitors the signal level during a specified measurement 


time and calculates an average signal level value; Sakamoto also teaches a signal 


level list as part of a signal level response message that includes a satellite number 


and signal level from that satellite “as one set.” Sakamoto, [0037], Fig. 7. In my 


opinion, a POSITA would have understood that satellite signal level detecting unit 


15 is a “signal processor” as claimed. A POSITA would have understood that 


satellite signal level detecting unit 15 both measures a signal level and calculates an 


average value of the signal level during a specified measurement time, such that 


detecting unit 15 processes a signal to measure a signal level.  


143. I note that both Sakamoto and the ’256 Patent contemplate averaging 


signals from multiple satellites. The ’256 Patent describes receiving signals from at 


least four GPS satellites to calculate positional information. ’256 Patent, 4:51–54 


(“The positional information of the GPS receiver is calculated based on distance 


calculations from at least four satellites to determine positional information of the 


GPS receiver.”) (emphasis added). I note that Sakamoto teaches averaging signal 


levels received from multiple satellites. Sakamoto's satellite signal level detecting 


unit 15 monitors the “signal level from the GPS satellite during the measurement 


time specified in the satellite signal level request message[.]” Sakamoto, [0037]. 
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Sakamoto teaches that satellite signal level detection unit 15 performs a “calculation 


result of the average value of the signal level” including “number of captured 


satellites.” Sakamoto, [0037]. In my opinion, a POSITA would have understood 


Sakamoto’s teaching of an “average value of the signal level” would have met 


“measurement of a receive communication signal level” in the same manner as a 


POSITA would understand the ’256 Patent describes “measurement of a receive 


communication signal level,” because Sakamoto’s “average value of the signal 


level” comprises sets of signal levels and signal numbers, and the ’256 Patent 


describes receiving signals from at least four satellites (i.e., a plurality of satellites). 


Thus, in my opinion, a POSITA would have understood that Sakamoto describes 


comparing a signal level to a threshold in the same manner as the ’256 Patent. 


Therefore, in my opinion, Sakamoto teaches the claimed “measurement of a receive 


communication signal level.”  


144. I also note that Sakamoto’s monitored GPS satellite signal level is for 


“a receive communication signal comprising location coordinates information,” as 


claimed. Sakamoto, [0037]. As I discussed in the Background of the Technology and 


as would have been understood by a POSITA, a GPS satellite signal includes 


location coordinates information, i.e., time offsets associated with the location 


coordinates of the GPS receiver, which the GPS receiver uses to determine position. 


I note that Sakamoto teaches GPS receiver 10 uses GPS satellite signals in 
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determining the position of the GPS receiver 10. Sakamoto, [0005]. In my opinion, 


a POSITA would have understood that Sakamoto teaches monitoring a GPS satellite 


signal level that is a “receive communication signal comprising location coordinates 


information,” because GPS satellite signals include location coordinates information 


(as I discussed above, said information is used to determine location coordinates) 


and because Sakamoto teaches that GPS receiver 10 both receives a satellite signal 


and is used for determining position. Therefore, for at least the reasons I discussed, 


a POSITA would have understood that Sakamoto teaches Claim 10(b).  


4. Claim 10(c) 


a) “a battery power monitor configured to activate and 
deactivate at least one portion of the electronic tracking 
device to conserve battery power in response to a signal level 
of the receive communication signal,”  


145. I note that the ’256 Patent describes activating location tracking 


circuitry “at selected time intervals to determine if receive communication signal is 


of sufficient signal strength[.]” ’256 Patent, 9:41–49.  


Overview 


146. In my opinion, similar to the ’256 Patent, Sakamoto teaches activating 


the GPS receiver by selecting the normal mode due to a signal level that is good 


(above a particular threshold value, e.g., K2) and deactivating the GPS receiver when 


the stop-positioning mode is selected when the signal level value is below a 


predetermined threshold (i.e., poor signal level) and positioning cannot be 
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performed. Sakamoto, [0024]–[0025], [0027], [0037]–[0038], [0050]. I also note 


that a POSITA would have understood that deactivating the GPS receiver 10 


(stopping position searching) would have reduced power consumption. I note that 


Sakamoto teaches “power consumption can be reduced by stopping the position 


search when positioning is not possible.” Sakamoto, [0050]. Therefore, by switching 


between the normal mode and stop-position searching mode, “power consumption 


can be reduced…” Id. 


147. A POSITA would have understood that GPS receivers use a relatively 


large amount of power, such that activating/deactivating certain functionality of a 


GPS receiver would have allowed for power conservation. Sakamoto, [0050]. I 


discussed GPS power consumption in the Background of the Technology, above. 


See Section V.F. Sakamoto itself teaches flexibly “control[ling] the operation mode 


of the GPS receiver,” in “devices with limited battery capacity such as portable 


terminals[.]” Sakamoto, [0003]. Sakamoto teaches a battery control unit 16 that 


notifies positioning control unit 13 when a remaining battery amount is lower than 


a “preset threshold” by sending a battery amount warning. Sakamoto, [0010], [0029].  


“battery power monitor” 


148. In my opinion, Sakamoto teaches the claimed “battery power monitor.” 


The ’256 Patent describes a “battery management module (e.g., battery monitor) 


controls electronic components associated with the tracking device.” ’256 Patent, 
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3:24–27; Id. at 3:35–39 (“[i]n response to measured signal strength level, a power 


management circuitry (e.g., battery monitor) controls power levels associated with 


the first tracking device to reduce or increase power consumption of a transceiver 


and its associated circuitry.”). I note that the specific phrase, “battery power 


monitor” appears only in the ’256 Patent claims. It is my opinion that Sakamoto 


teaches a “battery power monitor.” GPS control unit 12, positioning control unit 13, 


and battery control unit 16, either individually or collectively, activate and deactivate 


at least one portion of the mapped electronic tracking device (GPS receiver 10) in 


response to a satellite signal level detected by satellite signal level detecting unit 15 


in order to conserve power. Thus, Sakamoto’s “battery power monitor” comprises 


GPS control unit 12, positioning control unit 13, and battery control unit 16, either 


individually or collectively. 


“in response to a signal level of the receive communication signal” 


149. As I discussed above, Sakamoto teaches a satellite signal level detection 


unit 15 that “detects a level of the GPS signal received by the GPS receiver.” 


Sakamoto, [0008], [0019], [0045], [0050]. In response to the detected signal level, 


positioning control unit 13 of terminal 1 sets a positioning mode. Sakamoto, [0027]. 


One such mode, the stop-position searching mode (as I refer to it, because the 


position searching is stopped), is selected when the received satellite signal level is 


“equal to or below a predetermined threshold value.” Sakamoto, [0038], [0050]. In 
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the stop-position searching mode, the position searching is stopped when the signal 


level value is below the aforementioned predetermined threshold value and position 


searching cannot be performed. Id. 


150.  Furthermore, as described in my general discussion of Sakamoto in 


Section VI.A, a POSITA would have understood that a “predetermined threshold” 


for a signal level value “equal to or lower than a predetermined threshold” (e.g., K1) 


to select the high sensitivity mode would have been different from “the signal level 


value is equal to or lower than a predetermined threshold value” for selecting the 


stop-position searching mode (i.e., lower than the bottom threshold for the high 


sensitivity mode). A POSITA would have understood from the teachings of 


Sakamoto that “a predetermined threshold” for selecting the high sensitivity mode 


and “a predetermined threshold” for selecting the stop-position searching mode 


would have been different; indeed, each threshold is for selecting a separate and 


distinct mode (e.g., transitioning from normal mode to high sensitivity mode vs. 


transitioning from high sensitivity mode to stop-position searching mode). Further, 


a POSITA would have recognized that Sakamoto’s system would have been 


configured to transition from one of the modes to any other mode (including directly 


from stop-position searching mode to normal mode and/or vice-versa) when 


appropriate. Furthermore, Sakamoto teaches that the stop-position searching mode 


is selected when positioning cannot be performed. Sakamoto, [0038], 0050]. 


IPR2020-01191 
Apple EX1003 Page 88







Declaration of Scott Andrews 
Patent No. 8,102,256 


 


Therefore, a POSITA would have understood that “a predetermined threshold” for 


the stop-position searching mode would have been for a signal level lower (i.e., 


poorer) than the signal level range for the high sensitivity mode. For at least these 


reasons, a POSITA would have understood that Sakamoto teaches three distinct 


modes separated by distinct thresholds so that Sakamoto’s system would have been 


operable and able to select the correct mode that corresponds to the signal level value 


(i.e., normal mode, high sensitivity mode, or stop-position searching mode). 


Therefore, I note that Sakamoto’s “a predetermined threshold value” for the stop-


positioning search mode meets the claimed “signal level” of the ’256 Patent. See 


’256 Patent, at 6:63–66; Sakamoto, [0038], [0050]. 


“activate and deactivate at least one portion of the electronic tracking device”  


151. A POSITA would have understood Sakamoto teaches activating, 


deactivating when the signal level is bad, and then activating again when the signal 


level is good. Sakamoto teaches signal level detection is performed during a 


measurement time at “the cycle set in advance.” Sakamoto, [0020], [0037]–[0038], 


Figs. 6–7. At [0037]–[0038], Sakamoto describes the process by which positioning 


server 2 transmits a satellite signal level request message, terminal 1 performs signal 


level detection and transmits a satellite signal level response message back to server 


2. See Sakamoto’s teachings at [0037]–[0038] for the details of the full process. I 


note that it would have been obvious to a POSITA that terminal 1 would alternatively 
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have performed the signal-level measurement process during the measurement time 


as otherwise described as performed at server 2 for Embodiment 2. Indeed, it would 


have been obvious to a POSITA for terminal 1 to perform the full process without 


receiving or transmitting from/to server 2. For example, in Embodiment 1, terminal 


1 performs a position searching process. See, e.g., Sakamoto, [0020]–[0024], where 


Sakamoto teaches that GPS control unit 12 instructs GPS receiver 10 to start/stop 


the position searching and positioning control unit 13 “requests the GPS control unit 


12 to turn off the power of the GPS receiver 10,” which indicates to a POSITA that 


control units 12 and 13 are configured to collectively deactivate GPS receiver 10. 


152. In my opinion, Sakamoto teaches a “cycle” such that the positioning 


operations are performed more than once over a period of time. In my opinion, it 


would have been non-sensical to design Sakamoto’s system such that positioning 


would only have been performed once. A POSITA would have understood that 


signal conditions can change based on location, over time, or in response to various 


environmental factors, such that it would have been non-sensical to design the 


Sakamoto GPS positioning system to set a mode once and never transition out of 


that mode. Indeed, in my opinion, Sakamoto teaches both an automatic “cycle” at 


which the position searching operation is performed [Sakamoto, 0037]–[0038], and 


a manual mode in which the positioning search operation is performed in response 


to a user’s request [Sakamoto, 0020]–[0024]. In my opinion, Sakamoto’s collective 
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teachings indicate that the system transitions among the three possible modes: 1) 


high sensitivity (poor signal); 2) normal mode (good signal); and stop-position 


searching mode (GPS signal too low to perform positioning operations). Sakamoto, 


[0005], [0024], [0027], [0038], [0050]. Therefore, based on the newly-detected 


signal level, Sakamoto’s process described at [0037]–[0038] is repeated, and a 


positioning mode is set based on the signal level detected during the measurement 


time. 


153. Sakamoto at ¶¶ [0037]–[0038] is discussing Embodiment 2, where the 


server 2 stores the cycle measurement time, sends the satellite signal level request 


message to terminal 1 to perform signal level detection, and sets the operation mode. 


In my opinion, it would have been obvious for terminal 1 to set the operation mode 


based on the satellite signal level detected during a stored measurement time. 


Sakamoto already teaches for Embodiment 1 that terminal 1 performs signal level 


detection, and positioning control unit 13 (of the terminal) instructs the GPS control 


unit 12 to set the operation mode based on the detected signal level. Sakamoto, 


[0005], [0024], [0027]. Therefore, performing the same signal-level detection at the 


terminal during the set measurement time without otherwise receiving a request 


message from the server would have been obvious and reduced communication with 


the server. 


“activate and deactivate” 


IPR2020-01191 
Apple EX1003 Page 91







Declaration of Scott Andrews 
Patent No. 8,102,256 


 


154. In instances where the operation mode was previously in a normal mode 


(because the signal level was good) or a high mode (where the receiver performed 


position searching continuously), and the subsequent detected signal level is equal 


to or lower than a predetermined threshold such that position searching is stopped (¶ 


[0038]), the GPS control unit 12 instructs GPS receiver 10 to stop position searching, 


thus conserving power. Sakamoto, [0038], [0027] (discussing “transitioning” from 


one mode to another based on signal level), [0024] (discussing GPS control unit 


turns off power to GPS receiver 10). Conversely, in instances where the operation 


mode was previously in a stop-position searching mode because the signal level was 


equal to or lower than a predetermined threshold, and the subsequent detected signal 


level is good (e.g., above a threshold value, K2), then a POSITA would have 


understood GPS control unit 12 instructs GPS receiver 10 to begin position 


searching, thus increasing power usage by the GPS receiver. Sakamoto, [0027]. 


155. As noted above, a POSITA would have understood that a location 


tracking device that transitioned to stop-positioning mode (i.e., deactivated GPS) 


when the signal level was low, but did not transition to a positioning mode (i.e., 


activate GPS) when the signal was high enough to obtain positioning would never 


generate position values at all after the first GPS deactivation. A POSITA would 


have understood such a device to be useless. Thus, a POSITA would have also, for 


this reason, understood that GPS control unit 12 instructs GPS receiver 10 to begin 
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position searching, thus increasing power usage by the GPS receiver. Sakamoto, 


[0027]. 


“at least one portion of the electronic tracking device” 


156. Sakamoto teaches that transitioning from either the normal or high 


mode to the stop-position searching mode (or vice-versa) deactivates/activates “at 


least one portion of the electronic tracking device,” (as claimed) in response to a 


signal level. In particular, Sakamoto teaches powering on the GPS receiver 10 to 


position search. Sakamoto, [0020]. In my opinion, powering on GPS receiver 10 to 


perform position detection meets the claimed “at least one portion of the electronic 


tracking device” is activated. Conversely, a POSITA would have understood that 


when transitioning from the normal/high mode to the stop-position searching mode 


(in which position searching is stopped), at least GPS receiver 10 is deactivated. A 


POSITA would have understood that if GPS receiver 10 is not position searching, 


then the GPS receiver is using less power relative to when GPS receiver 10 performs 


position searching. See Sakamoto, [0038], and [0050] (“[P]ower consumption can 


be reduced by stopping the position search when positioning is not possible.”) 


(emphasis added). A POSITA would have understood and found it obvious that 


when power consumption is reduced in an electronic device, electronic components 


are deactivated, not used, or otherwise not provisioned. Therefore, a POSITA would 


have understood or found obvious, based on Sakamoto’s teachings, that when 
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position searching is stopped, power consumption is reduced by deactivating at least 


GPS receiver 10, which is “at least one portion of the electronic tracking device,” as 


claimed.  


“to conserve battery power” 


157. Similarly, a POSITA would have understood from Sakamoto’s teaching 


of “power consumption can be reduced by stopping the position search when 


positioning is not possible,” (Sakamoto, [0050]) that Sakamoto’s activating and 


deactivating of at least GPS receiver 10, which is mapped as a component of the 


electronic tracking device, conserves battery power. As I discussed above, Sakamoto 


at ¶ [0038] teaches that when the signal level is so low that position searching cannot 


be performed, but position searching is performed again when the signal level is 


above a predetermined threshold value (to use either the normal or high mode), 


Sakamoto therefore teaches conserving battery power when “position searching is 


not possible.”  


5. Claim 10(d) 


a) “wherein the accelerometer activates or deactivates 
based in part on the signal level of the receive communication 
signal” 


158. In my opinion, Sakamoto as modified by Gotoh teaches Claim 10(d). 


Sakamoto teaches the claimed “signal level of the receive communication signal.” 


See Claims 10(b)–10(c). Sakamoto as modified by Gotoh teaches that Gotoh’s 
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accelerometer 13 activates or deactivates based in part on the signal level of the GPS 


satellite signal (the “receive communication signal”) as taught by Sakamoto.  


“signal level of the receive communication signal” 


159. As I discussed above at Section VI.A, Sakamoto teaches “a 


predetermined threshold value” of the satellite signal level at or below which the 


stop-position searching mode is selected and the position search may be stopped. 


Sakamoto, [0038], [0050]. Gotoh teaches starting measuring acceleration 


(acceleration measurements) when GPS signals cannot be acquired and stopping 


measuring acceleration when the GPS signals are once again available. Gotoh, 


[0066]–[0067]. A POSITA would have understood that Gotoh teaches activating or 


deactivating the accelerometer 13 based on a receive communication signal because 


the signal measurement is responsive to the availability of GPS signals (whether 


available or not). Therefore, in Sakamoto’s modified system that includes Gotoh’s 


accelerometer, the system starts acceleration measurements based on the detected 


GPS satellite signal (when GPS signals cannot be received), as taught by Sakamoto.  


“wherein the accelerometer activates or deactivates” 


160. Claim 10(d) recites “wherein the accelerometer activates.” In my 


opinion, Gotoh’s teaching of starting accelerometer measurements teaches or 


renders obvious the accelerometer activating.  
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161. The ’256 Patent describes the accelerometer as “commencing” 


accelerometer measurements (discussed above at 3:39–41) or being “activated” by 


being brought out of a standby mode. ’256 Patent, 6:51–54 (“the accelerometer 130 


remains in a standby mode until, for instance, a system administrator, a specified 


time period, or a user activates the accelerometer 130”), 9:45–54. Gotoh’s “starting” 


of acceleration measurements is substantially similar to the ’256 Patent’s description 


of “commencing” or “activating” accelerometer measurements. Compare ’256 


Patent, 3:39–41, with Gotoh, [0066], [0096].  


162. There is no apparent distinction between “commencing” acceleration 


measurements (per the ’256 Patent) and “starting” acceleration measurements (per 


Gotoh). Gotoh’s teaching of starting accelerometer measurements when GPS signals 


are unavailable indicates or otherwise renders obvious the cellular phone terminal 


10 activates the accelerometer to start (i.e., activate or commence) the accelerometer 


measurements. Additionally, the ’256 Patent does not indicate any functional 


difference between the “commencing” measurements and “activating” the 


accelerometer as described. Therefore, in my opinion, Gotoh’s “starting” 


accelerometer measurements meets the claimed “activates” as otherwise described 


in the ’256 Patent.   


163. I note that Gotoh also teaches finishing the acceleration measurements 


based on the signal level of the receive communication signal. For example, Gotoh 
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teaches that the acceleration log includes both measurement start and end times, 


which a POSITA would have found obvious and understood as teaching both starting 


and stopping acceleration measurements (i.e., activating and deactivating the 


accelerometer). Gotoh, [0067] (“the cellular phone terminal 10 finishes measuring 


the acceleration in a case where the cellular phone terminal 10 becomes able to 


receive GPS signals…”), [0068]. 


164. My opinion that Gotoh teaches “wherein the accelerometer activates or 


deactivates” is further informed by Gotoh’s teaching of an alternative embodiment 


where terminal 10 records “acceleration data all the time,” which is in contrast to the 


embodiment discussed above. See Gotoh, [0102] and compare with Gotoh, [0067], 


[0081], for example. When the terminal is recording acceleration data all the time, 


the accelerometer never starts/finishes measuring acceleration responsive to the 


signal level. Instead, the acceleration is simply measured and recorded all the time. 


Therefore, Gotoh’s express contrast of embodiments further indicates that when 


Gotoh’s terminal starts acceleration measurements, the accelerometer is activated 


(and similarly, when the terminal finishes acceleration measurements, the 


accelerometer is deactivated).  


the accelerometer activates or deactivates “based in part on the signal level” 
 


165. I note that Gotoh teaches starting measuring and recording acceleration 


data in response to GPS signals not being received. Gotoh, [0077]–[0078] 
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(discussing detecting a “communication condition” step S11), Fig. 6. Gotoh teaches 


that “in a case where the phone terminal 10 can not receive GPS signals,…” the 


accelerometer 13 measures acceleration, records a measurement start time in 


acceleration data storage unit 14 of terminal 10, and starts recording acceleration 


data (“acceleration log”) in said acceleration data storage unit 14. Gotoh, [0066]–


[0067], [0081], Abstract. Gotoh teaches continuing to measure and record 


acceleration data at step S16 if GPS signals are still not received by GPS signal 


reception unit 12 (a “No” at step S15). Gotoh, [0082]. Gotoh’s Fig. 5 (annotated) 


below depicts these steps: 
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Gotoh, FIG. 5. 


battery power monitor performing accelerometer activation/deactivation 


166. To the extent Patent Owner argues that the claimed “battery power 


monitor” must be configured to activate or deactivate the accelerometer, it would 
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have been obvious to a POSITA that in the modified Sakamoto system that includes 


Gotoh’s accelerometer, Sakamoto’s positioning control unit 13 (which I note is 


mapped as a component of the claimed “battery power monitor”) would have been 


programmed to instruct accelerometer 13 to activate and deactivate as otherwise 


taught by Gotoh. Further, POSITA would have found it obvious and would have 


been motivated to perform such programming, and would have done so. Gotoh 


teaches control unit 11 of cellular terminal 10 monitors the reception condition for 


GPS signals (Gotoh, [0082]), and control unit 11 also controls GPS signal reception 


unit 12 and accelerometer 13 and records acceleration data. Gotoh, [0052], [0081]. 


A POSITA would have found it obvious and would have been motivated from 


Gotoh’s teachings to program Sakamoto’s positioning control unit 13 to perform 


similar functionality. I note that Sakamoto’s positioning control unit 13 already 


receives the GPS satellite signal level, compares the signal to a predetermined 


threshold level, and also instructs GPS control unit 12 to set the positioning mode 


(from among the three positioning modes that Sakamoto teaches, as discussed above) 


accordingly based on the signal level. Sakamoto, [0027], [0038], [0050]. Therefore, 


a POSITA would have understood and found obvious that the hardware and software 


requirements for programming Sakamoto’s positioning control unit 13 to perform 


functionality similar to that taught by Gotoh’s control unit 11 are already in place in 


Sakamoto’s system. I further note that it would have been obvious to a POSITA that 
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programming Sakamoto’s positioning control unit 13 (when an accelerometer is 


included in Sakamoto’s terminal 1, as discussed above) to perform the additional 


functionality taught by Gotoh would have been within a POSITA’s expertise and 


would have yielded the predictable result of the accelerometer in Sakamoto’s 


terminal performing the start/finish measuring of acceleration values based on the 


signal level, as taught by Gotoh.  


167. I included a motivation to modify Sakamoto to include Gotoh’s 


accelerometer in Section VI.F.1 above, and that the motivation to combine applies 


here and is incorporated by reference herein. 


 OPINIONS REGARDING GROUND 2: SAKAMOTO IN VIEW OF 
GOTOH IN FURTHER VIEW OF KULACH 


A. CLAIM 10(D) 


168. I have been asked by counsel to provide my opinion as to whether it 


would have been obvious to modify the accelerometer as taught by Gotoh to 


“activate” and “deactivate” in the modified Sakamoto terminal in view of the 


teachings of Kulach. As an initial matter, it is my opinion that Gotoh already teaches 


activating and deactivating the accelerometer for the reasons I provided regarding 


Claim 10 and Ground 1. However, to the extent Patent Owner argues otherwise, 


Kulach expressly teaches powering off an accelerometer when not in use.  


169. Kulach teaches a portable apparatus 10 including a sensor unit 32 for 


housing one or more accelerometers 12. Kulach, [0079]. Kulach teaches sensor unit 
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32 (annotated in blue) comprises sensors 12 (e.g., one or more accelerometers 12) 


(annotated in red): 


 


Kulach, FIG. 5. 


170. In one example, Kulach teaches automatically disabling sensor unit 32 


when not in use to achieve optimum system power consumption: “in some 


embodiments, any one or more of the units 30, 32, 36 and navigation device 24 may 


be automatically disabled when not in use to achieve optimum system power 


consumption and functionality.” Kulach, [0083]. In another example, Kulach 


teaches the apparatus 10 disables sensors when not in use, and only enables the one 


or more accelerometers 12 frequently enough to maintain context awareness: 
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While not in use, the apparatus 10 can disable most of its sensors to 


conserve energy and enable a subset of the sensors, such as the one or 


more accelerometers 12, only frequently enough to maintain context 


awareness. 


Kulach, [0090].  


171. Kulach thus expressly teaches that when the sensor (e.g., 


accelerometer) is not in use, it is disabled, and consequently, when the sensor is to 


be used, it is enabled. When the accelerometer is to be used and therefore enabled, 


the accelerometer is “activated” as such term is used in the ’256 Patent’s claims. 


Because Kulach expressly teaches disabling the accelerometer when not in use “to 


conserve energy,” a POSITA would have understood that conservation of energy is 


achieved by “deactivating” the accelerometer. Kulach, [0090]. Conversely, when the 


accelerometer is used, the accelerometer is activated.  


172. In my opinion, it would have been obvious and a POSITA would have 


been motivated to combine the teachings of Kulach with Sakamoto (as modified by 


Gotoh). In one embodiment, Gotoh teaches starting measuring and recording 


accelerometer data only when a GPS signal is unavailable. Gotoh, [0066]. Although 


starting measuring of accelerometer data would have been understood as activating 


the accelerometer, it also would have been obvious to power on the accelerometer 


for use. Similarly, it would have been obvious to power off or deactivate a sensor, 


such as an accelerometer, when not in use, in light of Kulach’s teachings, especially 
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considering both Sakamoto and Gotoh teach mobile devices having limited battery 


capacity.  


173. Sakamoto expressly teaches methods of power control to reduce power 


consumption in mobile devices. For example, Sakamoto teaches that in normal 


mode, the GPS receiver is powered on/off. Sakamoto, [0024], [0036]. In recognizing 


that power consumption is a design objective, a POSITA would have found it 


obvious and been motivated to use Kulach’s technique of powering on/off sensors 


when not in use in the similar portable device of Sakamoto as modified by Gotoh in 


the same way to achieve Kulach’s advantageous energy conservation and optimum 


system power consumption. Such a combination would have had a reasonable 


expectation of success given Sakamoto already recognizes methods of powering 


on/off components as needed in normal mode. Sakamoto, [0024]. 


 GROUND 3: OPINIONS OF THE COMBINATION OF SAKAMOTO, 
GOTOH AND KRASNER  


A. MOTIVATION TO COMBINE SAKAMOTO, GOTOH, AND 
KRASNER 


174. I provided in Section VI.F.1, above, a motivation to combine Sakamoto 


and Gotoh, and I refer back to those opinions for the motivation to combine 


Sakamoto and Gotoh for Claims 8–9. I also provide opinions on the combination of 


Sakamoto, Gotoh, and Krasner.   
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175. Krasner teaches a power amplifier 108 to “boost[] signal level of the 


communication signal.” Krasner, 5:64–67. Power amplifiers for amplifying or 


“boosting” a cellular transmission signal in cellular transceivers were well known in 


the art. McConnell (Ex. 1051), 3:44–49 (teaching a transmitter amplifier in the form 


of a power amplifier). In my opinion, it would have been obvious to modify 


Sakamoto’s terminal to include a power amplifier as taught by Krasner, as power 


amplifiers for cellular transceivers were known to improve signal 


processing/transmission by boosting or amplifying the signal.  


176. Modifying Sakamoto’s terminal would have entailed use of a known 


device (a power amplifier for a cellular transceiver) to improve a similar device 


(Sakamoto’s terminal that already communicates across a mobile communication 


network) in the same way. Sakamoto at least suggests a cellular transceiver given 


that the terminal 1 communicates with the remote server across the mobile 


communication network. Sakamoto, [0030]; Sakamoto teaches communications 


between a position information communication terminal 1 and a position 


management/positioning server 2 and that the communications are made across a 


mobile communication network. Sakamoto, [0018], [0019], [0030]. Sakamoto also 


teaches a communication control unit 11 that is used to send/receive information via 


the mobile communication network. Sakamoto, [0019], [0022], [0033]. These 


collective teachings in Sakamoto indicate or at least suggest that the communication 
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control unit 11 includes or is communicatively coupled with a transceiver, such as a 


cellular transceiver, for communication with the server via the mobile 


communication network. Indeed, as taught by Krasner, 1:13–15, 3:5–16, portable 


communication devices such as cellular phones were common at the time of the ’256 


Patent and commonly included a communication link.  


177. Due to power amplifiers being well known and common in cellular 


transceivers, and Sakamoto’s indication that it includes a cellular transceiver, a 


POSITA would have understood how to incorporate the Krasner power amplifier in 


the Sakamoto terminal and otherwise including or associating with the 


communication control unit 11. The additional hardware of the power amplifier 


would have been an expected improvement of the Sakamoto terminal with a 


reasonable expectation of success given the wide usage of power amplifiers. 


178. In my opinion, a POSITA would have also found it obvious and been 


motivated to further modify Sakamoto’s terminal 1 to include a power amplifier and 


a gating method, as taught by Krasner. Krasner addresses the known problem of 


cross-interference between GPS receiver and cellular transceiver signals by 


powering off the GPS receiver when the transceiver is powered up, and conversely, 


powering down the GPS receiver when transceiver is powered down. Krasner, 1:13–


41 (“One marked disadvantage inherent in many combined SPS [Satellite 


Positioning System] and communication devices is the decreased performance of the 
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SPS receiver section of the combined unit.”), 7:10–23. Given the known problem of 


cross-interference and the need to address without increased power consumption, 


Krasner teaches a gating method for inversely powering the GPS receiver and the 


power amplifier of the cellular transceiver. Krasner, 7:10–23.  


179. Sakamoto, like Krasner, teaches a combined GPS and mobile device. 


Sakamoto and Krasner also have similar architectures. Both devices include a GPS 


receiver, a communication link (Sakamoto’s communication control unit and 


Krasner’s communication transceiver 109), and a processor (Sakamoto’s positioning 


control unit 13 and Krasner’s microprocessor 104). Sakamoto, [0019], Krasner, 


3:17–36, 5:41–67.  


180. In my opinion, Sakamoto’s combined GPS receiver and cellular 


transceiver device would benefit from the solutions identified in Krasner to reduce 


cross interference. Sakamoto is concerned with battery power usage and recognizes 


GPS receiver usage can be reduced to conserve battery power. Sakamoto, [0039], 


[0050]. Modifying Sakamoto’s combined GPS receiver and cellular transceiver to 


include Krasner’s solution of reducing cross interference would have similarly 


reduced the “inherent” decreased performance of the GPS receiver due to cross 


interference, as recognized by Krasner. Krasner, 1:33–41. Krasner even identifies a 


problem with prior art solutions for reducing cross interference is increased “power 


consumption,” thus indicating its solution avoids additional power consumption. 
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Krasner, 1:29–31, 1:46–50. Krasner also teaches its solution does not 


“impact[]…the sensitivity characteristics of the SPS receiver,” indicating the 


improvement to the Sakamoto terminal is obtained without diminishing the GPS 


receiver’s ability to receive GPS signals. Krasner, 1:64–67.  


181. I also note modifying the Sakamoto terminal would provide an 


improved technique for taking advantage of signal strength (whether poor or good) 


to provision voice transmissions while still addressing power consumption concerns. 


Krasner explains that “the periods of time during which GPS processing is 


performed…may either be predetermined or may be adaptive in nature,” and that 


one procedure “would be one in which the GPS processing interval would be 


adaptable, depending upon a variety of conditions.” Krasner, 8:66–9:7. Krasner 


expressly contemplates “[t]he conditions controlling the interval length would 


include received signal strength of received SPS signals…,” thus indicating that 


Krasner recognizes adjusting power usage of the power amplifier responsive to a 


signal level of a GPS signal is desirable. Krasner, 9:4–17 (further teaching “voice 


inactivity” as determining the interval length). Because Krasner adjusts the GPS 


processing interval based on a variety of conditions, including GPS signal strength, 


then employing Krasner’s gating method takes advantage of poor GPS signal 


strength to use that time interval for sending data, such as voice transmissions.  
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182. Modification of the Sakamoto terminal to include Krasner’s gating 


method would thus improve Sakamoto’s system to both reduce cross-interference 


between the GPS receiver and transceiver signals while preventing increased power 


consumption. In fact, Krasner’s gating method would work especially well in 


Sakamoto’s system given that Sakamoto already employs stopping and starting GPS 


receiver functionality dependent on the signal level. Thus, in periods where the 


signal level is poor, employing Krasner’s gating method provides the increased 


functionality of powering up the cellular transceiver. When the Sakamoto terminal 


is modified to include an accelerometer for supplemental position determination, 


then during these periods of poor GPS signal sensitivity, the position information 


generated by the accelerometer may be transmitted to the server due to the cellular 


transceiver powered up per Krasner’s gating method to send position data in real 


time.  


183. I note Krasner discusses various switching routines to control the GPS 


receiver and voice transmission functionalities dependent on the usage by each. 


Krasner contemplates disabling voice transmission when a break in speech is longer 


than a set period of time to thereby enable GPS processing. Krasner, 8:8–51, FIG. 


4. Because the gating method enables switching between voice and GPS receiver 


usage at increments of a frame of data (9:28–56), the gating method may be 


employed without loss (or only negligible loss) of functionality to the user. As would 
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have been understood by a POSITA and especially given Krasner’s express 


teachings, the GPS receiver and the cellular transceiver do not require co-operation 


at all times in order to have suitable functionality for both GPS reception and voice 


transmissions. 


184. Modification of the Sakamoto terminal to include Krasner’s gating 


method would have entailed simple programming and switching functionality. Per 


Krasner, “the gating signal method described herein is applicable to a wide variety 


of digital cellular telephones,” thus indicating minimal, if any, technical hurdles to 


incorporate the gating method in Sakamoto’s terminal. Krasner, 8:1–2. Krasner 


further teaches the invention is for use in “a conventional GPS receiver,” further 


indicating to a POSITA modification of the Sakamoto GPS receiver is unnecessary 


to otherwise employ the gating method. Krasner, 4:41–43. Krasner discusses how 


the gating method is implemented via “control circuitry” (6:38–41) and teaches 


various implementations of the circuitry of the GPS receiver and communications 


circuitry, including on the same integrated circuit, further indicating the 


implementation of the gating method would be within the POSITA’s expertise. 


Krasner, 10:16–51. As such, a POSITA would have had a reasonable expectation of 


success in modifying Sakamoto’s terminal to include the Krasner power amplifier 


and gating method.  
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185. The modification of the gating method would, in particular, apply a 


known technique of gating the GPS receiver functionality dependent on cellular 


transceiver usage to a known device (Sakamoto’s combined GPS receiver and 


mobile communications device) ready for improvement (Sakamoto’s terminal would 


benefit from reduced signaling cross interference) to yield predictable results (the 


Sakamoto terminal would operate according to the gating method outlined in 


Krasner).   


B. OBVIOUSNESS OF MODIFYING ELECTRONIC HARDWARE 
AND SOFTWARE TO BE CIRCUITRY 


186. A POSITA would have found it obvious to substitute any of the 


hardware or software components in the prior art that perform functions similar to 


those claimed by the ’256 Patent’s as components with electronic circuitry.  


187. The ’256 Patent recognizes that the disclosed electronic tracking device 


is merely “various electronic components 101” disposed on a printed circuit board 


(PCB). ’256 Patent, 5:43–56. The ’256 Patent does not provide or otherwise indicate 


any specific details of the location tracking circuitry or other described circuitry, 


instead describing the circuitry primarily by its functionality.  


The signal processing circuitry 104, in one example, associated with 


the tracking device 100 configured to store a first identification 


code, produce a second identification code, determine location 


coordinates, and generate a positioning signal that contains 
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location data ( as described in more detail in incorporated by reference 


U.S. patent application Ser. No. 11/753,979 filed on May 25, 2007).  


’256 Patent, 5:56–62 (emphasis added). 


In one embodiment, location tracking circuitry 114, calculates 


location data received and sends the data to signal processing 


circuitry 104. Memory 112 stores operating software and data, for 


instance, communicated to and from signal processing circuit 104 


and/or location tracking circuitry 114, e.g., GPS logic circuitry. In 


one embodiment, a signal detecting circuitry 115 detects and measures 


signal power level. In another embodiment, the signal processing 


circuitry 104 processes and measures signal power level. Battery 


level detection circuitry (e.g., battery level monitor 116) detects a 


battery level of battery 118, which contains one or more individual units 


or a plurality of units grouped as a single unit. 


’256 Patent, 6:6–17 (emphasis added). The ’256 Patent even describes the signal 


processing circuitry as a “microprocessor or other signal logic circuitry,” thus 


indicating the term “circuitry” equates to electronic components performing the 


disclosed functionality. ’256 Patent, 5:45–47. The ’256 Patent also describes 


variations on the electronic tracking device, including electronic components 


mounted on the PCB (printed circuit board) versus “one integrated circuit.” ’256 


Patent, 5:47–50, 5:66–6:6. PCBs were extremely well known for aggregating 


electronic components so that the components are electrically connected and/or 


electrically communicate with each other.  
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188. The prior art references of Sakamoto, Gotoh, and Krasner each 


provides figures with hardware components that are in communication with each 


other. For example, Sakamoto further depicts the communication terminal 1 in Fig. 


1, as containing various components that are in communication with each other. The 


communication between components is indicated via the arrows disposed between 


the various components. See Sakamoto’s Fig. 1 reproduced below. A POSITA 


would have recognized Fig. 1 of Sakamoto indicates physical components in 


electrical communication with one another, satisfying circuitry.  


 


Sakamoto, Fig. 1.  
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189. Likewise, Gotoh teaches a cellular phone terminal 10 further 


comprising components 11–14 that also have arrows depicting communication 


occurring between the various components. See Gotoh’s Figure 1 reproduced below.  


 


Gotoh, Fig. 1, [0051] (teaching that the cellular phone terminal 10 comprises a “GPS 


signal reception unit 12, an accelerometer 13, an acceleration data storage unit 14, 


and a control unit 11 for controlling these units”).  


190. Furthermore, in order to achieve a functioning device that is also very 


compact (e.g., a cellular phone terminal), a POSITA would have found it obvious to 


combine such components on a PCB, as PCBs were extremely well known in the art 


and in common use. In fact, Krasner teaches that the functions of multiple 


microprocessors may be combined into a single processor/digital circuit, and that 


GPS signal processing circuitry and cell phone circuitry may be placed within the 


same integrated circuit. Krasner, 10:30–38. 
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191. A POSITA would have thus readily recognized that hardware, 


software, and/or firmware components for performing particular functions would 


have been easily substituted with that of circuitry for performing the same. A 


POSITA would have also understood that those who design such components (e.g., 


electronic engineers/designers) would have found it obvious and a matter of design 


choice whether or not to obtain a desired functionality using circuitry, which 


commonly included hardware or firmware components, or utilize processors, 


controllers, integrated circuits, programmable logic devices, and/or other data and 


signal processing devices with the necessary memory and communication means 


(e.g., transmitters, receivers, and/or communication busses) for carrying out the 


same functions. In electronics design, utilizing hardware, software, firmware, and/or 


combinations thereof for achieving a desired functionality is very common and well 


known. Therefore, a POSITA would have found it obvious and been motivated to 


embody the various electronic components disclosed in Sakamoto, Gotoh, and 


Krasner as circuitry. 


 OPINIONS REGARDING GROUND 3: SAKAMOTO IN VIEW OF 
GOTOH IN FURTHER VIEW OF KRASNER 


A. CLAIM 8 


1. Claim 8[Pre] 


a) “A location monitoring apparatus for an electronic 
tracking device to track by a monitoring station 
comprising:” 
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192. See my discussion for Claim 10[Pre]. 


2. Claim 8(a) 


a) “an accelerometer to generate displacement vectors 
associated with the electronic tracking device;” 


193. See my discussion for Claim 10(a). 


3. Claim 8(b) 


a) “a signal processor to measure a signal level of a 
receive communication signal comprising location 
coordinates information,”  


194. See my discussion for Claim 10(b). 


4. Claim 8(c) 


a) “wherein the accelerometer activates or deactivates 
based in part of a value of the signal level of the receive 
communication signal;” 


195. See my discussion for Claim 10(d). 


5. Claim 8(d) 


a) “a power amplifier to amplify a signal level of at least 
one of the receive communication signal and a transmit 
communication signal; and” 


196. Krasner teaches a mobile device 150 combining a communication 


transceiver/receiver (transceiver) with a GPS receiver: 


FIG. 1 is a block diagram of mobile device 150 which combines a 


communication transmitter/receiver (transceiver) with a GPS receiver 


for use in one embodiment of the present invention. The mobile device 


150 is a portable hand-held unit that includes circuitry for 


performing the functions required for processing GPS signals as 
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well as the functions required for processing communication signals 


transmitted and received through a communication link. The 


communication link, such as communication link 162, is typically a 


radio frequency communication link to another communication 


component, such as a basestation 160 having a communication 


antenna 164. 


Krasner, 3:5–16 (emphases added). The mobile device includes a GPS receiver 130 


that receives GPS satellite signals from transmitting GPS satellites. Krasner, 3:17–


30. “The mobile device 150 also includes communication transceiver section 109. 


Communication transceiver 109 is coupled to communication antenna 100. 


Communication transceiver 109 transmits navigational data processed by GPS 


receiver 130 through communication signals (typically RF) to a remote basestation, 


such as basestation 160.” Krasner, 3:31–41. The communication section 109 


transmits/receives a “communication signal, such as a cellular telephone signal,” 


to/from a communication basestation. Krasner, 5:20–30.   


197. Krasner teaches the communication section 109 includes a power 


amplifier 108: “A power amplifier 108 boosts the signal level of the communication 


signal, and this boosted signal is then transmitted to the communication antenna 100 


through switch 101.” Krasner, 5:64–67.  
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Krasner, FIG. 1.  


198. Krasner’s “power amplifier 108” is a power amplifier as recited in 


Claim 1(d) of the ’256 Patent. Boosting a signal, as taught by Krasner, is functionally 


equivalent to amplifying a signal, as claimed. Additionally, the Krasner power 


amplifier is for boosting a communication signal transmitted by the communication 


transceiver (Krasner, 3:5–8, 5:64–67), and therefore, I understand Krasner to teach 


a power amplifier to amplify at least “a transmit communication signal,” as claimed.  
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6. Claim 8(e) 


a) “battery monitor circuitry to measure available 
battery power and adjust power usage to the power amplifier 
responsive to available battery power and to a signal level of 
the receive communication signal” 


199. In my opinion, Sakamoto teaches the claimed “battery monitor 


circuitry,” namely battery control unit 16, positioning control unit 13, 


communication control unit 11, and GPS control unit 12, either individually or 


collectively.  


200. Sakamoto teaches the claimed “battery monitor circuitry to measure 


available battery power.” Sakamoto teaches “battery control unit 16 inside the 


position information communication terminal 1 constantly monitors the remaining 


battery level.…” Sakamoto, 0028. The battery control unit 16 “notifies the 


positioning control unit 13 of a remaining battery amount warning when the 


remaining amount value of a battery (not shown) that supplies operating power 


falls below a preset threshold value.” Sakamoto, [0019]. The user may then 


manually change the positioning mode ([0028]), or the positioning mode may 


automatically be set ([0029]).  


201. Sakamoto teaches the claimed “battery monitor circuitry to…adjust 


power usage…responsive to available battery power….”  In response to a battery 


level below a “threshold value,” the “position information communication terminal 


1 notifies the positioning control unit 13 of a remaining battery amount warning….” 
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Sakamoto, [0039]. The terminal 1 is then instructed to set the positioning mode to 


the normal sensitivity positioning mode “so as to reduce the power consumption 


of the battery.” Id. Sakamoto teaches that “[a]fter the remaining battery amount 


warning, the power consumption may be reduced by cutting off the power of the 


GPS receiver 10.” Id. “[A]fter the remaining battery amount warning, it is possible 


to reduce the power consumption by switching to positioning with normal 


sensitivity that consumes less battery or by cutting off the power of the GPS 


receiver so that longer operating time can be achieved.” Sakamoto, [0051], [0024] 


(teaching the positioning control unit 13 requests GPS control unit 12 to turn off 


power to the GPS receiver 10).  


202. Sakamoto teaches “battery monitor circuitry to…adjust power 


usage…responsive to…a signal level of the receive communication signal.” 


Sakamoto teaches stopping position searching of the GPS receiver when the GPS 


satellite signal level detected by the satellite signal level detecting unit 15 is below 


a predetermined threshold value. Sakamoto, [003] (“If it is determined that the 


positioning cannot be performed when the signal level value is equal to or lower than 


a predetermined threshold value, the position search may be stopped.”), [0050]. 


203. Sakamoto teaches or at least suggests a cellular transceiver for 


transmitting data to the server and which would be improved by the addition of a 


power amplifier. Specifically, Sakamoto teaches a communication control unit 11 
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that serves to transmit and receive information, such as position information or a 


remaining battery amount warning message, with the server 2 over a mobile 


communication network. Sakamoto, [0019], [0035], [0039].  


204.  Sakamoto thus operates by setting the normal positioning mode when 


the battery level is below a threshold value. Sakamoto, [0039]. Once in the normal 


mode, the Sakamoto system further adjusts power usage in response to a receive 


communication signal level below a predetermined threshold value to thereby stop 


position searching. Sakamoto, [0038]. 


205. When the Sakamoto terminal is modified to include a power amplifier 


as taught by Krasner and the Krasner gating method, the Sakamoto terminal 


“adjust[s] power usage to the power amplifier,” as claimed. The adjustment of 


power to the power amplifier is responsive to available battery power and to a signal 


level of the receive communication signal (the GPS signal).  


206. Krasner teaches a power level control signal 105 is transmitted to both 


the GPS receiver 105 and the power amplifier 108. Krasner, 6:63–65, 7:10–11.  


This signal is programmed to activate the GPS receiver to receive and 


process GPS signals in relation to the power level of the 


communication power amplifier 108. When the power level control 


signal 105 reduces or cuts power to power amplifier 108, the GPS 


receiver 130 is activated to receive GPS signals. Conversely, when 


the power level control signal maintains normal power levels in 
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power amplifier 108, the GPS receiver 130 is prevented from 


receiving GPS signals. 


Krasner, 7:10–19, 6:51–62. Krasner teaches “[a] gating signal synchronizes the 


power control and GPS receiver operation.” Krasner, 6:58–59. “Power of the 


transmitter is reduced for a period of time during which satellite positioning system 


signals may be processed, after which the transmitter is again powered up.” Krasner, 


6:55–58, 7:5–9 (teaching turning power amplifier off completely or reducing 


amplification power by a predetermined amount), 7:24–39 (discussing switch 112 


that allows data to pass from GPS antenna to GPS receiver circuits and is controlled 


by gating signal and power level control signal 105 to turn on/off switch 112 


depending on gating signal). 


207. Krasner also teaches that based on cellular transceiver usage, the GPS 


data processing is enabled/disabled for portions of a frame of data. Krasner, 9:33–


56. “Each time voice data transmission is disabled, a control signal is transmitted 


which enables GPS data processing, and each time voice data transmission is 


enabled, a control signal is sent which disables GPS data processing.” Krasner, 


9:42–45, 9:62–10:16, FIG. 6. The period of time for disabling transceiver 


functionality and enabling GPS signal processing “may be predetermined or 


adaptable, depending upon the processing strategy employed.” Krasner, 10:3–15. 


Krasner discusses how voice data may be disabled for 7/8 of a frame and then 
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enabled for 1/8 of a frame, allowing “[t]he amount of GPS data accumulated to be 


“sufficient to triangulate the position of the mobile device.” Krasner, 9:39–52, 


12:33–49 (teaching times of reduced emissions when transmitting data, “the GPS 


receiver 130 can be activated” and “[l]ikewise, during periods of normal 


transmission, the GPS receiver can be deactivated”).  


208. Krasner further teaches the power level control signal 105 is 


transmitted to the power amplifier from the microprocessor 104, which “performs 


any processing required for the communication receive and transmit functions.” 


Krasner, 6:63–65, 5:41–44. This indicates to me the Krasner controls or otherwise 


instructs the power amplifier via the power level control signal. When modifying 


Sakamoto, it would have been obvious to program Sakamoto’s positioning control 


unit to perform similar functionality, i.e., to send a power level control signal to the 


power amplifier. Because Sakamoto’s positioning control unit already performs 


various control tasks, including requesting/instructing the communication control 


unit 11 (see, e.g., Sakamoto, [0039]), it would have been obvious and simple to 


program the positioning control unit to perform the gating signal control taught by 


Krasner.    


209. Therefore, in the proposed modification to Sakamoto, the 


communication control unit 11 includes or is associated with a power amplifier, such 


as taught by Krasner. Per Sakamoto, in the normal positioning mode, the GPS 
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receiver is powered on, positioning is performed, and then the GPS receiver is 


powered off. Sakamoto, [0039]. During the time when the GPS receiver is powered 


on (while in the normal mode), the power amplifier is powered off (because the GPS 


receiver is activated). Conversely, during the time the GPS receiver is powered off 


(while in the normal mode), the power amplifier is powered to normal power 


(because the GPS receiver is deactivated) at least for as long as is needed to send the 


position information to server 2. Once in the normal mode in response to the 


available battery level ([0039]), the modified Sakamoto system further adjusts the 


power usage responsive to a signal level of the GPS signal. When the GPS signal 


level is below a predetermined threshold value, the Sakamoto GPS receiver 10 stops 


position searching, at which time the Krasner gating method powers up the power 


amplifier (and as modified by Gotoh, the accelerometer data or location data based 


on the accelerometer data can be sent to the server 2). Conversely when the GPS 


signal is good (e.g., above K2), the normal positioning mode is maintained, and the 


GPS receiver continues to power on/off to conserve battery power.  


210. I note that Krasner teaches the “gating signal synchronizes the power 


control and GPS receiver operation” to allow for the powering on/off the power 


amplifier to be inverse to deactivating/activating the GPS receiver. Krasner, 6:58–


59. Therefore, a POSITA would not have expected any undue difficulties in 


deactivating/activating the GPS receiver, as the gating signal would handle 
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synchronizing the power up/down of the GPS receiver and power amplifier on an 


as-needed basis. Such signaling functionality is common in the art.  


B. CLAIM 9 


1. Claim 9[Pre] 


a) “A location monitoring apparatus for an electronic 
tracking device to track by a monitoring station 
comprising:” 


211. See my discussion for Claims 10[Pre] and 8[Pre]. 


2. Claim 9(a) 


a) “an accelerometer to generate displacement vectors 
associated with the electronic tracking device;” 


212. See my discussion for Claims 10(a) and 8(a). 


3. Claim 9(b) 


a) “a signal processor to measure a signal level of a 
receive communication signal comprising location 
coordinates information,” 


213. See my discussion for Claims 10(b) and 8(b). 


4. Claim 9(c) 


a) “wherein the accelerometer activates or deactivates 
based in part of a value of the signal level of the receive 
communication signal;” 


214.  See my discussion for Claims 10(d) and 8(c). 


5. Claim 9(d) 


a) “power amplifier circuitry;” 
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215. See my discussion for Claim 8(d). I also note it would have been 


obvious to implement the Krasner power amplifier as “power amplifier circuitry” 


for the reasons I discuss in Section IX.B, above. 


6. Claim 9(e) 


a) “location tracking circuitry; and” 


216. Sakamoto teaches “location tracking circuity,” namely GPS receiver 


10 and GPS control unit 12, to determine a location of the terminal 1 using a GPS 


positioning system: “[t]he position information communication terminal 1 is, as 


shown in FIG. 1, composed of a GPS receiver 10 which receives GPS satellite signal 


from GPS satellites and performs positioning operations….” Sakamoto, [0018]–


[0019]. Sakamoto teaches the GPS receiver 10 starts a position detection process 


(Sakamoto, [0020]), which includes referring to the latest orbit information 


(Sakamoto, [0021]–[0022]), and upon the GPS receiver 10 successfully performing 


the position detection processing, “the position information is acquired by the GPS 


control unit 12.” (Sakamoto, [0023]). Because the GPS receiver and control unit are, 


either individually or collectively, determining a position, these components are 


locating tracking circuitry, as claimed.  


7. Claim 9(f) 


a) “battery management circuitry to adjust power level 
applied to the location tracking circuitry and the power 
amplifier circuitry responsive to the signal level.” 
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217. I reference my discussion of Claim 8(e), above, regarding the teachings 


of Sakamoto and Krasner and incorporate by reference here. 


218. In the proposed modification to Sakamoto to include Krasner’s power 


amplifier and gating method, the modified Sakamoto terminal would adjust the 


power level applied to the GPS receiver 10 and the power amplifier responsive to 


the GPS satellite signal level. When the satellite signal level detecting unit 15 


measures a signal level of the GPS satellite signal below a predetermined threshold 


value, the position search may be stopped. Sakamoto, [0038]. In the modified 


Sakamoto device, when the position searching is stopped, power to the power 


amplifier is returned to normal power levels. Krasner, 7:16–19. Conversely, when 


the position searching is performed, power to the power amplifier is reduced or cut. 


Krasner, 7:14–16.  


219. When position searching is stopped, the Sakamoto GPS receiver 10 is 


not performing certain functionality, such as receiving/processing GPS signals to 


determine position. Sakamoto tells us that during this time of no position searching, 


the GPS receiver’s applied power level is adjusted. Indeed, Sakamoto stops position 


searching to reduce power consumption ([0050]), so I understand from Sakamoto 


that when position searching is stopped (to reduce power consumption), the power 


level applied to the GPS receiver is adjusted (and specifically, adjusted to consume 


less power). When performing the Krasner gating method, stopping position 
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searching will result in the power level to the amplifier being returned to normal 


power levels, thus also adjusting the power level applied to the power amplifier (and 


as modified by Gotoh, allowing the accelerometer data or location data based on the 


accelerometer data can be sent to the server 2). Krasner, 7:16–19. When the GPS 


receiver begins position searching again (from its stopped-searching state), the GPS 


receiver is again activated and the power applied to the receiver is adjusted to 


perform the increased functionality. In turn, the power applied to the power amplifier 


is adjusted (either reduced or cut), per Krasner, 7:14–16.   


220. Because the GPS position searching is stopped responsive to the signal 


level, i.e., a GPS satellite signal level below a predetermined threshold value, and 


because the power level to the power amplifier is responsively adjusted, Sakamoto 


(as modified by Gotoh) as further modified by Krasner teaches Claim 9(f).  


 OPINIONS REGARDING GROUND 4: SAKAMOTO IN VIEW OF 
GOTOH IN FURTHER VIEW OF KRASNER AND KULACH 


221. I have been asked by counsel to provide my opinion as to whether it 


would have been obvious to modify the accelerometer as taught by Gotoh to 


“activate” and “deactivate” in the modified Sakamoto terminal in view of the 


teachings of Krasner and Kulach. As an initial matter, it is my opinion that Gotoh 


already teaches activating and deactivating the accelerometer for the reasons I 


provided regarding Claim 10 and Ground 1. However, to the extent Patent Owner 


argues otherwise, Kulach expressly teaches powering off an accelerometer when not 
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in use, for the reasons I provided in Ground 2. I hereby incorporate my analysis, 


discussion, and motivation to combine Kulach from Ground 2 herein along with my 


discussion, analysis, and motivation to combine from Ground 3. 
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VII. CONCLUSION


I declare that all statements made herein of my knowledge are true, and that


all statements made on information and belief are believed to be true, and that these 


statements were made with the knowledge that willful false statements and the like 


so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 


18 of the United States Code. 


Date: 


By: 
Scott Andrews 


7/22/2020
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(57) ABSTRACT 


A worker transferS GPS Signals to a communication System 
at each node of traveling using a cellular phone terminal, and 
the communication System specifies the position of the 
cellular phone terminal and notifies positional information to 
a management System. When the cellular phone terminal 
cannot receive GPS Signals or is outside a range accessible 
to the communication System, it starts recording acceleration 
data using an accelerometer. When a communicable State is 
recovered, the cellular phone terminal Sends GPS Signals 
and the recorded acceleration data to the communication 
System. A management computer determines whether the 
position notified by the communication System is an 
intended node. If the notified position is not an intended 
node, the management computer derives the position of the 
intended node using the acceleration data, and predicts the 
travel route based on the node position. 
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FIG.6 
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POSITIONAL INFORMATION MANAGEMENT 
SYSTEM, POSITIONAL INFORMATION 
MANAGEMENT METHOD, RECORDING 
MEDIUM, AND MOBILE TERMINAL 


BACKGROUND OF THE INVENTION 


0001) 1. Field of the Invention 
0002 The present invention relates to a positional infor 
mation management System and a positional information 
management method for use in managing positional infor 
mation of a worker who moves from place to place toward 
the Visiting destination where he/she has tasks to do, and a 
recording medium and a mobile terminal therefor. 
0003 2. Description of the Related Art 
0004. In many cases, a worker who goes out from his/her 
office to perform his/her job writes a daily report in which 
the contents of works he/she has done at the visiting place 
are put down. In Some cases, the location of the Visiting 
place and how to travel are also included in this daily report, 
So that transportation costs may be paid back to the worker 
based on the reported information. For this purpose, the 
worker has to report to the company the means of transpor 
tation he/she utilized and the Stations he/she got on/off the 
transportation. 


0005 For this need, the worker may utilize a positional 
information providing Service offered by a communication 
Service company, by using his/her cellular phone, etc. Spe 
cifically, the worker regularly sends his/her current position 
to the company's management System on this positional 
information providing Service. Then, the worker Specifies 
the route he/she took including the utilized means of trans 
portation and the Stations to get on/off the transportation 
based on the positional information Sent to the System, and 
generates the daily report based on the Specified informa 
tion. By utilizing Such a positional information providing 
Service, the worker can avoid the botherSome labor of 
recording the Stations and transportation. 
0006 There is no doubt that the worker can accurately 
Specify the route he/she took if he/she records the positional 
information in detail. However, in the case where the worker 
Sends the positional information acquired by the positional 
information providing Service to his/her company's man 
agement System through the positional information provid 
ing Service, charges are required for the Services done and 
data communication. Therefore, there is a problem that the 
more detailed the positional information gets, the more 
expensive the charges become. 
0007 Furthermore, in some cases, the positional infor 
mation providing Service can not be accessed from indoor 
environments Such as inside the Subways and buildings 
where communication condition is poor. In these cases, the 
positional information can not be properly recorded and the 
route the worker took can not be accurately traced. 
0008. The present invention was made to solve the 
above-described problems, and an object of the present 
invention is to provide a positional information management 
System, a positional information management method, and a 
mobile terminal which are capable of efficiently managing 
positional information of a worker who moves from place to 
place toward the Visiting destination where he/she has tasks 
to do. 
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SUMMARY OF THE INVENTION 


0009. To achieve the above object, a positional informa 
tion management System according to a first aspect of the 
present invention is a positional information management 
System comprising: a mobile terminal which acquires accel 
eration data at a predetermined position; a management 
Server which is connected to the mobile terminal through a 
network and predicts a travel route of the mobile terminal; 
and a communication System which Specifies a current 
position of the mobile terminal and Sends positional data 
representing the Specified current position to the manage 
ment Server, 


0010 wherein the management server: 
0.011) is connected to a positional data storage unit 
which Stores positional data representing that the 
mobile terminal is at a predetermined position, 
which is Sent from the communication System in 
asSociation with a reception time at which the 
positional data is received, and to an acceleration 
data Storage unit which Stores an acceleration log 
representing acceleration data in time Series, 
which is sent from the mobile terminal in asso 
ciation with a reception time at which the accel 
eration log is received; 


0012 selects positional data for two positions 
which are recorded adjacently time-wise in the 
positional data Storage unit, and which are 
included in a travel route which is a target of 
prediction, 


0013 extracts an acceleration log whose recep 
tion time corresponds to a reception time of any of 
the Selected positional data; and 


0.014) predicts a travel route of the mobile termi 
nal based on the Selected positional data and the 
extracted acceleration log. 


0015 The management server may further be connected 
to a motion pattern data Storage unit which Stores a Velocity 
pattern and an acceleration pattern for each means of trans 
portation, and may specify means of transportation used for 
traveling between the two positions, by deriving an average 
travel velocity between the two positions based on the 
Selected positional data and their reception times and then 
comparing the average travel Velocity with the Velocity 
pattern Stored in the motion pattern data Storage unit, or by 
comparing the extracted acceleration log with the accelera 
tion pattern Stored in the motion pattern data Storage unit. 
0016 To achieve the above object, a positional informa 
tion management method according to a Second aspect of the 
present invention is a positional information management 
method for predicting a travel route from a notification point 
at which a mobile terminal should notify that it is at the 
point, based on positional data representing a current posi 
tion of the mobile terminal which acquires acceleration data 
at a predetermined position, and an acceleration log repre 
Senting acceleration data in time Series acquired by the 
mobile terminal, the positional data and the acceleration log 
being notified through a predetermined network, the method 
comprising: 


0017 a step of storing positional data and an accel 
eration log in association with times at which they 
are notified; 
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0018 a step of selecting positional data for two 
positions which are recorded adjacently time-wise, 
and which are included in a travel route which is a 
target of prediction; 


0019 a step of extracting an acceleration log corre 
sponding to any of the Selected positional data; and 


0020 a step of predicting a travel route based on the 
Selected positional data and the extracted accelera 
tion log. 


0021 According to this method, it is possible to predict 
a travel route by complementing the positional data with the 
acceleration log, even in a case where Stored positional data 
does not represent a notification point at which the mobile 
terminal should notify that it is at the point. 
0022. The positional information management method 
may further comprise a step of Storing map data representing 
predetermined means of transportation, and places to get on 
and off the means of transportation, the notification point 
may include the places to get on and off the means of 
transportation, and the Step of predicting the travel route 
may include Specifying means of transportation which 
includes the notification point in its running course, by using 
the map data. 
0023. Because of these features, it is possible to specify 
the Station, etc. and the means of transportation used for 
traveling. 
0024. The step of predicting the travel route may include 
a step of specifying the notification point based on the 
extracted acceleration log corresponding to the Selected 
positional data and the Selected positional data, in a case 
where any of the Selected positional data is not positional 
data representing the notification point, and a step of pre 
dicting the travel route based on positional data representing 
the notification point or based on the extracted acceleration 
log. 
0.025 According to this method, there might be places 
where positional information can not be acquired or posi 
tional information can not be sent to the management System 
due to the communication condition. In this case, the posi 
tion recorded in the positional data Storage means differs 
from the notification point at which the mobile terminal 
should notify its presence. In this case too, a travel route can 
be predicted because the position of the notification point is 
Specified based on the acceleration log and the positional 
data. The Step of Specifying the notification point may 
Specify the notification point by: 


0026 deriving a travel distance based on the 
extracted acceleration log; and 


0027 searching for the notification point that exists 
within a radius of the derived travel distance from 
the position represented by the Selected positional 
data from the map data. 


0028. According to this method, even in a case where 
positional information can not be sent to the management 
System or in other Such cases, the notification point at which 
the mobile terminal should notify its presence can be pre 
dicted. 


0029. The positional data management method may fur 
ther comprise a step of Storing a Velocity pattern for each 
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predetermined means of transportation, and the Step of 
predicting the travel route may specify means of transpor 
tation by calculating an average travel Velocity between the 
two positions based on the Selected positional data and the 
times at which the positional data are notified, and by 
comparing the average travel Velocity with the Velocity 
pattern. 


0030. According to this method, a travel route can be 
predicted more accurately, Since different means of trans 
portation have different Velocity patterns. 
0031. The positional information management method 
may further comprise a step of Storing an acceleration 
pattern for each predetermined means of transportation, and 
the Step of predicting the travel route may specify means of 
transportation by comparing the extracted acceleration log 
with the acceleration pattern. 
0032. According to this method, a travel route can be 
predicted more accurately, Since different means of trans 
portation have different acceleration patterns. 
0033) A program for controlling a computer to execute all 
or a part of the above-described Steps can be provided by 
recording the program in a computer-readable recording 
medium, or by carrying the program on a carrier wave which 
can be run on a computer. 
0034) To achieve the above object, a mobile terminal 
according to a third aspect of the present invention is a 
mobile terminal which comprises: an acceleration measur 
ing unit which Senses an acceleration and measures an 
acceleration log; a positional information acquiring unit 
which acquires predetermined positional information; a con 
trol unit which controls the acceleration measuring unit and 
the positional information acquiring unit; and a Storage unit 
which Stores predetermined data, and which sends predeter 
mined information to a management System for managing 
the positional information, 


0035) wherein the control unit: 


0.036 determines whether or not data for speci 
fying a position of the mobile terminal can be 
acquired by the positional information acquiring 
unit; 


0037 stores an acceleration log measured by the 
acceleration measuring unit in the Storage unit, in 
a case where the positional information can not be 
acquired; and 


0.038 sends data regarding the position of the 
mobile terminal acquired by the positional infor 
mation acquiring unit and the acceleration log 
Stored in the Storage unit to the management 
System, in a case where acquisition of the posi 
tional information becomes possible. 


0039. According to this structure, the management sys 
tem can manage the positional information of the mobile 
terminal Speedily. 
0040. The control unit may further derive a time cycle as 
a function of an acceleration measured by the acceleration 
measuring unit, and Send data regarding the position of the 
mobile terminal to the management System in accordance 
with the time cycle. 
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0041. With these features, data regarding the position of 
the mobile terminal can be sent to the management System 
efficiently, in accordance with the travel condition of the 
mobile terminal. 


BRIEF DESCRIPTION OF THE DRAWINGS 


0042. These objects and other objects and advantages of 
the present invention will become more apparent upon 
reading of the following detailed description and the accom 
panying drawings in which: 
0.043 FIG. 1 is a schematic diagram showing a system 
according to one embodiment of the present invention; 
0044 FIG. 2 is an explanatory diagram showing data 
Stored in a positional data Storage unit; 
004.5 FIG. 3 is an explanatory diagram showing data 
Stored in an acceleration data Storage unit; 
0.046 FIG. 4 is an explanatory diagram showing data 
Stored in a motion pattern data Storage unit; 
0047 FIG. 5 is a flowchart showing a part of a process 
flow according to one embodiment of the present invention; 
0.048 FIG. 6 is a flowchart showing another part of the 
process flow according to one embodiment of the present 
invention; and 
0049 FIG. 7 is a flowchart showing a process flow 
according to another embodiment of the present invention. 


DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 


0050. In the present embodiment, there will be explained 
a positional information management System, a positional 
information management method, a recording medium, and 
a mobile terminal which are to be used in order to manage 
business trips of a worker who moves from place to place 
toward a plurality of Visiting destinations where the worker 
has tasks to perform. In the present embodiment, the worker 
is Supposed to visit a plurality of business partners places by 
utilizing various means of transportation, while reporting 
positional information to his/her company. The positional 
information is used when a daily report in which how to 
travel from one business partner's place to another is put 
down is to be generated. Payback of the transportation costs, 
etc. will be done based on this daily report. 
0051. In the present embodiment, a cellular phone termi 
nal 10 as a mobile terminal shown in FIG. 1 is offered to the 
worker. The worker Visits the business partners places, etc. 
carrying the cellular phone terminal 10. A terminal identifier 
for identifying each terminal is assigned to the cellular 
phone terminal 10. As shown in FIG. 1, the cellular phone 
terminal 10 comprises a GPS signal reception unit 12, an 
accelerometer 13, an acceleration data Storage unit 14, and 
a control unit 11 for controlling these units. Further, the 
cellular phone terminal 10 has a notification button (not 
shown) for performing a later-described notification process. 
0.052 The control unit 11 controls the GPS signal recep 
tion unit 12 and the accelerometer 13, and has a function for 
performing wireleSS communication with a later-described 
communication system 30. The cellular phone terminal 10 
further has a terminal function for transferring GPS signals 
received by the GPS signal reception unit 12 to the later 
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described communication system 30 for enabling utilization 
of a positional information providing Service offered by the 
communication System 30, in order to specify its position. 
The control unit 11 has a function as a clock for indicating 
the current time. 


0053. The GPS signal reception unit 12 receives a radio 
wave (a GPS signal) from a predetermined GPS (Global 
Positioning System) satellite. The accelerometer 13 mea 
Sures the acceleration applied to the cellular phone terminal 
10. The acceleration data Storage unit 14 Stores data on the 
acceleration applied to the cellular phone terminal 10 in time 
SCCS. 


0054 The communication system 30 is a system includ 
ing a wireleSS base Station for Sending and receiving prede 
termined information to and from the cellular phone termi 
nal 10. The communication system 30 specifies the position 
of the cellular phone terminal 10 based on GPS signals sent 
from the cellular phone terminal 10, and relayS communi 
cations between a management System 20 and the cellular 
phone terminal 10. The communication system 30 is con 
nected to the management System 20 via a network N. A 
cellular phone net is used as the network N in this embodi 
ment. 


0055 According to the present embodiment, the commu 
nication system 30 specifies the position of the cellular 
phone terminal 10 by using GPS signals. Specifically, the 
cellular phone terminal 10 transmits GPS signals received 
from a plurality of GPS satellites to the communication 
system 30. The communication system 30 specifies the 
position of the cellular phone terminal 10 using the GPS 
signals from the plurality of GPS satellites transmitted from 
the cellular phone terminal 10 in accordance with, for 
example, triangulation. However, the GPS Signals to be used 
are not limited to signals from three GPS satellites that are 
necessary for triangulation, but an arbitrary number of GPS 
Signals can be used. 
0056. The management system 20 is a computer system 
for managing the positional information of the -worker. The 
management System 20 performs various processes while 
eXchanging predetermined information with the cellular 
phone terminal 10 via the communication system 30. The 
management System 20 Stores positional information Sent 
thereto and specifies the travel route the worker took. The 
management System 20 includes a management computer 
21, as shown in FIG. 1. 
0057 The management computer 21 includes control 
means (CPU), storage means (a RAM, a ROM, a hard disk, 
etc.), input/output means, and data Sending/receiving means 
(all of which are not illustrated). The management computer 
21 executes a positional information management program 
for performing later-described Steps for positional informa 
tion management (a step of extracting positional data of two 
positions, a step of extracting acceleration logs, a step of 
predicting a travel route, etc.). 
0058. This program is recorded on an arbitrary computer 
readable recording medium Such as a flexible disk, a CD 
ROM, etc. to be served for use. Or, this program may be 
transmitted on a carrier wave which can be run on a 
computer, So that the program may be used. Thereby, the 
management computer 21 functions as means for extracting 
positional data of two positions, means for extracting accel 
eration logs, means for predicting a travel route, etc. 
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0059 A positional data storage unit 22, an acceleration 
data Storage unit 23, and a motion pattern data Storage unit 
24 are connected to the management computer 21. 
0060. As shown in FIG. 2, the positional data storage 
unit 22 Stores positional data 220 regarding the position of 
the cellular phone terminal 10. The positional data 220 is 
recorded when notification of positional information is 
received from the cellular phone terminal 10. In the present 
embodiment, the positional data 220 is generated for each 
notification reception, and includes data on a terminal iden 
tifier, a notification reception time, and a position. 
0061 Data regarding an identifier assigned to the cellular 
phone terminal 10 for specifying the worker who has sent 
the positional information is recorded in the data area for 
terminal identifier. In the present embodiment, the phone 
number of the cellular phone terminal 10 is used as the 
terminal identifier. 


0.062 Data regarding the time at which notification of the 
positional information is received from the cellular phone 
terminal 10 is recorded in the data area for notification 
reception time. 


0.063 Data regarding the position of the worker at the 
time of notification is recorded in the data area for position. 
The data regarding the position of the worker is positional 
data obtained based on GPS signals which are received by 
the communication system 30 from the cellular phone 
terminal 10. In the present embodiment, longitude/latitude 
data is used as the positional data. 
0064. As shown in FIG. 3, the acceleration data storage 
unit 23 Stores acceleration data 230 regarding logs of 
accelerations applied to the cellular phone terminal 10 of the 
worker. The acceleration data 230 is recorded when accel 
eration data is received from the cellular phone terminal 10. 
In the present embodiment, the acceleration data 230 is 
Structured to include data regarding a measurement Start 
time, a measurement end time, and an acceleration log in 
asSociation with the terminal identifier. 


0065 Data regarding an identifier assigned to the cellular 
pone terminal 10 which has sent the acceleration data is 
recorded in the data area for terminal identifier. 


0.066 Data regarding the time at which the cellular phone 
terminal 10 Starts measuring the acceleration is recorded in 
the data area for measurement start time. In the present 
embodiment, the cellular phone terminal 10 Starts measuring 
the acceleration in a case where the cellular phone terminal 
10 can not receive GPS signals when the worker tries to 
perform the proceSS for notifying the positional information, 
or in a case where the cellular phone terminal 10 can not 
communicate with the communication System 30. 
0067. Data regarding the time at which the cellular phone 
terminal 10 of the worker finishes measuring the accelera 
tion is recorded in the data area for measurement end time. 
In the present embodiment, the cellular phone terminal 10 
finishes measuring the acceleration in a case where the 
cellular phone terminal 10 becomes able to receive GPS 
Signals, and communication with the communication System 
30 is recovered. 


0068 Data regarding the acceleration log received from 
the cellular phone terminal 10 is recorded in the data area for 
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acceleration log. This acceleration log includes changes in 
the acceleration from the measurement Start time to the 
measurement end time. 


0069. As shown in FIG. 4, the motion pattern data 
Storage unit 24 pre-stores motion pattern data 240 for 
Specifying the means of transportation utilized by the 
worker. The motion pattern data 240 indicates the charac 
teristics of the motion pattern of each means of transporta 
tion. In the present embodiment, the motion pattern data 240 
is Structured to include data regarding a transportation 
identifier, an acceleration pattern, and a Velocity pattern for 
each kind of transportation. 
0070 Data regarding an identifier for specifying means 
of transportation is Stored in the data area for transportation 
identifier. The means of transportation includes travel means 
Such as train, bus, airplane, etc. 
0071 Data regarding an acceleration pattern of each 
means of transportation is Stored in the data area for accel 
eration pattern. The acceleration pattern is represented by, 
for example, an acceleration time, etc. The acceleration time 
of a train is set longer than that of a bus. 
0072 Data regarding a velocity pattern of each means of 
transportation is Stored in the data area for Velocity pattern. 
The Velocity pattern is represented by, for example, an 
average Velocity, a Velocity range, a running time interval, 
etc. For example, the Velocity range of a train is Set wider 
than that of a bus. Further, Since a bus may stop at a traffic 
light, the running time interval of a train is set longer than 
that of a bus. 


0073. The management system 20 has map data storage 
means (not shown) for Storing map data indicative of 
predetermined nodes (stations, bus stops, etc.) and each 
means of transportation. The management computer 21 of 
the management System 20 Searches out a corresponding 
node based on predetermined positional data and/or an 
acceleration log received from the cellular phone terminal 
10, and extracts the name of a possible means of transpor 
tation. 


0074 The processes for managing the positional infor 
mation of the worker with the use of the system structured 
as described above, will now be explained. Explanation will 
be made for a notification proceSS and for a route prediction 
process Separately. 


0075 (Notification Process) 
0076 First, a notification process will be explained with 
reference to FIG. 5. This process is executed by the control 
unit 11 of the cellular phone terminal 10 in a case where the 
worker pushes the notification button Set on the cellular 
phone terminal 10. 
0077. While on duty outside, the worker pushes the 
notification button at each point (hereinafter referred to as 
“node') at which the worker should notify that he/she is at 
the point. A node means a marking point in the travel course, 
and includes a place Such as a Station, etc. at which the 
worker uses a transportation Service. The node includes the 
position of a departure Station, the position of an arrival 
Station, the position of a bus Stop from which the worker gets 
on a bus, the position of a business partner's place, etc. 
0078. When the notification button is pushed by the 
worker, the cellular phone terminal 10 detects a communi 
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cation condition (step S11). This communication condition 
includes a condition for receiving GPS Signals and a con 
dition for communicating with the communication System 
30. Specifically, the control unit 11 determines whether or 
not the GPS signal reception unit 12 has received GPS 
Signals, and whether or not the cellular phone terminal 10 is 
within a range accessible to the communication System 30. 
0079. In a case where GPS signals are receivable and the 
cellular phone terminal 10 is within a range accessible to the 
communication system 30 (step S12; Yes), the control unit 
11 transfers the GPS signals received by the GPS signal 
reception unit 12 to the communication System 30 (Step 
S13). Data regarding the terminal identifier is affixed to the 
GPS signals to be transferred. 
0080. The communication system 30 specifies the posi 
tion of the cellular phone terminal 10 based on the received 
GPS Signals, generates data (positional data) regarding the 
Specified position. Then, the communication System 30 
Sends notification data including the generated positional 
data and the terminal identifier to the management computer 
21 of the management system 20 through the network N. 
The management computer 21 which has received the 
notification data adds a notification reception time thereto, 
and Stores the terminal identifier and the positional data in 
the positional data Storage unit 22. 
0081. On the contrary, in a case where the cellular phone 
terminal 10 can not receive GPS signals, or in a case where 
the cellular phone is outside the range accessible to the 
communication system 30 (step S12; No), the cellular phone 
terminal 10 measures the acceleration by the accelerometer 
13, and Starts recording data on the measured acceleration 
(step S14). Specifically, first, the control unit 11 obtains the 
current time by the built-in clock, and records the obtained 
current time as a measurement Start time in the acceleration 
data Storage unit 14. Next, the control unit 11 Starts record 
ing data (acceleration log) on the acceleration measured by 
the accelerometer 13 in the acceleration data Storage unit 14. 
0082 The control unit 11 continues to monitor the recep 
tion condition for GPS Signals and the communication 
condition with the communication system 30, and deter 
mines again whether or not the GPS Signal reception unit 12 
has received GPS signals, and whether or not the cellular 
phone terminal 10 is within a range accessible to the 
communication system 30 (step S15). In a case where the 
GPS signal reception unit 12 has still been unable to receive 
GPS Signals or in a case where the cellular phone terminal 
10 is still outside the range accessible to the communication 
system 30 (step S15; No), the measuring of the acceleration 
by the accelerometer 13 and recording of the data are to be 
continued (step S16). 
0.083. On the contrary, in a case where the GPS signal 
reception unit 12 becomes able to receive GPS signals and 
the cellular phone terminal 10 enters the range accessible to 
the communication system 30 (step S15; Yes), the control 
unit 11 transfers the GPS signals received by the GPS signal 
reception unit 12 to the communication System 30 (Step 
S17). In this case, the communication system 30 generates 
positional data regarding the position of the cellular phone 
terminal 10 based on the received GPS signal, and sends the 
generated positional data to the management computer 21 of 
the management system 20 through the network N. Then, the 
management computer 21 Stores the terminal identifier and 
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the positional data together with the notification reception 
time in the positional data Storage unit 22. 
0084. Further, the control unit 11 sends the acceleration 
data Stored in the acceleration data Storage unit 14 to the 
management System 20 through the communication System 
30 and the network N (step S18). The acceleration data 
includes data on the measurement Start time and the accel 
eration log. 
0085. The management computer 21 which has received 
the acceleration data Stores the acceleration log in the 
acceleration data Storage unit 23 in association with the 
terminal identifier of the cellular phone terminal 10 which 
has made the notification. Further, the management com 
puter 21 records the time at which it receives the accelera 
tion log as the measurement end time. Thus, the process 
performed when a notification is made is completed. 
0.086 (Travel Route Prediction Process) 
0087. When the worker returns to his/her office from the 
business partner's place, the worker makes a daily report 
including a report on the business trip, by using the man 
agement System 20. Specifically, the worker inputs a date on 
which the daily report is to be made (date on which the 
worker has gone on a business trip), and the terminal 
identifier of the worker's cellular phone terminal 10, by 
using the input means of the management System 20. Then, 
the management computer 21 extracts all the positional data 
220 that include the input date and terminal identifier of the 
worker's terminal. 


0088. The management computer 21 performs a process 
for predicting the travel route of the worker with the use of 
the extracted positional data 220. This process will be 
explained with reference to FIG. 6. The management com 
puter 21 specifies positional data 220 for two positions, 
notifications from which are received adjacently time-wise, 
and which are included in the prediction-target travel route 
(step S21). Next, the management computer 21 determines 
whether or not the positions represented by the Specified 
positional data 220 are the positions of intended nodes (Step 
S22). A position of an intended node is a notification point 
at which the worker is meant to notify his/her presence, and 
a place where the worker pushes the notification button. In 
a case where the communication condition at a node is not 
fine, the cellular phone terminal 10 monitors the communi 
cation condition and finally makes a notification when the 
communication condition becomes better enough to enable 
communication with the communication System 30, as 
described in the explanation of Step S17. In Such a case, the 
position of an intended node and the position represented by 
the positional data 220 do not correspond. In the present 
embodiment, no acceleration data is recorded in a case 
where the communication condition at a node is fine. There 
fore, the determination for checking correspondence with 
the position of an intended node is done in accordance with 
whether or not there is acceleration data related to the 
position represented by the Specified positional data 220. 
Specifically, the management computer 21 checks whether 
or not there is any acceleration data 230 indicative of a 
measurement end time corresponding to the notification 
reception time included in the positional data 220, among 
the acceleration data 230 stored in association with the 
terminal identifier which is the target for making the daily 
report. 
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0089. In a case where no acceleration data 230 related to 
the positional data 220 for the two positions is stored in the 
acceleration data Storage unit 23 and thus the positional data 
220 which are the travel route prediction target are both 
positional data indicative of nodes (step S22, Yes), the 
management computer 21 Specifies the kind of the means of 
transportation (Step S23). Specifically, the management 
computer 21 derives the distance between the two nodes. 
Then, the management computer 21 divides the derived 
distance by the time required for traveling from one of the 
nodes to the other, and derives the average travel Velocity. 
Then, the management computer 21 Specifies the kind of the 
means of transportation corresponding to the derived aver 
age travel Velocity, based on the motion pattern data Stored 
in the motion pattern data Storage unit 24. In a case where 
the average travel Velocity is equal to or less than a prede 
termined value, the management computer 21 determines 
that the travel between the two positions has been on foot, 
or that no Substantial distance has been traveled. In this case, 
the management computer 21 does not specify the kind of 
the means of transportation. 


0090. On the contrary, in a case where acceleration data 
230 related to the positional data 220 is stored in the 
acceleration data Storage unit 23 and thus the notification 
point is not the intended node (step S22, No), the manage 
ment computer 21 predicts the position of the intended node. 
Specifically, the management computer 21 derives a dis 
tance traveled between the acceleration measurement Start 
time and the measurement end time based on the accelera 
tion data 230 (step S24). Here, the management computer 21 
derives the travel distance by twice integrating the accel 
eration log of the acceleration data 230 with respect to time. 
0.091 Next, the management computer 21 predicts the 
position of the intended node based on the derived travel 
distance and the position at the measurement end time 
(notification reception time) indicated by the position data 
220 (step S25). Specifically, the management computer 21 
Searches for a position that might be a node (for example, a 
Station, a bus stop, etc.) and that exists within a circle whose 
center is at the position indicated by the positional data 220 
and whose radius is the derived travel distance from the map 
data. The map data is Stored in the map data Storage means 
(not shown) provided in the management System 20, as 
described above. 


0092. Further, the management computer 21 specifies the 
kind of the means of transportation (step S26). Specifically, 
the management computer 21 compares the acceleration log 
Stored in the acceleration data Storage unit 23 and the 
Velocity derived from this acceleration log with the accel 
eration pattern and the Velocity pattern Stored in the motion 
pattern data Storage unit 24, and thus specifies the kind of the 
means of transportation. In a case where the period of time 
in which the measurement has been performed is short, the 
management computer 21 may specify the kind of the means 
of transportation based on an average travel Velocity derived 
from the distance between nodes, likewise step S23. 
0093. Next, the management computer 21 specifies the 
travel route of the worker and outputs the Specified travel 
route (step S27). Specifically, the management computer 21 
extracts the name of the means of transportation which 
includes in its running course station names (or bust stop 
names, etc.) corresponding to the positions of the intended 
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nodes (notification points) from the map data. Further, in a 
case where there are a plurality of means of transportation 
that include both the nodes, the management computer 21 
Specifies the travel route by comparing the kind of the means 
of transportation Specified based on the acceleration log or 
the average travel Velocity, with the name of the means of 
transportation extracted from the map data. Then, the man 
agement computer 21 outputs the Specified travel route to 
the output means of the management System 20 as a candi 
date. Thus, the process for predicting the travel route 
between Specific two positions is completed. This travel 
route prediction proceSS is performed for all the positional 
data 220 which are the targets of making the daily report. 


0094. The worker confirms the candidate of the travel 
route which is output. In a case where the worker confirms 
the candidate to be correct, the candidate is Settled as the 
correct travel route based on the confirmation information. 
Then, the daily report is made based on this travel route. 
0095 AS explained above, in the present embodiment, 
the following effects can be achieved. 


0096 (1) In the above embodiment, in a case where the 
cellular phone terminal 10 can not receive GPS signals, or 
in a case where the cellular phone terminal 10 is outside the 
range accessible to the communication System 30, the cel 
lular phone terminal 10 Starts recording acceleration data 
indicative of the acceleration measured by the accelerometer 
13. Therefore, even in a case where the communication 
condition of the cellular phone terminal 10 is not fine, the 
travel route of the worker can be predicted using the 
acceleration data. 


0097 (2) In the above embodiment, in a case where the 
notification button is pushed at each node, the cellular phone 
terminal 10 Sends positional data to the management System 
20. Therefore, it is possible to provide positional informa 
tion to the management System 20 efficiently by reducing the 
communication frequency. 


0098 (3) In the above embodiment, in a case where the 
communication condition at the time the notification button 
is pushed is not fine, the control unit 11 monitors the 
condition for receiving GPS signals and the condition for 
communicating with the communication System 30. Then, 
when the communication condition is improved, thus GPS 
Signals can be received, and communication with the com 
munication system 30 becomes possible, the control unit 11 
Sends the acceleration data Stored in the acceleration data 
Storage unit 14 to the management System 20 through the 
communication system 30 and the network N. Therefore, the 
cellular phone terminal 10 only needs to record acceleration 
data during a period of time in which the communication 
condition is not desirable. Accordingly, the Storage capacity 
of the acceleration data Storage unit 14 can be reduced. 


0099 (4) In the above embodiment, acceleration data 230 
regarding a log of an acceleration applied to the cellular 
phone terminal 10 is Stored in the acceleration data Storage 
unit 23. The acceleration data 230 is data on an acceleration 
during a period of time in which the communication con 
dition remains undesirable Since the notification button of 
the cellular phone terminal 10 is pushed. Therefore, the 
management computer 21 can predict the position of the 
intended node using the positional data 220 Stored in the 
positional data Storage unit 22 and the acceleration data 230. 
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Accordingly, a candidate of the travel route can be specified 
using the predicted nodes. By using the candidate of the 
travel route, the worker can efficiently make a daily report or 
business trip report. 


0100 (5) In the above embodiment, motion pattern data 
240 for Specifying means of transportation is Stored in the 
motion pattern data Storage unit 24. The motion pattern data 
240 includes data on a transportation identifier, an accelera 
tion pattern, and a Velocity pattern for each means of 
transportation. Therefore, means of transportation can be 
Specified based on the acceleration log of the acceleration 
data 230 and a calculated average travel Velocity. 
0101 The present invention is not limited to the above 
described embodiment, but can be arbitrarily applied and 
modified. 


0102) For example, in the above embodiment, as has been 
explained, in a case where the cellular phone terminal 10 can 
not receive GPS Signals or in a case where the cellular phone 
terminal 10 is outside the range accessible to the commu 
nication system 30, the cellular phone terminal 10 starts 
recording acceleration data. Instead, the cellular phone ter 
minal 10 may record acceleration data all the time. Thereby, 
it is possible to specify the means of transportation more 
Securely by using the motion pattern data 240 Stored in the 
motion pattern data Storage unit 24. 
0103 AS has been explained, in the above embodiment, 
when the notification button is pushed at each node, the 
cellular phone terminal 10 sends positional data to the 
management System 20. In addition, the cellular phone 
terminal 10 may send positional data to the management 
system 20 while on the move. This modification example 
will now be explained with reference to FIG. 7. 
0104. In this modification example, the control unit 11 is 
Supposed to measure the acceleration by the accelerometer 
13 all the time and record data representing the measured 
acceleration in the acceleration data Storage unit 14. The 
control unit 11 calculates the average Velocity by once 
integrating the acceleration measured by the accelerometer 
13 with respect to time (step S31). 
0105 Next, the control unit 11 determines a notification 
cycle according to which positional data should be notified 
to the management System 20, in accordance with the 
average Velocity (Step S32). In this case, the control unit 11 
derives the notification cycle using a function in which the 
average Velocity is a parameter. That is, the average Velocity 
is calculated as a function of the acceleration, and the 
notification cycle is calculated as a function of the average 
Velocity. Here, as a function for calculating the notification 
cycle, a function according to which the notification cycle 
becomes shorter as the average Velocity increases, is used. In 
this way, the control unit 11 can calculate the notification 
cycle as the function of the acceleration, based on the 
measured acceleration 


0106 Next, the control unit 11 compares the time which 
has elapsed from the latest notification time with the calcu 
lated notification cycle (step S33). In a case where the 
elapsing time is shorter than the notification cycle (step S33; 
No), the control unit 11 repeats steps S31 to S33. 
0107 On the contrary, in a case where the elapsing time 
becomes equal to or greater than the notification cycle (Step 
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S33; Yes), the control unit 11 sends a notification signal for 
requesting forwarding of positional information, to the com 
munication system 30 while on the move (step S34). This 
notification signal includes GPS Signals -received by the 
GPS Signal reception unit 12. The communication System 
30, which has received the notification signal sent while on 
the move, generates positional data of the cellular phone 
terminal 10 based on the received GPS signal, and forwards 
the generated positional data to the management System 20. 


0.108 Since the management computer 21 of the man 
agement System 20 can specify an intermediate position 
between nodes by this notification sent while on the move, 
the management computer 21 can specify the worker's 
travel route more Securely. 


0109 Further, since a function according to which the 
notification cycle becomes shorter as the average Velocity 
increases is used, in a case where the worker moves at a high 
Velocity, notifications while the worker is on the move are 
sent frequently. On the other hand, while the worker is 
Stopping or moving at a low velocity, notifications while the 
worker is on the move become leSS frequent. Therefore, 
positional information can be recorded in accordance with a 
predetermined travel distance. This enables efficient data 
recording. 


0110. According to the explanation of the above-de 
Scribed embodiment, in a case where the cellular phone 
terminal 10 becomes able to receive GPS signals and in a 
case where the cellular phone terminal 10 enters the range 
accessible to the communication system 30, the control unit 
11 sends the acceleration data Stored in the acceleration data 
Storage unit 14 to the management System 20 through the 
communication system 30 and the network N. Instead of 
this, the worker may directly transfer the acceleration data 
Stored in the acceleration data Storage unit 14 of the cellular 
phone terminal 10 to the acceleration data Storage unit 23 of 
the management computer 21 when the worker returns to the 
office. Due to this, communication costs can be reduced. 


0111. According to the explanation of the above-de 
Scribed embodiment, the communication System 30 specifies 
the position of the cellular phone terminal 10 based on, for 
example, the principle of triangulation using GPS Signals 
from a plurality of GPS satellites transferred from the 
cellular phone terminal 10. However, the position specifying 
method using GPS signals is not limited to this, but is 
arbitrary. For example, a so-called D-GPS (Differential 
Global Positioning System) for correcting the measured 
position based on errors with respect to the GPS satellites 
may be employed. Further, a position specifying function of 
the wireleSS base Station constituting the communication 
system 30 may be additionally used, so that the position of 
the cellular phone terminal 10 can be specified more pre 
cisely. 


0112 AS explained above, according to the present 
invention, it is possible to efficiently manage the positional 
information of a worker who moves from place to place 
toward Visiting destinations where he/she has works to do. 
Further, the worker can carry out his/her works efficiently 
because the worker can use the positional information which 
he/she has sent, when making a daily report. 


0113. The above-described embodiments are intended to 
illustrate the present invention, not to limit the Scope of the 
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present invention. Other than the disclosed embodiments, 
various embodiments and various usages will become appar 
ent to those skilled in the art upon Studying the above 
described embodiments. The Scope of the present invention 
is shown by the attached claims rather than the embodi 
ments. Various modifications made within the meaning of an 
equivalent of the claims of the invention and within the 
claims are to be regarded to be in the Scope of the present 
invention. 


0114. This application is based on Japanese Patent Appli 
cation No. 2002-112361 filed on Apr. 15, 2002 and including 
Specification, claims, drawings and Summary. The disclosure 
of the above Japanese Patent Application is incorporated 
herein by reference in its entirety. 
What is claimed is: 


1. A positional information management System compris 
ing: 


a mobile terminal which acquires acceleration data at a 
predetermined position; a management Server which is 
connected to Said mobile terminal through a network 
and predicts a travel route of Said mobile terminal; and 
a communication System which specifies a current 
position of Said mobile terminal and Sends positional 
data representing the Specified current position to Said 
management Server, 


wherein Said management Server: 
is connected to a positional data Storage unit which 


Stores positional data representing that Said mobile 
terminal is at a predetermined position, which is sent 
from Said communication System in association with 
a reception time at which the positional data is 
received, and to an acceleration data Storage unit 
which Stores an acceleration log representing accel 
eration data in time Series, which is Sent from Said 
mobile terminal in association with a reception time 
at which the acceleration log is received; 


Selects positional data for two positions which are 
recorded adjacently time-wise in Said positional data 
Storage unit, and which are included in a travel route 
which is a target of prediction; 


extracts an acceleration log whose reception time cor 
responds to a reception time of any of the Selected 
positional data; and 


predicts a travel route of Said mobile terminal based on 
the Selected positional data and the extracted accel 
eration log. 


2. The positional information management System 
according to claim 1, 


wherein Said management Server: 
is further connected to a motion pattern data Storage 


unit which Stores a Velocity pattern and an accelera 
tion pattern for each means of transportation; and 


Specifies means of transportation used for traveling 
between the two positions, by deriving an average 
travel velocity between the two positions based on 
the Selected positional data and their reception times 
and then comparing the average travel Velocity with 
the Velocity pattern Stored in Said motion pattern data 
Storage unit, or by comparing the extracted accel 
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eration log with the acceleration pattern Stored in 
Said motion pattern data Storage unit. 


3. A positional information management method for pre 
dicting a travel route from a notification point at which a 
mobile terminal should notify that it is at the point, based on 
positional data representing a current position of Said mobile 
terminal which acquires acceleration data at a predetermined 
position, and an acceleration log representing acceleration 
data in time Series acquired by Said mobile terminal, the 
positional data and the acceleration log being notified 
through a predetermined network, Said method comprising: 


a step of Storing positional data and an acceleration log in 
asSociation with times at which they are notified; 


a step of Selecting positional data for two positions which 
are recorded adjacently time-wise, and which are 
included in a travel route which is a target of prediction; 


a step of extracting an acceleration log corresponding to 
any of the Selected positional data; and 


a step of predicting a travel route based on the Selected 
positional data and the extracted acceleration log. 


4. The positional information management method 
according to claim 3, further comprising a step of Storing 
map data representing predetermined means of transporta 
tion, and places to get on and off the means of transportation, 


wherein: 


the notification point includes the places to get on and 
off the means of transportation; and 


Said Step of predicting the travel route includes Speci 
fying means of transportation which includes the 
notification point in its running course, by using the 
map data. 


5. The positional information management method 
according to claim 3, wherein Said Step of predicting the 
travel route includes: 


a step of Specifying the notification point based on the 
extracted acceleration log corresponding to the Selected 
positional data and the Selected positional data, in a 
case where any of the Selected positional data is not 
positional data representing the notification point, and 


a step of predicting the travel route based on positional 
data representing the notification point or based on the 
extracted acceleration log. 


6. The positional information management method 
according to claim 5, wherein Said Step of Specifying the 
notification point Specifies the notification point by: 


deriving a travel distance based on the extracted accel 
eration log, and 


Searching for the notification point that exists within a 
radius of the derived travel distance from the position 
represented by the Selected positional data from the 
map data. 


7. The positional information management method 
according to claim 3, further comprising a step of Storing a 
Velocity pattern for each predetermined means of transpor 
tation, 


wherein Said Step of predicting the travel route specifies 
means of transportation by calculating an average 
travel velocity between the two positions based on the 
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Selected positional data and the times at which the 
positional data are notified, and by comparing the 
average travel Velocity with the Velocity pattern. 


8. The positional information management method 
according to claim 3, further comprising a step of Storing an 
acceleration pattern for each predetermined means of trans 
portation, 


wherein Said Step of predicting the travel route specifies 
means of transportation by comparing the extracted 
acceleration log with the acceleration pattern. 


9. A computer-readable recording medium which Stores a 
program for controlling a computer to execute all or a part 
of the Steps of the positional information management 
method according to any one of claims 3 to 8. 


10. A carrier wave which can be run on a computer and 
which carries a program for controlling a computer to 
execute all or a part of the Steps of the positional information 
management method according to any one of claims 3 to 8. 


11. A mobile terminal which comprises: an acceleration 
measuring unit which Senses an acceleration and measures 
an acceleration log; a positional information acquiring unit 
which acquires predetermined positional information; a con 
trol unit which controls Said acceleration measuring unit and 
Said positional information acquiring unit; and a Storage unit 
which Stores predetermined data, and which sends predeter 
mined information to a management System for managing 
the positional information, 
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wherein Said control unit: 


determines whether or not data for Specifying a position 
of Said mobile terminal can be acquired by Said 
positional information acquiring unit; 


Stores an acceleration log measured by Said accelera 
tion measuring unit in Said Storage unit, in a case 
where the positional information can not be 
acquired; and 


Sends data regarding the position of Said mobile termi 
nal acquired by Said positional information acquiring 
unit and the acceleration log Stored in Said Storage 
unit to Said management System, in a case where 
acquisition of the positional information becomes 
possible. 


12. The mobile terminal according to claim 11, 
wherein said control unit further: 


derives a time cycle as a function of an acceleration 
measured by Said acceleration measuring unit; and 


Sends data regarding the position of Said mobile termi 
nal to Said management System in accordance with 
the time cycle. 
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A method and apparatus for estimating a motion parameter 
corresponding to a Subject element employs one or more 
accelerometers operable to measure accelerations and a 
processing system operable to generate a motion parameter 
metric utilizing the acceleration measurements and estimate 
the motion parameter using the motion parameter metric. 


  


IPR2020-01191 
Apple EX1007 Page 1


Exhibit


8


Scott Andrews - 5/12/21







Patent Application Publication Sep. 6, 2007 Sheet 1 of 7 US 2007/0208.544 A1 


  


IPR2020-01191 
Apple EX1007 Page 2







Sep. 6, 2007 Sheet 2 of 7 US 2007/0208.544 A1 Patent Application Publication 


EOW-HELNI ?EST) 


  


IPR2020-01191 
Apple EX1007 Page 3







US 2007/0208.544 A1 Sep. 6, 2007 Sheet 3 of 7 


EOLAECI09 


Patent Application Publication 


  


    


  


  


  


IPR2020-01191 
Apple EX1007 Page 4







US 2007/0208.544 A1 Sep. 6, 2007 Sheet 4 of 7 Patent Application Publication 


  


  


  


  


  


IPR2020-01191 
Apple EX1007 Page 5







Sep. 6, 2007 Sheet 5 of 7 US 2007/0208.544 A1 Patent Application Publication 


  


  


  


IPR2020-01191 
Apple EX1007 Page 6







Patent Application Publication Sep. 6, 2007 Sheet 6 of 7 US 2007/0208.544 A1 


  


IPR2020-01191 
Apple EX1007 Page 7







Patent Application Publication Sep. 6, 2007 Sheet 7 of 7 US 2007/0208.544 A1 


  


IPR2020-01191 
Apple EX1007 Page 8







US 2007/0208.544 A1 


METHOD AND APPARATUS FOR 
ESTMLATING AMOTON PARAMETER 


RELATED APPLICATIONS 


0001. The present application claims the benefit of U.S. 
Provisional Application No. 60/778,793, entitled 
“METHOD AND SYSTEM FOR QUICK DISTANCE 
MEASUREMENT, filed Mar. 3, 2006, which is herein 
incorporated by reference in its entirety. 


BACKGROUND 


0002 1. Field 
0003 Embodiments of the present invention relate to 
methods and apparatuses for estimating motion parameters. 
More particularly, various embodiments of the invention 
provide methods and apparatuses operable to estimate a 
motion parameter utilizing one or more acceleration mea 
SurementS. 


0004 2. Description of the Related Art 
0005 Motion parameters, such as acceleration, average 
Velocity, Stride distance, total distance, gait efficiency, and 
the like, may be utilized in the training and evaluation of 
athletes and animals, the rehabilitation of the injured and 
disabled, and in various recreational activities. Unfortu 
nately, motion parameters acquired using commonly-avail 
able pedometers are often inaccurate due to stride lengths 
and other sensed attributes that vary while users move or 
exercise. Further, methods for compensating for changes in 
stride lengths often rely upon expensive, complex, and/or 
bulky equipment. 


SUMMARY 


0006. The present invention is directed to methods and 
apparatuses operable to estimate a motion parameter utiliz 
ing one or more acceleration measurements. In various 
embodiments the present invention provides an apparatus 
including one or more accelerometers and a processing 
system. The one or more accelerometers are operable to 
measure accelerations and the processing system is operable 
to generate a motion parameter metric utilizing the accel 
eration measurements and estimate the motion parameter 
using the motion parameter metric. The motion parameter 
may be estimated for each of a user's strides to accurately 
reflect user performance. 
0007. It is to be understood that both the foregoing 
general description and the following detailed description 
are exemplary and explanatory only and are not necessarily 
restrictive of the invention claimed. The accompanying 
drawings, which are incorporated in and constitute a part of 
the specification, illustrate embodiments of the invention 
and together with the general description, serve to explain 
the principles of the invention. 


BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 


0008 Various embodiments of the present invention are 
described in detail below with reference to the attached 
drawing figures, wherein: 
0009 FIG. 1 is a schematic diagram illustrating a user 
employing a sensor unit and a user interface unit configured 
in accordance with various embodiments of the present 
invention; 
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0010 FIG. 2 is a schematic diagram illustrating an exem 
plary orientation of various sensors within or on a shoe; 
0011 FIG. 3 is a block diagram illustrating some of the 
components operable to be utilized by various embodiments 
of the present invention; 
0012 FIG. 4 is a block diagram illustrating some of the 
components of FIG. 3 in more detail; 
0013 FIG. 5 is a block diagram illustrating an external 
systems unit in communication with the sensor unit and user 
interface unit of FIG. 1; 
0014 FIG. 6 is a block diagram illustrating the user 
interface unit and sensor unit of FIG. 5 in communication 
with a GPS receiver; 
0015 FIG. 7 is a block diagram illustrating another 
configuration of the user interface unit and GPS receiver of 
FIG. 5; 
0016 FIG. 8 is a block diagram illustrating another 
configuration of the sensor unit and GPS receiver of FIG. 5; 
0017 FIG. 9 is a block diagram illustrating another 
configuration of the GPS receiver, user interface unit, and 
sensor unit of FIG. 5: 
0018 FIG. 10 is a schematic diagram showing the inter 
action of a plurality of apparatuses configured in accordance 
with various embodiments of the present invention; and 
0019 FIG. 11 is a chart showing an exemplary correla 
tion between a motion parameter metric and stride speed. 
0020. The drawing figures do not limit the present inven 
tion to the specific embodiments disclosed and described 
herein. The drawings are not necessarily to Scale, emphasis 
instead being placed upon clearly illustrating various 
embodiments of the invention. 


DETAILED DESCRIPTION 


0021. The following detailed description of various 
embodiments of the invention references the accompanying 
drawings which illustrate specific embodiments in which the 
invention can be practiced. The embodiments are intended to 
describe aspects of the invention in sufficient detail to enable 
those skilled in the art to practice the invention. Other 
embodiments can be utilized and changes can be made 
without departing from the scope of the present invention. 
The following detailed description is, therefore, not to be 
taken in a limiting sense. The scope of the present invention 
is defined only by the appended claims, along with the full 
Scope of equivalents to which Such claims are entitled. 
0022 Various embodiments of the present invention pro 
vide an apparatus 10 operable to estimate a motion param 
eter based on one or more acceleration measurements. In 
particular, the apparatus 10 is operable to generate a motion 
parameter metric that may be used to estimate the motion 
parameter. The motion parameter metric may be generated 
utilizing one or more acceleration measurements and/or 
other data and information sensed or acquired by the appa 
ratus 10. 
0023. In various embodiments, the apparatus 10 includes 
one or more accelerometers 12, a filtering element 14, and 
a processing system 16. The accelerometers 12, filtering 
element 14, and processing system 16 may be integrated 
together or form discrete elements that may be associated 
with each other. The processing system 16 is generally 
operable to generate the motion parameter metric and esti 
mate the motion parameter using one or more acceleration 
measurements provided by the one or more accelerometers 
12 and/or filtering element 14. 
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0024. The one or more accelerometers 12 are each oper 
able to measure an acceleration and generate an acceleration 
measurement corresponding to the measured acceleration. 
The acceleration measurement may be embodied as a signal 
operable to be utilized by the filtering element 14 and/or 
processing system 16. In some embodiments, one or more of 
the accelerometers 12 may be operable to output an analog 
signal corresponding to an acceleration measurement. For 
instance, each accelerometer 12 may output an analog 
Voltage signal that is proportional to measured accelerations. 
In some embodiments, one or more of the accelerometers 12 
may include the ADXL321 accelerometer manufactured by 
ANALOG DEVICES of Norwood, Mass. However, the one 
or more accelerometers 12 may include any digital and 
analog components operable to generate a signal corre 
sponding to a measured acceleration. Thus, in some embodi 
ments, one or more of the accelerometers 12 are operable to 
output a digital signal representing measured accelerations. 
0025. The one or more accelerometers 12 are configured 


to couple with or attach to a subject element S that corre 
sponds to the motion parameter sought to be estimated. In 
Some embodiments, the Subject element S may be a portion 
of a human, animal, or object. For example, as shown in 
FIGS. 1 and 2, one or more of the accelerometers 12 may be 
coupled with a runner's shoe to facilitate accurate estimation 
of motion parameters corresponding to the runner. In other 
embodiments, one or more of the accelerometers 12 may be 
coupled with other portions of a human or animal, and/or 
with inanimate objects such as balls, rackets, clubs, watches, 
clothing, bats, skis, motor vehicles, wheels, bicycles, com 
binations thereof, and the like, to enable motion parameters 
to be estimated for any subject element S. 
0026. In various embodiments, as shown in FIG. 2, the 
apparatus 10 may include two or more accelerometers 12 
each operable to output a signal corresponding to a mea 
Sured acceleration. In some embodiments, the apparatus 10 
includes at least two accelerometers 12 adapted to measure 
accelerations in two directions separated by an angle greater 
than Zero degrees and each provide a signal corresponding 
to the measured acceleration. Further, the apparatus 10 may 
include at least three accelerometers 12 adapted to measure 
accelerations in three directions each separated by an angle 
greater than Zero degrees and each provide a signal corre 
sponding to the measured acceleration. However, the appa 
ratus 10 may include any number of accelerometers 12, 
including a single accelerometer 12, positioned in any 
configuration to provide acceleration measurements for use 
by the filtering element 14 and/or processing system 16. 
0027. In embodiments including at least two accelerom 
eters 12 as shown in FIG. 2, a first one of the accelerometers 
12 may measure acceleration along a first direction ao and a 
second one of the accelerometers 12 may measure accelera 
tion along a second direction a. To facilitate the accurate 
estimation of the motion parameter, direction a may be 
separated from direction a by an angle of between about 
forty-five degrees and one-hundred thirty-five degrees. In 
some embodiments, direction a may be substantially per 
pendicular to direction a to facilitate the accurate estimation 
of motion parameters. In embodiments where the acceler 
ometers 12 are coupled with a runner's shoe, directions a 
and a may be parallel to the Sagittal plane of the Subject 
element S. 


0028. In embodiments including at least three acceler 
ometers 12, a first one of the accelerometers 12 may measure 
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acceleration along a first direction ao, a second one of the 
accelerometers 12 may measure acceleration along a second 
direction a, and a third one of the accelerometers 12 may 
measure acceleration along a third direction a To facilitate 
the accurate estimation of motion parameters, the directions 
ao, a, and a may be separated from each other by angles of 
between about forty-five degrees and one-hundred thirty 
five degrees. In some embodiments, each of the directions 
ao, a, and a may be substantially mutually perpendicular to 
each other to facilitate the accurate estimation of motion 
parameters. 
0029. In embodiments including only one of the accel 
erometers 12, the accelerometer 12 may be adapted to 
measure acceleration in a plane of motion Substantially 
parallel to the sagittal plane of the subject element S. 
However, the accelerometer 12 may be positioned in any 
orientation to measure any acceleration component for use 
by the filtering element 14 and/or processing system 16. For 
instance, in embodiments where the accelerometer 12 is 
coupled with a runner's shoe, the accelerometer 12 may be 
configured to measure accelerations at an angle of about 
forty-five degrees from the plane of the shoe's sole. 
0030 The one or more of the accelerometers 12 may be 
operable to communicate with other elements of the appa 
ratus 10, or elements external to the apparatus 10, through 
wired or wireless connections. Thus, the accelerometers 12 
may be coupled with the filtering element 14 and/or pro 
cessing system 16 through wires or the like. One or more of 
the accelerometers 12 may also be configured to wirelessly 
transmit data to other apparatus 10 elements and devices 
external to the apparatus 10. For instance, one or more the 
accelerometers 12 may be configured for wireless commu 
nication using various RF protocols such as Bluetooth, 
Zigbee, and/or any other wireless protocols. 
0031. The filtering element 14 is operable to couple with 
the one or more accelerometers 12 and filter acceleration 
measurements and/or signals corresponding to acceleration 
measurements. In some embodiments, the apparatus 10 does 
not include the filtering element 14 and the processing 
system 16 is operable to use unfiltered acceleration mea 
Surements and corresponding signals. In other embodiments, 
the filtering element 14 may be integral with one or more of 
the accelerometers 12, the processing system 16, or both the 
accelerometers 12 and the processing system 16. For 
example, a first portion of the filtering element 14 may be 
integral with one or more of the accelerometers 12 and a 
second portion of the filtering element 14 may be integral 
with the processing system 16. In other embodiments, the 
filtering element 14 may be discrete from both the acceler 
ometers 12 and the processing system 16. 
0032. The filtering element 14 may include analog and 
digital components operable to filter and/or provide other 
pre-processing functionality to facilitate the estimation of 
motion parameters by the processing system 16. In various 
embodiments as shown in FIG. 4, the filtering element 14 is 
operable to filter signals provided by the one or more 
accelerometers 12, or signals derived therefrom, to attenuate 
perpendicular acceleration, to compensate for gravity, and/ 
or to minimize aliasing. The filtering element 14 may 
include discrete components for performing each of these 
filtering functions or use the same components and hardware 
for these, and other, filtering functions. 
0033. The filtering element 14 may include any analog 
and digital components for filtering signals and measure 
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ments, including passive and active electronic components, 
processors, controllers, programmable logic devices, digital 
signal processing elements, combinations thereof, and the 
like. In some embodiments, the filtering element 14 may 
include a digital microcontroller, such as the MSP430F149 
microcontroller manufactured by TEXAS INSTRUMENTS 
to provide various static and/or adaptive filters. The filtering 
element 14 may also include an analog-to-digital converter 
to convert analog signals provided by the one or more 
accelerometers 12 to digitize signals for use by the process 
ing system 16. The filtering element 14 may also include 
conventional pre-sampling filters. 
0034. The perpendicular acceleration operable to be gen 
erally attenuated by the filtering element 14 corresponds to 
acceleration that is generally perpendicular to the direction 
of movement of the subject element S. For example, in 
embodiments where the subject element S is a human 
runner, the perpendicular acceleration generally corresponds 
to acceleration that is perpendicular to the average torso 
direction of the runner. In some embodiments, the filtering 
element 14 includes a low-pass filter 18 operable to attenu 
ate components of the signals corresponding to measured 
accelerations that represent motion generally perpendicular 
to the direction of movement of the subject element S. 
0035. In some embodiments, the low-pass filter 18 may 
be an adaptive filter operable to employ static and/or varying 
cut-off frequencies between about 0.5 Hz and 10 Hz. In 
some embodiments where parameters corresponding to 
human strides are estimated, the low-pass filter 18 may 
employ cut-off frequencies between about 1 Hz, and 3 Hz. 
The filtering element 14 may acquire the cut-off frequency 
from the processing system 16 based on computations 
performed by the processing system 16 corresponding to the 
particular stride frequency of the subject element S. The 
low-pass filter 18 may additionally or alternatively be 
adapted to employ a cut-off frequency corresponding to a 
gait type identified by the processing system 16. 
0036. In other embodiments, the cut-off frequency for the 
low-pass filter 18 may be a static value based upon the 
typical stride frequency of a running or walking human. For 
instance, the cut-off frequency may correspond to a fre 
quency between one and two times the typical stride fre 
quency of a running and/or walking human, such as a static 
frequency between 1 Hz, and 3 Hz. Specifically, in some 
embodiments, the cut-off frequency may be about 1.45 Hz 
for walking humans and about 2.1 Hz for jogging humans. 
0037. The gravity compensation provided by the filtering 
element 14 generally compensates for the constant accel 
eration provided by gravity that may be sensed by one or 
more of the accelerometers 12. In some embodiments, the 
filtering element 14 includes a high-pass filter 20 operable to 
filter or attenuate components of signals corresponding to 
measured accelerations below a given cut-off frequency. The 
cut-off frequency of the high-pass filter 20 may correspond 
to a frequency approaching 0 HZ, Such as 0.1 Hz, to 
adequately provide compensation for gravity-related accel 
eration. 
0038. The anti-aliasing provided by the filtering element 
14 generally reduces or prevents aliasing caused by Sam 
pling of the signals provided by, or derived from, the one or 
more accelerometers 12. In some embodiments, the filtering 
element 14 includes a relatively wideband filter 22 designed 
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to attenuate signal frequencies in excess of one-half of the 
sampling frequency used in any Subsequent analog-to-digi 
tal conversions provided by the processing system 16 or 
other devices associated with the apparatus 10. In some 
embodiments, the filtering element 14 may provide other 
filtering components instead of, or in addition to, the wide 
band filter 22 to compensate for aliasing. For instance, the 
filtering element 14 may include one or more analog and/or 
digital filters to perform any combination of the various 
filtering functionality discussed herein. In some embodi 
ments, a single filtering element may be utilized to perform 
each of the filtering functions discussed above such that 
separate or discrete filters are not necessarily employed for 
different filtering functions. 
0039. The processing system 16 is generally operable to 
couple with the one or more accelerometers 12 and/or the 
filtering element 14 to generate the motion parameter metric 
using one or more measured accelerations and estimate the 
motion parameter based on the generated motion parameter 
metric. The processing system 16 may include various 
analog and digital components operable to perform the 
various functions discussed herein. In some embodiments, 
the processing system 16 may include a microprocessor, a 
microcontroller, a programmable logic device, digital and 
analog logic devices, computing elements such as personal 
computers, servers, portable computing devices, combina 
tions thereof, and the like. 
0040. To facilitate the generation of the motion parameter 
metric and estimation of the motion parameter, the process 
ing system 16, filtering element 14, accelerometers 12, 
and/or other portions of the apparatus 10 may limit the 
dynamic range of acceleration measurements used to gen 
erate the motion parameter metric. For example, accelera 
tion measurements outside a specified dynamic range. Such 
as plus or minus 8 g. may be Saturated at the dynamic range 
limits to further limit the effects of perpendicular accelera 
tion. The dynamic range may be varied by the processing 
system 16 based on the particular motion parameter being 
estimated or according to other sensed or generated mea 
SurementS. 


0041. The processing system 16 may also include, or be 
operable to couple with, a memory. The memory may 
include any computer-readable memory or combination of 
computer-readable memories operable to store data for use 
by the processing system 16. For instance, the memory may 
be operable to store acceleration data, motion parameter 
metric data, statistical data, motion parameter data, filtering 
data, configuration data, combinations thereof, and the like. 
0042. The processing system 16 may be discrete from the 
various accelerometers 12 and filtering element 14 discussed 
above. In other embodiments, the processing system 16 may 
be integral with other portions of the apparatus 10. For 
instance, the same microcontroller or microprocessor may 
be utilized to implement the filtering element 14 and the 
processing system 16. 
0043. In embodiments where the motion parameter to be 
estimated by the processing system 16 corresponds to a 
stride of a human or animal, the processing system 16 may 
be operable to determine the duration of the stride using 
measurements provided by the one or more accelerometers 
12. For instance, based on various changes in accelerations 
measured by the one or more accelerometers 12, the pro 
cessing system 16 may be able to determine the time at 
which a stride begins and ends, such as by determining when 
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a runner's foot impacts the ground, when a runner's foot 
leaves the ground, when a runners foot is stationary relative 
to the ground, combinations thereof, and the like. Thus, by 
analyzing various changes in measured accelerations, the 
processing system 16 may compute the stride duration and 
information corresponding thereto, such as stride frequency. 
The stride frequency may represent the number of strides per 
second or other indications of the rate of stride. 
0044) In some embodiments, the processing system 16 
may provide the stride duration and/or stride frequency to 
the filtering element 14 for use in determining the various 
cut-off frequencies discussed above. Thus, the processing 
system 16 may dynamically determine the stride duration 
and stride frequency based on received acceleration mea 
surements and the filtering element 14 may adapt to provide 
accurate filtration based on the particular performance of the 
subject element S. For example, the filtering element 14 may 
filter perpendicular acceleration based on the stride fre 
quency calculated by the processing system 16 to facilitate 
the accurate estimation of the motion parameter. 
0045. The processing system 16 may additionally or 
alternatively be operable to determine and/or estimate the 
gait characteristics of the subject element S. By utilizing the 
accelerations measured by the accelerometers 12, the pro 
cessing system 16 may determine if the subject element S. 
or animal or human corresponding to the subject element S. 
is walking, jogging, running, sprinting, idling, and the like. 
For instance, the processing system 16 may identify rapid 
and sustained accelerations to determine that a gait corre 
sponds to running or sprinting. The processing system 16 
may also determine, using the acquired accelerations, if the 
gait is efficient, high-impact, irregular, combinations 
thereof, and the like. 
0046) The motion parameter metric generated by the 
processing system 16 may be any metric that corresponds to 
the motion parameter to be estimated. In some embodiments 
where the motion parameter generally corresponds to stride 
speed, the motion parameter metric may correspond to the 
magnitude of the accelerations measured by the one or more 
accelerometers 12 and/or filtered by the filtering element 14. 
Acceleration magnitude may be defined as: 


0047 where r(t) is the magnitude of the resultant accel 
eration and a (t) represents any number of measured and/or 
filtered accelerations. Any number of measured and/or fil 
tered accelerations may be used to compute the acceleration 
magnitude, including a single acceleration. 
0048. In embodiments corresponding to stride speed that 


utilize acceleration magnitude, the processing system 16 
may compute the motion parameter metric by integrating the 
acceleration magnitude. For instance, in various embodi 
ments the motion parameter metric may be given by: 


0049 where Q is the motion parameter metric, T is the 
stride duration calculated by the processing system 16, and 
r(t) is the acceleration magnitude calculated by the process 
ing system 16. 


Sep. 6, 2007 


0050. The motion parameter metric may additionally or 
alternatively be given by any of the following: 


1 T 
Q = i? (VFr?(t) dr)dt, 


Q = f(Virit- 2) dr)at 2 - T., (NJ g 
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0051 where Q through Q represent various motion 
parameter metrics, T is the stride duration calculated by the 
processing system 16, r(t) is the acceleration magnitude 
calculated by the processing system 16, and g is the gravi 
tational constant. 
0052. In embodiments using metrics Q through Q, the 
subtraction of the gravitational constant g may be used to 
correct for gravity-related acceleration without the use of the 
high-pass filter 20 discussed above. However, any combi 
nation of metrics Qo through Q may be employed in 
combination with the high-pass filter 20 to correct for 
gravity-related acceleration. 
0053 Any motion parameter metric may be utilized by 
the processing system 16 and embodiments of the present 
invention are not limited to the exemplary motion parameter 
metrics provided above. Further, the utilized metric may 
correspond to other factors acquired or calculated by the 
processing system 16. In some embodiments, the processing 
system 16 may select the metric based on the calculated gait 
of the subject element S or human or animal corresponding 
to the subject element S. For example, if the calculated gait 
is a walking gait, the processing system 16 may utilize the 
metric Qo while for other gaits the processing system 16 may 
utilize any one of metrics Q through Q. Additionally, the 
processing system 16 may calculate a plurality of metrics, 
such as by using any combination of metrics Qo through Q 
to facilitate estimation of the motion parameter. 
0054) The processing system 16 utilizes the one or more 
generated metrics to estimate the motion parameter. The 
estimation performed by the processing system 16 generally 
corresponds to a correlation between the motion parameter 
metric and motion parameter and is not necessarily a direct 
computation based on user kinematics. Consequently, the 
processing system 16 may estimate the motion parameter 
utilizing statistics and/or other empirical information even 
when a direct computation of the motion parameter is 
difficult or impossible to perform. The estimated motion 
parameter may correspond to stride speed, acceleration, 
velocity, stride distance, total distance, gait efficiency, 
power, energy, maximum impact, average calories con 
sumed, maximum speed change, speed variability, combi 
nations thereof, and the like. However, the estimated motion 
parameter may correspond to any parameter associated with 
the motion of the subject element S. 
0055. In some embodiments, the processing system 16 
may estimate the motion parameter using the generated 
motion parameter metric and a statistical model. The statis 
tical model may be a regression model selected from the 
group consisting of a linear regression model, a polynomial 
regression model, a multiple-regression model, a piecewise 
linear regression model, combinations thereof, and the like. 
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0056. For instance, the processing system 16 may corre 
late the generated motion parameter metric to stride speed as 
shown in the regression model of FIG. 11. In some embodi 
ments, the processing system 16 may utilize a database, a 
look-up table, or other information stored within its memory 
to estimate the motion parameter using the motion parameter 
metric and the statistical model. For example, given a 
particular motion parameter metric, the processing system 
16 may access the memory to acquire a corresponding 
motion parameter. Thus, in some embodiments the statistical 
model may comprise a database of information not limited 
to any particular regression model. As is discussed in more 
detail below, the processing system 16 may be operable to 
correct and/or adjust the statistical model using truth mea 
Surements and information provided from other sources. 
0057 The processing system 16 may also use a plurality 
of statistical models to estimate one or more motion param 
eters. In some embodiments, the processing system 16 may 
be configured to select which one or more of the statistical 
models may be used to estimate the motion parameter. For 
example, the processing system 16 may use information 
specific to the Subject element S. Such as age, gender, 
weight, height, configuration, shape, and the like, to select 
one or more of the statistical models. The processing system 
16 may also select statistical models based on the configu 
ration of the apparatus 10, Such as the position of the one or 
more accelerometers 12 on the subject element S, the 
number and type of accelerometers 12 utilized, the number 
of acceleration measurements received, combinations 
thereof, and the like. 
0058. In various embodiments, the processing system 16 


is operable to compute the motion parameter metric and/or 
estimate the motion parameter for each detected stride to 
facilitate the accurate analysis of movement. Thus, for every 
stride detected as discussed above, or for any combination of 
strides, the computing element may estimate the motion 
parameter. Further, in some embodiments, the processing 
system 16 may estimate the motion parameter using metrics 
corresponding to a plurality of strides. For example, the 
estimated motion parameter may correspond to a total or 
average Stride speed resulting from several Strides. 
0059. In some embodiments, each generated motion 
parameter metric and/or estimated motion parameter may be 
stored in the memory associated with the processing system 
16, or in any other computer-readable memory, to allow later 
analysis by the processing system 16 or other devices 
associated therewith. The stored information may be time 
correlated to facilitate analysis and compressed to reduce the 
required capacity of the memory. 
0060. The processing system 16 may additionally or 
alternatively utilize information acquired from sensors other 
than the one or more accelerometers 12. For instance, in 
Some embodiments the processing system 16 may couple 
with a heart rate monitor, acquire heart rate information from 
the heart rate monitor, and generate the motion parameter 
metric and/or estimate the motion parameter using the heart 
rate information and/or acceleration measurements. Simi 
larly, the processing system 16 may couple with other 
sensors to acquire non-acceleration kinematic variables Such 
as Velocity and/or environmental variables such as ambient 
temperature and altitude. For example, to acquire additional 
information, the processing system 16 may couple with, 
and/or include, radio-frequency transceivers, thermometers, 
altimeters, compasses, inclinometers, pressure sensors, 
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blood pressure monitors, light sensors, atmospheric sensors, 
angular velocity sensors and other inertial sensors, micro 
phones, computing devices such as personal computers, 
cellular phones, and personal digital assistances, other simi 
larly configured apparatuses, combinations thereof, and the 
like. 


0061. In some embodiments, as shown in FIGS. 6 
through 9, the apparatus 10 may be operable to receive 
information from at least one navigation device 24. The 
navigation device 24 may be adapted to provide geographic 
location information to the apparatus 10 and users of the 
apparatus 10. The navigation device 24 may include a GPS 
receiver much like those disclosed in U.S. Pat. No. 6,434, 
485, which is incorporated herein by specific reference. 
However, the navigation device 24 may use cellular or other 
positioning signals instead of, or in addition to, the GPS to 
facilitate determination of geographic locations. The navi 
gation device 24 may be operable to generate navigation 
information Such as the speed of the navigation device 24, 
the current and previous locations of the navigation device 
24, the bearing and heading of the navigation device 24, the 
altitude of the navigation device 24, combinations thereof, 
and the like. 


0062. The processing system 16 may use the information 
received from the navigation device 24 to generate the 
motion parameter metric and/or to estimate the motion 
parameter. The processing system 16 may also use and 
present acquired navigation information independent of the 
metrics and estimated parameters. Additionally or alterna 
tively, the processing system 16 may use the information 
acquired from the navigation device 24 to correct and/or 
adjust the statistical model. For instance, the processing 
system 16 may compare distances and speeds generated 
from accelerations provided by the one or more accelerom 
eters 12 with distances and speeds provided by the naviga 
tion device 24 and correct the statistical model to enable 
distances and speeds generated from measured accelerations 
to be as accurate as those provided by the navigation device 
24. Thus, the processing system 16 may be periodically 
coupled with the navigation device 24 to correct the statis 
tical model to ensure that the apparatus 10 accurately 
estimates motion parameters even when not coupled with 
the navigation device 24. 
0063. The filtering element 14 and processing system 16 
may additionally be operable to compensate for part-to-part 
manufacturing variability present in the one or more accel 
erometers 12, including characterization over temperature of 
Zero-g bias point, sensitivity, cross-axis sensitivity, nonlin 
earity, output impedance, combinations thereof, and the like. 
0064. The apparatus 10 may also utilize information 
acquired from the navigation device 24 to form an error 
model operable to be used in combination with the statistical 
model to increase the accuracy of the estimated motion 
parameters. The error model can, for example, be linear as 
a function of speed. Furthermore, the error model can 
include dependence on other factors such as stride cadence, 
gait type, elevation change, gait efficiency or other gait 
characteristics. 


0065. Further, in some embodiments the apparatus 10 
may utilize a user-calibration sequence where one or more 
motion parameters estimated by the apparatus 10 are com 
pared to the true values of the parameters as Supplied by a 
user. The user-calibration sequence may be used to further 
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adjust the statistical model and/or motion parameter metrics 
to refine the accuracy of Subsequent motion parameter 
estimations. 
0.066. In some embodiments, as shown in FIG. 5, the 
apparatus 10 may include a communications element 26 to 
enable the apparatus 10 to communicate with other com 
puting devices, exercise devices, navigation devices, sen 
sors, and any other enabled devices through a communica 
tion network, Such as the Internet, a local area network, a 
wide area network, an ad hoc or peer to peer network, 
combination thereof, and the like. Similarly, the communi 
cations element 26 may be configured to allow direct 
communication between similarly configured apparatuses 
using USB, Bluetooth, Zigbee, Firewire, and other connec 
tions, such that the apparatus 10 need not necessarily utilize 
a communications network to acquire and exchange infor 
mation. 


0067. In various embodiments the communications ele 
ment 26 may enable the apparatus 10 to wirelessly commu 
nicate with communications networks utilizing wireless data 
transfer methods such as WiFi (802.11), Wi-Max, Bluetooth, 
ultra-wideband, infrared, cellular telephony, radio fre 
quency, and the like. However, the communications element 
26 may couple with the communications network utilizing 
wired connections, such as an Ethernet cable, and is not 
limited to wireless methods. 
0068. The communications element 26 may be config 
ured to enable the apparatus 10 to exchange data with 
external computing devices to facilitate the generation and/ 
or analysis of information. For example, the processing 
system 16 may use information acquired through the com 
munications element 26 in generating the motion parameter 
metrics, estimating motion parameters, and correcting sta 
tistical models. The processing system 16 may also provide 
generated motion parameter metrics and estimated motion 
parameters through the communications element 26 for use 
by external devices. For instance, the external devices can be 
configured to store, analyze, and exchange information 
between a plurality of users and/or a plurality of devices 
attached to one or multiple users. 
0069 Consequently, the communications element 26 
generally enables real-time comparison of information gen 
erated by the apparatus 10 and other devices. The commu 
nications element 26 also enables the apparatus 10 to store 
data on one or more of the external devices for later retrieval, 
analysis, aggregation, and the like. The data can be used by 
individuals, their trainers or others to capture history, evalu 
ate performance, modify training programs, compare against 
other individuals, and the like. The data can also be used in 
aggregated form. 
0070 The apparatus 10 may additionally include a user 
interface 28 to enable users to access various information 
generated and acquired by the apparatus 10. Such as accel 
eration measurements, motion parameter metrics, estimated 
motion parameters, navigation information acquired from 
the navigation device 24, information and data acquired 
through the communications element 26, configuration 
information, combinations thereof, and the like. The user 
interface 28 facilities, for example, powering on/off the 
apparatus 10, selecting which content to display, and pro 
viding configuration information Such as the attributes of the 
subject element S. 
0071. The user interface 28 may include one or more 
displays to visually present information for consumption by 
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users and one or more speakers to audibly present informa 
tion to users. The user interface 28 may also include 
mechanical elements, such as buZZers and vibrators, to 
notify users of events through mechanical agitation. In some 
embodiments, as shown in FIG. 1, the user interface 28 may 
be implemented within a watch operable to be worn on a 
user's wrist, forearm, and/or arm. Thus, the user interface 28 
may be positioned separately from one or more of the 
accelerometers 12 to enable the user to easily interact with 
the apparatus 10. However, in some embodiments the user 
interface 28 and accelerometers 12 may be integral. 
0072 The user interface 28 may also be operable to 
receive inputs from the user to control the functionality of 
the processing system 16 and/or devices and elements 
associated therewith. The user interface 28 may include 
various functionable inputs Such as Switches and buttons, a 
touch-screen display, optical sensors, magnetic sensors, 
thermal sensors, inertial sensors, a microphone and Voice 
recognition capabilities, combinations thereof, and the like. 
The user interface 28 may also include various processing 
and memory devices to facilitate its functionality. 
0073. In some embodiments, the user interface 28 may be 
able to detect the motion of the user interface unit 30, such 
as by using accelerations sensed by the one or more accel 
erometers 12 or additional inertial sensors such as one or 
more accelerometers associated with the user interface 28, to 
identify user inputs. For example, the user interface 28 may 
detect if the user gestures in a particular manner, such as by 
tapping the user interface unit 30 or other portions of the 
user interface 28, or by waving his or her hand, and acquire 
a corresponding user input. Thus, instead of functioning a 
button or a conventional touch-screen display the user may 
gesture in a particular manner to control the functionality of 
the apparatus 10. 
0074. In some embodiments, the user interface 28 does 
not include some or all of the buttons or the like, and the user 
input normally associated with the buttons is acquired by 
using inertial sensors and specific motions. For example, the 
user interface 28 may be operable to acquire user inputs by 
sensing taps on the user interface 28 and/or user interface 
unit 30 and estimating the location, direction, strength, count 
and/or frequency of the taps. For instance, a double tap 
approximately on the right side of a display associated with 
the user interface 28 may indicate “select', while a single tap 
near the top of the display may indicate “scroll up'. Con 
sequently, by tapping on the display or other portions of the 
user interface unit 30, the user may easily provide inputs to 
the apparatus 10 without functioning buttons or the like. The 
user interface 28 may also be operable to acquire user inputs 
based on the orientation of the apparatus 10. For instance, 
the one or more accelerometers 12 and/or other accelerom 
eters associated with the user interface 28 may be utilized to 
detect the orientation of the apparatus 10 based on the 
acceleration and force provided by gravity. 
0075. The user interface 28 enables users to receive 
real-time feedback concerning the estimated motion param 
eter and associated information. For instance, the user 
interface 28 may present the currently estimated motion 
parameter, such as a current stride speed and distance, and/or 
information associated therewith or with other motion 
parameters, such as total distance, calories expended, total 
speed, combinations thereof, and the like. 
0076. Utilizing the communications element 26, the user 
interface 28 also enables users to receive real-time feedback 
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and comparisons with other users and devices. For instance, 
as shown in FIG. 10, a plurality of apparatuses 10 may be 
employed by a plurality of runners to enable data, metrics, 
and parameters corresponding to each runner to be shared 
and presented to the user. Thus, for instance, the user may 
ascertain the speed and location of other users through the 
user interface 28. 


0077. Further, the user interface 28 may acquire com 
parison information from the processing system 16 and/or 
from other devices through the communications element 26 
to enable the user to compare his or her performance using 
the comparison information. For instance, the user interface 
28 may present a comparison of the user's current perfor 
mance with a previous performance by the user, with a 
training model, and/or with another individual. 
0078. In various embodiments, the user may configure 
the apparatus 10 utilizing the user interface 28 to monitor 
estimated motion parameters and alert the user through the 
user interface 28 when one or more estimated motion 
parameters conflict with a user-defined condition Such as an 
acceptable parameter range, threshold, and/or variance. The 
user may also configure the apparatus 10 utilizing the user 
interface 28 to monitor various user-defined goals, such as 
time limits, motion parameter maximum values, and the 
like. The apparatus 10 may additionally monitor the esti 
mated motion parameter metrics to determine if the Subject 
element S is in danger and, if necessary, request help using 
the communications element 26. To facilitate motion param 
eter monitoring, the user may provide the processing system 
16 with various activity programs that may be imported 
utilizing the communications element 26 or defined through 
the user interface 28. 


0079. As is discussed above, the various components of 
the apparatus 10 may be housed integrally or separately in 
any combination. In some embodiments, the apparatus 10 
includes an interface unit 30 for housing the user interface 
28 and associated components and a sensor unit 32 for 
housing the one or more accelerometers 12, the processing 
system 16, and the communications element 26. In some 
embodiments, the units 30, 32 may be housed within the 
same housing, as is shown in FIG. 9. However, in other 
embodiments the units 30, 32 may be discrete such that the 
sensor unit 32 may be positioned in a first location, Such as 
on the user's shoe, and the interface unit 30 may be 
positioned at a second location, Such as on the user's wrist. 
0080. The interface unit 30 may also include an interface 
communication element 34, configured in a similar manner 
to the communications element 26 discussed above, to 
enable the interface unit 30 to exchange information with the 
sensor unit 32, other parts of the apparatus 10, and/or with 
devices external to the apparatus 10. In embodiments where 
the units 30, 32 are positioned separate from each other, the 
communications elements 26, 34 may communicate utiliz 
ing the various wireless methods discussed above. However, 
the communications elements 26, 34 may also communicate 
utilizing wired connections or through external devices and 
systems. 
0081. The units 30, 32 may also each include power 
Sources for powering the various components of the appa 
ratus 10, such as through the use of batteries or power 
generating elements such as piezoelectric, electromechani 
cal, thermoelectric, and photoelectric elements. In some 
embodiments, portions of the user interface 28 may be 
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included with both units 30, 32 such that each unit 30, 32 and 
its respective components can be individually functioned by 
the user. 
I0082. As shown in FIG. 5, the apparatus 10 may addi 
tionally include an external systems unit 36 to enable the 
interface unit 30 and sensor unit 32 to easily communicate 
with external systems and devices. For example, the external 
systems unit 36 may include a communications element to 
communicate with the other communication elements 26, 
34, a microcontroller to process information, and a standard 
interface such as a WiFi, Bluetooth, USB, or ZigBee inter 
face operable to easily interface with devices such as cellular 
phones, portable media players, personal digital assistants, 
navigation devices, personal and portable computing 
devices, combinations thereof, and the like. Thus, in some 
embodiments, the external systems unit 36 may be con 
nected with an immobile personal computer and the inter 
face unit 30 and sensor unit 32 may be positioned on a 
mobile user, as is shown in FIG. 10. 
I0083. As is shown in FIGS. 6through9, the interface unit 
30 and sensor unit 32 may each be operable to communicate 
with the navigation unit 24 to receive and utilize navigation 
information. The navigation device 24 may be discrete from 
the units 30, 32, as shown in FIG. 6, the navigation device 
24 may be integral with the interface unit 30, as shown in 
FIG. 7, the navigation device 24 may be integral with the 
sensor unit 32, as shown in FIG. 8, and/or the navigation 
device 24 may be integral with both units 30, 32, as shown 
in FIG. 9. Further, in some embodiments, any one or more 
of the units 30, 32, 36 and navigation device 24 may be 
automatically disabled when not in use to achieve optimum 
system power consumption and functionality. 
I0084. In some embodiments, the sensor unit 32 may be 
attached to the user's wrist in an enclosure which is similar 
to a watch and combined with other functionality such as 
timekeeping or with other sensors such the navigation 
device 24. In other embodiments, the sensor unit 32 may be 
attached to the user's arm using an enclosure similar to an 
armband and combined with other devices such as a cellular 
phone, an audio device and/or the navigation device 24. In 
various other embodiments, the sensor unit 32 may be 
attached to the user with a chest strap in an enclosure which 
may include other sensors such as a heart-rate monitor 
(HRM). In yet other embodiments, the sensor unit 32 may be 
attached to users waist with, for example, a belt clip. In 
other embodiments, the sensor unit 32 may be configured to 
identify its position on the user's body, thereby allowing the 
user to carry or attach the sensors in an arbitrary location on 
his or her body Such as in a pocket, and/or combined with 
another device Such as a cellular phone. 
I0085 Consequently, the apparatus 10 is operable to esti 
mate motion parameters using only acceleration measure 
ments acquired from the one or more accelerometers 12, 
using acceleration measurements in combination with other 
information acquired from the navigation unit 24 or other 
devices through the communications element 26, using 
information other than acceleration measurements, combi 
nations thereof, and the like. 
I0086. The processing system 16 may additionally moni 
tor the activity of the subject element S utilizing the accel 
eration measurements, motion parameter metric, and/or esti 
mated motion parameter. In some embodiments, the 
processing system 16 may utilize acceleration measure 
ments and/or other information to identify the type of 
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activity that the Subject element S is engaging in and 
automatically provide appropriate content based upon the 
identified activity without requiring user input. For example, 
if the user Switches from walking to jogging, the processing 
system 16 may identify the change, compute jogging-related 
metrics and motion parameters, and display jogging-related 
information using the user interface 28. As another example, 
the processing system 16 may identify that the user is 
Swimming based upon the acceleration measurements and 
generate and display Swimming-related information Such as 
cadence, stroke power, lap times, and the like. 
0087. Other activities which can, for example, be classi 
fied or otherwise identified by the processing system 16 
include: walking; running; Swimming; racquet sports; shuf 
fling; driving; exercising on a stationary bicycle or appara 
tus; hiking; rollerblading; skateboarding; low-energy activi 
ties such as office activities and watching television; 
sleeping; dancing; playing sports such as basketball, football 
or golf combinations thereof, and the like. Thus, the appa 
ratus 10 may automatically provide information for a plu 
rality of activities without requiring manual reconfiguration 
or programming by the user. 
0088. In some embodiments, the processing system 16 
may be configured to utilize a multi-resolution approach in 
storing information and data corresponding to sensed mea 
Surements and activities. For example, at the lowest resolu 
tion, the time, date, classification, duration and total energy 
expenditure of each activity may be saved. Another resolu 
tion may allow data to be stored corresponding to, for 
example, for jogging, the average pace, average cadence, 
total distance, total elevation change, and the like. Another 
resolution may allow data to be stored corresponding to, 
again for jogging, for example, individual stride parameters 
and/or frequent measurements of heart rate, elevation, pace, 
and/or associated GPS coordinates. The history resolution 
depth for each type of activity can be pre-selected by the 
user or be automatically selected by the processing system 
16 based on the amount of storage space available. In some 
embodiments, all activities are initially recorded at the 
highest available resolution; Subsequently, if storage space 
becomes a constraint, highest resolution records of oldest 
activities may be erased to allow for storage of the most 
recent activities at a history resolution at least as good as 
resolution of the oldest records. 
0089. Further, the processing system 16 may provide 
context-aware functionality utilizing measured accelera 
tions, motion parameter metrics, estimated motion param 
eters, information acquired through the user interface 28, 
information acquired through communications element 26 
or other devices Such as the navigation device 24, combi 
nations thereof, and the like. For example, the processing 
system 16 may detect: if the apparatus 10 is being used to 
estimate motion parameters or monitor user performance; if 
the apparatus 10 is not being used; if the apparatus 10 is 
being charged; if the apparatus 10 is in proximity to a 
compatible external system or device; if the apparatus 10 is 
in proximity to a display device Such as a cellular phone, 
personal digital assistant, computer, audio device, heads-up 
display, watch; combinations thereof, and the like. 
0090 Based on the determination of the use context and 
with minimal or no user intervention, the apparatus 10 can 
provide any appropriate set of functions. For example, while 
in proximity to a compatible external system, the apparatus 
10 can automatically establish a communication channel and 
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exchange information with the compatible external system. 
Similarly, while monitoring user activity, the apparatus 10 
can record motion history and associated motion parameters 
and metrics. While not in use, the apparatus 10 can disable 
most of its sensors to conserve energy and enable a Subset 
of the sensors, such as the one or more accelerometers 12, 
only frequently enough to maintain context awareness. 
While in proximity to a display device, the apparatus 10 can 
determine the capabilities of the device, and communicate 
appropriate information to the display device. The use 
contexts are not necessarily mutually exclusive. For 
example, the apparatus 10 can be charging and be in 
proximity to a compatible external system at the same time. 
Thus, while charging, the apparatus 10 can continue the 
sensing of nearby compatible external systems and, upon 
detection of a compatible external system, establish a com 
munication channel and exchange information with the 
compatible external system. The user thus perceives and 
expects the apparatus 10 to be always enabled and the 
apparatus 10 requires minimal or no user input to performall 
of its functions. 
0091. The activity monitoring and/or context awareness 
discussed above may be utilized by the apparatus 10 to 
maintain a generally continuous record of the user's activi 
ties. For example, the user may wear the apparatus 10 
continuously or repeatedly to monitor long-term activity, 
Such as trends, goals, and the like. Generally continuous 
monitoring of user activity by the apparatus 10 also enables 
alerts to be issued if the processing system 16 detects 
abnormal activity. For example, if the user remains generally 
immobile for extended periods of time, the processing 
system 16 may issue an alert to notify the user through the 
user interface 28 and/or alert third-parties utilizing the 
communications element 26. 
0092. It is believed that embodiments of the present 
invention and many of its attendant advantages will be 
understood by the foregoing description, and it will be 
apparent that various changes may be made in the form, 
construction and arrangement of the components thereof 
without departing from the scope and spirit of the invention 
or without sacrificing all of its material advantages. The 
form herein before described being merely an explanatory 
embodiment thereof, it is the intention of the following 
claims to encompass and include Such changes. 
What is claimed is: 
1. A method of estimating a motion parameter corre 


sponding to a subject element, the method comprising: 
acquiring an acceleration measurement; 
generating a motion parameter metric utilizing the accel 


eration measurement; and 
estimating the motion parameter using the motion param 


eter metric. 
2. The method as claimed in claim 1, wherein the motion 


parameter is estimated utilizing the motion parameter metric 
and a statistical model. 


3. The method as claimed in claim 2, wherein the statis 
tical model is a regression model selected from the group 
consisting of a linear regression model, a polynomial regres 
sion model, a multiple-regression model, a piecewise-linear 
regression model, and combinations thereof. 


4. The method as claimed in claim 1, further including 
acquiring a plurality of acceleration measurements and 
generating the motion parameter metric utilizing the accel 
eration measurements. 
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5. The method as claimed in claim 4, further including 
filtering the acceleration measurements for use in generating 
the motion parameter metric. 


6. The method as claimed in claim 5, wherein the accel 
eration measurements are low-pass filtered utilizing a cut-off 
frequency between about 0.5 Hz and 10 HZ. 


7. The method as claimed in claim 6, wherein the cut-off 
frequency is generated using a stride frequency calculated 
from the acceleration measurements. 


8. The method as claimed in claim 1, wherein the esti 
mated motion parameter is selected from the group consist 
ing of stride speed, acceleration, Velocity, Stride distance, 
total distance, gait efficiency, power, energy, maximum 
impact, average calories consumed, maximum speed 
change, speed variability, and combinations thereof. 


9. The method as claimed in claim 1, further including 
acquiring a stride duration and generating the motion param 
eter metric utilizing the acceleration measurement and the 
stride duration. 


10. The method as claimed in claim 1, further including 
obtaining an acceleration magnitude and generating the 
motion parameter metric utilizing the acceleration measure 
ment and the acceleration magnitude. 


11. The method as claimed in claim 10, wherein the 
motion parameter corresponds to a stride speed and the 
motion parameter metric is at least partially generated by 
performing an integration of a function of the acceleration 
magnitude. 


12. An apparatus operable to estimate a motion parameter 
corresponding to a subject element, the apparatus compris 
ing: 


an accelerometer operable to provide a signal correspond 
ing to an acceleration measurement; and 


a processing system coupled with the accelerometer and 
operable to: 
acquire the signal corresponding to the acceleration 


measurement, 
generate a motion parameter metric utilizing the accel 


eration measurement, and 
estimate the motion parameter using the motion param 


eter metric and a statistical model. 
13. The apparatus as claimed in claim 12, further includ 


ing a plurality of accelerometers operable to provide a 
plurality of signals corresponding to acceleration measure 
ments, the processing system being operable to acquire the 
signals and generate the motion parameter metric utilizing 
the acceleration measurements. 


14. The apparatus as claimed in claim 13, wherein at least 
two of the accelerometers are adapted to measure accelera 
tions in two directions separated by an angle greater than 
Zero degrees. 


15. The apparatus as claimed in claim 14, wherein the 
apparatus includes at least three accelerometers adapted to 
measure accelerations in three directions each separated by 
an angle greater than Zero degrees. 


16. The apparatus as claimed in claim 13, further includ 
ing a filter operable to filter the signals corresponding to 
acceleration measurements for use in generating the motion 
parameter metric. 


17. The apparatus as claimed in claim 16, wherein the 
filter includes a low-pass filter operable to utilize a cut-off 
frequency between about 0.5 Hz and 10 HZ 


18. The apparatus as claimed in claim 17, wherein the 
processing system is further operable to calculate a stride 


Sep. 6, 2007 


frequency using the acceleration measurements and generate 
the cut-off frequency using the stride frequency. 


19. The apparatus as claimed in claim 12, wherein the 
estimated motion parameter is selected from the group 
consisting of stride speed, acceleration, Velocity, Stride dis 
tance, total distance, gait efficiency, power, energy, maxi 
mum impact, average calories consumed, maximum speed 
change, speed variability, and combinations thereof. 


20. The apparatus as claimed in claim 12, wherein the 
processing system is further operable to calculate a stride 
duration using the acceleration measurement and generate 
the motion parameter metric using the acceleration measure 
ment and the stride duration. 


21. The apparatus as claimed in claim 12, wherein the 
processing system is further operable to obtain an accelera 
tion magnitude and generate the motion parameter metric 
utilizing the acceleration measurement and the acceleration 
magnitude. 


22. The apparatus as claimed in claim 21, wherein the 
motion parameter corresponds to a stride speed and the 
motion parameter metric is at least partially generated by 
performing an integration of a function of the acceleration 
magnitude. 


23. The apparatus as claimed in claim 12, wherein the 
statistical model is a regression model selected from the 
group consisting of a linear regression model, a polynomial 
regression model, a multiple-regression model, a piecewise 
linear regression model, and combinations thereof. 


24. An apparatus operable to estimate a motion parameter 
corresponding to a subject element, the apparatus compris 
ing: 


a plurality of accelerometers each operable to provide a 
signal corresponding to an acceleration measurement, 
at least two of the accelerometers being adapted to 
measure accelerations in two directions separated by an 
angle greater than Zero degrees; and 


a processing system coupled with one or more of the 
accelerometers, the processing system operable to: 
calculate a stride duration using at least one of the 


acceleration measurements, 
low-pass filter the signals corresponding to the accel 


eration measurements utilizing a cut-off frequency 
between about 0.5 Hz and 10 Hz, 


calculate an acceleration magnitude using the accelera 
tion measurements corresponding to the filtered sig 
nals, 


generate a motion parameter metric utilizing the stride 
duration and acceleration magnitude, and 


estimate the motion parameter using the motion param 
eter metric and a statistical regression model. 


25. The apparatus as claimed in claim 24, wherein the 
motion parameter corresponds to a stride speed and the 
motion parameter metric is at least partially generated by 
performing an integration of a function of the acceleration 
magnitude. 


26. The apparatus as claimed in claim 24, wherein the 
apparatus includes at least three accelerometers adapted to 
measure accelerations in three directions each separated by 
an angle greater than Zero degrees. 


27. The apparatus as claimed in claim 24, wherein the 
processing system is further operable to limit acceleration 
measurements to within a specific dynamic range. 
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APPARATUS AND METHOD FOR 
DETERMINING LOCATION AND TRACKING 


COORDINATES OF A TRACKING DEVICE 


RELATED APPLICATIONS 


This application is a Divisional of, claims priority to, and 
herein incorporates in its entirety U.S. patent application Ser. 
No. 11/969,905 filed Jan. 6, 2008. 


2 
disk drives integrated with an accelerometer to detect dis
placement or falling incidents. For instance, when a hard-disk 
accelerometer detects a low-g condition, e.g., indicating free
fall and expected shock, a hard-disk write feature may be 


5 temporarily disabled to avoid accidental data overwriting and 
prevent stored data corruption. After free- fall and expected 
shock, the hard-disk write feature is enabled to allow data to 
be written to one or more hard-disk tracks. Still others includ-


This application also incorporates by reference in their 10 


entirety: U.S. patent application Ser. No. 11/753,979 filed on 
May 25, 2007, entitled "Apparatus and Method for Providing 
Location Information on Individuals and Objects Using 
Tracking Devices"; U.S. patent application Ser. No. 11/933, 
024 filed on Oct. 31, 2007, entitled "Apparatus and Method 15 


for Manufacturing an Electronic Package", U.S. patent appli
cation Ser. No. 11/784,400 filed on Apr. 5, 2007, entitled 
"Communication System and Method Including Dual Mode 
Capability"; U.S. patent application Ser. No. 11/784,318 filed 


ing medical product manufacturers utilize accelerometers to 
measure depth of Cardio Pulmonary Resuscitation (CPR) 
chest compressions. Sportswear manufacturers, e.g., Nike 
sports watches and footwear, incorporate accelerometers to 
feedback speed and distance to a runner via a connected 
iPod®Nano. 


Still others including manufacturers of conventional iner
tial navigation systems deploy one or more accelerometers as 
part of, for instance, on-board electronics of a vehicle, vessel, 
train and/or airplane. In addition to accelerometer measure
ments, conventional inertial navigation systems integrate one 
or more gyroscopes with the on-board electronics to assist 
tracking including performing various measurements, e.g., 


on Apr. 5, 2007, entitled "Communication System and 20 


Method Including Communication Billing Options"; and 
U.S. patent application Ser. No. 11/935,901 filed on Nov. 6, 
2007, entitled "System and Method for Creating and Manag
ing a Personalized Web Interface for Monitoring Location 
Information on Individuals and Objects Using Tracking 25 


tilt, angle, and roll. More specifically, gyroscopes measure 
angular velocity, for instance, of a vehicle, vessel, train, and/ 
or airplane in an inertial reference frame. The inertial refer
ence frame, provided, for instance, by a human operator, a 
GPS receiver, or position and velocity measurements from Devices." 


BACKGROUND OF THE INVENTION 


1. Field of the Invention 
The invention relates generally to the field oflocation and 


tracking communication systems. More particularly, the 
present invention relates in one embodiment to an accelerom
eter incorporated as part of portable electronic tracking 
device for individuals and objects to improve monitoring by a 
wireless location and tracking system and/or wireless com
munication system (WCS). 


2. Description of Related Technology 
Accelerometers are conventionally integrated into elec


tronics systems that are part of a vehicle, vessel, and airplane 
to detect, measure, and monitor deflections, vibrations, and 
acceleration. Accelerometers, for example, may include one 
or more Micro Electro-Mechanical System (MEMS) devices. 
In particular, MEMS devices include one or more suspended 
cantilever beams ( e.g., single-axis, dual-axis, and three-axis 
models), as well as deflection sensing circuitry. Accelerom
eters are utilized by a multitude of electronics manufacturers. 


one or more motion sensors. 
More specifically, integration of measured inertial accel


erations commences with, for instance, original velocity, for 
30 instance, of a vehicle, vessel, train, and/or airplane to yield 


updated inertial system velocities. Another integration of 
updated inertial system velocities yields an updated inertial 
system orientate, e.g., tilt, angle, and roll, within a system 
limited positioning accuracy. In one instance to improve posi-


35 tioning accuracy, conventional inertial navigation systems 
utilize GPS system outputs. In another instance to improve 
positioning accuracy, conventional inertial navigation sys
tems intermittently reset to zero inertial tracking velocity, for 
instance, by stopping the inertial navigation system. In yet 


40 other examples, control theory and Kalman filtering provide 
a framework to combine motion sensor information in 
attempts to improve positional accuracy of the updated iner
tial system orientation. 


Potential drawbacks of many conventional inertial naviga-
45 tions systems include electrical and mechanical hardware 


occupying a large real estate footprint and requiring complex 
electronic measurement and control circuitry with limited 
applicability to changed environmental conditions. Further
more, many conventional inertial navigation system calcula-


For instance, electronics gaming manufacturers exploit an 
accelerometer's deflection sensing capability, for instance, to 
measure device tilt and control game functionality. In another 
instance, consumer electronics manufacturers, e.g., Apple, 
Ericsson, and Nike, incorporate accelerometers in personal 
electronic devices, e.g., Apple iPhone, to provide a change
able screen display orientation that toggles between portrait 
and landscape layout window settings; to manage human 55 


inputs through a human interface, e.g., Apple iPod® touch 
screen interface; and to measure game movement and tilt, 
e.g., Wii gaming remotes. Still others including automobile 
electronics circuitry manufacturers utilize MEMS acceler
ometers to initiate airbag deployment in accordance with a 
detected collision severity level by measuring negative 
vehicle acceleration. 


50 tions are prone to accumulated acceleration and velocity mea
surement errors. For instance, many conventional inertial 
navigations accelerations and velocity measurement errors 
are on the order of0.6 nautical miles per hour in position and 
tenths of a degree per hour in orientation. 


In contrast to conventional inertial navigation systems, a 
conventional Global Positioning Satellite (GPS) system uses 
Global Positioning Signals (GPS) to monitor and track loca
tion coordinates communicated between location coordinates 
monitoring satellites and an individual or an object having a 


60 GPS transceiver. In this system, GPS monitoring of location 
coordinates is practical when a GPS transceiver receives at 
least a minimal GPS signal level. However, a minimal GPS 
signal level may not be detectable when an individual or 
object is not located in a skyward position. For instance, when 


Other electronics manufacturer products, e.g., Nokia 5500 
sport, count step motions using a 3D accelerometer, and 
translate user information via user's taps or shaking motion to 
select song titles and to enable mp3 player track switching. In 
another instance, portable or laptop computers include hard-


65 an individual or object carrying a GPS transceiver enters a 
covered structure, e.g., a garage, a parking structure, or a large 
building, GPS satellite communication signals may be 
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obstructed or partially blocked, hindering tracking and moni
toring capability. Not only is a GPS transceiver receiving a 
weak GPS signal, but also the GPS transceiver is depleting 
battery power in failed attempts to acquire communications 
signals from one or more location coordinates monitoring 5 


satellites, e.g., GPS satellites, or out-of-range location coor
dinates reference towers. Furthermore, weak GPS communi
cation signals may introduce errors in location coordinates 
information. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 illustrates a schematic of an electronic tracking 
device in accordance with an embodiment of the present 
invention. 


FIG. 2 illustrates a location tracking system associated 
with the electronic tracking device and the wireless network 
in accordance with an embodiment of the present invention. 


FIG. 3 illustrates a flow diagram to manage and control 
circuitry associated with the electronic tracking device of 
FIGS. 1 and 2 in accordance with an embodiment of the 
present invention. 


DETAILED DESCRIPTION 


Reference is now made to the drawings wherein like 
numerals refer to like parts throughout. 


In summary, electronic tracking device and methodology is 10 


needed that provides additional advantages over conventional 
systems such as improved power management, e.g., efficient 
use ofbatterypower, and provide other improvements includ
ing supplementing conventional electronic tracking device 


15 
monitoring, e.g., increased measurement accuracy oflocation 
coordinates of objects and individuals traveling into and/or 
through a structure, e.g., a partially covered building, a park
ing structure, or a substantially enclosed structure, such as a 
basement or a storage area in a high-rise office building. 


As used herein, the terms "location coordinates" refer 


20 without limitation to any set or partial set of integer, real 
and/or complex location data or information such as longitu
dinal, latitudinal, and elevational positional coordinates. SUMMARY OF THE INVENTION 


In a first aspect of the present invention, a portable elec
tronic apparatus for a tracking device is disclosed. The elec
tronic apparatus includes a transceiver, an accelerometer, and 
an antenna. The antenna is disposed on the tracking device. 
The antenna is configured to communicate signal strength to 
a signal processor associated with the tracking device. In one 
variant, responsive to the signal strength, a battery manage
ment module ( e.g., battery monitor) controls electronic com
ponents associated with the tracking device. In one variant, an 
accelerometer performs an acceleration measurement. In one 
variant, prior or nearby location coordinates associated with 
the tracking device are utilized or assist to compute current 
location coordinates information of the tracking device. 


In a second aspect of the present invention, a method is 
disclosed to communicate location coordinates of a first, 
tracking device. In this method, a transceiver communicates 
measured signal strength. In response to measured signal 
strength level, a power management circuitry ( e.g., battery 
monitor) controls power levels associated with the first track
ing device to reduce or increase power consumption of a 
transceiver and its associated circuitry. In one variant, a user 
defines a first signal level, e.g., a threshold level, to commence 
accelerometer measurements. In one variant, if a first signal 
level is detected, an accelerometer measures displacement 
from prior location coordinates of the first tracking device. In 
another variant, if a first signal level is detected, an acceler
ometer measures relative displacement from prior location 
coordinates of a second tracking device. In yet another vari
ant, if a first signal level is detected, the relative displacement 
is utilized to compute current location coordinates informa
tion of the first tracking device. In another variant, the accel
erometer may be activated to measure impacts of an object or 
an individual to determine if the object or individual may be 
medical attention (e.g., be injured). 


These and other embodiments, aspects, advantages, and 
features of the present invention will be set forth in part in the 
description which follows, and in part will become apparent 


As used herein, the terms "tracking device" and "electronic 
tracking device" refer to without, limitation, to any hybrid 


25 electronic circuit, integrated circuit (IC), chip, chip set, sys
tem-on-a-chip, microwave integrated circuit (MIC), Mono
lithic Microwave Integrated Circuit (MMIC), low noise 
amplifier, power amplifier, transceiver, receiver, transmitter 
and Application Specific Integrated Circuit (ASIC) that may 


30 be constructed and/or fabricated. The chip or IC may be 
constructed ("fabricated") on a small rectangle (a "die") cut 
from, for example, a Silicon ( or special applications, Sap
phire), Gallium Arsenide, or Indium Phosphide wafer. The IC 
may be classified, for example, into analogue, digital, or 


35 hybrid (both analogue and digital on the same chip and or 
analog-to-digital converter). Digital integrated circuits may 
contain anything from one to millions of logic gates, inver
tors, and, or, nand, and nor gates, flipflops, multiplexors, etc. 
on a few square millimeters. The small size of these circuits 


40 allows high speed, low power dissipation, and reduced manu
facturing cost compared with board-level integration. 


As used herein, the terms "data transfer", "tracking and 
location system", "location and tracking system", "location 
tracking system", and "positioning system," refer to without 


45 limitation to any system, that transfers and/or determines 
location coordinates using one or more devices, such as Glo
bal Positioning System (GPS). 


As used herein, the terms "Global Positioning System" 
refer to without limitation to any services, methods or devices 


50 that utilize GPS technology to determine position of a GPS 
receiver based on measuring a signal transfer time of signals 
communicated between satellites having known positions 
and the GPS receiver. A signal transfer time is proportional, to 
a distance of a respective satellite from the GPS receiver. The 


55 distance between a satellite and a GPS receiver may be con
verted, utilizing signal propagation velocity, into a respective 
signal transfer time. The positional information of the GPS 
receiver is calculated based on distance calculations from at 
least four satellites to determine positional information of the 


60 GPS receiver. 


to those skilled in the art by reference to the following 
description of the invention and referenced drawings or by 
practice of the invention. The aspects, advantages and fea
tures of the invention are realized and attained by means of the 65 


instrumentalities, procedures, and combinations particularly 
pointed out in the appended claims. 


As used herein, the terms "wireless network" refers to, 
without limitation, any digital, analog, microwave, and mil
limeter wave communication networks that transfer signals 
from one location to another location, such as, but not limited 
to IEEE 802.1 lg, Bluetooth, WiMax, IS-95, GSM, IS-95, 
CGM, CDMA, wCDMA, PDC, UMTS, TDMA, and FDMA, 
or combinations thereof. 
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Major Features 
In one aspect, the present invention discloses an apparatus 


and method, to provide an improved capability electronic 
tracking device. In one embodiment, the device provides 
electronic circuitry including an accelerometer to measure 5 


location coordinates without requiring GPS signaling. In this 
embodiment, location coordinates of an electronic tracking 
device are measured when the electronic tracking device is 
located in a partially enclosed structure, e.g., a building or 
parking lot, up to a fully enclosed structure. In one embodi- 10 


ment, the electronic tracking device conserves battery power 
when the device is partially or fully blocked access to location 
coordinates from one or more GPS satellites, e.g., a primary 
location tracking system. In yet another embodiment, accel
erometer measures force applied to the electronic tracking 15 


device and provides an alert, message to a guardian or other 
responsible person. In one embodiment, the alert message 
includes location coordinates of the electronic tracking 
device and other information, e.g., magnitude or nature of 
force, as well as possibility of injury of an object or individual 20 


having the electronic tracking device. As described through
out the following specification, the present invention gener
ally provides a portable electronic device configuration for 
locating and tracking an individual or an object. 


6 
11/753,979 filed on May 25, 2007). For instance, the location 
data includes longitudinal, latitudinal, and elevational posi
tion of a tracking device, current address or recent address of 
the tracking device, a nearby landmark to the tracking device, 
and the like. In one example, electronic tracking device 100 is 
portable and mobile and fits easily within a compact volume, 
such as standard pocket of an individual's shirt having 
approximate dimensions of 1.5 inch by 2.5 inch by 1.0 inch. 
In yet another example, electronic tracking device 100 may be 
one integrated circuit having dimensionality in the mm range 
in all directions (or even smaller). 


In one embodiment, location tracking circuitry 114, calcu-
lates location data received and sends the data to signal pro
cessing circuitry 104. Memory 112 stores operating software 
and data, for instance, communicated to and from signal 
processing circuit 104 and/or location tracking circuitry 114, 
e.g., GPS logic circuitry. In one embodiment, a signal detect
ing circuitry 115 detects and measures signal power level. In 
another embodiment, the signal processing circuitry 104 pro
cesses and measures signal power level. Battery level detec
tion circuitry ( e.g., battery level monitor 116) detects a battery 
level of battery 118, which contains one or more individual 
units or a plurality of units grouped as a single unit. 


In one non-limiting example, antennas 122a, 122b electri-
Exemplary Apparatus 


Referring now to FIGS. 1-2 exemplary embodiments of the 
electronic tracking device of the invention are described in 
detail. Please note that the following discussions of electron-


25 cally couple to transceiver 102. In one variant, transceiver 102 
includes one integrated circuit or, in another embodiment, 
may be multiple individual circuits or integrated circuits. 
Transceiver 102 communicates a signal including location 


ics and components for an electronic tracking device to moni-
tor and locate individuals are non-limiting; thus, the present 30 


invention may be useful in other electronic signal transferring 
and communication applications, such as electronic modules 
included in items such as: watches, calculators, clocks, com
puter keyboards, computer mice, and/or mobile phones to 
locate and track trajectory of movement and current location 35 


of these items within boundaries of or proximity to a room, 
building, city, state, and country. 


Furthermore, it will be appreciated that while described 
primarily in the context of tracking individuals or objects, at 
least portions of the apparatus and methods described herein 40 


may be used in other applications, such as, utilized, without 
limitation, for control systems that monitor components such 
as transducers, sensors, and electrical, and/or optical compo
nents that are part of an assembly line process. Moreover, it 
will be recognized that the present invention may find utility 45 


beyond purely tracking and monitoring concerns. Myriad of 
other functions will be recognized by those of ordinary skill in 
the art given the present disclosure. 
Electronic Tracking Device 


Referring to FIG. 1, tracking device 100 contains various 50 


electronic components 101 such as transceiver 102, signal 
processing circuitry 104 (e.g., a microprocessor or other sig
nal logic circuitry), and accelerometer 130. In one non-lim
iting example, the electronic components 101 are disposed, 
deposited, or mounted, on a substrate 107 (e.g., Printed Cir- 55 


cuit Board (PCD)). The PCB 107, for example, may be manu
factured from: polyacryclic (PA), polycarbonate (PC), com
posite material, and arylonitrile-butadiene-styrene (ABS) 
substrates, blends or combinations thereof, or the like (as 
described in more detail, in incorporated by reference U.S. 60 


patent application Ser. No. 11/933,024 filed on Oct. 31, 
2007). The signal processing circuitry 104, in one example, 
associated with the tracking device 100 configured to store a 
first identification code, produce a second identification code, 
determine location coordinates, and generate a positioning 65 


signal that contains location data ( as described in more detail 
in incorporated by reference U.S. patent application Ser. No. 


data between tracking device 100 and the monitoring station 
110, for example, by any of the following including: wireless 
network, wireless data transfer station, wired telephone, and 
Internet channel. A demodulator circuit 126 extracts base
band signals, for instance at 100 KHz, including tracking 
device configuration and software updates, as well as con
verts a low-frequency AC signal to a DC voltage level. The 
DC voltage level, in one example, is supplied to battery charg-
ing circuitry 128 to recharge a battery level of the battery 118. 
In one embodiment, a user of monitoring station 110, e.g., a 
mobile personal digital assistant, mobile phone, or the like, by 
listening ( or downloading) one or more advertisements to 
reduce and/or shift, usage charges to another user, account, or 
database ( as described in more detail in previous incorporated 
by reference U.S. patent application Ser. Nos. 11/784,400 and 
11/784,318 each filed on Apr. 5, 2007). 


In another embodiment, an accelerometer 130, for 
example, a dual-axis accelerometer 130, e.g. ADXL320 inte
grated circuit manufactured by Analog Devices having two 
substantially orthogonal beams, may be utilized. The data 
sheet ADXH320L from Analog Devices is incorporated by 
reference. In one embodiment, the accelerometer 130 acti
vates upon one or more designated antenna( s ), e.g., antennas 
122a, 122b, detecting a first signal level, e.g., a low signal 
level or threshold value, as specified by, for instance, a user or 
system administrator. In one variant of this embodiment, 
electrical circuitry associated with GPS signal acquisition, 
e.g., all or a portion of amplifier block 120, may be, for 
instance, placed on standby or in a sleep mode. In another 
embodiment, the accelerometer 130 remains in a standby 
mode until, for instance, a system administrator, a specified 
time period, or a user activates the accelerometer 130. In one 
embodiment, the amplifier block 120 includes multiple elec-
tronic functions and blocks including a low noise amplifier, a 
power amplifier, a RF power switch, or the like, placed in a 
sleep or standby mode, for instance, to conserve a battery 
level of the battery 118. 


In another variant of this embodiment, circuitry, such as 
amplifier block 120 or location tracking circuitry 114, may be 
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placed in a sleep or standby mode to conserve a battery level 
of the battery 118. In one variant, the tracking device 100 
periodically checks availability ofGPS signal, e.g., performs 
a GPS signal acquisition to determine if a receive communi
cation signal is above a first signal level. Referring to embodi- 5 


ment depicted in FIG. 2, electronic tracking device 100 exits 
an opening 150 in partially enclosed structure 210; thus, 
electronic tracking device 100 may resume GPS signal acqui
sition using GPS satellite 143 ( e.g., in response to a periodic 
check by the tracking device 100 of a receive communication 10 


signal level above a first signal level). 
In one embodiment, system administrator selects a signal 


noise bandwidth, e.g., within a range of 3 to 500 Hz, of the 
accelerator 130 to measure dynamic acceleration ( e.g., due to 
vibration forces applied, to electronic tracking device 100). In 15 


another embodiment, system administrator selects a signal 
noise bandwidth, e.g., within a range of 3 to 500 Hz, to 
measure static acceleration ( due to gravitational forces 
applied to electronic tracking device 100). In particular, exter
nal forces on electronic tracking device 100 cause, for 20 


example, internal structural movements, e.g., deflection of 
dual-axis beams, of the accelerometer 130. The deflection of 
dual-axis beams generates differential voltage( s ). 


Differential voltage(s) are proportional to acceleration 
measurements, e.g., discrete acceleration measurements, of 25 


electronic tracking device 100, for instance in x, y, and z 
directions. Differential voltage(s), in one instance, are rela
tive to, for instance, last known GPS location coordinates of 
electronic tracking device 100. By performing electronic 
device proximity measurements, e.g., measuring acceleration 30 


vectors of electronic tracking device 100 at time intervals, 
e.g., Tl, T2, T3 ... TN, monitoring station 110 computes 
electronic tracking device velocity at time intervals, e.g., Tl, 
T2, T3 ... TN. In one embodiment, time intervals, e.g., Tl, 
T2, and T3 ... TN are measured in accordance with instruc- 35 


tions by a system administrator or user. In one embodiment, 
time intervals are selected within a range of one micro-second 
to several minutes. 


In one embodiment, the monitoring station 110 performs 
an integration of the acceleration measurements as a function 40 


of time to compute electronic tracking device velocity at time 
intervals, e.g., Tl, T2, and T3 ... TN. By referencing prior 
location coordinates, e.g., last known accurate location data 
of the electronic tracking device 100 or last known location 
data of nearby electronic tracking device (e.g., second track- 45 


ing device 101 in proximity to electronic tracking device 
100), monitoring station 110 computes a current location of 
electronic tracking device 100 utilizing electronic tracking 
device velocity computations. Advantageously, monitoring 
station 110, in an above described embodiment, uses above 50 


described device proximity measurements to monitor current 
location data of electronic tracking device 100 without con
nectivity to receive communication signals from GPS satel
lites. 


8 
mental location coordinates tracking, e.g., electronic device 
proximity measurements, the transceiver circuitry ( e.g., 
transceiver 102, location tracking circuitry 114, and signal, 
processing circuitry 104) consumes reduced battery power 
for GPS circuitry while the electronic tracking device 100 
communicates displacement vectors (e.g., differential loca
tion coordinates) to monitoring station 110 (e.g., a mobile 
phone, a personal digital assistant) through a wireless net
work 140. As described above, when GPS signaling is not 
practicable, electronic device proximity measurements pro
vide differential location coordinate information to calculate 
current location coordinate information. 


In one embodiment, accelerometer, e.g., accelerometer 
130, determines if electronic tracking device 100 in a station
ary position for a period, for instance, designated by system 
administrator or user. For example, electronic tracking device 
100 may be, for example, located on a counter top, within, a 
pocket of clothing, or in suitcase, not being moved, or not 
currently in use. Continuing with this embodiment, electronic 
tracking device 100 communicates a code, e.g., a stationary 
acknowledgement code, to communication network, e.g., 
wireless network 140. In one variant, when or if monitoring 
station 110 requests location data through communication 
network, electronic tracking device 100 determines whether 
it is located in a stationary or substantially stationary position 
and electronic tracking device 100 communicates its last-
known location to the monitoring station 110 without access
ing or requiring GPS signaling or active GPS circuitry, e.g., 
location tracking circuitry 114. Advantageously, in this 
embodiment, when electronic tracking device 100 does not 
utilize and require GPS circuitry, e.g., location tracking cir-
cuitry 114, or functionality, the power resources are preserved 
of battery 118 in contrast to many conventional GPS commu
nication systems, which continue powering-on GPS circuitry. 
In one embodiment, electronic tracking device 130 associated 
with a person or object remains at a substantially stationary 
position approximately one-fourth to one-third of a calendar 
day; thus, this feature of not accessing GPS circuitry pre
serves battery power. 


In another embodiment, an accelerometer, such as accel
erometer 130, detects tapping against electronic tracking 
device 100. For instance, upon wake-up, userprompt, system, 
administrator prompt, or active, accelerometer 130 detects a 
person or object tapping a sequence on electronic tracking 
device 100. In one embodiment, electronic tracking device 
100 includes digital signal programming circuitry (such as of 
signal, processing circuitry 104). The digital signal program
ming circuitry recognizes progranimed motions received by 
accelerometer, such as accelerometer 130, and transmits an 
alert message to the monitoring station 110 upon receiving a 
recognized motion pattern. For example, electronic tracking 
device 100 may be programmed to recognize an "SOS tap 
cadence". Thus, it electronic tracking device 100 is repeat
edly tapped, for instance, in a "dot-dot-dot, dash-dash-dash, 


In one embodiment, the monitoring station 110 may 
include a mobile phone having connectivity to wireless net
work 140 electrically coupled to electronic tracking device 
100 (FIG. 2). In this variant, the wireless network 140 resides 
or circulates within at least a portion of a semi-enclosed, 
partially-enclosed, or fully enclosed structure, e.g., building, 
parking structure, closet, storage room, or the like ( e.g., struc
ture 210 in FIG. 2). Furthermore, in one embodiment, the 
present invention conserves battery power by placing on 
standby, low power mode, or disabling entirely GPS signal, 
acquisition, circuitry and other associated devices, e.g., all or 
a portion of amplifier block 120 including power amplifiers, 
LNAs, switches, and the like. Furthermore, during supple-


55 dot-dot-dot" pattern, signal processing circuitry 104 recog
nizes a motion pattern and transmit an alert message to wire
less network 114 to monitoring station 110. In one instance, 
alert message may be associated with a distress pattern and 
may require an appropriate response. In one variant, the 


60 accelerometer may recognize when an object or individual 
spins or turns motion of electronic tracking device 100. Con
tinuing with this embodiment, signal processing circuitry 104 
recognizes programmed motions, and transceiver 102 trans
mits an alert message to wireless network 114 associated with 


65 programmed motions. In another variant, electronic tracking 
device 100 is programmed to recognize other motion pat
terns, such as when it is tumbled or flipped. Depending upon 
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embodiments. Additionally, the order of performance of cer
tain steps may be permuted, or performed in parallel ( or 
series) if desired. Hence, the foregoing embodiments are 
merely illustrative of the broader methods of the invention 


duration, time, or cadence of these movements or motion 
patterns, electronic tracking device 100 communicates an 
alert message to the wireless network 114. In one variant, 
wireless network 114 performs an appropriate action, such as 
communicating information signal to monitoring station 110. 5 disclosed herein. 


While the above detailed description has shown, described, 
and pointed out novel features of the invention as applied to 
various embodiments, it will be understood that various omis
sions, substitutions and changes in the form and details of the 
device or process illustrated may be made by those skilled in 
the art without departing from the spirit of the invention. The 
foregoing description is of the best mode presently contem
plated of carrying out the invention. This description is in no 
way meant to be limiting, but rather should be taken as illus
trative of the general principles of the invention. The scope of 
the invention should be determined with reference to the 
claims. 


What is claimed is: 


In another example, physical impacts on electronic track
ing device 100 are measured to determine if an individual or 
object may be injured. In one embodiment, magnitude of 
displacement vectors may be measured by one or more accel
erometers, such as accelerometer 130, disposed at various 10 


inclinations and orientations, e.g., disposed substantially 
orthogonal to one another. Continuing with this embodiment, 
when a measured physical impact is above a predetermined 
level, an object or individual associated with electronic track
ing device 100 may have suffered a fall or be in need of 15 


medical attention. In one variant of this embodiment, a user 
(e.g., a system administrator, or person located in a contact 
book) at monitoring station 110 becomes alerted, e.g., by text 
message, email, or voice mail (as more fully described in 
previously incorporated by reference U.S. patent application 
Ser. No. 11/935,901 filed on Nov. 6, 2007, entitled "System 
and Method for Creating and Managing a Personalized Web 
Interface for Monitoring Location Information on Individuals 
and Objects Using Tracking Devices"). In one variant ofthis 
embodiment, if a user does not affirmatively respond, another 25 


individual, guardian, medical personnel, or law enforcement 
officer is contacted by monitoring station 110 (as more fully 
described in Ser. No. 11/935,901 ). In yet another variant of 
this embodiment, monitoring station 110 continues to contact 
individuals until the alert message is affirmatively answered. 30 


Battery Conservation 


1. A portable electronic tracking device to monitor location 
20 coordinates of one or more individuals or objects, the device 


Referring to FIG. 3, a flow chart 300 illustrates battery 
conservation for electronic tracking device 100 as described 
in FIGS. 1, 2 in accordance with one embodiment of the 
present invention. In step 302, antenna 122a associated with 35 


electronic tracking device 100 acquires a snapshot of receive 
communication signal including location coordinates data. In 
step 304, processing unit 104 processes the snapshot of 
receive communication signal including location coordinates 
data. In step 306, processing unit 104 determines a power 40 


level of receive communication signal. 
In step 308, accelerometer 130 activates if a power level of 


the receive communication signal is insufficient for process
ing. In one variant of step 308, accelerometer 130 measures 
acceleration of electronic tracking device 100 at time inter- 45 


vals, e.g., Tl, T2, T3 ... TN. 
In step 310, processing unit 104 computes current location 


coordinates using acceleration measurements. In step 312, all 
or a portion of amplifier block 120 and associated circuitry, 
e.g., location tracking circuitry, are activated at selected time 50 


intervals to determine if receive communication signal is of 
sufficient signal strength. In one variation of step 312, upon 
determining receive communication signal of sufficient sig
nal strength, location tracking circuitry 114 are activated, and 
processing unit 104 determines location coordinates from the 55 


receive communication signal. In another variation of step 
312, upon determining receive communication signal of suf
ficient signal strength, accelerometer 130 is deactivated and 
location tracking circuitry 114 are activated, and processing 
unit 104 determines location coordinates from the receive 60 


communication signal. 
It is noted that many variations of the methods described 


above may be utilized consistent with the present invention. 
Specifically, certain steps are optional and may be performed 
or deleted as desired. Similarly, other steps ( such as additional 65 


data sampling, processing, filtration, calibration, or math
ematical analysis for example) may be added to the foregoing 


comprising: 
transceiver circuitry to receive at least one portion of a 


receive communication signal comprising location 
coordinates information; 


accelerometer circuitry to measure displacements of the 
portable electronic tracking device; 


a battery power monitor configured to selectively activate 
and deactivate at least one portion of the transceiver 
circuitry and location tracking circuitry to conserve bat
tery power in response to a signal level of the at least one 
portion of the receive communication signal; and 


processor circuitry configured to process the at least one 
portion of the receive communication signal. 


2. The device of claim 1, wherein the at least one portion of 
the receive communication signal comprises a snapshot of the 
receive communication signal. 


3. The device of claim 1, wherein the processor circuitry is 
further configured to compute the location coordinates of the 
portable electronic tracking device from the at least one por
tion of the receive communication signal and the displace
ments of the portable electronic tracking device in response to 
the signal level of the at least one portion of the receive 
communication signal. 


4. The device of claim 1, wherein the accelerometer com
prises a multi-beam structure having at least one beam of the 
multi-beam structure comprising a directional orientation 
substantially orthogonal to at least one other beam of the 
multi-beam structure. 


5. The device of claim 4, wherein the directional orienta
tion substantially orthogonal to at least one other beam of the 
multi-beam structure comprises a multi-directional orienta
tion to measure differential displacement accelerations in x, y, 
and z orientation directions utilized to compute differential 
location coordinates information in response to the portable 
electronic tracking device detection of a signal level less than 
a first signal level. 


6. The device of claim 4, wherein the directional orienta
tion substantially orthogonal to at least one beam of the multi
beam structure comprises a multi-directional orientation to 
measure differential displacement accelerations in x, y, and z 
orientation directions to compute differential location coor
dinates information in response to the portable electronic 
tracking device detection of a signal level less than a first 
signal level. 


7. The device of claim 1, wherein the displacements are 
transmitted to a monitoring station to determine current loca
tion coordinate information of the portable electronic track-
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ing device based in part on the displacements and at least one 
oflast known location coordinates of the portable electronic 
tracking device, last known location coordinates of another 
electronic tracking device, and landmark location coordi-
~~- 5 


8. The device of claim 7, wherein the battery power moni
tor is configured to deactivate the location tracking circuitry 
while the displacements are transmitted to the monitoring 
station. 


9. The device of claim 1, wherein the location tracking 10 


circuitry is configured to calculate location data based on the 
at least one portion of the receive communication signal. 


10. The device of claim 9, wherein the battery power moni
tor is configured to deactivate the location tracking circuitry 
when a communication signal is below a predefined level. 


11. The device of claim 9, wherein the battery power moni
tor is configured to activate the location tracking circuitry 
when the at least one portion of the receive communication 
signal is above a predefined level. 


12. The device of claim 9, wherein the battery power moni-
tor is configured to deactivate the accelerometer circuitry 
when the at least one portion of the receive communication 
signal is above the predefined level. 


15 


20 


13. The device of claim 9, wherein the battery power moni- 25 
tor is configured to activate the accelerometer circuitry when 
the at least one portion of the receive communication signal is 
below the predefined level. 


14. The device of claim 1, wherein the transceiver is con
figured to receive the at least one portion of the receive com-
munication signal from a GPS satellite and from a wireless 
communication network. 


15. A method to monitor location coordinates of one or 
more individuals or objects, the method comprising: 


30 


receiving at transceiver circuitry of a portable electronic 35 
tracking device at least one portion of a receive commu
nication signal comprising location coordinates infor
mation; 


measuring displacements of the portable electronic track
ing device; 


activating and deactivating at least one portion of the trans-
ceiver circuitry and location tracking circuitry to con-


40 


12 
serve battery power in response to a signal level of the at 
least one portion of the receive communication signal· 
and ' 


processing the at least one portion of the receive commu
nication signal using processor circuitry. 


16. The method of claim 15, wherein the processing further 
comprises computing the location coordinates of the portable 
electronic tracking device from the at least one portion of the 
receive communication signal and the displacements of the 
portable electronic tracking device in response to the signal 
level of the at least one portion of the receive communication 
signal. 
. 17. The_ method of claim 15, further comprising transmit


tmg the displacements to a monitoring station to determine 
current location coordinates information of the portable elec
tronic tracking device based in part on the displacements and 
at least one oflast known location coordinates of the portable 
electronic tracking device, last known location coordinates of 
another electronic tracking device, and landmark location 
coordinates. 


18. The method of claim 17, wherein the location tracking 
circuitry is deactivated while the displacements are transmit
ted to the monitoring station. 


19. The method of claim 15, further comprising calculating 
location data based on the at least one portion of the receive 
communication signal using the location tracking circuitry. 


20. The method of claim 15, wherein the location tracking 
circuitry is deactivated when a communication signal is 
below a predefined level. 


21. The method of claim 15, wherein the location tracking 
circuitry is activated when the at least one portion of the 
receive communication signal is above a predefined level. 


22. The method of claim 15, wherein the accelerometer is 
deactivated when the at least one portion of the receive com
munication signal is above the predefined level. 


23. The method of claim 15, wherein the accelerometer is 
activated when the at least one portion of the receive commu
nication signal is below the predefined level. 


24. The method of claim 15, wherein the at least one 
portion of the receive communication signal is received from 
a GPS satellite or from a wireless communication network. 


* * * * * 
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I, Scott Andrews, hereby declare the following:  


 BACKGROUND AND QUALIFICATIONS  


1. My name is Scott Andrews, and I am over 21 years of age and otherwise 


competent to make this Declaration. I make this Declaration based on facts and 


matters within my own knowledge and on information provided to me by others, 


and, if called as a witness, I could and would competently testify to the matters set 


forth herein. 


2. I have been retained as a technical expert witness in this matter by 


Counsel for the Petitioner, Apple Inc. (“Petitioner”) to provide my independent 


opinions on certain issues requested by Counsel for Petitioner relating to the 


accompanying Petition for Inter Partes Review of U.S. Patent No. 8,421,618 (“the 


’618 Patent”). I am being compensated at an hourly rate of $450.00. My 


compensation in this matter is not based on the substance of my opinions or on the 


outcome of this matter. I have been informed that LBT IP I LLC is the purported 


owners of the ’618 Patent. I note that I have no financial interest in LBT IP I LLC 


or Petitioner, and I have no other interest in the outcome of this matter.  


3. I have summarized in this section my educational background, career 


history, and other qualifications relevant to this matter.  I have also included a current 


version of my curriculum vitae, attached as Appendix B. 
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4. I have over 30 years of professional experience in the field of mobile 


devices and technologies and systems, including handheld communications and 


navigation devices, vehicle information systems and vehicle safety and control 


systems, and the sensor system that are used in these devices. Further, I have 


authored numerous published technical papers and am a named inventor on 15 U.S. 


and foreign patents. 


5. I received a Bachelor of Science degree in Electrical Engineering from 


University of California, Irvine in 1977 and a Master of Science degree in Electronic 


Engineering from Stanford University in 1982. 


6. From 1977 to 1979, I worked at Ford Aerospace where I designed, 


tested and delivered microwave radar receiver systems. 


7. From 1979 to 1983, I worked at Teledyne Microwave, where I 


developed high reliability microwave components and developed CAD tools. 


8. From 1983 to 1996, I worked at TRW, Inc., having held various 


positions. From 1983 to 1985, I was a Member of the technical staff and a 


Department Manager in the Space Electronics sector. Between 1985 and 1990 I was 


a project manager working on various communications systems projects including 


the US DoD Advanced Research Projects Administration (ARPA) MIMIC Program. 


Between 1990 and 1993 I was the Manager of MMIC (monolithic-microwave-


integrated-circuit) Products Organization. In this role, I developed business strategy 
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and managed customer and R&D programs. During this time, I also developed the 


first single chip 94 GHz Radar, used for automotive cruise control and anti-collision 


systems. In 1993, I transferred to the TRW Automotive Electronics Group, and 


managed about 30 engineers in the Systems Engineering and Advanced Product 


Development organization. In this role, I managed advanced development programs 


such as automotive radar, adaptive cruise control, occupant sensing, automatic crash 


notification systems, in-vehicle information systems, and other emerging 


transportation products. 


9. During this time, I also worked with various types of accelerometers. 


For example, I developed a system that sampled the acceleration signal over time, 


and applied this time series of samples as inputs to a neural network. We then 


adjusted the weights of the neural network so that the system would correctly 


discriminate between crash events and the events, for airbag activation. We also used 


accelerometers to determine and control airbag deployment parameters and timing, 


and to provide information about the crash severity to first responders. 


10. I was employed as a Project General Manager in the Electronics 


Division of Toyota Motor Corporation at Toyota headquarters in Toyota City, Japan 


from April 1996 to around April 2000. In this position, I was responsible for leading 


the development of vehicle telematics systems, infotainment systems, including on-


board and off-board navigation systems, mobile device integration systems, traffic 
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information systems, vehicle communications systems, safety applications, and 


automated vehicle control systems. For example, while I was working at Toyota, I 


was awarded a Japanese patent related to determining the relative orientation of a 


user’s eyepiece (i.e. glasses) relative to their eye axis and a display screen in order 


to determine where on the screen the user was looking. 


11. I am currently a consultant for Cogenia Partners, LLC, focusing on 


systems engineering, business development and technical strategy supporting 


automotive and information technology. I have been in this position since 2001. In 


one of my active engagements, I served as the technical lead on a project funded by 


the National Highway Traffic Safety Administration (NHTSA) to develop 


requirements for connected vehicle safety systems in preparation for NHTSA 


regulations governing such systems. I also served as a technical consultant on 


multiple projects sponsored by the Federal Highway Administration (FHWA) 


related to connected vehicle technology research. 


12. In the various positions mentioned above, I was responsible for research 


and development projects relating to numerous mobile information systems, user 


interface systems, sensory systems, control systems and safety systems, and also had 


the opportunity to collaborate with numerous researchers and suppliers to the auto 


industry. I therefore believe that I have a detailed understanding of the state of the 
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art during the relevant period, as well as a sound basis for opining how persons of 


skill in the art at that time would have understood the technical issues in this case. 


13. I am being compensated for my time spent in connection with this case. 


I have no financial interest in the outcome of this case. The opinions provided in this 


report are my own and my compensation does not depend in any way on the 


substance of my opinions. 


14. As part of my work and in forming my opinions in connection with this 


proceeding, I have reviewed the following materials. For any prior art listed below, 


it is my opinion persons of ordinary skill in my field would reasonably rely upon 


such prior art in forming opinions regarding the subject matter of this proceeding: 


• Petition for Inter Partes Review of U.S. Patent No. 8,421,618; 
• U.S. Patent No. 8,421,618 (Ex. 1001); 
• File History for U.S. Patent No. 8,421,618 (Ex. 1002); 
• JP 2004-37116 to Sakamoto (“Sakamoto”) (Ex. 1004); 
• U.S. Patent App. No. 2003/0217070 to Gotoh et al. (“Gotoh”) (Ex. 


1005) 
• U.S. Patent No.  5,583,776 to Levi et al. (“Levi”) (Ex. 1006); 
• U.S. Patent App. No. 2006/0272413 to Vaganov et al. (“Vaganov”) (Ex. 


1008); 
• U.S. Patent No. 7,053,823 to Cervinka et al. (“Cervinka”) (Ex. 1009); 
• U.S. Patent No. 6,799,050 to Krasner (“Krasner”) (Ex. 1010;) 
• U.S. Patent No. 5,902,347 to Backman et al. (“Backman”) (Ex.1013); 
• U.S. Patent No. 7,106,189 to Burneske et al. (“Burnseske”) (Ex. 1014); 
• U.S. Patent No. 6,308,134 to Croyle et al. (“Croyle”) (Ex. 1015);  
• U.S. Patent No. 7,024,321 to Deninger et al. (“Deninger”) (Ex. 1016);  
• U.S. Patent No. 7,196,661 to Harvey (“Harvey”) (Ex. 1017);  
• U.S. Patent No. 5,257,195 to Hirata (“Hirata”) (Ex. 1018) 
• U.S. Patent Application Publication No. 2006/0167647A1 to Krumm et 


al. (“Krumm”) (Ex. 1019);  
• U.S. Patent No. 5,592,173 to Lau et al. (“Lau”) (Ex. 1020);  
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• U.S. Patent No. 7,430,675 to Lee (“Lee”) (Ex. 1021); 
• U.S. Patent No. 8,467,804 to Lindquist (“Lindquist”) (Ex. 1022); 
• U.S. Patent No. 7,760,137 to Martucci et al. (“Martucci”) (Ex. 1023); 
• U.S. Patent No. 7,181,192 to Panasik et al. (Ex. 1024); 
• U.S. Patent No. 7,126,536 to Rabinowitz et al. (Ex. 1025)  
• U.S. Patent No. 8,797,214 to Taylor et al. (“Taylor”) (Ex. 1026); 
• U.S. Patent No. 7,239,271 to Vyas et al. (“Vyas”) (Ex. 1027); 
• U.S. Patent No. 6,850,844 to Walters et al. (“Walters”) (Ex. 1028); 
• U.S. Patent No. 7,439,907 to Wang et al. (“Wang”) (Ex. 1029); 
• U.S. Patent No. 5,491,486 to Welles, II et al. (“Welles”) (Ex. 1030); 
• Analog Devices ADXL320 Data Sheet (“ADXL320”) (Ex. 1031) 
• Vehicle Location and Navigation Systems, pp. 43-81 (“Zhao”) (Ex. 


1032); 
• CV of Scott Andrews (Ex. 1035); 
• LBT IP I LLC v. Apple Inc., 1:19-cv-01245, No. 1 (D. Del. July 1, 2019) 


(“LBT Complaint”) (Ex. 1036); 
• U.S. Patent Application Publication No. 2007/005243A1 to Horvitz et 


al. (“Horvitz”) (Ex. 1039); 
• U.S. Patent Application Publication No. 2007/0005363A1 to Cucerzan 


et al. (“Cucerzan”) (Ex. 1040); 
• U.S. Patent No. 6,067,046 to Nichols (“Nichols”) (Ex. 1041); 
• U.S. Patent No. 6,522,266 to Soehren et al. (“Soehren”) (Ex. 1042); 
• U.S. Patent No. 6,546,336 to Matsuoka et al. (“Matsuoka”) (Ex. 1043); 
• U.S. Patent No. 6,657,587 to Mohan et al. (“Mohan”) (Ex. 1044); 
• U.S. Patent No. 6,853,909 to Scherzinger et al. (“Scherzinger”) (Ex. 


1045); 
• U.S. Patent No. 7,953,327 to Pereira et al. (“Pereira”) (Ex. 1046); 
• U.S. Patent No. 7,970,412 to Pande et al. (“Pande”) (Ex. 1047); 
• U.S. Patent No. 8,068,984 to Smith et al. (“Smith”) (Ex. 1048); 
• International Patent Application Publication No. WO2007/101724 to 


Deurwaarder (“Deurwaarder”) (Ex. 1049); 
• Resnick et al., Volume One Physics Fourth Edition, John Wiley & 


Sons, pp. 37-42 (1992) (“Physics”) (Ex. 1050); 
• Any other materials I cite in support of this Declaration. 
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 LEGAL FRAMEWORK  


15. I am a technical expert and do not offer any legal opinions. However, I 


have been informed about certain legal principles regarding patentability and related 


matters under United States patent law, which I have applied in performing my 


analysis and arriving at my technical opinions in this matter. 


 ANALOGOUS ART 


16. I have been informed by counsel that for prior art to be used to establish 


the unpatentability of a patent based on obviousness, the prior art must be “analogous 


art” to the claimed invention. I have also been informed by counsel that a prior art 


reference is analogous art to the claimed invention if: (1) the reference is from the 


same field of endeavor as the claimed invention, even if it addresses a different 


problem; or (2) the reference is reasonably pertinent to the problem faced by the 


invention, even if it is not in the same field of endeavor as the claimed invention.  


 OBVIOUSNESS 


17. I have been informed that a person cannot obtain a patent on an 


invention if the differences between the invention and the prior art are such that the 


subject matter as a whole would have been obvious at the time the invention was 


made to a person having ordinary skill in the art (“POSITA”). I have been informed 


that a conclusion of obviousness may be founded upon more than a single item of 


prior art. I have been further informed that obviousness is determined by evaluating 


IPR2020-01192 
Apple EX1003 Page 11







Declaration of Scott Andrews 
Patent No. 8,421,618 


 


the following factors: (1) the scope and content of the prior art, (2) the differences 


between the prior art and the claim at issue, (3) the level of ordinary skill in the 


pertinent art, and (4) secondary considerations of non-obviousness. In addition, the 


obviousness inquiry should not be done in hindsight. Instead, the obviousness 


inquiry should be done through the eyes of a POSITA at the time of the alleged 


invention. 


18. In considering whether certain prior art renders a particular patent claim 


obvious, I have been informed that I can consider the scope and content of the prior 


art, including the fact that one of skill in the art would regularly look to the 


disclosures in patents, trade publications, journal articles, conference papers, 


industry standards, product literature and documentation, texts describing 


competitive technologies, requests for comment published by standard setting 


organizations, and materials from industry conferences, as examples. I have been 


informed that for a prior art reference to be proper for use in an obviousness analysis, 


the reference must be “analogous art” to the claimed invention. I have been informed 


that a reference is analogous art to the claimed invention if: (1) the reference is from 


the same field of endeavor as the claimed invention (even if it addresses a different 


problem); or (2) the reference is reasonably pertinent to the problem faced by the 


inventor (even if it is not in the same field of endeavor as the claimed invention). In 


order for a reference to be “reasonably pertinent” to the problem, it must logically 
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have commended itself to an inventor's attention in considering his problem. In 


determining whether a reference is reasonably pertinent, one should consider the 


problem faced by the inventor, as reflected either explicitly or implicitly, in the 


specification. I believe that all of the references I considered in forming my opinions 


in this IPR are well within the range of references a POSITA would have consulted 


to address the type of problems described in the ’618 Patent. 


19. I have been informed that, in order to establish that a claimed invention 


was obvious based on a combination of prior art elements, a clear articulation of the 


reason(s) why a claimed invention would have been obvious must be provided. 


Specifically, I am informed that, under the U.S. Supreme Court’s KSR decision, a 


combination of multiple items of prior art renders a patent claim obvious when there 


was an apparent reason for one of ordinary skill in the art, at the time of the invention, 


to combine the prior art, which can include, but is not limited to, any of the following 


rationales: (A) combining prior art methods according to known methods to yield 


predictable results; (B) substituting one known element for another to obtain 


predictable results; (C) using a known technique to improve a similar device in the 


same way; (D) applying a known technique to a known device ready for 


improvement to yield predictable results; (E) trying a finite number of identified, 


predictable potential solutions, with a reasonable expectation of success; (F) 


identifying that known work in one field of endeavor may prompt variations of it for 
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use in either the same field or a different one based on design incentives or other 


market forces if the variations are predictable to one of ordinary skill in the art; or 


(G) identifying an explicit teaching, suggestion, or motivation in the prior art that 


would have led one of ordinary skill to modify the prior art reference or to combine 


the prior art references to arrive at the claimed invention. I am also informed that 


where there is a motivation to combine, claims may be rejected as prima facie 


obvious provided a POSITA would have had a reasonable expectation of success 


regarding the proposed combination. 


20. I am informed that the existence of an explicit teaching, suggestion, or 


motivation to combine known elements of the prior art is a sufficient, but not a 


necessary, condition to a finding of obviousness. This so-called “teaching-


suggestion-motivation” test is not the exclusive test and is not to be applied rigidly 


in an obviousness analysis. In determining whether the subject matter of a patent 


claim is obvious, neither the particular motivation nor the avowed purpose of the 


patentee controls. Instead, the important consideration is the objective reach of the 


claim. In other words, if the claim extends to what is obvious, then the claim is 


invalid. I am further informed that the obviousness analysis often necessitates 


consideration of the interrelated teachings of multiple patents, the effects of demands 


known to the technological community or present in the marketplace, and the 


background knowledge possessed by a person having ordinary skill in the art. All of 
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these issues may be considered to determine whether there was an apparent reason 


to combine the known elements in the fashion claimed by the patent. 


21. I also am informed that in conducting an obviousness analysis, a precise 


teaching directed to the specific subject matter of the challenged claim need not be 


sought out because it is appropriate to take account of the inferences and creative 


steps that a POSITA would employ. The prior art considered can be directed to any 


need or problem known in the field of endeavor at the time of invention and can 


provide a reason for combining the elements of the prior art in the manner claimed. 


In other words, the prior art need not be directed towards solving the same specific 


problem as the problem addressed by the patent. Further, the individual prior art 


references themselves need not all be directed towards solving the same problem. I 


am informed that, under the KSR obviousness standard, common sense is important 


and should be considered. Common sense teaches that familiar items may have 


obvious uses beyond their primary purposes. 


22. I also am informed that the fact that a particular combination of prior 


art elements was “obvious to try” may indicate that the combination was obvious 


even if no one attempted the combination. If the combination was obvious to try 


(regardless of whether it was actually tried) or leads to anticipated success, then it is 


likely the result of ordinary skill and common sense rather than innovation. I am 


further informed that in many fields it may be that there is little discussion of obvious 
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techniques or combinations, and it often may be the case that market demand, rather 


than scientific literature or knowledge, will drive the design of an invention. I am 


informed that an invention that is a combination of prior art must do more than yield 


predictable results to be non-obvious.  


23. I am informed that for a patent claim to be obvious, the claim must be 


obvious to a POSITA at the time of the alleged invention. I am informed that the 


factors to consider in determining the level of ordinary skill in the art include (1) the 


educational level and experience of people working in the field at the time the 


invention was made, (2) the types of problems faced in the art and the solutions 


found to those problems, and (3) the sophistication of the technology in the field. 


24. I am informed that it is improper to combine references where the 


references teach away from their combination. I am informed that a reference may 


be said to teach away when a POSITA, upon reading the reference, would be 


discouraged from following the path set out in the reference, or would be led in a 


direction divergent from the path that was taken by the patent applicant. In general, 


a reference will teach away if it suggests that the line of development flowing from 


the reference’s disclosure is unlikely to be productive of the result sought by the 


patentee. I am informed that a reference teaches away, for example, if (1) the 


combination would produce a seemingly inoperative device, or (2) the references 


leave the impression that the product would not have the property sought by the 
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patentee. I also am informed, however, that a reference does not teach away if it 


merely expresses a general preference for an alternative invention but does not 


criticize, discredit, or otherwise discourage investigation into the invention claimed.  


 SECONDARY CONSIDERATIONS OF NON-OBVIOUSNESS 


25. I am informed that even if a prima facie case of obviousness is 


established, the final determination of obviousness must also consider “secondary 


considerations” if presented. In most instances, the patentee raises these secondary 


considerations of non-obviousness. In that context, the patentee argues an invention 


would not have been obvious in view of these considerations, which include: (a) 


commercial success of a product due to the merits of the claimed invention; (b) a 


long-felt, but unsatisfied need for the invention; (c) failure of others to find the 


solution provided by the claimed invention; (d) deliberate copying of the invention 


by others; (e) unexpected results achieved by the invention; (f) praise of the 


invention by others skilled in the art; (g) lack of independent simultaneous invention 


within a comparatively short space of time; (h) teaching away from the invention in 


the prior art. 


26. I am further informed that secondary-considerations evidence is only 


relevant if the offering party establishes a connection, or nexus, between the 


evidence and the claimed invention. The nexus cannot be based on prior art features. 


The establishment of a nexus is a question of fact. While I understand that the Patent 
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Owner here has not offered any secondary considerations at this time, I will 


supplement my opinions in the event that the Patent Owner raises secondary 


considerations during the course of this proceeding. 


 CLAIM CONSTRUCTION 


27. I have been informed by counsel that the first step in an unpatentability 


analysis involves construing the claims, as necessary, to determine their scope. 


Second, the construed claim language is then compared to the disclosures of the prior 


art. I am informed that claims are generally given their ordinary and custom meaning 


as understood by one of ordinary skill in the art at the time of the invention, in light 


of the patent specification. 


28. For purposes of this proceeding, I have applied the claim constructions 


set forth in the claim construction section of the Petition for Inter Partes Review of 


U.S. Patent No. 8,421,618 (the “Petition”) that this declaration accompanies when 


analyzing the prior art and the claims. For any claim terms not construed, I have 


applied the meaning of the claim terms of the ’618 Patent that are generally 


consistent with the terms’ ordinary and customary meaning, as a person of ordinary 


skill in the art would have understood them at the time of the invention. I have been 


instructed to assume for purposes of this proceeding that the time of the invention is 


January 6, 2008. 
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 OPINION REGARDING LEVEL OF SKILL OF A PERSON HAVING 
ORDINARY SKILL IN THE ART 


29. I was asked to provide my opinion as to the level of skill of a person 


having ordinary skill in the art (“POSITA”) of the ’618 Patent at the time of the 


claimed invention, which I have been instructed to assume is January 6, 2008. In 


determining the characteristics of a hypothetical person of ordinary skill in the art of 


the ’618 Patent at the time of the claimed invention, I was told to consider several 


factors, including the type of problems encountered in the art, the solutions to those 


problems, the rapidity with which innovations are made in the field, the 


sophistication of the technology, and the education level of active workers in the 


field. I also placed myself back in the time frame of the claimed invention and 


considered the colleagues with whom I had worked at that time.  


30. In my opinion, a person having ordinary skill in the art of the ’618 


Patent at the time of its filing would have been a person having, as of January 6, 


2008, a Bachelor’s degree in Electrical Engineering, Computer Engineering, or 


Computer Science, or an equivalent degree with at least two years of experience in 


digital video systems and networking, human-computer interaction, or related 


technologies. Additional education may substitute for lesser work experience and 


vice-versa. Such a person of ordinary skill in the art would have been capable of 


understanding the ’618 Patent and the prior art references discussed herein. 
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31. Based on my education, training, and professional experience in the 


field of the claimed invention, I am familiar with the level and abilities of a person 


of ordinary skill in the art at the time of the claimed invention. Additionally, I met 


at least these minimum qualifications to be a person having ordinary skill in the art 


at least as of January 6, 2008. Further, although my qualifications may exceed those 


of the hypothetical person having ordinary skill in the art defined above, my analysis 


and opinions regarding the ’618 Patent have been rendered from the perspective of 


a person having ordinary skill in the art at the time of the invention. 


32. My opinions provided in this Declaration are made as of the priority 


date of the ’618 Patent (which counsel has informed me is January 6, 2008), unless 


expressly stated otherwise. To the extent that any verb tense used in this Declaration 


or any deposition or testimony provided in this matter is a present tense, e.g., “would 


reasonably understand,” such verb tense should be understood to be my opinion as 


of the ’618 Patent’s priority date (again, unless expressly stated otherwise). I merely 


use the present verb tense for ease of reading. 


 BACKGROUND OF TECHNOLOGY 


33. I was asked to briefly summarize the background of the technology 


from the standpoint of a POSITA prior to January 6, 2008. 
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 GPS TECHNOLOGY 


34. For decades, location tracking devices have utilized GPS technology to 


provide increasingly fast and accurate determination of a device's current and/or past 


location. NAVSTAR GPS was originally developed in the 1970s by the U.S. 


Department of Defense for military applications. See, e.g., Vyas (Ex. 1027), 1:36-


51; Zhao, 63. Since that time, numerous advancements have taken place, such as the 


addition of satellites leading to 24 operational GPS satellites in orbit, and civilian 


use has been authorized by the United States government, within limitations. Zhao, 


63-64. Additionally, various components employed utilized for GPS-based location 


sensing have been manufactured to be smaller and less expensive, allowing GPS 


technology to be adapted into affordable portable hand-held devices at least as early 


as 1996. Backman (Ex. 1013), 2:17-20. By this time, various technical improvements 


were already being employed to overcome well-known issues associated with GPS 


technology, such as low signal strength and the extensive power consumption of 


GPS receivers, as will be discussed in further detail below. 


35. GPS satellites operate by transmitting a signal comprising almanac and 


time information, as well as clock and other correction coefficients to receiving 


devices on Earth. Wang, 2:1-4. Using this data received from each satellite signal 


collected over time by the GPS receiver, precise orbital coordinates of each 


respective satellite is then determined by the device using “ephemeris data” 
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corresponding to the expected general position of each satellite. Wang, 2:24-26; 


Zhao, 64-65. This ephemeris data may be, in many cases, received from a remote 


location such as a server over a communication network such as a mobile telephone 


network. Thereafter, a “pseudorange” for the particular satellite is determined by 


exploiting the known invariance of the speed of light. Croyle, 3:24-31. Given the 


position of at least four satellites and the pseudorange from each of the satellites, a 


triangulation process may then be used to calculate the location coordinates of the 


GPS receiver by calculating the geometric intersection of the pseudoranges. Id., 


3:20-24. 


36. Thus, GPS satellite signals do not and would not have comprised 


location coordinates of the tracking device directly, such as the longitudinal, 


latitudinal, and elevational positional coordinates. See ’618 Patent at 4:19-22. 


Rather, a POSITA would have recognized that the ephemeris data including orbital 


information of a plurality of satellites would have been used for locally determining 


longitudinal, latitudinal, and elevational coordinates of the satellite. 


37. For example, as described by Zhao, a geodetic system for determining 


a user's location, such as WGS 84, defines points using three parameters: ellipsoidal 


height (elevation), geodetic latitude, and geodetic longitude. Zhao, 23, 64. These 


parameters are not directly transmitted by each satellite, but rather are determined 


based on location information(e.g., ephemeris data) transmitted from each satellite 
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to a receiving device. Id. In the system described by Zhao, observation of at least 


four satellites with known coordinates at a given time permits determination of the 


3D coordinates of the GPS receiver using a series of parametric equations. Zhao, 64, 


68. Thus, any GPS satellite signal would have comprised location coordinates 


information comprising the information necessary to calculate longitudinal, 


latitudinal, and elevational coordinates rather than containing the coordinates 


themselves. 


38. A POSITA would have understood that location coordinate information 


would not necessarily comprise precise location coordinates but rather would 


comprise any information relating to location coordinates that would then be 


subsequently used for determining location coordinates, such as the ephemeris data 


used to precisely determine the position of the GPS satellite at a given time. Wang, 


2:24-26; Harvey (Ex. 1017), 2:24-35. 


 ACCELEROMETERS 


39. Accelerometers were also a well-established technology for use in 


mobile applications prior to the filing date of the ’618 Patent. Portable electronic 


devices were known to include inertial sensors, such as accelerometers to track 


location. See, e.g., Taylor, 4:60-5:2, 7:14-16. Specifically, Burneske, filed in 2004, 


teaches a tracking device comprising three linear accelerometers positioned within 


the tracking device to measure acceleration components along three orthogonal axes. 
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Burneske (Ex. 1014), 7:36-44. Such inertial location tracking techniques were also 


known to be used in larger vehicle tracking systems, such as Croyle published in 


2001.  


40. Croyle teaches a vehicle navigation system using multiple orthogonal 


axes accelerometers to measure acceleration of a vehicle. Croyle (Ex. 1015), 


Abstract. The vehicle navigation system of Croyle is further taught as including a 


GPS receiver for receiving GPS signals to determine position and velocity 


information of the vehicle navigation system. Croyle, 3:10-19, 4:1-16. Specifically, 


Croyle's accelerometers to produce a voltage measure displacement from zero, 


convert the voltage to an acceleration, integrate the acceleration once to produce a 


velocity, and use the velocity to determine change in distance information. Croyle, 


4:48-67. Thereafter, Croyle teaches determining a current position by adding a 


change in distance information to a previously known position. Id., 12:40-43. 


41. Further, the accelerometers employed in mobile electronics as 


described in the ’618 Patent were already well-known. ’618 Patent at 6:45-55. For 


example, the ADXL320 product sheet describes smart hand-held devices and mobile 


phones as known applications for the accelerometer. ADXL320 (Ex. 1031), 1. The 


ADXL320 accelerometer operates by providing analog voltages proportional to 


sensed acceleration. ADXL320, 11. The sensor of this type of accelerometer had been 


known to comprise polysilicon springs suspending a mass over a surface, the springs 
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providing a resistance against acceleration forces. Deflection of the mass are 


measured using a square wave-driven, differential capacitor comprising fixed plates 


and plates attached to the moving mass. Thus, during operation of the accelerometer, 


acceleration deflects the mass and thereby unbalances the differential capacitor, 


resulting in an output square wave with an amplitude proportional to the 


acceleration. ADXL320, 11. Such accelerometers were commonplace and well-


known well before the January 2008 date. 


42. Thus, it was well-known to include accelerometers in mobile location 


tracking systems to determine position changes and monitor physical impacts. 


Further, the methods of use of accelerometers were well established and it was 


known that a differential voltage from raw accelerometer data was converted into an 


acceleration value, then double integrated to determine positional displacement. 


 DEAD RECKONING 


43. Dead reckoning is a well-known technique for determining location 


relative to a reference point of a starting location based on known displacements. 


Zhao, 45.  


44. Location tracking technology had been known to utilize dead reckoning 


techniques alongside GPS technology at least as early as 1991. Hirata (Ex. 1018), 


3:22-42. For example, portable electronic devices were known to include a dead 


reckoning component, such as an accelerometer, to track location in complement to 
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or in place of a GPS receiver, especially when GPS service was degraded. Walters 


(Ex. 1028), 2:47-54, 14:45-48; Croyle, 1:20-24,12:58-62, 13:49-53; Cervinka, 3:53-


4:1; Lau, 4:10-13.  


45. Specifically, Walters teaches a portable electronic navigation device 


including a GPS receiver and a dead reckoning component, such as an 


accelerometer. Walters, Abstract. The portable electronic navigation device is taught 


as using the triangulation positioning functionality (GPS) and the dead reckoning 


functionality in complement to one another. Walters, 8:66-9:5. Walters also 


discloses that the dead reckoning component allows the portable electronic 


navigation device to continue monitoring position when such triangulation 


positioning functionality experiences interference, such as urban canyons or when 


the device is indoors. Walters, 9:23-29. 


46. Scherzinger teaches an aided inertial navigation system for land 


surveying with a walking stick navigator device including a GPS surveying 


instrument, such as a GPS receiver. Scherzinger (Ex. 1045), Abstract, 4:20-34. As a 


result of signal blockage, the system enters a dead reckoning navigation mode, in 


which relative displacements from an inertial measurement unit including a triad of 


accelerometers are used to control position error drift. Scherzinger, 1:20-24, 3:42-


45. Scherzinger further teaches that a present position is computed using sampled 


inertial data from the inertial measurement unit. Scherzinger, 4:4-19. Thus, dead 
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reckoning techniques were well-known and had been established well before 


January 2008.  


47. Nichols teaches a handheld surveying device including a GPS receiver 


that may be augmented by a dead reckoning positioning unit. Nichols (Ex. 1041), 


Abstract. Nichols teaches that dead reckoning systems compute a position solution 


by deducing displacements from a known starting point, by double integrating 


acceleration and adding the results of the integration to the starting position to obtain 


current location. Nichols, 4:3-14. Nichols further teaches that dead reckoning 


systems were useful where GPS or other RF positioning signals are unavailable, such 


as under urban canopies and in urban canyons. Nichols, 3:60-65. Similarly, Soehren 


and Pereira also teach devices including both dead reckoning systems and GPS. 


Soehren (Ex. 1042), Abstract, 5:57-59, 8:32-33; Pereira (Ex. 1046), Abstract, 8:22-


33. 


48. Additionally, Matsuoka teaches a portable position detector including 


a GPS receiver unit and an acceleration sensor. Matsuoka (Ex. 1043), Abstract, 


11:39-46, 20:2-6. Specifically, Matsuoka teaches that self-contained navigation can 


determine a position of the portable position detector even where a signal cannot be 


received from the GPS. Matsuoka, Abstract, 4:38-60, 8:19-24.  


49. Pande teaches an aided location communication system including a 


geolocation server and a wireless communication device having a GPS section. 
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Pande (Ex. 1047), Abstract. The aided location communication system switches 


from a GPS-standalone mode to an aided mode where the system is unable to receive 


any GPS signals. Pande, 20:39-53. Pande also teaches an augmented autonomous 


mode utilizing sensors, such as accelerometers, to aid the aided location 


communication system outside of communication operations. Pande, 20:34-39.  


50. Smith teaches a navigation system including a GPS receiver and an 


inertial navigation system unit which may include devices such as MEMS 


accelerometers, that continues to provide location data to a user in the absence of 


radio location data. Smith (Ex. 1048), Abstract, 6:15-28, 29:9-17. The navigation 


system permits improved accuracy of the GPS, and the inertial positioning system 


by providing cross-calibration of location data, which permits effective use of the 


much less costly inertial positioning system components. Smith, 29:17-31. 


51. Geissler teaches a three-dimensional GPS-assisted tracking device. The 


tracking device is taught as comprising a transceiver, an AM receiver receiving 


position data from GPS satellites, a battery, a three-axis accelerometer that provides 


acceleration data which, when integrated based on time, results in a speed, and 


relative distance measurement, and a radio frequency antenna. Geissler (Ex 1037), 


[0033], [0036], [0039]. Further, a processing unit of the tracking device uses GPS 


location of a reference station that transmits GPS coordinates to the tracking device 


as a positioning reference. Geissler, [0041], [0062]. Geissler also teaches that the 
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GPS receiver may self-power down if a usable set of satellite signals is not received. 


Geissler, [0066]. 


52. Case teaches a multi-sensor monitoring system with a combined GPS 


and accelerometer-based speed and distance monitor. Case (Ex. 1038), Abstract, 


[0056]. Additionally, Case teaches that because accelerometer-based speed and 


distance monitoring systems do not require as much battery power as a GPS-based 


system, the accelerometer based system may be sampled more frequently to save 


power. Case, [0062]. 


53. Deurwaarder teaches a portable navigation device, which may be a 


handheld device such as a mobile telephone, comprising an accelerometer and a GPS 


receiver. Deurwaarder (Ex. 1049), Abstract, 2:3-10, 3:5. The portable navigation 


device may incorporate an assisted satellite navigation option using a dual axis 


accelerometer to predict position when no GPS is available. Deurwaarder, p. 4:3-5. 


Deurwaarder describes a first behavior if GPS is available, where a pure GPS 


solution is used and the assisted satellite navigation is calibrated, and a second 


behavior if GPS is unavailable, where the assisted satellite navigation is used and 


acceleration is integrated in time to give an assisted satellite navigation derived 


position. Deurwaarder, 4-5. 


54. Thus, dead reckoning techniques had been known to use inertial 


location tracking as supplemental location tracking to satellite based location 
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tracking (i.e., GPS) well before January 2008. Accordingly, a POSITA would have 


been aware of the benefit of relying on accelerometer data to determine position 


when primary location tracking (i.e., GPS) was degraded. 


 COMMUNICATION WITH A MONITORING STATION 


55. Prior to 2008, it was also well-known to rely on communication 


services to send location coordinates and monitor electronic tracking devices. 


Specifically, a base station including a cellular phone was known (Martucci, 5:25-


29, 10:51-67, 15:4-6), as well as a communication channel for communicating 


navigational data between a remote server and a navigation device (Walters, 10:41-


45). It was further established that one or more contact numbers may be inputted by 


a user to a handheld portable device as emergency contact information and that the 


device would automatically contact an emergency dispatcher based on one or more 


acceleration profiles. Panasik (Ex. 1024), 3:2-8, 6:52-54. 


56. Martucci teaches a portable positioning determining device comprising 


a satellite navigation receiver (i.e., GPS receiver). Martucci, Abstract. The 


positioning determining device communicates location information with a base 


station via a two-way paging system. Martucci, 12:55-57. The base station is taught 


as including a cellular phone for communicating over a cellular network. Martucci, 


15:4-6, 21:8-12. 
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57. Panasik teaches an automated emergency alert system including a 


handheld portable communication device, and a dynamic sensor, such as an 


accelerometer, to generate an acceleration profile of the device. Panasik teaches 


initiating communication over a network if it is determined that the acceleration 


profile matches a predefined acceleration profile. Panasik, Abstract, 3:2-8, 4:46-49. 


Further, Panasik teaches collecting user information, such as one or more contact 


numbers of persons associated with the user (e.g., an emergency contact person). 


Panasik, 6:50-61. Thus, as shown by these examples, it was well-known prior to 


January 2008 to contact an individual on a contact list upon sensing an emergency 


event by an accelerometer. 


 RELIABILITY OF GPS SIGNALS 


58. Prior to January 6, 2008 it was a known issue that GPS signals may be 


relatively weak, on the order of -160 dBW. Rabinowitz (Ex. 1025), 1:57-64. It had 


also been known that the already weak GPS signals may become degraded from 


interference with physical obstacles, such as buildings or indoor environments, 


further frustrating attempts to accurately determine a device's location. See, e.g., 


Croyle, 11:43-46; Walters, 9:23-29; Krumm (Ex. 1019), [0003]-[0004], [0042]; Lau, 


4:10-13, 9:60-65. Thus, a variety of solutions have been developed to overcome the 


unreliability often experienced by devices sensing GPS signals. 


IPR2020-01192 
Apple EX1003 Page 31







Declaration of Scott Andrews 
Patent No. 8,421,618 


 


59. Croyle teaches a preamplifier attached to a GPS antenna of the GPS 


receiver to amplify the GPS signal. Croyle, 3:16-18. Croyle also teaches using 


longitudinal and latitudinal acceleration information from the accelerometer to 


determine position if GPS is not available. Croyle, 5:39-45, 11:43-46. Thus, it was 


known prior to 2008 to (a) amplify received GPS signals and (b) include an 


accelerometer in a location tracking device to rely on when a GPS signal was 


unavailable.  


60. Taylor teaches location tracking of a wireless communication device, 


such as a cell phone comprising a GPS and an event sensor, such as an accelerometer. 


Taylor (Ex. 1026), 2:7-9, 13:16-18, 13:22-24. Taylor teaches that the GPS provides 


an indication of reliability of the signal based on satellite acquisition, signal strength, 


and concordance of data received from multiple satellite signals. Taylor, 13:29-37. 


Similarly, Lau teaches measuring GPS satellite visibility of the GPS receiver and 


when no GPS signals are received the GPS receiver is set to a low power standby 


mode for a long time duration to avoid depleting batteries. Lau (Ex. 1020), 10:52-


65. Thus, prior to January 2008, it was well-known to measure a GPS signal level 


and to control GPS functionality based on its signal level to conserve battery power. 


61. Lindquist teaches repetitively switching power-on to power-off to a 


GPS receiver circuit of a mobile terminal. Lindquist, Abstract. The power-on to 


power-off duty cycle can be regulated in response to identifying GPS isolation based 
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on insufficient signal strength. Lindquist (Ex. 1022), 3:62-4:7. Further, Lindquist 


expressly discloses that power may be conserved by powering down the GPS 


receiver circuit. Lindquist, 12:22-27. Lindquist also teaches determining 


acceleration-based location of the mobile device using acceleration information 


from an accelerometer during a power-off cycle of the GPS receiver circuit. 


Lindquist, 2:1-20. 


62. Krumm teaches a system and method for determining if a device is 


inside or outside of a building to save power by suppressing services from certain 


devices. Krumm, Abstract. Specifically, Krumm teaches if it is determined the device 


is inside, the system turns off the GPS system to conserve battery. Krumm, [0003]. 


Thus, a POSITA would have been aware of the benefit of suppressing (i.e., powering 


down) GPS circuitry while inside (a location where GPS signal would have been 


known to be weak) to reduce power consumption of the GPS receiver (a well-known 


issue, as discussed below). 


63. Further, it was known to measure a GPS signal strength (i.e., signal 


level) to detect indoor/outdoor conditions. Specifically, Wang teaches a mobile 


navigation receiver including a signal strength detector for testing the received signal 


strength to detect indoor/outdoor transitions of the receiver. Wang (Ex. 1029), 5:58-


63. 
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64. Horvitz teaches a location-centric signal shadow mapping and storing 


architecture which stores information associated with the loss of location-identifying 


signals, such as GPS signals. Horvitz (Ex. 1039), Abstract. Here, the architecture 


stores information of GPS shadowed locations, where a GPS shadow is an area 


where a receiver cannot receive adequate GPS signals due to blockage or 


degradation from structures. Horvitz, [0025]. 


65. Additionally, Cucerzan teaches that GPS signals are not available 


inside buildings. Cucerzan, (Ex. 1040), [0054]. 


 POWER CONSUMPTION OF GPS RECEIVERS 


66. In addition to the unreliability of GPS signals, another known 


significant obstacle to GPS technology was the high power consumption of the GPS 


receiver. Specifically, it was established at least as early as 1994 that GPS receivers 


consumed a substantial amount of power. Welles (Ex. 1030), 4:1-22; Martucci (Ex. 


1023), 1:62-2:3. As will be shown, power conservation for location tracking circuitry 


(specifically including GPS receivers within mobile devices) was a well-established 


solution used to reduce power consumption. Further, it was known that many mobile 


devices, such as location tracking units and cellular phones relied on battery power 


to operate. See, e.g. Welles, 4:67-5:1; Martucci, 11:43-52. Since battery 


conservation was a prevalent concern, many solutions have been developed relating 
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to battery monitoring and battery conservation techniques. See, e.g. Martucci, 23:32-


35; Wang, 11:11-14; Lau, 4:16-26. 


67. Welles teaches a mobile tracking unit for a vehicle tracking system of a 


vehicle including a power source, such as a battery, and a navigation set, such as a 


GPS receiver, that reduces power consumption by selectively activating the 


navigation set. Welles, Abstract, 1:17-19, 4:67. Specifically, Welles teaches reducing 


an activation rate of the navigation set when it is determined that the vehicle is 


stationary, which is disclosed as substantially reducing the overall power 


consumption by a factor of at least 100. Welles, 4:18-22. Thus, it was known prior 


to 2008 that reducing the activation of a GPS receiver would have led to substantial 


power savings, which a POSITA would have recognized to have been especially 


beneficial to mobile systems relying on limited battery power. 


68. In addition, some systems were known to include battery monitors to 


monitor battery conditions of portable electronic devices, such as available battery 


power. See, e.g. Deninger (Ex. 1016), 2:36-40; Lee (Ex. 1021), 5:28-33. 


Specifically, Deninger teaches a battery monitoring system comprising battery 


monitoring equipment that senses electrical charge of a battery and transmits a 


battery status message and powers down electrical components in response to a low-


battery-charge condition. Deninger, Abstract, 9:48-56, 10:17-26. Deninger 


specifically discloses that a low battery charge routine, initiated when sampled 
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battery voltage falls within a predetermined low-battery-charge range, involves 


powering down a GPS receiver. Deninger, 8:46-51, 10:26-33. Similarly, Lee teaches 


power management for a battery powered electronic device by reducing power 


consumption including a power manager and a battery monitor couple to a battery 


of the electronic device for providing battery conditions, such as charge level, 


temperature, voltage, and current. Lee, Abstract, 3:54-4:3. 


69. Mohan teaches a tracking system that disables a GPS receiver and a 


communications transceiver when not in use to conserve power. Mohan (Ex. 1044), 


Abstract, 2:14-22. Mohan further teaches a power management subsystem to 


monitor a battery of the tracking system and, if the battery capacity is low, transmit 


a signal to a low power alarm that causes the system to enter a low-power alarm 


mode. Mohan, 3:20-30, 6:14-18. Mohan also teaches sensing logic for interrogating 


the GPS signal strength, where the GPS signal is periodically polled until a sufficient 


level of GPS signal is determined and the system proceeds with normal operation. 


Mohan, 5:25-37. 


70. Cucerzan teaches a portable device capable of communicating with a 


position location system, such as GPS, to determine a physical location of the device. 


Cucerzan (Ex. 1040), [0045], [0047]. Cucerzan teaches that GPS location detection 


can be augmented with a movement detector, such as an accelerometer. Cucerzan, 


[0054]. 
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71. Thus, it was known to include a battery monitoring component in an 


electronic tracking device to monitor battery conditions and manage power to 


electronic components according to the remaining battery level. Accordingly, the 


solutions of the prior art had already developed the various features discussed above 


prior to January 6, 2008, including primary GPS location tracking, supplemental 


location tracking via accelerometers using dead reckoning techniques, 


communication with a base station, and battery power monitors, to solve the well-


known problems of unreliable GPS signals and the power consumption associated 


with GPS receivers. 


72. A POSITA would have been well aware of the above-described state of 


the art as of January 6, 2008. 


 OPINIONS REGARDING THE ’618 PATENT AND ANALOGOUS 
ART 


 OPINIONS REGARDING SAKAMOTO 


73. I have been informed by counsel that JP 2004-37116 to Sakamoto 


(“Sakamoto” or (“Ex. 1004”) is prior art to the ’618 Patent. I have reviewed a 


certified translation of Sakamoto and provide herein my opinions on the teachings 


of Sakamoto. The opinions provided herein do not necessarily represent my entire 


understanding of Sakamoto. 


74. Sakamoto teaches a GPS positioning system including at least one 


position information communication terminal having a GPS receiver. Sakamoto, 
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Abstract, [0018]. Sakamoto recognizes GPS signals are sometimes unavailable 


(“positioning is not possible”) and, consequently, stops position searching using the 


GPS receiver when a GPS signal strength is below a predetermined threshold level. 


Sakamoto, [0038], [0050].  


75. In my opinion, both Sakamoto and the ’618 Patent, disclose a battery-


powered portable electronic tracking device employing a GPS receiver and manages 


power consumption by deactivating the GPS receiver when the GPS signal is 


unavailable. Additionally, like the ’618 Patent, Sakamoto discloses a portable 


electronic tracking device that employs a GPS receiver and is concerned with 


reducing the applied power to a GPS receiver by stopping position searching when 


the GPS signal is unavailable. ’618 Patent, 9:47-61, 7:62–67; Sakamoto, [0050], 


[0038]. Therefore, Sakamoto is in the same field of endeavor and is pertinent to a 


problem to be solved by the claimed invention in the ’618 Patent.  


 OPINIONS REGARDING LEVI 


76. I have been informed that U.S. Patent No. 5,583,776 to Levi et al. 


(“Levi” or “Ex. 1006”) is prior art to the ’618 Patent. I have reviewed Levi and 


provide herein my opinions on the teachings of Levi. The opinions provided herein 


do not necessarily represent my entire understanding of Levi. 


77. Levi generally relates to a portable navigation device that contains both 


a GPS receiver and an accelerometer. More specifically Levi teaches that the 
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navigation system uses the well-known technique of “dead reckoning” (DR) to 


obtain a position “by measuring or deducing displacements from a known staring 


point in accordance with motion of the user.” Levi, 1:7-17. Levi teaches the 


“incorporation of DR functions with GPS position information, thus providing the 


individual foot traveler with an autonomous navigation capability.” Levi, 1:60-63. 


Levi’s navigation system combines a digital compass, a pedometer, and a barometric 


altimeter to comprise the dead reckoning (DR) system that is used in conjunction 


with a GPS receiver. Levi, 2:5-14. Levi expressly teaches that the benefit of 


integrating a DR system with a GPS receiver is that the DR system “continuously 


tracks the user’s position without references to external aids or signals” during GPS 


outages. Id.  


78. Levi teaches that in the preferred embodiment the navigation pedometer 


is comprised of a silicon accelerometer that provides acceleration data indicative of 


footsteps. Levi, 3:13-16, 4:18-21 (teaching that “[w]alking thus produces a periodic 


variation in acceleration, ... indicated by the accelerometer” and that peaks in the 


acceleration indicate individual steps). Levi teaches that the portable navigation 


device contains “DR software” that “accesses the compass, altimeter, pedometer 


frequency, and calibration table data to obtain velocity magnitude and 3-D 


direction”, and that while the DR software normally uses GPS to obtain a starting 


position when it is available it can also utilize a manual position fixed by a map 
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selection or text entry. Levi, 8:1-6. “When GPS is not valid, DR uses the last fix, 


whether GPS or manual, for a start point.” Furthermore, Levi teaches that “DR 


navigation is automatically used by the navigation module when GPS is 


unavailable,” and that the GPS and DR sources are selected depending on whether 


GPS is available or not. Levi, 8:7-9, 8:20-22, 8:22-23 (teaching that “when GPS fixes 


are available, the DR system is continuously updated using the GPS fix.”). 


79. Because both Levi and the ’618 Patent are directed to portable 


electronic tracking devices that employ GPS receivers; Levi is in the same field of 


endeavor as the ’618 Patent. Additionally, like the ’618 Patent, Levi discloses a 


mobile device that utilizes a secondary system that includes an accelerometer for 


measuring acceleration values when the GPS receiver is unable to receive GPS 


signals. ’618 Patent, 7:4-67, 9:32-61; Levi, 2:5-14, 3:13-16, 8:1-11, 8:20-23.  


 OPINIONS REGARDING CERVINKA 


80. I have been informed by counsel that U.S. Patent 7,053,823 to Cervinka 


et al. (“Cervinka” or “Ex. 1009”) is prior art to the ’618 Patent. I have reviewed 


Cervinka and provide herein my opinions on its teachings. The opinions provided 


herein do not necessarily represent my entire understanding of Cervinka. 


81. Cervinka generally relates to a system that monitors and tracks objects 


utilizing dead reckoning when GPS signals are not available. Cervinka, 7:1-9. 


Specifically, Cervinka teaches determining a portable electronic device’s position 
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using dead reckoning data alongside last known location coordinates, stating 


“…with the last known position of the cargo, as determined by the GPS position 


data, and the dead reckoning data received from the tracking device 14, the central 


server 10 may determine the current position of the cargo.” Cervinka, 7:50-55. 


82. Because each of the ’618 Patent and Cervinka teach tracking and 


monitoring of objects by employing a combination of GPS-based and accelerometer-


based techniques, in my opinion, Cervinka is in the same field of endeavor and is 


pertinent to a problem to be solved by the claimed invention in the ’618 Patent. 


Cervinka, 4:20-30, 7:20-47; ’618 Patent, 5:1-24. 


 OPINIONS REGARDING VAGANOV 


83. I have been informed by counsel that U.S. Patent Publication 


2006/0272413 to Vaganov et al. (“Vaganov” or “Ex. 1008”) is prior art to the ’618 


Patent. I have reviewed Vaganov and provide herein my opinions on the teachings 


of Vaganov. The opinions provided herein do not necessarily represent my entire 


understanding of Vaganov. 


84. Vaganov generally relates to an accelerometer for tracking and 


monitoring an object. Vaganov, Abstract, [0039]. Specifically, Vagaonov’s 


accelerometer comprises a frame, a proof mass, and an elastic element or suspension 


in the form of four beams that is expressly described as being for use in portable 


devices such as cellular phones that measures three components of inertial force (or 
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acceleration) in a 3D coordinate system comprising three orthogonal axes. Vaganov, 


Abstract, [0020], [0026], [0040], [0150], FIG. 6. 


85. In my opinion, both Vaganov and the ’618 Patent teach multi-beam 


three-axis accelerometers with an orthogonal placement. Vaganov, [0026]-[0027], 


[0111], [0150], FIG. 6. Therefore, Vaganov is in the same field of endeavor and is 


pertinent to a problem to be solved by the claimed invention in the ’618 Patent.  


 OPINIONS REGARDING KRASNER 


86. I have been informed by counsel that U.S. Patent 6,799,050 to Krasner 


(“Krasner” or “Ex. 1010”) is prior art to the ’618 Patent. I have reviewed Krasner 


and provide herein my opinions on the teachings of Krasner. The opinions provided 


herein do not necessarily represent my entire understanding of Krasner. 


87. Krasner generally relates to a mobile device including a satellite 


positioning system receiver and a cellular transceiver. Krasner, Abstract. Krasner 


determines position information using GPS and addresses issues involving cross-


interference between a cellular transceiver and GPS receiver. Krasner, 6:1-9, 7:10-


39. Further, Krasner teaches receiving a GPS signal comprising a “snapshot,” stating 


“[i]n one embodiment of the present invention, GPS signal processing circuit 114 


also includes a digital snapshot memory which is coupled to the output of the A/D 


converter and which can store a record of the data to be processed. The snapshot 


memory is used to process the GPS signals which are typically stored in a separate 
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memory device coupled to GPS processing circuitry 114. The snapshot memory can 


also be employed for communication signals that are packetized, that is, signals 


consisting of bursts of data bits followed by long periods of inactivity. Continuous 


signaling, such as many cellular-type signals, may also be processed in a continuous 


manner by the processing circuitry.” Krasner, 4:23-34. 


88. Because both Krasner and the ’618 Patent are directed to portable 


electronic devices comprising both GPS and mobile communication, in my opinion, 


Krasner is in the same field of endeavor and is pertinent to a problem to be solved 


by the claimed invention in the ’618 Patent. ’618 Patent, 4:42-67; Krasner, 6:1-22. 


 DESCRIPTION OF THE ALLEGED INVENTION OF THE ’618 PATENT 


89. The ’618 Patent describes a device and method to monitor the location 


coordinates of an electronic tracking device. The tracking device generally contains: 


circuitry for receiving at least a portion of a communication signal wherein said 


portion of the communication signal comprises location coordinates (e.g., GPS 


signals); accelerometer circuitry for measuring the differential positioning of the 


tracking device (e.g., a dual-axis accelerometer); location tracking circuitry (e.g., 


GPS logic circuitry); signal processing circuitry; and a battery power monitor that 


can selectively activate and deactivate at least one portion of the transceiver circuitry 


and location tracking circuitry in response to the measured signal level/strength of 
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the at least one portion of the receive communication signal. ’618 Patent, Abstract, 


6:12-23, 6:45-54, 9:48-61. 


90. The ’618 Patent provides an exemplary embodiment of the electronic 


tracking device in Figure 1 depicted below:  


 


’618 Patent, Fig. 1, 5:50-53. (teaching that the “tracking device 100 contains various 


electronic components 101 such as a transceiver 102, signal processing circuitry 104 


(e.g., a microprocessor or other signal circuitry), and accelerometer130.”). The ’618 


Patent describes that the location tracking circuitry 114 may be that of GPS logic 


circuitry, and that the tracking device 100 periodically checks availability of GPS 


signals and determines if said communication signal is above a first signal level. 
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’618 Patent, 6:12-23, 7:2-11. The ’618 Patent teaches that the location tracking 


circuitry 114 “calculates location data received and sends the data to signal 


processing circuitry 104.” ’618 Patent, 6:12-30 (teaching that the detecting circuitry 


115 or the signal processing circuitry 104 may measure the signal power level). 


When a communication signal (i.e., GPS signal) received by the GPS receiver is 


below a first signal level, the location tracking circuitry deactivates portions of the 


GPS circuitry to reduce power consumption. ’618 Patent, 6:55-7:10, 7:55-8:12. By 


reducing GPS receiver usage when the GPS signal is “insufficient for processing” 


(9:42-46), the device “conserves battery power” (7:62-67). Furthermore, the ’618 


Patent teaches that “[w]hen GPS signaling is not practicable, electronic device 


proximity measurements provide differential location coordinate information to 


calculate current location coordinate information.” ’618 Patent, 8:9-12, 9:42-50 


(teaching that the “accelerometer 130 activates if a power level of the received 


communication signal is insufficient for processing” and that the “processing unit 


104 computes current location coordinates using acceleration measurements”).  


91. Furthermore the ’618 Patent teaches that all or portions of the location 


tracking circuitry (i.e., GPS circuitry) is activated at selected time intervals to 


determine if the received communication signal is of sufficient signal strength, and 


if the received communication signal is of sufficient signal strength the location 


tracking circuitry 114 is activated, the accelerator 130 is deactivated, and the signal 
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processing circuitry 104 will begin determining location coordinates from the 


received communication signal. ’618 Patent, 9:47-61. 


 OPINIONS OF THE COMBINATION OF SAKAMOTO AND LEVI  


 Motivation to Combine Sakamoto and Levi  


92. In my opinion, a POSITA would have found it obvious and been 


motivated to employ the accelerometer from Levi in the system of Sakamoto to 


supplement Sakamoto’s stated existing problem of insufficient GPS signal. 


Sakamoto, [0038], [0050]. Rather than having the position information 


communication terminal 1 in Sakamoto be unable to determine a position when GPS 


signals were unavailable, it would have been desirable and advantageous to add an 


accelerometer to the Sakamoto terminal to perform known dead reckoning 


techniques to determine position. By the priority date of the ’618 Patent, 


accelerometers were accurate, inexpensive, readily available, easily incorporated 


into a larger electronic component (e.g., navigation device), and used a relatively 


small amount of battery power. See Levi, 3:22-26 (teaching accelerometers have 


become “available at low cost ...”); Croyle, 1:45-49 (teaching a navigation system is 


smaller and more cost effective and takes advantage of the availability of low cost 


micro-machined accelerometers); Vagonov, [0007] (teaching the market for 


accelerometers includes hand held devices, e.g. cell phones, PDAs, hand-held 


computers), [0020] (teaching a small three-axis accelerometer that provide high 
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sensitivity to acceleration, low power consumption, high reliability, and high long 


term stability, and low cost). Additionally, dead reckoning techniques employing 


inertial sensors such as accelerometers were widely used and well known at the time 


of the invention for position determination. Croyle, 12:57-65; Levi, 1:12-24. 


93. In more detail, a POSITA would have found it obvious and been 


motivated to modify Sakamoto, which teaches a GPS receiver 10 in a position 


information communication terminal 1 which stops position searching when the 


signal strength of the GPS signal is below a predetermined threshold level, to include 


Levi’s teaching of an accelerometer to start recording acceleration data when a 


cellular phone terminal cannot receive GPS signals. The problem of poor (i.e., weak) 


GPS signals was well known prior to the ’618 Patent. It was well known that GPS 


signals from GPS satellites were often weak due to various factors, such as tall 


buildings or structures or being inside a building. Lindquist, 1:31-35 (teaching GPS 


signal can be significantly impacted by environmental factors and become hard to 


impossible to acquire within a building, car, or under foliage); Krasner, 5:12-15 


(teaching GPS signals may be unavailable when in tunnels, mines building, and 


enclosed areas); Krumm, [0003], [0039]. Sakamoto expressly teaches that “[i]f it is 


determined that the positioning cannot be performed when the signal level value is 


equal to or lower than a predetermined threshold value, the position search may be 


stopped.” Sakamoto, [0038]. Similarly, Levi teaches “[w]hen GPS is not valid, DR 
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uses the last fix, whether GPS or manual, for a start point.” Levi, 8:6-10. Thus, it was 


known that GPS positioning could not be performed when the signal level was 


insufficient. 


94. It was also well known using an accelerometer to determine position 


was a ready-available option. Well before the priority date of the ’618 Patent, 


accelerometers were used to determine the position of a tracking device, such as 


through dead reckoning techniques. Levi teaches a solution to the problem of 


insufficient GPS signal by starting to measure acceleration data with an 


accelerometer. Levi, 8:6-9. Other references also teach using an accelerometer to 


supplement a GPS receiver when GPS signals are weak. Croyle, 11:43-46 (teaching 


that if the GPS heading is invalid or the GPS measurements are insufficient the 


system falls back on the orthogonal axis accelerometer), 13:29-33 (teaching that 


when GPS is unavailable or unreliable the improved navigation system will fall back 


on the calibrated accelerometers). In my opinion, a POSITA would have readily 


recognized the desire to use an accelerometer when the GPS signal is weak as an 


alternative method of determining a position. Use of an accelerometer is not 


desirable as the sole measure of determining a position, as it requires setting a known 


position from time-to-time (as I discuss in the following paragraph). But, for use 


during GPS signal outages (which are presumably intermittent) or when battery 
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power is low, using an accelerometer as a supplemental tracking device is expected, 


routine, and desirable. 


95. Dead reckoning utilizes basic calculus, physics, and trigonometry 


applied to acceleration values and a last known location to determine a current 


position. Levi, 1:13-16 (teaching that dead reckoning (DR) “refers to a position 


solution that is obtained by measuring or deducing displacements from a known 


staring point in accordance with motion of the user”), 8:6-7 (teaching DR uses the 


last fix, whether GPS or manual, for a start point”), 8:42-44 (teaching DR calculates 


incremental change in position from a known starting point), 1:20-21 (teaching that 


“[d]ouble integration calculates position from acceleration as the user moves”), 


1:23-25 (teaching “[r]esults from the integration are added to the starting position to 


obtain current location”). The accelerometer outputs acceleration values at 


incremental time intervals, and the acceleration values are twice integrated to 


determine a distance traveled (sometimes called a “displacement”) while measuring 


acceleration. Once a distance traveled is calculated, the tracking device uses a last 


known location and the distance traveled from such last known location to determine 


the current location. Levi, 8:42-44, 1:20-21, 1:23-25. Dead reckoning requires 


periodically setting a known location, either through manual entry or through use of 


a GPS. Levi, 8:6-7. This is because the distance traveled (based on the acceleration 
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values) and heading or bearing must be compared to a known location in order to 


determine a new position. 


96. A POSITA would have similarly been motivated and found it obvious 


to modify the system of Sakamoto to include the means to perform dead reckoning 


(DR) (i.e., utilize the accelerometer data and last known location and perform the 


necessary calculations to derive a current location). It was well known prior to the 


’618 Patent that considerable work had been performed in the area of integrating 


GPS and DR systems into electronic portable navigation systems. Levi, 1:51-53. As 


I discussed above, performing dead reckoning entails using basic 


calculus/trigonometry to derive acceleration values and a subsequent position and 


then adding the derived position to the last known location to determine a current 


position. Levi, 1:13-16, 1:20-25. Such calculations for performing DR were well 


known to be performed utilizing software modules. Levi, 7:64-8:11. Furthermore, a 


POSITA would have understood that such calculations were also well known to be 


performed utilizing commercially available processors.  


97.  Furthermore, there would have been a reasonable expectation of 


success for adding processing means to the system of Sakamoto for the purpose of 


performing DR calculations, such that a POSITA would have known how to perform 


the modification of Sakamoto’s system without undue experimentation. As 


discussed above, integrating DR processing and accelerometers was well known and 
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commonly utilized within mobile tracking devices. For example, the ’618 Patent 


discusses that “consumer electronics manufacturers, e.g., Apple, Ericsson, and Nike, 


incorporate accelerometers in personal electronic devises, e.g., Apple iPhone, ...” 


’618 Patent, 1:48-58, 2:15-27 (teaching that “manufacturers of conventional internal 


navigation systems deploy one or more accelerometers ...”). There would have been 


a reasonable expectation of success for adding DR processing means to the system 


of Sakamoto for the purpose of performing DR calculations. Given the well-known 


and widespread use of accelerometers in hand-held portable devices as an alternative 


position determination means, the modification would have been straightforward, 


such that a POSITA would have had a reasonable expectation of success modifying 


the Sakamoto terminal to include the means for processing data received from 


accelerometers and performing DR calculations. 


98. In my opinion, using an accelerometer to supplement a GPS receiver is 


use of a known technique (e.g., Levi’s accelerometer supplementing Sakamoto’s 


GPS receiver 10 and other location tracking circuitry) to improve a similar device 


(Sakamoto’s terminal 1, including GPS receiver 10 and other location tracking 


circuitry) in the same way. Specifically, the known supplemental location tracking 


technique employing the accelerometer to measure acceleration data from Levi is an 


improvement upon the base device of Sakamoto (the position information 


communication terminal 1), such that the position can be determined even without a 
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sufficient GPS signal. Further, a POSITA would have recognized that the 


supplemental location tracking technique was applicable to the position information 


communication terminal 1 of Sakamoto to allow for positioning when GPS signal is 


insufficient. Specifically, both the Sakamoto terminal and the Levi portable 


navigation device are wireless devices, both have GPS receivers and determine 


position using GPS, and both are portable. Therefore, a POSITA would have 


understood an accelerometer, as used in the Levi portable navigation device, was 


usable in a communication device with a GPS receiver.  


99. Adding the accelerometer teachings of Levi into the system of 


Sakamoto would have required only combining prior art elements according to 


known methods to yield predictable results for a POSITA. Specifically, Levi teaches 


the desirability of including an accelerometer as a supplemental location tracking 


device in a portable location tracking terminal, such as cellular phones or other 


mobile tracking devices. Levi, 1:12-24, 1:49-55. Additionally, the accelerometer of 


Levi combined in the system of Sakamoto would have performed the same function 


of supplemental location tracking to start recording acceleration data when GPS 


signal cannot be received. Levi, 8:1-11. It would have been simple to add an 


accelerometer to Sakamoto’s terminal, as the terminal already includes a positioning 


control unit that performs evaluation of the signal strength and other processing 


steps. Sakamoto, [0027]. In the proposed modification, the Levi accelerometer would 
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send the acceleration values to the positioning control unit. A POSITA would know 


how to program the control unit to perform basic dead reckoning steps using the 


received acceleration values, as programs for dead reckoning are simple and within 


a POSITA’s expertise (as evidenced by the numerous prior art references discussing 


dead reckoning). In circumstances where the positioning control unit determines the 


GPS signal is below the predetermined threshold value (Sakamoto, [0038], 0050]), 


the positioning control unit would set a mode of determining position using the 


acceleration values. Thus, because using accelerometer data to determine position 


was known, modifying the Sakamoto system would have yielded the predictable 


result of using the accelerometer when the Sakamoto GPS receiver received a weak 


or no GPS signal. 


100. Furthermore, there would have been a reasonable expectation of 


success for adding the accelerometer of Levi in the system of Sakamoto, such that a 


POSITA would have known how to perform the modification of Sakamoto’s system 


without undue experimentation. As discussed above, accelerometers were readily 


available, inexpensive, and ready for use and integration with larger electronic 


devices. For example, the ’618 Patent discusses using a specific accelerometer 


provided by Analog Devices, Inc. ’618 Patent, 6:45-50. The accelerometer—the 


ADXL320—is described in the data sheet as “low cost,” “low power,” and for use 


in “cost-sensitive motion- and tilt-sensitive applications,” including smart hand-held 
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devices, mobile phones, and sports and health-related applications. I have been 


informed by counsel the ADXL320 data sheet is prior art to the ’618 Patent, but even 


if not, the statements made in the ADXL320 data sheet regarding certain 


accelerometers being low cost, low power, and for use in portable, hand-held devices 


was well known to a POSITA. Given the ubiquitous use of accelerometers in hand-


held portable devices as an alternative position determination means, the 


modification would have been straightforward, such that a POSITA would have had 


a reasonable expectation of success modifying the Sakamoto terminal to include the 


Levi accelerometer.  


 Obviousness of Modifying Electronic Hardware and Software 
to Be Circuitry 


101. A POSITA would have found it obvious to substitute any of the 


hardware or software components in the prior art that perform functions similar to 


those claimed by the ’618 Patent’s as components with electronic circuitry.  


102. The ’618 Patent recognizes that the disclosed electronic tracking device 


is merely “various electronic components 101” disposed on a printed circuit board 


(PCB). ’618 Patent, 5:50-62. The ’618 Patent does not provide or otherwise indicate 


any specific details of the location tracking circuitry or other described circuitry, 


instead describing the circuitry primarily by its functionality. Id. The ’618 Patent 


even describes the signal processing circuitry as a “microprocessor or other signal 


logic circuitry,” thus indicating the term “circuitry” equates to electronic 
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components performing the disclosed functionality. ’618 Patent, 5:54-56. The ’618 


Patent also describes variations on the electronic tracking device, including 


electronic components mounted on the PCB (printed circuit board) versus “one 


integrated circuit.” ’618 Patent, 5:50-53, 6:1-11. PCBs were extremely well known 


for aggregating electronic components so that the components are electrically 


connected and/or electrically communicate with each other.  


103. The prior art references of Sakamoto and Levi each provide figures with 


hardware components that are in communication with each other. For example, 


Sakamoto depicts the communication terminal 1 in Fig. 1, as containing various 


components that are in communication with each other. The communication 


between components is indicated via the arrows disposed between the various 


components. Sakamoto’s FIG. 1 is reproduced below.    
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Sakamoto, Fig. 1. Likewise, Levi teaches a portable electronic device comprising 


both GPS and DR modules that cooperate (requiring communication) to determine 


a user’s position. Levi, 8:1-11. A POSITA would have recognized FIG. 1 of 


Sakamoto indicates physical components in electrical communication with one 


another, satisfying circuitry. 


104. Furthermore, in order to achieve a functioning device that is also very 


compact (e.g., a cellular phone terminal), a POSITA would have found it obvious to 


combine such components on a PCB, as PCBs were extremely well known in the art 


and in common use. In fact, Krasner teaches that the functions of multiple 


microprocessors may be combined into a single processor/digital circuit, and that 


GPS signal processing circuitry and cell phone circuitry may be placed within the 


same integrated circuit. Krasner, 10:30-38. A POSITA would have thus readily 


recognized that hardware, software, and/or firmware components for performing 


particular functions would have been easily substituted with that of circuitry for 


performing the same. A POSITA would have also understood that those who design 


such components (e.g., electronic engineers/designers) would have found it obvious 


and a matter of design choice whether or not to obtain a desired functionality using 


circuitry, which commonly included hardware or firmware components, or utilize 


processors, controllers, integrated circuits, programmable logic devices, and/or other 


data and signal processing devices with the necessary memory and communication 
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means (e.g., transmitters, receivers, and/or communication busses) for carrying out 


the same functions. In electronics design, utilizing hardware, software, firmware, 


and/or combinations thereof for achieving a desired functionality is very common 


and well known. Therefore, a POSITA would have found it obvious and been 


motivated to embody the various electronic components disclosed in Sakamoto, 


Levi, and Krasner as circuitry. 


 Sakamoto’s Multiple Embodiments and Motivation to Combine 
the Embodiments 


105. A POSITA would have understood that Sakamoto teaches at least two 


embodiments: “Embodiment 1” and “Embodiment 2”. Sakamoto, [0018], [0030], 


respectively. Referring to Embodiment 1, Sakamoto states: “In this embodiment, the 


position information communication terminal 1 will be described.” Sakamoto, 


[0019]. Regarding Embodiment 2, Sakamoto states “the configurations of the 


position information communication terminal 1 and the GPS positioning 


system of the present embodiment are the same as those in FIGS. 1 and 2; the 


same configurations are denoted by the same reference numerals and the 


description thereof will be omitted.” Sakamoto, [0030], [0034] (emphasis added). 


Both embodiments explicitly teach determining the level of a received satellite 


signal and specifying a positioning mode (e.g., high/normal sensitivity positioning 


mode) based on the determined level of the received satellite signal. Sakamoto, 
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[0027] (describing Embodiment 1); Sakamoto, [0037-0038], [0045], [0050] 


(describing Embodiment 2).  


106. A POSITA, understanding that both embodiments are  similar (e.g., 


both focusing on detecting a signal strength and setting a sensitivity positioning 


mode based on the detected signal strength), and further understanding that 


Embodiment 2 is expressly taught as including the same hardware as that of 


Embodiment 1 (e.g., the configurations of the terminal 1 and server 2), would have 


found it obvious and been motivated to combine both embodiments or otherwise 


modify one embodiment with teachings of the other. Furthermore, given the 


aforementioned similarities between the embodiments and the express teaching 


regarding the inclusion of the same hardware in both embodiments, it would have 


been obvious to a POSITA to employ the methods and techniques described with 


respect to Embodiment 1 in the GPS system of Embodiment 2 and vice-versa. Such 


a modification would have entailed utilizing components from both embodiments to 


perform the disclosed methods and techniques of at least one of the embodiments. 


Sakamoto’s disclosure regarding the GPS system that is taught for each of the 


embodiments is the same, and to the extent any modification would be necessary, it 


would require only routine programming of the GPS system to perform the disclosed 


methods of further reducing power usage. A POSITA would have understood that 
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such a combination would have had a reasonable expectation of success given 


Sakamoto’s express teaching that the same hardware is used in both embodiments.  


107. In Embodiment 1, Sakamoto teaches that the position information 


communication terminal 1, or more specifically the positioning control unit 13 is 


what sets the positioning (aka operating) mode dependent on the detected level of 


the received satellite signal. Sakamoto, [0020-0024], [0027]. In Embodiment 2, 


positioning control unit via communication control unit 11 sends the position 


information to the position management server 2 ([0035]) via a mobile 


communication network [0050], the position management server 2 then uses the 


position control message (i.e., satellite signal level response message) to determine 


which sensitivity positioning mode should be used and instructs the terminal 1 to 


utilize the appropriate positioning mode. Sakamoto, [0037-0038]. Embodiment 2 


expressly teaches stopping the position search when the received GPS signal level 


value is equal to or lower than a predetermined threshold value. Sakamoto, [0038], 


[0050]. A POSITA would have found it obvious to perform detecting of both the 


position and GPS satellite signal strength at the terminal, as taught for Embodiment 


1, while still maintaining the ability to stop position searching when a received GPS 


satellite signal level is equal to or lower than the predetermined threshold value, as 


taught with respect to Embodiment 2. Such a modification would have allowed 


terminal 1 to perform position searching and set the positioning mode (from among 
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the three possible modes: high, normal, and stop-position searching. Sakamoto, 


[0027], [0038], [0050]) without server 2 instructing terminal 1 which mode to select. 


This would have been advantageous in the event the wireless communication 


network was unavailable or available with only limited connectivity (e.g., weak 


signal) causing restricted communication with the server. Sakamoto, [0005], Claims 


7-8 (disclosing mobile communication network); Levi, 8:1-11 (recognizing that 


communication of GPS information may be limited by signal availability). 


 Physical Components Shared by Claim Elements 


108. Many elements of the ’618 Patent’s claims share one or more 


components as they are mapped below and in the Petition. For example, each of the 


“transceiver circuitry” and “location tracking circuitry” recited in claim 1 utilize 


GPS receiver 10 to perform the necessary steps in the device taught by Sakamoto.  


This would not only have been acceptable to a POSITA, it would have been expected 


by a POSITA. In portable (mobile) electronic devices, space is at a premium. A 


POSITA would not have expected each operational module to operate using 


completely dedicated hardware/circuitry, but rather to share particular 


hardware/circuitry as much as possible to conserve space. See Krasner, 10:16-51 


(discussing various configurations of its components, including combining functions 


into a single processor). Similarly, a POSITA would have understood providing 


duplicate components for each subsystem of a consumer electronic device would 
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have been wasteful of production cost, materials cost, and/or power consumption. 


Instead, a POSITA would have understood that the claim elements, as mapped, 


would have been distinguishable by their distinct functions performed and the 


totality of their composition (i.e. the hardware/circuitry not shared between the 


claim elements). Thus, in my opinion, the mapping of the claim elements in the 


Petition, in which hardware/circuitry is shared amongst otherwise distinctly-


operating elements, is appropriate. 


 OPINIONS REGARDING GROUND 1: SAKAMOTO IN VIEW OF 
LEVI 


109. I provide below a detailed discussion of my opinions regarding the 


claim mappings presented in the concurrently-filed Petition. I have reviewed the 


Petition and agree with the discussions provided therein. Also attached to this 


Declaration as Appendix A is a chart listing the claims and identifying the relevant 


portion from each reference used to, at least in part, establish that the reference 


teaches or suggests the corresponding limitation.  


 OVERVIEW OF GROUND 1, CLAIM 1 MAPPING 


 Overview of Sakamoto Combined with Levi 


110. A limitation-by-limitation mapping is provided below for Claim 1. As 


an overview, the proposed combination for Claim 1 relies on Sakamoto and Levi. 


(Detailed citations to the references is provided in the full claims mapping). 
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111. Sakamoto teaches a GPS positioning system comprising a position 


information communication terminal 1 and a positioning server 2 communicating 


with each other over a mobile network. The position information communication 


terminal includes electronic components that collectively operate to enable 


monitoring and tracking of the terminal by the server or a position searcher B. 


Terminal includes a GPS receiver and satellite signal level detection unit for 


detecting a signal level of a GPS satellite signal. Sakamoto recognizes (1) GPS 


signals are sometimes unavailable; and (2) the need to reduce power consumption 


by stopping GPS position searching when GPS signals are unavailable.  


112. Sakamoto does not teach an accelerometer. In related art, Levi teaches 


“an electronic, portable navigational system[]” including an “integrated GPS-DR 


navigation system” using an accelerometer. Levi, 1:8-11, 2:5-14, 3:12-13. Like 


Sakamoto, Levi recognizes GPS signals may sometimes be unavailable. Levi, 2:5-


14. In such cases, Levi teaches supplementing the GPS-based position determination 


with the accelerometer by determining the current position based on accelerometer 


data. Levi, 1:49-55, 7:64–8:35. 


113. Ground 1 proposes modifying Sakamoto’s portable information 


communication terminal 1 to include an accelerometer, as taught by Levi. The 


modified Sakamoto portable information communication terminal then includes an 


electronic tracking device having a GPS receiver (as already taught by Sakamoto) 
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and an accelerometer (as taught by Levi). As detailed below, it would have been 


obvious to a POSITA to modify Sakamoto’s terminal to include an accelerometer as 


taught by Levi for enabling position determination when GPS signals are 


unavailable.  


 The ’618 Patent’s claimed “transceiver circuitry” and 
“location tracking circuitry” 


114. Claim 1(a) of the ’618 Patent recites “transceiver circuitry to receive at 


least one portion of a receive communication signal comprising location coordinates 


information,” and Claim 1(c) recites activating/deactivating “at least one portion of 


the transceiver circuitry and location tracking circuitry…in response to a signal level 


of the at least one portion of the receive communication signal.” Reading these claim 


limitations collectively, I understand the transceiver circuitry is met by at least a GPS 


receiver configured to receive a communication signal from a GPS satellite. 


115. Claim 9, which depends from Claim 1, also recites the location tracking 


circuitry is configured to calculate location data based on the at least one portion of 


the receive communication signal. I therefore understood the location tracking 


circuitry as recited in Claim 1 is at least configured to calculate location data based 


on the at least one portion of the receive communication signal, since Claim 9 


depends from Claim 1. 


116. Additionally, the ’618 Patent differentiates the location tracking 


circuitry from the component that receives the receive communication signal from 
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the GPS satellites. That is, the location tracking circuitry uses the signal that has 


been received by other components that comprise the transceiver circuitry. The ’618 


Patent describes “all or a portion of amplifier block 120 and associated circuitry, e.g. 


location tracking circuitry, are activated at selected time intervals to determine 


if receive communication signal is of sufficient strength.” ’618 Patent, 9:47-52. 


“[U]pon determining receive communication signal of sufficient strength, location 


tracking circuitry 114 are activated and processing unit 104 determines location 


coordinates from the receive communication signal.” ’618 Patent, 9:52-56. From 


this description, I understand the location tracking circuitry is not receiving the 


receive communication signal from GPS satellites because the location tracking 


circuitry is otherwise activated upon determining the signal is of sufficient strength. 


117. With these understandings of the claimed “transceiver circuitry” and 


“location tracking circuitry,” it is my understanding Claim 1(c) recite selectively 


activating/deactivating at least one portion of transceiver circuitry (where the 


transceiver circuitry is configured to receive at least a portion of the receive 


communication signal) and location tracking circuitry (where the location tracking 


circuitry is at least configured to calculate location data based on the receive 


communication signal as otherwise received by the transceiver circuitry).  


118. As explained in the Claim 1 mapping below, a conventional GPS 


receiver includes various components for receiving a satellite signal from GPS 
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satellites, performing front end RF processing (including amplifying the signal via a 


power amplifier), and calculating a location using the received signal. Thus, a 


conventional GPS receiver includes “transceiver circuitry,” as claimed, because the 


GPS receiver receives at least one portion of a receive communication signal. 


Additionally, a conventional GPS receiver includes “location tracking circuitry,” as 


claimed, because the GPS receiver uses the receive communication signal to 


determine a location. In my opinion, this understanding of conventional GPS 


receivers would have been extremely well-known. I  provide numerous references 


in the technical background section to support this opinion. 


119. Sakamoto teaches the claimed activating/deactivating of at least one 


portion of the transceiver circuitry and location tracking circuitry. Sakamoto teaches 


a GPS receiver 10 “which receives GPS satellite signals from GPS satellites and 


performs positioning operations.” Sakamoto, [0019]. Sakamoto further teaches 


“power consumption can be reduced” by stopping position searching when the 


“positioning cannot be performed” due to a signal level below a predetermined 


threshold level. Sakamoto, [0020], [0024], [0038], [0050]. In recognizing that power 


management is needed, Sakamoto teaches other instances of powering on/off the 


GPS receiver to reduce power consumption even when the GPS signal is good. 


Sakamoto, [0024], [0050] 
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120. As detailed below, Sakamoto’s teaching of stopping position searching 


to reduce power consumption when position searching is not possible would have 


been understood by a POSITA as deactivating at least a portion of the sub-


components of the GPS receiver and GPS control unit for signal acquisition and 


position determination. Conversely, when position searching is performed in 


response to a high (good) signal level, then at least a portion of the sub-components 


of the GPS receiver and control unit for signal acquisition and position determination 


are activated. Because these portions of the sub-components are selectively activated 


and deactivated in response to the signal level, power conservation is achieved. 


 CLAIM 1 


 Claim 1[Preamble] 


a) “A portable electronic tracking device to monitor 
location coordinates of one or more individuals or objects, 
the device comprising:” 


121. The ’618 Patent uses the term “electronic tracking device” as possibly 


including a variety of components. ’618 Patent, 4:23-41. In my opinion, the 


“electronic tracking device” described and claimed in the ’618 Patent is a set of 


electronic components that enable monitoring, locating, and tracking of an object or 


individual. The ’618 Patent describes the electronic tracking device as a chip or 


integrated circuit, and provides a detailed list of the various forms in which the chip 


or IC can take including any “transceiver, receiver, [or] transmitter.” ’618 Patent, 
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4:23-41. The ’618 Patent further describes the electronic tracking device as “useful 


in other electronic signal transferring and communication applications, such 


as…control systems that monitor components such as transducers, sensors and 


electrical and/or optical components that are part of an assembly line process.” ’618 


Patent, 5:31-37. I note that the ’618 Patent makes a point of describing the 


“electronics and components for an electronic tracking device” (5:28-30, 5:50-53). 


Simply stated, a POSITA would have recognized that the electronic tracking device 


claimed is a described as a set of electronic components associated with a module 


used in a larger device, such as a watch or mobile phone, enabling tracking of the 


device and the individual carrying and/or using the device. Given these descriptions, 


it is my opinion that a POSITA would have understood an electronic tracking device 


to require a set of electronic components that collectively enable monitoring and/or 


tracking of an object or individual, without further limitation as to what electronic 


components are required, other than those expressly claimed within particular claim 


limitations. 


122. As will be discussed in detail below for the combination of Sakamoto 


and Levi, a POSITA would have found it obvious to modify Sakamoto’s position 


information communication terminal 1 with Levi’s accelerometer to measure 


displacements. Infra, claim 1(b). This combination of communication terminal 1 


(including mobile communication and GPS receiver components, see Sakamoto, 
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[0018]) and Levi’s accelerometer would have satisfied an “electronic tracking 


device” as recited in the preamble of claim 1, and would have been understood by a 


POSITA. Sakamoto’s “position information communication terminal and GPS 


positioning system” (as titled) includes a GPS receiver 10, communication control 


unit 11, GPS control unit 12, position control unit 13, satellite signal level detecting 


unit 15, battery control unit 16, and communication line status controlling unit 17 


(hereinafter referred to as the “Sakamoto Electronic Components”) and, together 


with Levi’s accelerometer, comprises a set of electronic components that collectively 


enable monitoring and/or tracking of an object or individual, and thus satisfies the 


recitation of an “electronic tracking device.” Id., [0019], FIG. 1.  


123. Further, I note that Sakamoto describes the Sakamoto Electronic 


Components as being included in “mobile” devices, such as watches and mobile 


phones, and describes “portable” terminals that must rely on a battery power supply. 


Sakamoto, [0019] (disclosing the components housed in terminal 1), [0003] 


(disclosing portable terminals as devices having limited battery capacity), [0031] 


(disclosing the mobile communication network as a mobile phone), [0046] 


(disclosing battery supplies operating power to the terminal). Similarly, Levi 


expressly calls out that it is an electronic, portable navigational system[]” including 


an “integrated GPS-DR navigation system.” Levi, 1:8-11, 2:5-14, 3:12-13. 


Therefore, a POSITA would have found that the combination of the Sakamoto 
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Electronic Components with Levi’s accelerometer for DR would have been a 


“portable” electronic device, as claimed. A POSITA would also have expected that 


a terminal that relies on battery power and includes a mobile communication means 


to communicate across a mobile communication network would have been a 


“portable” terminal. Since Levi’s navigation system is “portable,” worn on the body 


of the user, and designed for foot navigation, a POSITA would also have found it 


obvious to modify Sakamoto’s terminal to be portable to allow for navigation while 


moving from one location to another, especially as a fixed, non-portable device’s 


location is otherwise known. Levi, 1:8-11, 3:13-36. 


124.  “Location coordinates” are defined in the ’618 Patent as “any set or 


partial set of integer, real and/or complex location date or information such as 


longitudinal, latitudinal, and elevational positional coordinates.” ’618 Patent, 4:19-


22. As shown in the Petition, Sakamoto discloses a “position information 


communication terminal capable of position measurement using a GPS receiver, and 


a GPS positioning system.” Sakamoto, [0001]. Sakamoto teaches a position searcher 


B may issue a position search request of the position information communication 


terminal 1. Sakamoto, [0018]. In response, Sakamoto discloses GPS receiver 


“receives GPS satellite signals from GPS satellites and performs positioning 


operations.” Sakamoto, [0005], [0019]. Next, Sakamoto discloses GPS control unit 


12 “obtains orbit information from the GPS satellite information, and sends it to 
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receiver 10,” which “refers to the latest orbit information to perform the position 


detection processing.” Sakamoto, [0022]. Here, as is standard in GPS location 


systems (as described above for Zhao in the Background of the Technology, Supra) 


orbit information, which includes ephemeris data, is used to calculate the orbital 


position of the GPS satellites, and the signals are processed to determine the time 


offset of the GPS signals from multiple satellites. A POSITA would have understood 


that the output of a GPS receiver includes location coordinates (e.g. geographic 


latitude, longitude and altitude together with other information), thus, the position 


of the terminal in Sakamoto includes location coordinates as claimed, while the 


Sakamoto Electronic Components are enabled to determine the position (i.e., “to 


monitor location coordinates”) of position information communication terminal 1 


(i.e., “one or more individuals or objects”). 


 Claim 1(a) 


a) “transceiver circuitry to receive at least one portion of 
a receive communication signal comprising location 
coordinates information;” 


125. The ’618 Patent describes that “location tracking circuitry 114” 


“calculates location data,” and describes “GPS circuitry” as being included within 


the understanding of location tracking circuitry. ’618 Patent, 6:12-18. Sakamoto 


teaches transceiver circuitry, as claimed, through its description of GPS receiver 10, 
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GPS control unit 12, positioning control unit 13, and communication control unit 11, 


illustrated in Figure 1: 


 


 


Sakamoto, FIG. 1. These components (either individually or collectively) are 


operable to receive at least one portion of a receive communication signal 


comprising location coordinates information and transmit/receive information 


across a mobile network, including location coordinates information, thus they 


constitute a “transceiver.” 


126. As discussed, Sakamoto teaches its GPS receiver 10 “receives GPS 


satellite signals from GPS satellites.” Sakamoto, [0019], [0005]. As discussed above, 
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the GPS receiver receives the GPS satellite signal to determine location coordinates 


based on time offsets of the signals from the orbiting satellites in combination with 


the orbit information of the satellites (ephemeris). Sakamoto teaches the orbit 


information is obtained across the mobile communication network, which is known 


as Assisted-GPS (AGPS) in the art. Sakamoto, [0021]-[0022]. Because Sakamoto’s 


GPS receiver receives a GPS satellite signal and determines position, and because 


GPS satellite signals include information for use in determining location 


coordinates, a POSITA would have understood Sakamoto teaches at least the GPS 


receiver 10 (part of the “transceiver circuitry”) receives the receive communication 


signal, as claimed. It is important to note that the GPS signals include location 


coordinates information, not the location coordinates themselves. As described in 


the technical background section, the GPS signals from multiple satellites are 


compared to determine the relative time delay, which is subsequently used together 


with the orbital information to triangulate the location coordinates of the receiver. 


This the time offset embedded in the GPS signals as a result of their travel time from 


the satellite is the claimed “location coordinate information”. 


127. Sakamoto also describes components for transmitting and receiving 


information, such as across a mobile communication network, namely 


communication control unit 11. Sakamoto expressly describes “When the position 


information communication terminal 1 to be searched succeeds in positioning, the 
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positioning control unit 13 transmits a positioning control message (search response 


message) including the position information to the position management server 2 via 


the communication control unit 11.” Sakamoto, [0035] (emphasis added). Because 


the communication control unit transmits information to server 2 (e.g., [0033]) and 


also receives instructions or information from server, the communication control 


unit is or includes a transceiver. Thus, Sakamoto teaches a “transceiver circuitry” 


(including GPS receiver 10, GPS control unit 12, positioning control unit 13, and 


communication control unit 11) that individually or collectively transmits and 


receives location coordinates information (i.e., GPS satellite information received 


by the terminal 1 from the server 2 and position information sent from terminal 1 to 


server 2). 


 Claim 1(b) 


a) “accelerometer circuitry to measure displacements of 
the portable electronic tracking device;” 


128. While Sakamoto does not teach accelerometer circuitry, Levi clearly 


does, and in my opinion, it would have been obvious to a POSITA to combine Levi’s 


accelerometer into Sakamoto’s system.   


129. Levi teaches a portable navigational system using both GPS data and 


accelerometer data to determine a user’s position. Levi, 1:8-11, 1:59-63 (“GPS data 


can be either unreliable or unavailable due to antenna shading, jamming, or 


interference. The present invention discloses incorporation of DR functions with 
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GPS position information, thus providing the individual foot traveler with an 


autonomous navigation capability.”). The Levi accelerometer is incorporated in a 


pedometer, where the accelerometer senses “harmonic motions and impact 


accelerations that result from walking or running.” Levi, 3:12-19. The combination 


of the Levi accelerometer, with other sensors (such as a digital electronic compass 


and barometric altimeter) provide a Dead Reckoning or DR system. Levi, 2:5-8. Levi 


teaches that the DR system may be relied upon for location tracking to “supplement” 


the GPS location tracking when GPS is unavailable: “DR navigation is automatically 


used by the navigation module when GPS is unavailable.” Levi, 8:7-9, 1:51-53 


(disclosing “supplementing the GPS position” with DR). A POSITA would have 


known from introductory physics that displacement of an object only occurs when 


that object is accelerated in some way, and that acceleration values twice integrated 


over time by definition yield a displacement. Thus measurement of acceleration 


determines, or measures, the displacement of the object. A POSITA would have thus 


understood that Levi teaches an accelerometer to measure “displacements,” as 


claimed. See, e.g. Physics (Ex. 1050), 37-47. 


130. When combined with Sakamoto Electronic Components, Levi’s 


accelerometer would have been used to measure displacements from the point at 


which the GPS signal became unavailable in order to provide robust location 


tracking through an antenna shadow or period of interference. DR systems at the 
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time were widely-known to employ accelerometers for this function (measuring 


displacement in an INS) by performing the techniques described by Levi, such as 


utilizing an accelerometer incorporated in a pedometer, to sense “harmonic motions 


and impact accelerations that result from walking or running.” Levi, 3:12-19. This is 


typically done by double integrating an acceleration (found by dividing mass out of 


a sensed force using F=mA) to produce a displacement. See, e.g. Gotoh, [0090] for 


an example. Levi specifically teaches that DR “refers to a position solution that is 


obtained by measuring or deducing displacements from a known starting point.” 


Levi, 1:13-17, 3:12-36 (teaching the accelerometer is used to provide acceleration 


data indicative off footsteps), 4:18-28 (discussing determining displacement), 5:17-


19 (calculating total displacement from starting point), 5:62-66, 8:12-14, 10:38-39, 


FIG. 9, Step 904. I note that Claim 3 further specifies (as a POSITA would have 


expected) that the processor circuitry is operable to compute the location 


coordinates of the device, rather than the accelerometer, thus supporting a POSITA’s 


understanding that Levi’s accelerometers would not directly measure displacement 


the physical displacement distance, but rather the acceleration values that cause the 


displacement (which is functionality being claimed by the ’618 Patent). Therefore, 


a POSITA would have understood that the accelerometer-based DR system taught 


by Levi combined into the terminal 1 of Sakamoto teaches the claimed 
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“accelerometer circuitry” that measures displacements of the portable electronic 


tracking device. 


 Claim 1(c) 


a) “a battery power monitor configured to selectively 
activate and deactivate at least one portion of the transceiver 
circuitry and location tracking circuitry to conserve battery 
power in response to a signal level of the at least one portion 
of the receive communication signal; and” 


131. Claim 1(c) recites three hardware limitations: a battery power monitor, 


the transceiver circuity, and location tracking circuitry.  


As discussed in Claim 1(a) above, the Petition maps the transceiver circuitry to 


Sakamoto’s GPS receiver 10, GPS control unit 12, positioning control unit 13, and 


communication control unit 11. Further, Sakamoto teaches a battery power 


monitor through its battery control unit 16, positioning control unit 13, GPS control 


unit 12, and signal level detecting unit 15, that (either individually or collectively) 


selectively activate and deactivate GPS receiver 10 in response to a satellite signal 


level detected by Sakamoto’s signal level detecting unit 15. Sakamoto also teaches 


the claimed location tracking circuitry through Sakamoto’s sub-components of the 


GPS receiver 10 and GPS control unit 12 (either individually or collectively) that 


determine a location of the GPS receiver 10. An illustration of these components is 


seen in annotated FIG. 1 of Sakamoto, below with the transceiver circuitry in red, 


battery power monitor in blue, and location tracking circuitry in green: 
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Sakamoto, FIG 1 (annotated). 


132. To explain how these components of Sakamoto meet the claim 


language, I first discuss Sakamoto’s three modes of operation. In normal mode, the 


signal received from a GPS satellite is good (e.g., above a threshold value such as 


K2), and positioning by the GPS receiver is performed cyclically as needed. 


Sakamoto, [0027], [0037]. In a stop-position searching mode, the received GPS 


satellite signal is below a predetermined threshold level such that positioning is not 


possible, and thus location determination via GPS is halted. Sakamoto, [0038]. In a 


high mode, which is not relied on for the mapping in the Petition, the received 


GPS satellite signal is low (e.g., below a threshold value such as K1), but position 
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searching is performed continuously to stabilize the positioning. Sakamoto, [0045], 


[0050]. Thus, when Sakamoto’s device is operating in normal mode, the transceiver 


circuitry and location tracking circuitry are activated. When Sakamoto’s device is 


operating in stop-position searching mode, at least a portion of the transceiver 


circuitry and location tracking circuitry are deactivated.  


133. Regarding the thresholds and transitions between these 


modes,  POSITA would have understood that a “predetermined threshold” for a 


signal level value “equal to or lower than a predetermined threshold” (e.g., K1) to 


select the high sensitivity mode would have been different from “the signal level 


value is equal to or lower than a predetermined threshold value” for selecting the 


stop-position searching mode (i.e., lower than the bottom threshold for the high 


sensitivity mode). A POSITA would have understood from the collective teachings 


of Sakamoto that “a predetermined threshold” value for selecting the stop-position 


searching mode would have been a different (and lower) value than a threshold value 


for selecting the high sensitivity mode; indeed, each threshold is for selecting a 


separate and distinct mode (e.g., transitioning from normal mode to high sensitivity 


mode, transitioning from high sensitivity mode to stop-position searching mode). 


Further, a POSITA would have recognized that Sakamoto’s system would have been 


configured to transition from one of the modes to any other mode (including directly 


from the stop-position searching mode to normal mode and vice-versa). 
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Furthermore, Sakamoto teaches that the stop-position searching mode is selected 


when positioning cannot be performed. Sakamoto, [0038], 0050]. Therefore, a 


POSITA would have understood that “a predetermined threshold” for the stop-


position searching mode would have been for a signal level lower (i.e., poorer) than 


the signal level range for the high sensitivity mode. For at least these reasons, a 


POSITA would have understood that Sakamoto teaches three distinct modes with 


distinct thresholds so that Sakamoto’s system would have been operable and able to 


select the correct mode that corresponds to the signal level value (i.e., normal mode, 


high sensitivity mode, stop-position searching mode). Therefore, I note 


that Sakamoto’s “predetermined threshold value” for the stop-positioning search 


mode meets the claimed “first signal level” of the ’618 Patent. See ’618 Patent at 


6:55-59; Sakamoto, [0038], [0050]. 


134. Sakamoto’s location tracking circuitry (comprising GPS receiver 10 


and GPS control unit 12) is operable to determine the location of the terminal 1. 


Specifically, GPS receiver 10 performs two distinct functions: (1) receiving GPS 


satellite signals from GPS satellites; and (2) performing positioning operations to 


determine the position. Sakamoto, [0019], [0005]. This would have been the 


expected behavior to a POSITA of GPS-based location tracking circuitry at the time 


of the ’618 Patent, to first acquire signals transmitted from GPS satellites and 


thereafter use data from the acquired signals to calculate (geographic) location 
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coordinates. Typically, the signal acquisition is performed by acquisition circuitry 


comprising an antenna and a combination of an RF filter and amplifier (commonly 


referred to as an “RF Front end”) for receiving the GPS satellite signal. See, e.g. 


Krasner, 6:1-36. This process of acquisition and processing is in keeping with the 


’618 Patent’s characterization of known prior art, in which is describes conventional, 


known GPS systems as calculating the positional information of the GPS receiver 


“based on distance calculations from at least four satellites.” ’618 Patent, 4:48-60, 


2:55–3:10. Mirroring this process, Sakamoto teaches that its GPS receiver 10 starts 


a position detection process, and “when the GPS receiver 10 performs the position 


detection processing and succeeds in positioning, the position information is 


acquired by the GPS control unit 12….” Sakamoto, [0020], [0023]. In my opinion, 


Sakamoto’s teaching of referring to the latest orbit information would have been 


understood to mean referring to the latest or most recent position information of the 


GPS satellites. As I explained above, GPS operates by periodically obtaining the 


location of the GPS satellites, which is often referred to in the art as ephemeris data, 


but which Sakamoto refers to as “orbit information.” The position is then calculated 


using this orbit information (i.e., the last-measured location of the GPS satellites) 


and time offsets of the GPS signals. As such, a POSITA would have understood that 


Sakamoto’s GPS receiver 10 and GPS control unit 12 individually or collectively 


teach or at least render obvious a structure operable to determine the 
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position/location of the GPS receiver based on at least a portion of the GPS satellite 


signal. These two functions, of acquiring signal(s) from GPS satellites and 


calculating a position would have been performed by sub-components of the GPS 


receiver or such would be obvious in view of well-known considerations of GPS 


receiver design to a POSITA prior to the ’618 Patent. Though Sakamoto’s GPS 


receiver 10 and GPS control unit 12 are included in both the mappings of the 


“transceiver circuitry” and the “location tracking circuitry,” this is consistent with a 


POSITA’s understanding of how these components would have functioned and the 


’618 Patent’s only description of what is contained within these components. ’618 


Patent, 8:2-4 (“the transceiver circuitry (e.g., transceiver 102, location tracking 


circuitry 114, and signal, [sic] processing circuitry 104)”). 


135. I note that the term “battery power monitor” only appears in the claims 


of the ’618 Patent, though it does describe a “battery management module (e.g., 


battery monitor)” that “controls electronic components associated with the tracking 


device” stating, “[i]n response to measured signal strength level, a power 


management circuitry (e.g., battery monitor) controls power levels associated with 


the first tracking device to reduce or increase power consumption of a transceiver 


and its associated circuitry.” ’618 Patent, 3:30-45. Sakamoto teaches a battery power 


monitor that fits this description through its battery control unit 16, positioning 


control unit 13, GPS control unit 12, and signal level detecting unit 15. Specifically, 
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Sakamoto teaches a normal mode that is set when the received GPS signal is high 


(good), and a stop-position searching mode, set when the received GPS signal is too 


poor or weak for GPS positioning to be performed. 


…when the satellite signal level is low, high-sensitivity positioning 


operation can be performed automatically to stabilize position 


positioning, and when the satellite signal level is high, the normal 


sensitivity operation is automatically performed to reduce the 


power consumption and to extend the operating time.  


Sakamoto, [0045] (emphasis added). 


If it is determined that the positioning cannot be performed when the 


signal level value is equal to or lower than a predetermined 


threshold value, the position search may be stopped. 


Sakamoto, [0038], [0050] (emphasis added). The current mode  of operation of the 


terminal 1 is set by the positioning control unit 13 in response to a signal level of the 


GPS satellite signal received by the GPS receiver 10. Sakamoto, [0027]. Thus, a 


POSITA would have understood that Sakamoto teaches two distinct modes, a normal 


mode in which normal GPS location determination is performed, and a stop-position 


searching mode in which GPS location determination is stopped. Though it is not 


expressly characterized as a “mode” in Sakamoto. a POSITA would have understood 


that any distinct state of operation of the device constitutes a “mode,” and that when 


Sakamoto’s device ceases normal mode it would clearly be entering another “mode.” 
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Regardless, my reference to the “stop position searching” state of operation as a 


“mode” is for ease of reference and is not inconsistent with Sakamoto’s teachings of 


a distinct state of operation where position searching is stopped because position 


searching cannot be performed due to a signal level below a predetermined threshold 


level. Sakamoto, [0038]. [0050]. However, it is my opinion that when the GPS 


receiver is not performing position searching because position searching was 


stopped due to a poor signal below a predetermined threshold value, this is a third 


mode of operation or that a third “mode” would have otherwise been obvious. 


136. Sakamoto also teaches that in the normal mode, the GPS receiver 


powers on/off cyclically or in response to position requests to conserve power 


(relative to the high mode, which operates continuously). Sakamoto, [0020], [0024], 


[0045]. Based on these teachings, it is my opinion Sakamoto recognizes powering 


off the GPS receiver conserves power, and further, that because Sakamoto powers 


on/off the GPS receiver in normal mode, powering off the GPS receiver does not 


otherwise interrupt other operations of the terminal 1 (otherwise, the GPS receiver 


would not power on/off in normal mode). Given Sakamoto’s teachings of powering 


on/off the GPS receiver in the normal mode to reduce power consumption, in 


combination with Sakamoto’s teachings that position searching is stopped when the 


satellite signal level is below a predetermined threshold to conserve power, it is my 


opinion the Sakamoto GPS receiver is similarly deactivated or applied power is 
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reduced when the satellite signal level is below a predetermined threshold level. 


Because the Sakamoto GPS receiver 10 is performing fewer operations, i.e., not 


performing position searching, a POSITA would have understood or found obvious 


that certain functionality and accompanying circuitry is deactivated or that applied 


power is reduced. As would have been well understood, any reduction of processing 


by an electronic component would have resulted in reducing power usage relative to 


a state where such processing is performed (with all other processing functionality 


remaining equal). As noted above, a POSITA would have understood that a location 


tracking device that transitioned to stop-positioning mode (i.e. deactivated GPS) 


when the signal level was low, but did not transition to a positioning mode (i.e. 


activate GPS) when the signal was high enough to obtain positioning would never 


generate position values at all after the first GPS deactivation. A POSITA would 


have understood such a device to be useless. Thus a POSITA would have also, for 


this reason, understood that GPS control unit 12 instructs GPS receiver 10 to begin 


position searching, thus increasing power usage by the GPS receiver. Sakamoto, 


[0027]. Therefore, in my opinion, Sakamoto’s teaching of stopping position 


searching in response to the GPS satellite signal being below a predetermined 


threshold level meets the claimed selectively deactivating the GPS receiver in 


response to a signal level of the GPS satellite signal. 
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137. Sakamoto teaches that position searching may be performed manually 


or automatically according to a “cycle set in advance,” and that signal level detection 


is performed during a set “measurement time.” Sakamoto, [0037], Figs. 6-7. When 


performed manually, Sakamoto states that a position search may be performed in 


response to a user’s depression of a button, whereas when performed automatically, 


a “satellite signal level request message,” including the measurement time for signal 


level detection, is sent to the terminal 1 from the server 2 upon every preset cycle.  


 


Sakamoto, [0020], FIG. 6. Upon receiving the satellite signal level request message, 


positioning control unit 13 of terminal 1 “causes the satellite signal level detection 


unit 15 to monitor the signal level from the GPS satellite during the measurement 


time specified in the satellite signal level request message….” Id. The detected signal 


level is sent to the server 2 in a satellite signal level response message, and the server 


then determines the operation mode (high, normal, or stop-position searching). 


Sakamoto, [0037]-[0038] (“When the position management / positioning server 2 


receives the satellite signal level response message, the positioning mode control 
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unit 22 reads out the signal level from each satellite from the satellite signal level 


response message and stores it as GPS reception sensitivity paired with the 


corresponding terminal address in the position information database 25.”). Here, 


Sakamoto is referring to one of two embodiments (specifically, Embodiment 2),  in 


which server 2 stores the cycle measurement time, sends the satellite signal level 


request message to terminal 1 to perform signal level detection, and sets the 


operation mode. Sakamoto, [0037]-[0038]. Since Sakamoto teaches for Embodiment 


1 that terminal 1 performs signal level detection, and positioning control unit 13 (of 


the terminal) instructs the GPS control unit 12 to set the operation mode based on 


the detected signal level, it would have been obvious to a POSITA for terminal 1 to 


set the operation mode based on the satellite signal level detected during a stored 


measurement time in Embodiment 2 as well, though Sakamoto does not explicitly 


state as much. Though Sakamoto does not expressly disclose memory used to 


support its components and functionalities, a POSITA would have understood that 


the device described by Sakamoto would have utilized memory for storing within 


terminal 1 information required for location determination. Notably, Sakamoto itself 


already discloses that information may be “stored” for GPS receiver 10, indicating 


to a POSITA that it would have had associated memory. Sakamoto, 21, FIG. 6. To 


the extent it is argued that Sakamoto does not teach sufficient memory for techniques 


claimed by the ’618 Patent, it would have been obvious to a POSITA to simply add 
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memory to the portable electronic device taught by Sakamoto. Memory was very 


well-known to POSITAs prior to the time of the ’618 Patent, and would have been 


simple for a POSITA to add to Sakamoto’s terminal 1 for any necessary functions. 


138. In response to a position request (whether manually request as 


described at ¶ [0020] or requested at the cycle set in advance as described at ¶ 


[0037]), Sakamoto teaches that the signal level is detected, and the operation mode 


is set. After another cycle (the cycle set in advance), another positioning control 


message with a satellite signal level request is issued, and the terminal 1 again 


performs signal level detection via unit 15. Sakamoto, [0037]. Based on the new 


level detected, an operation mode is again set. This would have been the natural, 


expected operation of the device to a POSITA – a POSITA would not have expected 


that the device would have entered a particular mode (in this case, normal mode) and 


never be able to leave it.  Rather, a POSITA would have expected that the device 


would have been configured to regularly reselect the appropriate mode of operation 


based on currently-sensed parameters to ensure the most appropriate functioning of 


the device. For example, if the device was previously in a normal mode (because the 


signal level was good) and the subsequent received GPS signal level is equal to or 


lower than a predetermined threshold such that position searching is stopped (as 


described by Sakamoto at ¶ [0038]), then a POSITA would have understood GPS 


control unit 12 instructs GPS receiver 10 to stop position searching in order to 
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conserve power. Such transitioning between modes is discussed by Sakamoto at ¶ 


[0027]. Similarly, if the device was previously in the stop-position searching mode 


(because the received GPS signal level was equal to or lower than a predetermined 


threshold) and a subsequently received GPS signal level is good (i.e., above a 


threshold value), then a POSITA would have understood GPS control unit 12 


instructs GPS receiver 10 to begin position searching, resulting in increased power 


usage by the GPS receiver. Id. 


139. A POSITA would have recognized that as a result of this selective mode 


switching (as well as the intent of Sakamoto’s device to perform such mode 


transitioning), battery power would have been conserved while the location 


determining is not being attempted when a viable GPS signal is not available. 


Sakamoto, [0038]. Sakamoto states that “power consumption can be reduced by 


stopping the position search when positioning is not possible.” Sakamoto, [0050]. A 


POSITA would have understood that stopping the position search would have at 


least comprised deactivating the signal acquisition and signal processing sub-


components of GPS receiver because they use less power than when position 


searching is performed. Thus, Sakamoto teaches conserving battery power when 


“position searching is not possible.” 


140. Regarding the claim limitation that the battery power monitor is 


configured to selectively “activate and deactivate at least one portion” of the 


IPR2020-01192 
Apple EX1003 Page 88







Declaration of Scott Andrews 
Patent No. 8,421,618 


 


transceiver circuitry and location tracking circuitry, Sakamoto teaches this limitation 


as well. Specifically, Sakamoto teaches powering on the GPS receiver 10 in order to 


perform a position search: “the position request turns on the power of the GPS 


receiver 10 via the GPS control unit 12 and the GPS receiver 10 starts the position 


detection process.” Sakamoto, [0020]. Since, as discussed, the GPS receiver 10 is 


appropriately included within both the transceiver circuitry and location tracking 


circuitry, at least one portion of each of these circuitries within Sakamoto’s device 


are activated when the device enters normal mode. Id. Similarly, since the position 


search is not performed in the stop-position searching mode, a POSITA would have 


understood that the GPS receiver 10 (again, a portion within both the transceiver 


circuitry and location tracking circuitry) is deactivated when Sakamoto’s device 


enters this mode, as claimed, in order to consume less power relative to when 


position searching is performed. Sakamoto expressly teaches with respect to the 


signal level that “power consumption can be reduced by stopping the position search 


when positioning is not possible.” Sakamoto, [0050]. A POSITA would have 


understood that if “power consumption can be reduced” then it would have at least 


been obvious that one method by which the power consumption would appropriately 


have been reduced would have been by selectively deactivating sub-components of 


the GPS receiver related to signal acquisition and signal processing, as claimed. 


Further, a POSITA would have understood that in some implementations it may 
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have been undesirable to turn off everything in the receiver because that would cause 


loss of data related to known satellites and their last known time offsets. If that data 


is lost, then the receiver must do a “Cold Start”, requiring time spent reacquiring the 


satellite signals and/or data. Instead, a POSITA would have understood that 


processing would have been stopped (but data is maintained), and then when the 


device resumes location determination it starts out with the data known before 


entering stop-position searching mode. Thus, if stop-position searching mode is not 


maintained for long,  the satellites are not far from where their last known position 


and/or time offsets, enabling a much faster a “Warm Start.” 


 Claim 1(d) 


a) processor circuitry configured to process the at least 
one portion of the receive communication signal. 


141. I first note that Claim 1(d) does not recite any particular processing to 


be performed on the receive communication signal. Cf. ’618 Patent, Claim 3. 


Therefore, any “processing” of the signal satisfies Claim 1(d).  


142. I also note that the claimed “at least one portion of the receive 


communication signal” recited in Claim 1 may be received from a wireless network. 


Specifically, Claim 14, which depends from Claim 1, recites that “the at least one 


portion of the receive communication signal [is received] from a GPS satellite and 


from a wireless communication network.” Because the portion of the signal is 


received from a GPS satellite and from a wireless communication network as recited 
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in Claim 14, then this means the “at least one portion” of the signal recited in Claim 


1 encompasses the at least one portion received from the wireless communication 


network.  


143. Sakamoto teaches the at least a portion of the receive communication 


signal comprising location coordinates information received from a wireless 


communication network. Sakamoto teaches GPS receiver 10 “requests the latest 


orbit information from the GPS control unit 12,” and “GPS control unit 12 requests 


the positioning control unit 13 to acquire the GPS satellite information. The 


positioning control unit 13 uses the communication control unit 11 to acquire GPS 


satellite information via the mobile communication network and sends it to the GPS 


control unit 12.” Sakamoto, [0021-0022], [0011]. The orbit information is acquired 


from server 2. Sakamoto, [0030]. This orbit information includes location 


coordinates information, as it includes the GPS satellite information GPS receiver 


uses to perform the position detection processing. Sakamoto, [0022]; see ¶ 157, 


above.  


144. The positioning control unit 13 requests the orbit information from the 


server and, once received, sends to the GPS control unit. Sakamoto, [0022]. This 


receipt and transmission of the orbit information, which is location coordinates 


information included in the at least one portion of the receive communication signal, 


constitutes processing of the receive communication signal. Thus, the positioning 
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control unit is configured to process the at least one portion of the receive 


communication signal, as claimed.  


145. Sakamoto also teaches another processing circuitry in the form of 


satellite signal level detecting unit 15, which  is processing circuitry, as claimed, as 


the detecting unit 15 “detect[s] the level of the GPS satellite signal received by the 


GPS receiver 10” and “monitor[s] the signal level from the GPS satellite during the 


measurement time.” Sakamoto, [0019], [0037]. In my opinion, detecting, 


monitoring, or otherwise analyze the signal to determine a signal level entails 


processing the signal. This is especially true given Claim 1(d) does not recite any 


particularities for the claimed processing of the signal. Therefore, the signal level 


detecting unit 15 is also “processor circuitry configured to process the at least one 


portion of the receive communication signal,” as claimed. 


146. Sakamoto’s GPS control unit 12 is also processing circuitry, as claimed, 


because the GPS control unit 12 sends the satellite signal received by the receiver 


10 to the signal level detecting unit 15. Sakamoto, [0019]. Sakamoto teaches: “a 


satellite signal level detection unit 15 for detecting the level of the GPS satellite 


signal received by the GPS receiver 10 via the GPS control unit 12.” Id. The receipt 


and transmission of the GPS satellite signal by the GPS control unit further 


constitutes processing of the at least one portion of the receive communication 


signal.  
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147. For each of these processing steps I discuss above, a POSITA would 


have understood that the signal is processed by the respective component because 


the signal is, at the least, received by the component.    


148. Further, Sakamoto as combined with Levi teaches the claimed 


“processor circuitry.” Levi states “[t]he present invention discloses a 


microcomputer-assisted position finding system…” and is a “navigation system…to 


generate a low-cost computerized DR system.” Levi, 1:60-63, 2:5-8, Abstract, 1:8-


11. Levi further teaches the dead reckoning (DR) system includes a DR software 


module to provide an “integrated GPS-DR navigation system” and “computer-aided 


position fixes.” Levi, 2:2-14, 7:64-66. Thus, the terminal 1 of Sakamoto modified, 


as above, to include Levi’s microcomputer also teaches “processor circuitry.” Levi’s 


electronic dead reckoning system employs a DR software module utilized by a 


microcomputer, includes a graphical display, and performs computer-aided position 


fixes, all of which would have indicated to a POSITA that Levi’s DR system relies 


on a processor to enable the DR functionality. Levi teaches using the last GPS fix. 


Levi, 8:3-7. Thus, Levi’s microcomputer “processes” the receive communication 


signal by using the GPS fix (i.e., position) based on the received signal, thus 


satisfying the claimed “processor  circuitry configured to process” of claim 1(d).  


149. A POSITA would have both found it obvious and been motivated to 


combine techniques and functionalities taught for Levi’s DR microcomputer into the 
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processor already present in Sakamoto’s processing elements, allowing for desirable 


location tracking while GPS signal is unavailable or otherwise insufficient. A more-


reliable location tracking device would have sold better in the market, further 


motivating the combination. This would have allowed the electronic tracking device 


to continue to provide positioning information even when the GPS signals were too 


low to be used to determine position. 


 CLAIM 3 


a) The device of claim 1, wherein the processor circuitry 
is further configured to compute the location coordinates of 
the portable electronic tracking device from the at least one 
portion of the receive communication signal and the 
displacements of the portable electronic tracking device in 
response to the signal level of the at least one portion of the 
receive communication signal. 


150. As discussed above, the device taught by Sakamoto in view of Levi is 


operable to track the location of the portable electronic tracking device using a 


combination of Sakamoto’s GPS tracking and Levi’s accelerometer-based dead 


reckoning techniques. A POSITA would have understood that the result of such dead 


reckoning would have been to “compute the location coordinates” of the device, as 


claimed. As discussed in the Background of the Technology, location tracking 


devices, both GPS-based and DR-based, solve mathematical equations to compute 


current coordinates of a device, which may then be recorded over time to track the 


movement of the user. Such well-known dead reckoning techniques often determine 


IPR2020-01192 
Apple EX1003 Page 94







Declaration of Scott Andrews 
Patent No. 8,421,618 


 


a current or final position based on a calculated displacement from a prior-known 


position. Levi teaches precisely this standard functionality: “DR calculates an 


incremental change in position from a known starting point.” Levi, 8:42-45, 7:49-52 


(disclosing DR mode as determining “distance since last fix”). Thus, Levi teaches 


computing location coordination from the displacements of the portable electronic 


tracking device, as claimed. Further, since Levi’s known starting point for the dead 


reckoning employs a GPS-determined position, Levi also teaches computing 


location coordinates “from the at least one portion of the receive communication 


signal,” where the receive communication signal is the GPS satellite signal used to 


determine a position, as discussed for Claim 1(c). 


151. In my opinion, Claim 3 recites steps encompassing dead reckoning, 


which has been employed in navigation devices using an accelerometer for at least 


a decade prior to the ’618 Patent. Dead reckoning is the well-known technique for 


determining a distance traveled, i.e., a displacement, from a known starting location 


using accelerometer data. The acceleration data output from the accelerometer is 


twice integrated to obtain the displacement (as is taught in basic calculus or 


trigonometry). Using a known starting point and the displacement, a current position 


can be determined. Levi, which pre-dates the ’618 Patent by over 10 years, teaches 


dead reckoning and recognizes the technique was widely used and known in 


navigation even prior to Levi’s priority date.” Further, note Levi teaches that when 
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GPS fixes are available, the DR system is continuously updated using the GPS fix. 


It is my understanding Levi is referencing the last known location (discussed at 8:3-


7), where the DR system continuously updates the last known location as determined 


by the GPS (the GPS fix) when GPS is available. In this manner, the DR system is 


ensured to have the most up-to-date last known location as possible, which improves 


the accuracy of the DR system. As noted by Levi, “[s]ince DR calculates an 


incremental change in position from a known starting point, subsequent positioning 


depends on accurately identifying the starting position.” Levi, 8:42-44. Therefore, 


the DR system will continuously update GPS-determined position when GPS is 


available. A POSITA would thus have understood from these teachings that when 


there are GPS outages, such as when a GPS satellite signal is too weak for location 


determination (as taught by Sakamoto at [0038], [0050]), Levi’s navigation system 


would have been configured to use the device’s displacements and dead reckoning 


techniques to compute a location from the GPS signal as last received 


(corresponding to the device’s last known location). 


 CLAIM 9 


a) “The device of claim 1, wherein the location tracking 
circuitry is configured to calculate location data based on the 
at least one portion of the receive communication signal.” 


152. Supra, claim 1 (preamble). 
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 CLAIM 10 


a) “The device of claim 9, wherein the battery power 
monitor is configured to deactivate the location tracking 
circuitry when a communication signal is below a predefined 
level.” 


153. I note that claim 10 recites a “communication signal,” while claims 1 


and 9 on which it relies recite a “receive communication signal.” It is my opinion 


that it would have been clear to a POSITA that the “communication signal” of claim 


10 is the same “receive communication signal” of claims 1(a), 1(c), and 9, received 


by the transceiver circuitry and processed by the processing circuitry to calculate 


location data. Additionally, claim 11 recites “the battery power monitor is 


configured to activate the location tracking circuitry when the at least one portion of 


the receive communication signal is above a predefined level.” Claims 10 and 11 


appear to be corollaries – activating or deactivating based on the signal being above 


or below a predefined level. Thus, a POSITA would have understood the 


“communication signal” in claim 10 is referencing the same “receive communication 


signal” as claim 11 (and all the other claims).  


154. Further, to the extent it is argued that “a communication signal” is 


distinct from the “receive communication signal,” Sakamoto discloses a battery level 


warning message that constitutes a “communication signal.” Sakamoto, [0039]. 


Sakamoto teaches that battery control unit 16 “notifies the position control unit 13 


of a remaining battery amount warning when the monitored battery remaining 
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amount falls below a certain threshold value,” and thereafter “the power 


consumption may be reduced by cutting off power of the GPS receiver.” Sakamoto, 


[0039]. Thus, when the battery level is below a predetermined level, the location 


tracking circuitry is deactivated, teaching a communication signal sent by the battery 


monitor, as claimed. 


 CLAIM 11 


a) The device of claim 9, wherein the battery power 
monitor is configured to activate the location tracking 
circuitry when the at least one portion of the receive 
communication signal is above a predefined level. 


155. Sakamoto discloses a battery level warning message that is a 


“communication signal,” stating that “the normal sensitivity positioning mode is 


required when the signal level value is equal to or higher than a predetermined 


threshold value.” Sakamoto, [0039]. Specifically, Sakamoto teaches “when the 


detection level exceeds a threshold value, the positioning control unit 13 


automatically makes a transition to the normal sensitivity positioning mode.” 


Sakamoto, [0027]. Thus,  Sakamoto teaches that the GPS receiver 10 and GPS 


control unit 12 (the mapped “location tracking circuitry”) are activated when at least 


one portion of the receive communication signal is above a predefined level. See 


also supra Claim 1(c). 
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 CLAIM 14 


a) “The device of claim 1, wherein the transceiver is 
configured to receive the at least one portion of the receive 
communication signal from a GPS satellite and from a 
wireless communication network.” 


156. I note that claim 14 relies on claim 1, which recites “transceiver 


circuitry” rather than “the transceiver.” Clearly, a POSITA would have recognized 


that “the transceiver of claim 14 is intending to refer to the “transceiver circuitry” of 


claim 1(a).  


157. Sakamoto’s GPS receiver 10 and communication control unit 11 are 


components of the “transceiver circuitry,” as mapped in the Petition. Sakamoto 


teaches the GPS receiver 10 storing “orbit information obtained via a network using 


the communication control unit” such as by using the “communication control unit 


11 to acquire GPS satellite information via the mobile communication network 


and send it to the GPS control unit 12.” Sakamoto, [0006], [0019], [0021]-[0022], 


[0030] (emphasis added). A mobile communication network is a wireless 


communication network, as claimed. Thus, Sakamoto teaches a “transceiver 


circuitry” that receives at least a portion of a receive communication signal via a 


transceiver and across a mobile communications network. As discussed in my 


background of the technology, data received across the mobile network used in 


calculating the current position at a mobile device was well-known in the art as 


ephemeris data, which includes information such as the current location of one or 
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more satellites. As noted in the technical background section, this is an approach 


known as “Assisted GPS” or AGPS, wherein the GPS receiver receives the orbital 


information from the network to reduce the time and processing required to acquire 


the GPS signals. See supra at Background of the Technology. The device (e.g. 


communication terminal 1 of Sakamoto) is then able to determine the device’s 


current location by solving a set of equations comprising information gathered from 


a plurality of satellites and the ephemeris data received over the mobile 


communication network. Id.  


158. As I explained for Claim 1(a), Sakamoto teaches GPS receiver 10 


“receives GPS satellite signals from GPS satellites,” and GPS control unit 12 


“acquir[es] the latest orbit information of the GPS satellite.” Sakamoto, [0005], 


[0021]-[0022]. Therefore, Sakamoto teaches at least a portion of the receive 


communication signal received from a GPS satellite and from a wireless network, as 


claimed.  


 CLAIM 15 


 Claim 15(Preamble) 


a) A method to monitor location coordinates of one or 
more individuals or objects, the method comprising: 


159. Supra, Claim 1 (preamble).  Specifically, Sakamoto in view of Levi 


teaches a computer-implemented method of monitoring location coordinates of an 


individual using terminal 1 via the steps described for obtaining position data and 
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presenting the position information to the terminal and sending to the server. 


Sakamoto, [0019]-[0038]. 


 Claim 15(a) 


a) “receiving at transceiver circuitry of a portable 
electronic tracking device at least one portion of a receive 
communication signal comprising location coordinates 
information;” 


160. Supra, Claim 1 Preamble and Claim 1(a). 


 Claim 15(b) 


a) “measuring displacements of the portable electronic 
tracking device;” 


161. Supra, Claim 1(b). 


 Claim 15(c) 


a) “activating and deactivating at least one portion of the 
transceiver circuitry and location tracking circuitry to 
conserve battery power in response to a signal level of the at 
least one portion of the receive communication signal· and” 


162. Supra, Claim 1(c). 


 Claim 15(d) 


a) “processing the at least one portion of the receive 
communication signal using processor circuitry.” 


163. Supra, Claim 1(d). 


 CLAIM 16 


a) “The method of claim 15, wherein the processing 
further comprises computing the location coordinates of the 
portable electronic tracking device from the at least one 
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portion of the receive communication signal and the 
displacements of the portable electronic tracking device in 
response to the signal level of the at least one portion of the 
receive communication signal.” 


164. Supra, Claim 3. 


 CLAIM 19 


a) “The method of claim 15, further comprising 
calculating location data based on the at least one portion of 
the receive communication signal using the location tracking 
circuitry.” 


165. Supra, Claim 9. 


 CLAIM 20 


a) “The method of claim 15, wherein the location tracking 
circuitry is deactivated when a communication signal is 
below a predefined level.” 


166. Supra, Claim 10. 


 CLAIM 21 


a) “The method of claim 15, wherein the location tracking 
circuitry is activated when the at least one portion of the 
receive communication signal is above a predefined level.” 


167. Supra, Claim 11. 


 CLAIM 24 


a) “The method of claim 15, wherein the at least one 
portion of the receive communication signal is received from 
a GPS satellite or from a wireless communication network.” 
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168. Supra, Claim 14. I note that Claim 24 recites “from a GPS satellite or 


from a wireless communication network,” which is otherwise encompassed within 


Claim 14’s limitation. 


 OPINIONS REGARDING GROUND 2: SAKAMOTO IN VIEW OF 
LEVI IN FURTHER VIEW OF VAGANOV 


 CLAIM 4 


a) “The device of claim 1, wherein the accelerometer 
comprises a multi-beam structure having at least one beam 
of the multi-beam structure comprising a directional 
orientation substantially orthogonal to at least one other 
beam of the multi-beam structure.” 


169. I note that claim 4 recites “the accelerometer,” which does not appear 


anywhere in claim 1. Thus, a POSITA would have clearly recognized that this should 


have been claimed as “the accelerometer circuitry,” similar to claim claim 1(b).” 


Further, while Levi teaches an accelerometer, it does not expressly disclose the 


multi-beam accelerometer recited in claim 4. However, Vaganov teaches a “three-


axis accelerometer” having a frame, a proof mass, and an elastic element or 


suspension in the form of four beams that is expressly described as being for use in 


portable devices such as cellular phones. Vaganov, [0040], [0150], FIG. 6. Each of 


Vaganov’s four beams have one end connected to a central proof mass and the other 


end connected to a surrounding frame. Vaganov discloses the accelerometer 


measures three components of inertial force (or acceleration) in a 3D coordinate 


system comprising three orthogonal axes. Vaganov, Abstract, [0020], [0026]. Each 
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of the four beams are oriented at orthogonal angles to another beam. Such orthogonal 


beam accelerometers were well-known and widely used prior to the ’618 Patent. 


170. A POSITA would have found it obvious to employ the accelerometer 


taught by Vaganov in the portable device of Sakamoto in view of Levi at least 


because Vaganov expressly discloses use in portable devices and 4-beam 


accelerometers were well-known. Vaganov, [0040]. Further, a POSITA would have 


seen the value of the power conservation called out by Vaganov in a portable 


electronic device that is seeking to maximize battery life. Id. A POSITA would have 


had a reasonable expectation of success for the combination for these reasons, and 


employing Vaganov’s accelerometer as Levi’s accelerometer would have at least 


constituted a simple substitution of one accelerometer for another. 


 CLAIM 5 


a) “The device of claim 4, wherein the directional 
orientation substantially orthogonal to at least one other 
beam of the multi-beam structure comprises a multi-
directional orientation to measure differential displacement 
accelerations in x, y, and z orientation directions utilized to 
compute differential location coordinates information in 
response to the portable electronic tracking device detection 
of a signal level less than a first signal level.” 


171. As discussed above, Vaganov teaches an orthogonal multi-beam 


accelerometer used to measure accelerations. Specifically, Vaganov teaches that its 


3D accelerometer has increasing sensitivity and achieves equal sensitivity to X, Y, 


and Z components of acceleration vector. Vaganov, [0024]. Further, Vaganov states 
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that the location of the stress-sensitive sensors on the accelerometer’s suspension is 


chosen such that “all three components of acceleration vector can be determined 


using signals from at least three sensors.” Vaganov, [0031]. From these citations, as 


well as Figure 6, it would have been clear to a POSITA that Vaganov’s accelerometer 


measures accelerations in the x, y, and z directions, as claimed. Additionally, the 


’618 Patent describes “[d]ifferential voltage(s) are proportional to acceleration 


measurements, e.g., discrete acceleration measurements, of electronic tracking 


device 100, for instance in x, y and z directions.” ’618 Patent, 7:24-27. A POSITA 


would have recognized that this description of differential voltages in response to 


accelerations experience mirrors the description of Vagaonov’s accelerometer, and 


thus Vaganov teaches an accelerometer that “measure[s] differential displacement 


accelerations in x, y, and z orientation directions utilized to compute differential 


location coordinates information,” as claimed. 


172. As previously discussed for claim 3, Sakamoto in view of Levi teaches 


activating an accelerometer when the at least one portion of the receive 


communication signal is below a predefined level. Supra, Ground 1, Claim 3. A 


POSITA would have recognized that this predefined level would have appropriately 


been chosen as the “first signal level” of claim 5, causing the accelerometer of 


Sakamoto in view of Levi and Vaganov to “compute differential location coordinates 


information in response to the portable electronic tracking device detection of a 
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signal level less than a first signal level,” – i.e. when the GPS signal received as in 


Sakamoto is insufficient for performing GPS location determination. 


 CLAIM 6 


a) “The device of claim 4, wherein the directional 
orientation substantially orthogonal to at least one beam of 
the multibeam structure comprises a multi-directional 
orientation to measure differential displacement 
accelerations in x, y, and z orientation directions to compute 
differential location coordinates information in response to 
the portable electronic tracking device detection of a signal 
level less than a first signal level.” 


173. Supra, Claim 5. 


 OPINIONS REGARDING GROUND 3: SAKAMOTO IN VIEW OF 
LEVI IN FURTHER VIEW OF CERVINKA 


 CLAIM 7 


a) “The device of claim 1, wherein the displacements are 
transmitted to a monitoring station to determine current 
location coordinate information of the portable electronic 
tracking device based in part on the displacements and at 
least one of last known location coordinates of the portable 
electronic tracking device, last known location coordinates of 
another electronic tracking device, and landmark location 
coordinates.” 


174. As discussed above in Ground 1, Sakamoto as modified by Levi teaches 


claim 1’s portable electronic tracking device operable to use both GPS location 


tracking and dead reckoning, particularly utilizing the DR when GPS is not reliably 


available. Further, Cervinka teaches determining the device’s position using dead 


reckoning data alongside last known location coordinates (or “position coordinates”) 
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in order to leverage data already possessed to hasten the location determination 


process. Cervinka, 7:50-55 (“One skilled in the art will also understand that with the 


last known position of the cargo, as determined by the GPS position data, and the 


dead reckoning data received from the tracking device 14, the central server 10 may 


determine the current position of the cargo.”), FIG. 3, 1:57-62. Specifically, when 


Cervinka’s device detects that it is no longer receiving GPS position data, it 


energizes dead reckoning sensors (comprising 3D accelerometers, see 3:53-4:1) to 


start data acquisition and store the acquired data in its memory. Cervinka, 7:1-9. 


Thus, Cervinka teaches acquiring dead reckoning displacements using one or more 


accelerometers in order to continue location tracking when the GPS signal is lost. 


175. Thereafter, the displacement data acquired is sent to a central server, 


which processes this data from the accelerometer(s) to “determine the current 


position of the cargo.” Cervinka, 7:1-55, FIG. 6. Cervinka notes that while its 


tracking device may be capable of processing the accelerometer data itself, because 


the central server may be advantageously utilized because it has virtually unlimited 


computational power, and the provision of raw dead reckoning data increases 


efficiency enabling “multiple algorithms to determine current position to run 


simultaneously to thereby improve accuracy and/or certainty.” Cervinka, 9:33-50. 


176. Because Sakamoto in view of Levi teaches a GPS tracking device 


utilizing an accelerometer-based DR module when GPS is unreliable or otherwise 
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unavailable and transmits/receives data via a mobile network, a POSITA would have 


found it obvious and been motivated to combine the teachings of Cervinka with the 


GPS positioning system of Sakamoto (as modified by Levi), finding it obvious and 


been motivated to modify or otherwise substitute Sakamoto’s server 2 with the 


central server of Cervinka to process the acceleration data to determine the DR 


position. This would have provided several advantages, such as the computational 


power of the monitoring station taught by Cervinka, as well as battery conservation 


in Sakaomoto’s terminal 1, accomplished by sending the accelerometer 


measurements to the Cervinka’s server for position processing instead of performing 


this highly power-consumptive process at terminal 1. A POSITA would have 


recognized that the device of Sakamoto and Levi further modified by Cervinka would 


have sent accelerometer information to a central server via its communication 


control unit 11. Accordingly, such modifications would not have required undue 


experimentation and would have yielded predictable results. Additionally, given the 


prevalence of dead reckoning prior to the time of the ’618 Patent, such modifications 


would have been well-known to a POSITA and well-within the skillset of a POSITA. 


 CLAIM 12 


a) “The device of claim 9, wherein the battery power 
monitor is configured to deactivate the accelerometer 
circuitry when the at least one portion of the receive 
communication signal is above the predefined level.” 
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177. I note that claim 12 recites “the predefined level,” which does not 


appear anywhere in claims 9 or 1 upon which it depends. Thus, a POSITA would 


have clearly recognized that this should have been claimed as “a predefined level,” 


similar to claims 10 and 11, rather than “the predefined level.” Further, as discussed, 


Cervinka teaches a dead reckoning module used to determine a current location of 


the device when the GPS position data is not available, specifically stating that its 


dead reckoning module (including, amongst other things, accelerometer 34), is 


“energized” when the tracking device “no longer receives GPS position data.”. 


Cervinka, 7:1-55, Figs. 3, 6 (Step 114), 7:18-20 (discussing “starting” dead 


reckoning acquisition “as soon as the GPS position data reception is stopped”). 


178. In my opinion, having read this disclosure from Cervinka, a POSITA 


would have found it obvious to modify the device taught by Sakamoto in view of 


Levi to de-energize (i.e., deactivate), its accelerometer when the GPS satellite signal 


is above a predetermined threshold value. As discussed for claim 11, Sakamoto 


already directly teaches applying set threshold levels for activating and deactivating 


its GPS receiver 10 in response to a satellite signal level, causing the GPS receiver 


10 to stop position searching when the signal level is below a predetermined 


threshold. Sakamoto, [0027], [0038]. A POSITA would have expected the inverse 


behavior to be performed by the device as well, at least finding it obvious to 


deactivate (i.e., de-energize) the accelerometer when GPS signals again rise above a 
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preset threshold value (which may or may not be the same as the first threshold 


value). A POSITA would not expect the device taught by Sakamoto, Levi, and 


Cervinka to energize the accelerometer and never de-energize it – and the natural, 


straightforward situation in which the accelerometer should be de-energized would 


have been the opposite of the situation it was energized – i.e. when it becomes less 


necessary because GPS signals are again reliably available. Cervinka expressly 


states that “[s]hould the GPS position data reception resume, the controller 24 erases 


the stored dead reckoning data,” thus indicating Cervinka does not intend to maintain 


accelerometer data indefinitely or otherwise continue accelerometer usage when 


GPS location tracking is being resumed, as this would have consumed valuable, 


limited battery power in the mobile device of Sakamoto. Cervinka, 7:20-21. Thus, a 


POSITA would have found it obvious to program the mapped battery power monitor 


of Sakamoto (e.g., the positioning control unit 13) to deactivate the accelerometer 


when the GPS satellite signal level is above a predetermined threshold value. 


 CLAIM 13 


a) “The device of claim 9, wherein the battery power 
monitor is configured to activate the accelerometer circuitry 
when the at least one portion of the receive communication 
signal is below the predefined level.” 


179. Like claim 12, I note that claim 13 recites “the predefined level,” which 


does not appear anywhere in claims 9 or 1 upon which it depends. Thus, a POSITA 


would have clearly recognized that this should have been claimed as “a predefined 
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level,” similar to claims 10 and 11, rather than “the predefined level.” Further, the 


device taught by Sakamoto in view of Levi and Cervinka teaches “energizing” the 


DR module, including accelerometer 34, when the tracking device “no longer 


receives GPS position data,” as discussed above for claim 12. Cervinka, 7:1-9, FIGs. 


3, 6 (Step 114), 7:18-20; Supra, Claim 12. Thus, a POSITA would have understood 


Levi’s navigation module transitions to using (or “activating”) the DR system 


(including at least one accelerometer) when GPS satellite signals are unavailable 


(below a predefined level). Specifically, a POSITA would have understood the GPS 


signal level is below a predefined level when the GPS position data is no longer 


received by GPS receiver 10. It would have been obvious to a POSITA to modify 


terminal 1 of Sakamoto (alongside elements from Levi) to perform this functionality 


via programming applied to the battery power monitor, e.g., the positioning control 


unit, to energize (or “activate”) the accelerometer when the GPS satellite signal 


(measured by the Sakamoto signal detecting unit 15) is below the predetermined 


value. Sakamoto, [0038]. 


 CLAIM 17 


a) “The method of claim 15, further comprising 
transmitting the displacements to a monitoring station to 
determine current location coordinates information of the 
portable electronic tracking device based in part on the 
displacements and at least one of last known location 
coordinates of the portable electronic tracking device, last 


IPR2020-01192 
Apple EX1003 Page 111







Declaration of Scott Andrews 
Patent No. 8,421,618 


 


known location coordinates of another electronic tracking 
device, and landmark location coordinates.” 


180. Supra, Claim (7). 


 CLAIM 22 


a) “The method of claim 15, wherein the accelerometer is 
deactivated when the at least one portion of the receive 
communication signal is above the predefined level.” 


181. I note that claim 22 recites “the predefined level,” which does not 


appear anywhere in claim 15. Thus, a POSITA would have clearly recognized that 


this should have been claimed as “a predefined level,” similar to claims 10 and 11, 


rather than “the predefined level.” Additionally, Supra, Claim 12. 


 CLAIM 23 


a) “The method of claim 15, wherein the accelerometer is 
activated when the at least one portion of the receive 
communication signal is below the predefined level.” 


182. Supra, Claim (13). 


 OPINIONS REGARDING GROUND 4: SAKAMOTO IN VIEW OF 
LEVI IN FURTHER VIEW OF KRASNER 


 CLAIM 2 


a) “The device of claim 1, wherein the at least one portion 
of the receive communication signal comprises a snapshot of 
the receive communication signal.” 


183. As discussed above in Ground 1, Sakamoto as modified by Levi teaches 


claim 1’s portable electronic tracking device operable to use both GPS location 
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tracking using a receive communication signal from a GPS satellite. Supra, Ground 


1, Claim 1. Additionally, Krasner teaches a receive signal comprising a “snapshot,” 


as recited in Claim 2. Krasner teaches “[i]n one embodiment of the present 


invention, GPS signal processing circuit 114 also includes a digital snapshot memory 


which is coupled to the output of the A/D converter and which can store a record 


of the data to be processed. The snapshot memory is used to process the GPS 


signals which are typically stored in a separate memory device coupled to GPS 


processing circuitry 114. The snapshot memory can also be employed for 


communication signals that are packetized, that is, signals consisting of bursts of 


data bits followed by long periods of inactivity. Continuous signaling, such as many 


cellular-type signals, may also be processed in a continuous manner by the 


processing circuitry.” Krasner, 4:23-34. In my opinion, a POSITA would have 


understood from Krasner the GPS satellite signal taught by Krasner includes a 


“snapshot” of the signal. It was well-known to a POSITA to record a snapshot of a 


receive communication signal for subsequent processing, and (as shown by Krasner) 


it was known prior to the ’618 Patent that GPS satellite signals include a “snapshot.” 


Therefore, because Krasner teaches a digital “snapshot” of a signal received from a 


GPS satellite stored in memory,  Sakamoto in view of Levi in further view of Krasner 


teaches claim 2. 
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184. In my opinion, a POSITA would have found it obvious that the received 


GPS satellite signal taught by Sakamoto would have included a “snapshot” of the 


receive communication signal per the explanation of Krasner. Further, to the extent 


it is not expressly taught by Sakamoto, it is my opinion that a POSITA would have 


found it obvious based on Krasner to modify the satellite of the system taught by 


Sakamoto in view of Levi such that the GPS satellite signal included a “snapshot” of 


the receive communication signal. Notably, the manufacturer of the portable device 


taught by Sakamoto and Levi would not have been responsible or capable of 


modifying the signal emitted from the GPS satellite; rather, the party responsible for 


administration of the satellite would have had to have made such a modification. 


 OPINIONS REGARDING GROUND 5: SAKAMOTO IN VIEW OF 
LEVI IN FURTHER VIEW OF CERVINKA AND KRASNER 


 CLAIM 8 


a) “The device of claim 7, wherein the battery power 
monitor is configured to deactivate the location tracking 
circuitry while the displacements are transmitted to the 
monitoring station.” 


185. Claim 8 depends on claim 7, which is taught by Sakamoto in view of 


Levi and Cervinka, as discussed above. Further, Krasner teaches that cross-


interference between a GPS receiver 130 and a cellular transceiver can be reduced 


through signal gating techniques in which a GPS receiver is powered up or down in 


response to the current status of a cellular transceiver. Krasner, 6:37-61. 
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Specifically, Krasner teaches a power level control signal 105 being transmitted to 


GPS receiver 130 to “activate the GPS receiver to receive and process GPS signals 


in relation to the power level of the communication power amplifier 108” (the power 


amplifier of the cellular transceiver). Krasner, 7:10-23. Krasner further explains that 


switch 112 is turned on when the power level control signal reduces power to the 


power amplifier  of the cellular telephone, allow data to pass from the GPS antenna 


to GPS receiver circuits. Krasner, 7:24-39, 12:43-49. Here, Krasner specifically 


mentions “activating” and “deactivating” the GPS receiver based on cellular 


transmissions). Krasner also explains that switch 112 is turned off when the power 


level control signal maintains high power to the amplifier, such that data does not to 


the GPS receiver. Id. “Thus, GPS signals are gated out (or blocked) during cellular 


telephone transmissions at high power, while they may be received at all other 


times.” Id. 


186. In my opinion, a POSITA would have found it obvious to combine 


Krasner’s signal gating techniques into the system of Sakamoto, Levi, and Cervinka 


using hardware already present in the combination and only modifying behavior 


controlled by software for the advantage stated in Krasner of reducing cross-


interference between a GPS receiver and a cellular (mobile) transceiver, each of 


which are also critical elements of the system of Sakamoto, Levi, and Cervinka and 


performing techniques expressly taught. Sakamoto, [0040]. Cross-interference was 
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a well-known deleterious phenomenon before the time of the ’618 Patent, and as 


such it would have been obvious and desirable to a POSITA deactivate Sakamoto’s 


GPS receiver 10 (a component of the mapped “location tracking circuitry”) while 


transmitting the accelerometer data (including displacements) to the server. 


Sakamoto, [0031]; Krasner, 7:10-39. Doing so would have had a reasonable 


expectation of success for a POSITA at least because the modification would have 


only required programming the GPS transceiver to operate opposite of the cellular 


transceiver (GPS on when cellular off, GPS off when cellular on), using only well-


known software and hardware. Krasner’s gating functionality would have 


beneficially allowed position processing at the server when the GPS receiver is 


otherwise unavailable, meaning the GPS receiver would have had reduced power 


consumption (as taught by Sakamoto) and reduced cross-interference when the 


Sakamoto communication control unit is in use (as taught by Krasner), improving 


the similar Sakamoto combination GPS receiver/transceiver in the same way as 


described for the Krasner combined GPS receiver and communication system. 


CLAIM 18 


a) “The method of claim 17, wherein the location tracking
circuitry is deactivated while the displacements are
transmitted to the monitoring station.”


187. Supra, Claim 8.
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VII. CONCLUSION


I declare that all statements made herein of my knowledge are true, and that


all statements made on information and belief are believed to be true, and that these 


statements were made with the knowledge that willful false statements and the like 


so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 


18 of the United States Code. 


Date: 


By: 
Scott Andrews 


7/22/2020
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