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I, Andrew C.Singer, hereby declare the following:

I, INTRODUCTION

1. I, Andrew C. Singer, have been retained by counselfor Petitioners as a

technical expert in the above-captioned case. Specifically, I have been asked to

render certain opinions in regards to the IPR petition with respect to U.S. Patent

No. 6,059,576 (“the ’576 patent’). I understand that the Challenged Claims are

claims 1, 2, 4, 5, 7-14, 56-58, 140, 144, and 146. Myopinionsare limited to those

Challenged Claims.

2. My compensation in this matter is not based on the substance of my

opinions or the outcomeof this matter. I have no financial interest in Petitioners. I

am being compensated at an hourly rate of $500 for my analysis and testimony in

this case.

3. In reaching my opinions in this matter, I have reviewed the following

materials:

e EX1001 -—U.S.Patent No. 6,059,576 to Brann (“the *576 patent’);
EX1003 — File History of Reexamination Request No. 90/013,201 (“’576
patent reexaminationfile history’);
EX1004 — U.S. Patent No. 5,978,972 to Stewart et al. (“Stewart”);
EX1006 — U.S. Patent No. 5,546,609 to Rush,III (“Rush”);
EX1007 — U.S. Patent No. 5,197,489 to Conlan (“Conlan”);
EX1008 — U.S. Patent No. 5,474,083 to Churchet al. (“Church”);
EX1009 — U.S. Patent No. 5,976,083 to Richardsonet al. (“Richardson”);
EX1011 — J.R.W. Morris, “Accelerometry — A Technique for the
Measurement of Human Body Movements,” J. Biomechanics, Vol. 6,
PergamonPress (1973, pp. 729-736) (“Morris”);

e EX1012-—U.S. Patent No. 3,797,010 to Adler et al. (“Adler”);
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e EX1013—-U:S.Patent No. 5,803,740 to Gesink et al. (“Gesink”);
e EX1014 — UK Patent Application No. GB 2,225,459A to Holder

(“Holder”);
e EX1015 — C. Verplaetse, “Inertial proprioceptive devices: Self-motion-

sensing toys andtools,” IBM Systems Journal, Vol. 35, Nos. 3&4 (1996,
pp. 639-650) (“Verplaetse”);

e EX1016 — Alan Freedman, The Computer Desktop Encyclopedia, The
Computer Language CompanyInc. (1996) (“Freedman”); and

e EX1017 — Robert C Cantu, Headinjuries in sport, Br J Sports Med 30
(289-296; 1996) (“Cantu”).

A. Background and Qualifications

4. JI am currently a Professor in the Department of Electrical and

Computer Engineering, where I hold a Fox Family endowed Professorship.I also

serve as Director of the Technology Entrepreneur Center for the College of

Engineering at the University of Illinois at Urbana Champaign.

5. I received a Bachelor of Science degree in Electrical Engineering and

Computer Science from Massachusetts Institute of Technology in 1990; a Master

of Science degree in Electrical Engineering and Computer Science from

Massachusetts Institute of Technology in 1992; and a Ph.D. in Electrical

Engineering from Massachusetts Institute of Technologyin 1996.

6. Since 1990, I have been active in the signal processing and

communications fields. I have authored and/or co-authored numerous

publications, including books and refereed journal publications and conference

articles on the topic of signal processing and communication systems and devices.
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A focus of many of these publications is on methods for improving efficiency,

reducing powerandpreserving battery life in such systems.

7. I have designed, built, and patented various components of

communication and signal processing systems. These include various radio-

frequency, SONAR, LIDAR, air-acoustic and underwater acoustic signal

processing systems as well as wire-line, wireless, optical and underwater acoustic

communication systems. An important aspect in many of these systems is the

design of low power systems and the use of algorithms and methods to reduce

powerandpreservebattery life.

8. Ihave taught both undergraduate and graduate level courses in signal

processing, and communication systems. For example, I have taught Digital Signal

Processing and Embedded DSP Laboratory classes. Additional examples of

courses I have taught at the University of Illinois at Urbana Champaign include:

Advanced Digital Signal Processing; Digital Signal Processing; Digital Signal

Processing Laboratory; Probability with Engineering Applications; Random

Processes; Optical Communication Systems; Advanced Lectures in Engineering

Entrepreneurship; Embedded DSP Laboratory; Developing Design Thinking;

Technology Commercialization; and Senior Design Laboratory. I have also

overseen numerous PhD and Master’s students researching topics related to signal

processing and communication systems.
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9. I was the co-founder and CEO of Intersymbol Communications,Inc., a

communications component manufacturer focused on the development of signal

processing-enhanced components used in optical communication networks.

Intersymbol Communications, Inc. was acquired by Finisar Corporation, the

world's largest supplier of optical communication modules and subsystems.

10. I was appointed the Director of the Technology Entrepreneur Center

(TEC) in the College of Engineering, where I direct a wide range of

entrepreneurship activities. The TEC directs the campus-wide Illinois Innovation

Prize, celebrating our most innovative students on campus, as well as our annual

Cozad New Venture Competition. I am also the Principal Investigator for the

National Science Foundation’s Innovation Corps Sites program at the University of

Illinois, working with faculty and student startup companies.

11. My research and commercial experience led to my authoring of

numerous papers. I have authored over 200 papers on digital signal processing and

communication systems, several of which were voted “Best Paper of the Year” by

technical committees of the IEEE. Citing these and other contributions, I was

elected Fellow of the Institute of Electrical and Electronics Engineers (“TEEE”)

“for contributions to signal processing techniques for digital communication.” I

wasalso selected as a Distinguished Lecturer of the Signal Processing Society.
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12. I hold ten granted U.S. patents, all in the field of communication

systems.

13. In summary, I have over 25 years of experience related to signal

processing and communication systems.

14. [have attached my curriculum vitae as Appendix A, which includes a

list of all publications I have authored within the last ten years.

Il. LEGAL FRAMEWORK

15. Lama technical expert and do not offer any legal opinions. However,I

have been informed that the °576 Patent has expired and that, in such a case, the

words of a claim are given their ordinary and customary meaning as would have

been understood by a person of ordinary skill in the art at the time of the invention

(November 1997).

16. Ihave also been informed that the implicit or inherent disclosures of a

prior art reference may anticipate the claimed invention. Specifically, if a person

having ordinary skill in the art at the time of the invention would have knownthat

the claimed subject matter is necessarily present in a prior art reference, then the

prior art reference may “anticipate” the claim. Therefore, a claim is “anticipated”

by the prior art if each and every limitation of the claim is found, either expressly

or inherently, in a single item ofpriorart.

IPR2018-00565

Garmin EX1010 Page 6



IPR2018-00565 
Garmin EX1010 Page 7

17. Counsel has also informed methat a person cannot obtain a patent on

an invention if his or her invention would have been obvious to a person of

ordinary skill in the art at the time the invention was made. A conclusion of

obviousness may be founded upon more than a single item of prior art. In

determining whether prior art references render a claim obvious, counsel has

informed methat courts consider the following factors: (1) the scope and content

of the priorart, (2) the differences between the prior art and the claimsat issue, (3)

the level of skill in the pertinent art, and (4) secondary considerations of non-

obviousness. In addition, the obviousness inquiry should not be donein hindsight.

Instead, the obviousness inquiry should be done through the eyes of one of skill in

the relevant art at the time the patent was filed.

18. In considering whether certain prior art renders a particular patent

claim obvious, counsel has informed me that courts allow a technical expert to

consider the scope and contentofthe prior art, including the fact that one of skill in

the art would regularly look to the disclosures in patents, trade publications,

journal articles, industry standards, product literature and documentation, texts

describing competitive technologies, requests for comment published by standard

setting organizations, and materials from industry conferences. I believe thatall of

the references that my opinions in this IPR are based upon are well within the
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range of references a person of ordinary skill in the art would consult to address the

type of problemsdescribed in the Challenged Claims.

19. I have been informed that the United States Supreme Court’s most

recent statement on the standard for determining whether a patent is obvious was

stated in 2007 in the KSR decision. Specifically, I understand 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.

Thus, the teaching suggestion-motivation test 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 further understand the obviousness analysis often necessitates

consideration of the interrelated teachings of multiple patents, the effects of

demands knownto the technological community or present in the marketplace, and

the background knowledge possessed by a person having ordinary skill in the art.

All of these issues may be considered to determine whether there was an apparent

reason to combine the known elements in the fashion claimed bythe patent.

20. Ihave also been informedthat in conducting an obviousness analysis, a

precise teaching directed to the specific subject matter of the challenged claim
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need not be sought out because it is appropriate to take account of the inferences

and creative steps that a person of ordinary skill in the art would employ. I

understand that the prior art considered can be directed to any need or problem

knownin the field of endeavor at the time of invention and can provide a reason

for combining the elements ofthe 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 notall be directed towards solving the same problem. Under the

KSR obviousness standard, common sense is important and should be considered.

Common sense teaches that familiar items may have obvious uses beyondtheir

primary purposes.

21. Ihave been informed that the fact that a particular combination ofprior

art elements was “obvious to try” may indicate that the combination was obvious

even if no one attempted the combination. If the combination was obviousto try

(regardless of whether it was actually tried) or leads to anticipated success, then it

is likely the result of ordinary skill and commonsense rather than innovation. I

further understand that in manyfields it may be that there is little discussion of

obvious 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
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invention. J understand that an invention that is a combination of prior art must do

morethan yield predictable results to be non-obvious.

22. Ihave also been informed that for a patent claim to be obvious, the

claim must be obvious to a person of ordinary skill in the art at the time of the

invention. I understand 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 technologyin the field.

23. Ihave been informedthat at least the following rationales may support

a finding of obviousness:

° Combining prior art elements according to known methods to yield
predictable results;

° Simple substitution of one known element for another to obtain
predictable results;

° Use of a known technique to improve similar devices (methods, or
products) in the same way;

° Applying a knowntechnique to a known device (method, or product)
ready for improvementto yield predictable results;

e “Obvious to try’—choosing from a finite number of identified,
predictable solutions, with a reasonable expectation of success;

® A predictable variation of work in the same or a different field of
endeavor, which a person of ordinary skill would be able to
implement;

® If, at the time of the alleged invention, there existed a known problem
for which there was an obvious solution encompassed bythe patent’s
claim;
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e Known workin one field of endeavor may promptvariationsofit for
use in either the same field or a different one based on technological
incentives or other market forces if the variations would have been

predictable to one of ordinary skill in the art; and/or
° Some 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 prior-art reference teachings to arrive at the claimed
invention.

24. Ihave been informed that even if a primafacie case of obviousnessis

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 priorart.

25. Ihave further been informed that secondary considerations evidenceis

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

IPR2018-00565

Garmin EX1010 Page 11



IPR2018-00565 
Garmin EX1010 Page 12

that Patent Ownerhas not offered any secondary considerationsat this time, I will

supplement my opinions in the event that Patent Owner raises secondary

considerations during the course ofthis proceeding.

Il. OPINION

A. Backgroundof the Technology

26. Inertial sensors, such as accelerometers and gyroscopes, have been

used to monitor human motion for several decades. For example, researchers

began using accelerometers to measure human movement as early as the 1950s.

EX1011, Morris at 729 (“Many bioengineers involved with the study of human

movement have at some time attempted to use an accelerometer for that

quantitative measure of that movement. Some of the attempts have been reported

(Saunderset al., 1953; Gage, 1964) ...”).

27. By the early 1970s, accelerometers attached to the human leg were

being used to measure movements in multiple degrees of freedom for purposes of

gait analysis. Jd. at 731 (“Accelerometers of the type shown in Fig. 2 are used to

obtain data on the accelerations of the leg between the knee and ankle . . . Five

accelerometers are mounted on the perspex platform shown in Fig. 3. . . The

platform is mounted over the flat, antero-medial surface ofthe tibia.”). As shown

in the following figure, the sensor platform was small enough so as to not impede

the subject’s movements:
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Fig. 3. The accelerometer mounting platform, showing five accelerometers and other as-

sociated electrical components.

Id. at Fig. 3.

28. The signals output by the accelerometers were stored in a portable

recorder held by the subject and subsequently analyzed by a computer. Jd. at 731

(“Signals from the accelerometers can be recorded either on a portable subject-

carried tape recorder... . The entire analysis of the signals is done on a small

interactive digital computer with analogue inputfacilities and a visual display.”).

29. By the 1970s, “jogging computers,” such as that described by US.

Patent No. 3,797,010 to Adleret al., were also being developed “for measuring and

indicating physical exercise achievement attained through exercises, for example,
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walking, running and/or jogging in place or over a distance course in accordance

with a predetermined exercise regimen.” EX1012, Adler, at Abstract.

 
Id. at Fig. 1.

30. Adler’s portable device included “a digital computer to which is fed

the output from an electromechanical sensor adapted to generate an electrical

impulse in response to each step taken by an individual while walking, running or

jogging at or above a predeterminedrate.” Jd. at Abstract.
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Id. at Fig. 2.

31. Adler’s device “accumulated” input data integrated across a measured

exercise and “compared the level of the integral to a pre-programmed exercise

regimen schedule.” Jd. at 3:8-10. When the compared level reached a user-defined

“threshold level,” a signal could be presented to the exerciser to help “avoid the

possibility of inadvertently over-exercising.” Jd. at 3:11-25, 4:37-57.

32. Versions of human movement monitoring devices available in the

1990s could sense displacement from walking as well as rotation of orientation in

order to determine if a threshold amount of “veer” had been surpassed. EX1013,

Gesink at 2:45-56, 13:53-59, 16:16-31. Particularly, the device taught by Gesink

allowed for a user to enter a custom level of allowed veer, and announced the time
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at which that allowed level was exceeded. Jd. at 13:53-59. Gesink’s device also

included memory to “facilitate the storage of information regarding the use” of the

device “so this data can later be downloaded to an external storage device.”Id. at

18:62-67.

33. By this time, such storage of data captured regarding the state of a user

was well known to persons of ordinary skill. For instance, devices known since

the 1980s, such as that described in GB 2225459 to Holder, monitored human

physical conditions such as temperature, respiration rate, and oxygen level, and

store information in non-volatile memory whenapreset alarm limit is crossed.

EX1014, Holder at pp.1-2. Further, Holder’s device stored real-time clock data

alongside the sensed physical data for analysis, thus “time stamping”the data. Jd.

at pl.

34. In 1996, Verplaetse proposed a motion-sensing “proprioceptive

device” that could be incorporated into common objects such as shoes. EX1015,

Verplaetse at 642. Verplaetse’s proprioceptive device included accelerometers and

gyroscopes for sensing motion in six degrees of freedom. /d. at Fig. 2. The sensor

signals were input into a microcontroller that “either stores the sensor data for later

use, or it performs some type of real-time analysis and invokes the appropriate

output.” Jd. at 643.
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Figure 2 Schematic of general proprioceptive system
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Id. at 644,

35. Whenincorporated into shoes, for example, Verplaetse envisioned “a

proprioceptive shoe system [that] could not only tell its wearer how far and fast he

or she is walking, but could also diagnose gait abnormalities or alert the wearer

that it is time to replace the shoe soles.” Id. at 642.
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36. Therefore, by 1997, the field of portable, motion sensing devices was

well developed, and devices that both recorded the sensed data and analyzed the

sensed data for purposes of alerting the user to user defined events were well

known.

B. Level of a Person Having Ordinary Skill in the Art

37. In determining the characteristics of a hypothetical person of ordinary

skill in the art of the 576 Patent at the time of the claimed invention, which

counsel has informed me is November 21, 1997, I considered 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 workedatthat time.

38. In my opinion, a person of ordinary skill in the art would be a person

with a Bachelor of Science Degree in Electrical Engineering or Computer

Engineering or equivalent, and at least two years of experience in embeddedsignal

processing systemsora related field.

39. 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. In my 25 years
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active in the industry, I have developed and performed research related to many

embeddedsignal processing systems, including systems for United States Army

and Navy for the purpose of detecting and tracking airborne, land-based, and

underwater objects. These included self-contained systems for use on the

battlefield, as well as embedded systems that were connectedto aircraft and subsea

vehicles. I have also developed systems that employed SONAR, LIDAR, and

ultrasound for sensing, communications, and localization of and between objects. I

have taught courses in embedded processing, including Embedded Digital Signal

Processing, Digital Signal Processing Laboratory, and senior Design, each of

which cover aspects of the design, construction, and testing of such embedded

electronics and signal processing systems. Thus, I was at least a person having

ordinary skill in the art as of the priority date of the °576 Patent.

C. Stewart Inherently Discloses a Real-Time Clock

40. It is my understanding that certain claims of the ’576 patent, including

claims | and 13, require a real-time clock. Petitioners have asked me to opine on

whether or not a real-time clock is an inherent feature of Stewart’s disclosure

(EX1004). For the reasons discussed below, it is my opinion that Stewart’s

monitoring device necessarily includesreal-time clock.

41. Stewart describes “[a] system designed to measure and record in real

time data relating to translational and angular acceleration of an individual’s head
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during normalsporting activity.” EX1004, Stewart at Abstract (emphasis added).

Stewart’s system includes a monitoring device incorporated into conventional

sporting gear, such as a helmet. Jd. at 4:45-46 (“The HAT is designed as a

standard component of otherwise conventional sporting gear, in particular the

helmet.”), Fig. 2A. The monitoring device includes at least three orthogonal

accelerometers that detect motion in three dimensions and output analog readings

to an A/D converter. Jd. at 6:13-16 (“It is found that a minimum of three

orthogonal accelerometers 10-12 are sufficient to provide data which corresponds

directly to motion of the head in three dimensional space . . . .”); 8:40-43 (“The

output of the first accelerometer 10 is input to channel 0 of the A/D converter 46,

the output of the second accelerometer 11 is input to channel 1, and the output of

the third accelerometer 12 is input to channel 2.”), Fig. 1.

42. A “processor 52 controls the storage of the data from the A/D

converter 46 to the data storage 51.” Jd. at 8:58-59.
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Id. at Fig. 1.

43. “The processor 52 comprises any conventional processor device,

including a microcontroller or a microprocessor, and controls the operation of the

HAT system.” Jd. at 8:59-62.

44. Stewart also discloses that the processor executes time-based, user-

defined commandsthat “‘set the general parameters of the data storage operation of

the HAT.” Jd. at 11:53-54; see also, id. at 11:30-33 (“Storage of data from the

outputs of the accelerometers 10-12 is started and stopped by the processor 52 via

commandstransmitted through the serial control interface 42.”). For the reasons

explained below, a person having ordinary skill in the art at the time of the ’576

patent would recognize Stewart’s disclosure of user-defined time commands as

IPR2018-00565
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necessarily requiring the processor to access a real-time clock to determine when

to start and stop recording data.

45. Stewart discloses the following exemplary time-based commands that

cause the processor to perform time-based functions:

e “| SETMS’: sets the sample time to 1 ms. (Note that other sampling rates

greater or less than 1 ms sampling can be implemented.)” Jd. at 12:20-22

e “‘n R_INTERVALC!’ : sets the number of minutes n between each round

of data being collected.” Jd. at 12:31-32.

e “‘GO’: prompts the user for the present time and start time for data

collection.” /d. at 12:43-44.

46. Regarding the “GO” command, the a skilled artisan would understand

that the processor could not perform the function of setting the present time to a

time providedby the user without a real time clock. Once the user sets the present-

time, if a start time of data collection is to be inferred, by necessity a real-time

clock must be present to measure that start time. In other words, this command

inherently requires the capability for real-time measurement, including the

capability to know the real time against which to measure the start time for data

collection. Thus, a person having ordinary skill would expect and understand that

Stewart’s processor necessarily accesses a real-time clock to implement this

command.

IPR2018-00565

Garmin EX1010 Page 22



IPR2018-00565 
Garmin EX1010 Page 23

47. Regarding the “1 SETMS” command, for example, the processor 52

in Stewart’s monitoring device would necessarily require a real-time timer in order

to determine when 1 millisecond has passed and data received from the A/D

converter should be sampled. Additionally, once the time has been set by the user

(as discussed with reference to the GO command), the real-time timer would

becomea real-time clock.

48. Regarding the “n R_INTERVAL C!” command, the processor 52

would necessarily require a real-time timer in order to determine if n minutes have

passed between data collection intervals. And again, once the time has been set by

the user (as discussed with reference to the GO command), the real-time timer

would becomea real-time clock.

49. Thus, a person having ordinary skill in the art would recognize that

Stewart’s disclosure of a user programming the processor to start and stop data

collection at specific times inherently discloses a real-time clock.

50. Alternatively, it would have, at a minimum, been obvious to a person

having ordinary skill in the art at the time of the ’576 patent to include a real-time

clock as part of Stewart’s monitoring device for all of the above reasons. As

discussed above, the processor must be able to set the present time and keep track

of time in order to implement the user-defined commands disclosed by Stewart.

Accessing a real-time clock would have been an obvious and predictable way of
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enabling the processor determine the current time thereby allowing it to compare

the current timeto thestart/stop times dictated by the user-defined time commands.

Therefore, a skilled artisan would be motivated to include a real-time clock in

order to enable the processor to perform the disclosed time-based commands.

D. Obvious to Combine Stewart and Rush

1. Claim 1

a. receiving, interpreting, storing and responding to said
movement data based _on_user-defined operational
arameters

51. Claim 1 recites the limitation, “receiving, interpreting, storing and

responding to said movement data based on user-defined operational parameters.”

As I discussed above, Stewart’s user-defined commands “set the general

parameters of the data storage operation of the HAT.” EX1004, Stewart at 11:53-

54. Stewart also describes an embodiment where the processor “record[s] in real-

time detailed data only whenthe accelerations exceed a defined threshold.” Jd. at

5:4-7; see also, id. at 14:6-11 (“[I]n boxing, it is possible to correlate certain

responses of the accelerometers 10-12 with desirable punches exceeding a

predetermined threshold. . . It might also be possible to determine if a football

player is improperly using his helmet(e.g., illegal spearing).”).

52. The processor receives accelerometer data from the A/D converter 46

and then interprets the acceleration data to determine if the accelerations exceed
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predetermined threshold. Jd. at 8:64-67, 5:4-7, 14:6-11. If the accelerations do

exceed the thresholds, then the processor stores the associated “real-time detailed

data.” Jd. at 5:4-7.

53. While Stewart discloses that the acceleration thresholds are “defined”

and “predetermined,” Stewart does not disclose who defines/predetermines the

thresholds. Rush also describes a monitoring device incorporated into a football

helmet that uses a sensor for detecting “an axial load caused, for example, by a

spearing movement of the wearer.” EX1006, Rush at 9:40-54. The threshold

value for detecting a spearing movement is “preferably adjustable so that the

magnitude of the axial impact experienced may be varied to accommodate players

of different ages and sizes and to minimize the accidental actuation of the signal.”

Id. at 9:54-58: see also, id. at 3:13-18 (“In another embodiment,it is a still further

object of this invention to provide a helmet with a signal device to sound an

audible alarm signal or to display a visual indication when the helmet wearer

experiences an axial compressive force above a selected force level such as occurs

when the wearer engagesin head spearing.”).

54. Based on the teachings of Rush, it would have been obvious to a

person having ordinary skill in the art to enable the user to define Stewart’s

acceleration thresholds. A skilled artisan would have been motivated to enable

Stewart’s thresholds to be adjusted in order to accommodate different players as
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taught by Rush. This modification would have predictably resulted in Stewart’s

processor receiving, interpreting, and storing the acceleration data based on user-

defined acceleration thresholds.

55. Stewart already discloses that the data collection operations performed

by the processor 52 are based on user-defined commands. EX1004, Stewart at

11:30-33 (“Storage of data from the outputs of the accelerometers 10-12 is started

and stopped by the processor 52 via commands transmitted through the serial

control interface 42.”); 11:53-54 (“These commandsset the general parameters of

the data storage operation of the HAT.”); 12:4-59. As such, it would have been

obvious to enable the user to adjust the acceleration thresholds using Stewart’s

disclosed user-defined commands. This would have predictably resulted in

allowing the user to further customize the data collection operations performed by

Stewart’s monitoring device. This modification to Stewart would not have

changed the principle of operation or rendered it inoperable for its intended

purpose.

56. Rush’s helmet also includes “a signal device 103 which may be

audible but mayalso or in the alternative provide a visual signal.” EX1006, Rush

at 9:42-45. The signal device may be a light and/or small speaker. Id. at 9:46-48

(“A small speaker 107 and/or a light 109 is installed such as at the rear of the

helmet opposite the face mask.”). The signal device is activated whenever a
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spearing movement is detected. Jd. at 9:48-54 (“In use, the sensor 100a, when

activated by an axial load caused, for example, by a spearing movement ofthe

wearer, will function to close the circuit 111 between the battery and the device

103 to produce the audible and/or visual signal so that the supervisor or coach will

be alerted to the spearing action of the wearer and thus be able to caution the

individual against such action.”); 10:31-41; Figs. 19, 20.

57. Based on the teachings of Rush, it would have similarly been obvious

to a person having ordinary skill in the art to enable Stewart’s helmet to respond to

acceleration data exceeding a predetermined threshold by producing an audible or

visual signal. Specifically, it would have been obviousto similarly includea signal

device, such as a light and/or speaker, connected to Stewart’s processor to provide

an audible and/or visual alert whenever the processor detects that the acceleration

data exceeds a predetermined threshold indicative an event, such as a spearing

event. This modification would have predictably enabled Stewart’s monitoring

device to provide real-time feedback to the user whenever a spearing event is

detected.

58. A_ skilled artisan would have been motivated to use Stewart’s

monitoring device to respond to detected events by providing output to the user

when dangerous motions, such as spearing motions in football, are detected in

order to prevent serious head injuries and providea real-time indicationto the user
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when one may have occurred. For example, it would have been obvious to enable

Stewart’s processor to detect a spearing event by comparing the accelerometer data

with a predetermined threshold and subsequently respond by activating a signal

device in orderto alert the wearer and/or the wearer’s coach as to the occurrence of

the event. This modification would have had the benefits of alerting the user

and/or the user’s coach as to the occurrence ofa potential head injury in real time

while also providing real-time feedback to allow the user to more effectively self-

monitor his or her behavior and improvehis or her tackling technique.

b. detecting a first user-defined event based on_ the

movement data _and_ at least one of the user-defined
operational parameters regarding the movement data

59. Claim 1 recites the limitation “detecting a first user-defined event

based on the movement data and at least one of the user-defined operational

parameters regarding the movement data.” Stewart discloses “detection of the

precise motions of the head which precede the occurrence of a severe head injury.”

EX1004, Stewart at 5:2-3. For example, Stewart discloses that the processor is

able to detect events, such as “if a football player is improperly using his helmet

(e.g., illegal spearing)” based on determining whether or not the accelerometer data

exceeds a predetermined threshold. Jd. at 14:6-11 (“[I]n boxing,it is possible to

correlate certain responses of the accelerometers 10-12 with desirable punches

exceeding a predetermined threshold. . . It might also be possible to determineif a
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football player is improperly using his helmet(e.g., illegal spearing).”); see also,

id. at 5:4-7 (“For this purpose HAT could be modified to record in real-time

detailed data only when the accelerations exceed a defined threshold.”). For the

reasons discussed above, it would have been obvious to a person having ordinary

skill in the art to enable the user to define Stewart’s acceleration thresholds based

on the teachings of Rush. See, 9953-55. This would have predictably resulted in

Stewart’s processor detecting a first user-defined event, such as a spearing

movement, based on the acceleration data and the user-defined acceleration

threshold value.

Gs storing first event information related to the detectedfirst
user-defined event along with first time_stamp
information reflecting a time at which the movement data
causing the first user-defined event occurred

60. Claim 1 recites the limitation “storing first event information related to

the detected first user-defined event along with first time stamp information

reflecting a time at which the movementdata causing the first user-defined event

occurred.” Stewart’s processor stores acceleration data in memory 51. EX1004,

Stewart at 8:58-59 (“The processor 52 controls the storage of data from the A/D

Converter 46 to the data storage 51.”). In one embodiment, the processor stores

“real-time detailed data only when the accelerations exceed a defined threshold.”

Id. at 5:4-7. For the reasons discussed above, it would have been obviousto enable

Stewart’s processor to detect a first user-defined event, such as a spearing
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movement, based on the acceleration data and a user-defined acceleration threshold

value. See, 459. Thus, Stewart teaches storing information related to a detection

of a first user-defined event, such as a spearing movement. However, Stewart does

not disclose whether or not any additional information, such as time stamp

information, is stored with the acceleration data.

61. Rush’s monitoring device is in wireless communication with a

recording means, such as a hard disk drive, that is used “to record instances in

which the potentially injurious activity has taken place.” EX1006, Rush at 9:61-

10:2, 10:14-23. Rush expressly discloses storing “time and date of each instance

in which the potentially injurious activity occurs.” Jd. at 10:26-28 (emphasis

added).

62. Based on the teachings of Rush, it would have been obvious to modify

Stewart’s processor to store a first timestamp, including the time and date the

spearing event was detected, in memory with the acceleration data. One purpose

of Stewart’s system is providing “real-time storage of data over a length of time

such that cumulative exposure effects and thus limits can be established for further

or future participation in the sport by the individual wearing the helmet equipped

with the present invention.” EX1004, Stewart at 4:65-5:2. Stewart states that the

system can also be used to “detect[] the precise motions of the head which precede

the occurrence of a severe head injury.” Jd. at 5:2-4.
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63. A skilled artisan would have appreciated that well-known medical

guidelines at the time dictated specific timelines for returning to a sport after

confirmed headinjuries:

Table 6 Guidelines for return to sports after concussion

First
concussion

Grade 1 May return to
(mild) play if

asymptomatic
for 1 week

Grade 2 Return to
(moderate)_play after

asymptomatic
for 1 week

Grade 3 Minimum of

(severe) 1 month; may
then return to

playif
asymptomatic

EX1017, Cantu at 294.

Second
concussion

Return to

play in 2
weeks if

asymptomatic
at that time
for 1 week
Minimum of

1 month; may
return to play
then if

asymptomatic
for 1 week;
consider

terminatingseason
‘Terminate
season; may

return to playnext season

Third —concussion

Terminate
season; may

return to play
next season if

asymptomatic

Terminate
season; may
return to play
next seasonif

asymptomatic

64. Storing the date/time of each detected potential head injury would have

predictably aided in the determination of appropriate limits for future participation

in sports based on the recorded dates/times of the detected events. Therefore, a

person having ordinary skill in the art would have been motivated to enable

Stewart’s processor to include a timestamp reflecting the date/time of each

detected event.
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65. As discussed above, Stewart’s monitoring device inherently includes

(or alternatively, it would have been obviousto include) a real-time clock. See, Jf

40-50. A skilled artisan would have appreciated that it would have been simpleto

program Stewart’s processorto retrieve and store a date/time stamp from the real-

time clock wheneveran acceleration threshold is exceeded.

66. A person having ordinary skill would have also understood that this

simple modification to Stewart’s monitoring device would not have changedits

principle of operation or renderedit inoperable forits intended purpose.

a. an output indicator connected to said microprocessor for
signaling the occurrence of user-defined events

67. Claim 1 recites the limitation “an output indicator connected to said

microprocessor for signaling the occurrence of user-defined events.” For the

reasons discussed above, it would have been obvious to a person of ordinary skill

to similarly include a signal device(i.e., “output indicator”), such as a light and/or

speaker, connected to Stewart’s processor to provide an audible and/orvisual alert

wheneverthe processor detects that the acceleration data exceeds a predetermined

threshold indicative an event, such as a spearing event. See, 9956-58. This

modification would have predictably enabled Stewart’s processor to signal the

occurrence of user-defined events such as a spearing event.
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E. Obvious to Combine Stewart, Rush, and Church

F. Claim I]

68. Claim 11 recites the limitation, “The device of claim 1 wherein said

output indicator is tactile.” For the reasons discussed above, it would have been

obvious to a person having ordinary skill in the art to include a signal device(i.e.,

“output indicator”), such as a light and/or speaker, in Stewart’s helmet to provide a

visual and/or audible alerts based on the teachings of Rush. See, 467. However,

Rush does not disclose providing tactile feedback.

69. Church describes “a microprocessor based system utilizing

electromyographic sensor to monitor muscle force for lift training and exercise

training.” EX1008, Church at Abstract. Church’s monitoring device may be worn

on a belt “secured to just above the waist of a user.” Jd. at 3:15-16. The

monitoring device includes a microprocessor “coupled to a indicator means 27,

which can be auditory and/or vibrational for indicating to the user a lifting

condition which exceeds preset parameters programmed into the microprocessor.”

Id. at 3:47-51.

70. Based on the teachings of Church, a person having ordinary skill in the

art would have understood that Stewart’s device could be further modified to

provide vibrational (i.e., “tactile’) feedback. Designing user interfaces to

communicate information to the user was a well-known problem in the field of

IPR2018-00565

Garmin EX1010 Page 33



IPR2018-00565 
Garmin EX1010 Page 34

electronics at the time of the ’576 patent for which there was a finite number of

well-known and often used solutions. A skilled artisan would have understood that

providing tactile feedback was one well-known way to communicate information

to a user (with the other ways including visual and audible feedback).

71. A person ofordinary skill could have included an actuator in Stewart’s

device capable of producing vibrations when activated. This would have

predictably enabled the processor to activate the actuator to provide vibrational

feedback whenever the acceleration threshold is exceeded. This would have

predictably enabled the device to “buzz” the user wheneverthe processor detects a

spearing event thereby successfully signaling the occurrence of the event to the

user.

F. Obvious to Combine Richardson and Stewart

1, Claims 1 and 13

a. a movement sensor capable of measuring data associated
with unrestrained movement _in_any_ direction and
generating signals indicative of said movement

72. Claims 1 and 13 recite the limitation “a movement sensor capable of

measuring data associated with unrestrained movement in any direction and

generating signals indicative of said movement.” I have been informed that

counsel is applying two different interpretations to this limitation including an
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interpretation where “measuring data associated with unrestrained movement in

any direction” means measuring the user’s movementin three dimensions.

73. Richardson describes “a personal fitness monitoring device that may

be worn by an individual while the individual is exercising.” EX1009, Richardson

at 1:6-8. The monitoring device is portable and includes “an accelerometer for

measuring and outputting data representing the vertical accelerations caused by

each step of the individualas the individual is walking or running.” Jd. at 1:27-31;

see also,id. at Title (“Portable aerobic fitness monitor for walking and running.”).

74. The monitoring device may be worn on the user’s chest or on the

user’s head andis self-contained in a housing 092:

 
Id. at Fig. 7.

FIG. 7 shows how one preferred embodiment of a fitness
monitor 001 invention is worn on the human body. A system
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housing 092 is held around the chest, just below the breasts, by
an elastic cheststrap 090.

Id. at 15:29-32.

In another physical embodiment, the present invention might be
entirely worn on the user’s head. A headband could hold an
accelerometer 122 tightly, while also holding an electronics
assembly and being connected to, and partially supporting,
another assembly in the external ear opening.

Id, at 16:42-46.

75. Thus, Richardson suggests an embodiment where the monitoring

device is “entirely worn on the user’s head.” However, Richardson also

acknowledges that a more advanced accelerometer would be needed for the

embodiment where the monitoring device is attached to the user’s head. Jd. at

16:51-54.

76. Stewart’s monitoring device was specifically designed to be placed on

the user’s head and teaches using up to nine accelerometers to measure the angular

and translational movements of a monitored bodypart or the user’s body in general

in three dimensions. EX1004, Stewart at 4:45-59, 6:10-45. Like Richardson,

Stewart also teaches monitoring a user while the user is running. Jd. at 5:13-17

(discussing applying the device to study accelerations experienced by sprinters).

Based on the teachings of Stewart, it would have been obvious to a person having

ordinary skill to substitute Richardson’s accelerometer with Stewart’s at least three
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accelerometers in order to enable Richardson’s device to measure the user’s

movements in three dimensions.

77. As I discussed above in the Background of the Technology section

above, motion sensing devices sensing user’s movementsin a full six degrees of

freedom were well knownin theart prior to the invention of the °576 patent. See,

{| 34-35. Moreover, a person having ordinary skill would have appreciated that

adding additional accelerometers capable of measuring the user’s movement in a

full three dimensions would have advantageously allowed Richardson’s

monitoring system to analyze additional aspects of the user’s movement. As

suggested by Stewart, substituting Richardson’s accelerometer subsystem for the

accelerometers taught by Stewart would have enabled Richardson’s device to

perform a more detailed analysis of a sprinter’s movement when coming off

starting blocks, for example. For these reasons, a person having ordinary skill in

the art would have been motivated to include accelerometers capable of measuring

movementin three dimensions in Richardson’s monitoring device.

78. Richardson explicitly envisions other methods of determining position

and movement, including global positioning systems or the use of Doppler

measurements as well as augmenting the system with additional components:

Similarly, pedometer 015 is not a requirement of the invention
because other methods of detecting and reporting distance
traveled, speed of traveling, or expended energy in general
might be employed, such as global positioning systems or
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Doppler sound ranging techniques. In a like manner, fitness
prediction arrangement 019 is not a requirement of the
invention because the fitness monitoring function can be fully
realized by computing and reporting the user’s current fitness
without regard to or need to predict the future trends in fitness.
In summary, the constituent components of this invention can
be assembled into numerous configurations by including some
components and leaving others out. All such useful
combinations would be consistent with the invention. On the

other hand, the invention may be augmented with additional
components without changingthe nature ofthis invention.

EX1009, Richardson at 5:19-35.

b. wherein said movement sensor measures the angle and
velocity of said movement

79. Claims 1 and 13 also recite the limitation, ‘“‘wherein said movement

sensor measures the angle and velocity of said movement.” For the reasons

discussed above, it would have been obvious to substitute Richardson’s

acceleration subsystem with the accelerometers taught by Stewart, which measures

translational and angular movementin three dimensions. See, {{[72-77.

80. Stewart also discloses using accelerometers “which perform on-board

calculation of velocity and displacement . . . to track events and permit additional

kinematic and kinetic analyses to be performed.” EX1004, Stewart at 7:35-38.

Based on the teachings of Stewart, it would have been obvious to a person having

ordinary skill in the art to similarly include an accelerometer subsystem in

Richardson’s monitoring device that measures translational and angular motions in

multiple dimensions and performs on-board calculation of velocity and
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displacement. Such accelerometers and arrangements of accelerometers were well

knownin the field ofmotion tracking before the invention of the ’576patent.

81. Moreover, this simple substitution Richardson’s accelerometer

subsystem with Stewart’s accelerometers would have yielded predictable results.

In particular, a person of ordinary skill would understand that incorporating a

motion sensor capable of on-board calculation of velocity into Richardson’s device

would have predictably removed the need for Richardson’s microprocessor to

calculate the velocity thereby reducing the processing demands on the

microprocessor. When incorporating a motion sensor that performs on-board

calculation of velocity into Richardson’s device, a skilled artisan would have

appreciated that the “monitor sensors process 154” could be modified to scan the

accelerometer subsystem for both acceleration and velocity outputs. Given the

amount of additional analysis performed by Richardson’s monitoring device, a

PHOSITA would have been motivated to reduce the computational demands on the

microprocessor to ensure timely processing and interpretation of each detected

step.

82. As indicated in paragraph 78 above, Richardson envisioned “other

methods of detecting and reporting distance traveled, speed of traveling, or

expended energy in general might be employed, such as global positioning systems

or Doppler sound ranging techniques.” Not only are position, velocity, and
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acceleration related through knownlawsofphysical motion, such that position and

velocity may be calculated from measurements of acceleration by means of an

accelerometer, but it was also well knownat the time of the invention how to build

systems employing sensors and other measurement means for estimating any of

these quantities based on measurements, calculations, and combinations of the two.

C. a computer running a program capable of interpreting
and_reporting said movement data based _on_said
operational parameters

83. Claim 13 recites the limitation “a computer running a program capable

of interpreting and reporting said movement data based on said operational
39

parameters.” Richardson teaches a reporting program capable of interpreting the

movement data and generating a variety of reports, including, for example,“a prior

week report, a prior month report, a distance history report, an energy history

report, and a fitness history report.” EX1009, Richardson at 19:11-14. Reports are

generated based on the user’s personal data (i.e., “operational parameters”) and the

movement data. For example, one report “calculates the fitness of the individual as

the individual exercises using personal data provided by the individual in

combination with the data outputs of the pedometer and the heart rate monitor

without requiring a predetermined exercise regime.” Jd. at 1:22-26.

84. In the primary embodiment, software on Richardson’s monitoring

device generates the reports and then delivers them to the user via the audio

IPR2018-00565

Garmin EX1010 Page 40



IPR2018-00565 
Garmin EX1010 Page 41

subsystem. Jd. at 19:7-15. Richardson also discloses that output may be reported

“as a text display” and that “the format of the output is not a requirement of the

invention and it may vary considerably.” Jd. at 4:46-49. Richardson does not

disclose running the reporting software on a separate computer. However,

Richardson does disclose that the movement data may be transmitted to a remote

computer. Jd. at 5:43-47.

85. Stewart’s system includes an external computer and teaches

transferring the movement data from the monitoring device to the computer “for

further processing.” EX1004, Stewart at 13:9-12. In one embodiment, the

computer runs a program convert the data into a format suitable for observation.

Id, at 13:20-24. Based on the teachings of Stewart, it would have been obviousto

a person having ordinary skill in the art to include a computer capable of running

Richardson’s reports as part of Richardson’s system. A skilled artisan would have

understood that the user might prefer to receive reports via a display instead of

audibly via Richardson’s audio subsystem. Therefore, a skilled artisan would have

been motivated allow the user to transfer the movementdata to a computer capable

of running the reports. This would have predictably improved the usability and

flexibility of the system thereby increasing user satisfaction by giving the user the

option of seeing rather than hearing their reports.
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d. a_ download device electronically connected to said
movement measuring device and said computer for
transmitting said movement data and operational
parameters between said movement measuring device
and said computer for analysis, reporting and operation
purposes

86. Claim 13 also recites “a download device electronically connected to

said movement measuring device and said computer for transmitting said

movement data and operational parameters between said movement measuring

device and said computer for analysis, reporting and operation purposes.” As I

discussed above, it would have been obvious to enable the user to transmit

movement data from Richardson’s device to a computer for analysis/reporting

purposes. See, 83-85.

87. Stewart also discloses an embodiment where the monitoring device

and a PC are electronically connected via a RS-232 cable (i.e., “download

device”). EX1004, Stewart at Fig. 1. In this embodiment, the movement data may

be transmitted from the monitoring device to the computer and user-defined

commands may be transmitted from the computer to the monitoring device. Id.at

11:33-39, 11:51-58, 11:64-12:3. It would be similarly obvious to enable the user

to enter his or her personal information and desired alarm parameters via a

computer as taught by Stewart. A skilled artisan would appreciate that the user’s

information and alarm settings could then be transmitted from the computer to

Richardson’s monitoring device via a RS-232 cable as taught by Stewart.
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88. A person having ordinary skill would understand that users may prefer

to input their personal data and alarm settings via a computer rather than through

making use of Richardson’s audio interface. As such, a skilled artisan would have

been motivated to modify Richardson in this way in order to improvethe usability

of the system. This would have predictably increased user satisfaction by making

it easier for users to enter their personal data and customized alarm parameters.

89. Richardson envisioned a variety of means of the user entering

“personal data:”

Current option presentation signal 047 maybe presented in any
of a numberof modalities, including but not limited to an audio
output 003 of recorded or synthesized speech as described
above. Alternatively, an LCD display or other conventional
output device could be employed instead.

EX1009, Richardson at 10:1-5. While the audio interface was envisioned as a

means of simplifying the user interface, it was well known at the time how to use

buttons, keyboards, or other means in combination with an “LCD display” as

indicated above for entering such data. It would have been obviousto consider use

of a computer with such an interface for simplifying entry of such personaldata.

IV. CONCLUSION

90. Ideclare that all statements made herein of my knowledgeare true, and

that all statements made on information and belief are believed to be true, and that

these statements were made with the knowledgethat willful false statements and
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the like so made are punishable by fine or imprisonment, or both, under Section

1001 of Title 18 of the United States Code.

Date: 2202018

By: fe
Andrew C.Singer
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Urbana-Champaign. 

2000 Xerox Award for Outstanding Faculty Research, College of Engineering, University of 
Illinois at Urbana-Champaign. 

2000 National Science Foundation CAREER Award. 
2000 Office of Naval Research Special Research Award in Ocean Acoustics. 
2000,2001 Incomplete List of Teachers Ranked Excellent by their Students, University of Illinois at 

Urbana-Champaign, Spring 2000, Fall 2000, Fall 2001. 
1998 Lockheed Martin Special Recognition Award.  

APPOINTMENTS AND RELATED EXPERIENCE 
4/07-Present   Consultant and Expert Witness 
 Recent cases include: Fujitsu Network Communications, Inc. v. Tellabs, Inc., No. 1:09-

cv-4530 (Filed 7/27/2009 in the Northern District of Illinois); Tellabs, Inc. v. Fujitsu 
Network Communications, Inc., No. 08-CV-3379 (Filed 6/11/2008 in the Northern 
District of Illinois); In re Certain Semiconductor Chips and Products Containing Same, 
ITC Inv. No. 337-TA-753, on behalf of Rambus (Filed 12/1/2010 at the International 
Trade Commission); Hill-Rom, Inc. v. Stryker Corp., No. 1:11-CV-01120-JMS-DKL (Filed 
8/15/2011 in the Southern District of Indiana); Mobile Telecommunications 
Technologies, LLC v. Clearwire Corporation, Clearwire Wireless, LLC, and Clearwire 
US, LLC, No. 2:12-CV-308 (Filed 5/24/2012 in the Eastern District of Texas); Mobile 
Telecommunications Technologies, LLC v. Sprint Nextel Corp., No. 2:12-cv-832-JRG-
RSP (Filed 12/31/2012 in the Eastern District of Texas);  Inter Partes Reexamination of: 
U.S. Patent No. 7,568,246, No. 95/002,051, on behalf of Hill-Rom (Filed 7/20/2012 at the 
PTAB); Spherix Inc. v. Cisco Systems, Inc., No. 1:14-cv-393-SLR (Filed 3/28/2014 in the 
District of Delaware); Inter Partes Review of U.S. Patent No. 6,744,375, No. IPR2014-
01379, on behalf of Garmin International (Filed 8/25/2014 at the PTAB); Cellular 
Communications Equipment LLC v. LG Electronics, Inc., et al., No. 6:14-CV-00982-JRG 
(Filed 12/19/2014 in the Eastern District of Texas); Core Wireless Licensing S.a.r.l. v. 
Apple Inc., Nos. 3:15-cv-5007-RS and 5:15-cv-5008-PSG (Filed 9/10/14 in the Northern 
District of California); In re Certain Audio Processing Hardware and Software and 
Products Containing the Same, ITC Inv. No. 337-TA-949, on behalf of Conexant (Filed 
2/9/2015 at the International Trade Commission); Cellular Communications Equipment 
LLC v. AT&T Inc., et al., No. 2:15-cv-0576 (Filed 4/30/2015 in the Eastern District of 
Texas); Certain Audio Processing Hardware, Software, and Products Containing the 
Same, ITC Inv. No. 337-TA-1026, on behalf of Samsung (Filed 9/19/2016 at the 
International Trade Commission); Andrea Electronics Corp. v. Samsung Electronics 
America, Inc. et al., No. 2:16-cv-05217-JMA (Filed 9/19/2016 in the Eastern District of 
New York); TC Technology LLC v. Sprint Corp. & Sprint Spectrum L.P., No. 1:16-cv-
153-RGA (Filed 3/10/2016 in the District of Delaware); Quanergy Systems, Inc. v. 
Velodyne LiDAR, Inc., No. 5:16-cv-05251-EJD (Filed 9/13/2016 in the Northern District 
of California) 
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12/16 – Pres. LISNR, Inc.  Technical advisor for acoustic communications. 
 
11/14 – Pres.   OceanComm, Incorporated, Champaign, IL. Co-Founder and Chief Executive Officer. 

SBIR-and ONR-funded technology company commercializing underwater acoustic 
wireless communication technology. 

 
12/08 – Pres. Diagnostic Photonics, Chicago, IL. Member of Board of Directors. 
12/07 – 12/15 Mimosa Acoustics, Champaign, IL. Member of Board of Directors. 
02/10 – 6/12 Innovate @ Illinois, Champaign, IL. Host of monthly television program showcasing 

entrepreneurship and innovation in the University of Illinois Community. 
8/13 – Pres. University of Illinois at Urbana-Champaign, Urbana, IL 
 Fox Family Professor with primary academic appointment as Professor in the Electrical 

and Computer Engineering Department.  Research sponsors include the Office of Naval 
Research, the National Science Foundation, Department of Energy, Defense Advanced 
Research Projects Agency, and commercial industry.  Assistant Director and Stochastic 
Information Processing Systems theme-lead for the Systems on Nanoscale Information 
fabriCs (SONIC) Center, one of six STARNET centers funded by DARPA and SRC.  
Director, Signal Processing and Communication Systems Laboratory. 

 
06/05 – Pres. University of Illinois at Urbana-Champaign, Urbana, IL 
 Interim Director, Siebel Center for Design; Director, Technology Entrepreneur Center; 

Unit Head, Innovation, Leadership, and Engineering Entrepreneurship; Special Advisor 
to the Dean for Innovation and Entrepreneurship, College of Engineering; Championed 
the creation of and oversee all activities in the College of Engineering relating to the new 
bachelor’s degree in Innovation, Leadership, and Engineering Entrepreneurship (ILEE), 
and all curricula for undergraduate and graduate and distance learning programs for 
entrepreneurship and innovation. Oversee the Faculty Entrepreneurial Fellows 
Program, as well as the activities of the Innovation Living Learning Community, the 
Illinois Innovation Prize, the V. Dale Cozad New Venture Competition, Silicon Valley 
and Chicago Student Trips, among a host of other on-campus student and faculty-
oriented activities. Co-chair for the Campus Roundtable on Entrepreneurship. Chair of 
the Provost’s Core Committee for the creation of the Siebel Center for Design. Interim 
Innovation Thread Lead, Carle-Illinois College of Medicine.   

8/08 – 8/13 University of Illinois at Urbana-Champaign, Urbana, IL 
 Professor in the Electrical and Computer Engineering Department and the Coordinated 

Science Laboratory. Network Connectivity theme leader across the five centers of the 
Microelectronics Advanced Research Corporation (MARCO) Focus Center Research 
Program.  Co-PI for ONR Multi-University Research Initiative on Underwater Acoustic 
Communications.  

 
3/07 - 2/09 Finisar Corporation, Champaign, IL  

Sr. Scientist in Optical Products Division (upon acquisition of Intersymbol 
Communications, Inc., 3/2007). Research and development in new product areas and 
Director of the Intersymbol Communications division. 

8/00 - 3/07 Intersymbol Communications, Inc., Champaign, IL 
 Co-Founder and Chief Executive Officer.  Co-founded and raised over $10M for a 

venture capital-backed integrated circuit (IC) company creating signal processing-
enhanced optical communications ICs.   Designed and built the world’s first 10Gb/s 
adaptive MLSE-based receivers for electronic dispersion compensation in high-speed 
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optical communications.  Intersymbol was acquired by Kodeos Communications in 
March, 2006 and by Finisar Corporation (NASDAQ:FNSR) in March, 2007. 

8/03 – 8/08 University of Illinois at Urbana-Champaign, Urbana, IL 
 Associate Professor in the Electrical and Computer Engineering Department and the 

Coordinated Science Laboratory.   

8/98 - 8/03 University of Illinois at Urbana-Champaign, Urbana, IL 
 Assistant Professor in the Electrical and Computer Engineering Department and the 

Coordinated Science Laboratory.   

9/96 - 8/98  Sanders, A Lockheed Martin Company (Now BAE Systems), Nashua NH 
Principle investigator under the Army Research Laboratory Program for Advanced 
Telecommunications.  Signal processing lead for ATD-111 Airborne LIDAR mine and 
submarine detection program.  Research areas include underwater acoustic and wireless 
RF communications; detection systems; real-time algorithm development and 
implementation, and multi-sensor data fusion. Air-acoustic and underwater acoustic 
adaptive beamforming and automatic target detection and classification systems.  

5/96-9/96  Research Laboratory of Electronics (RLE), MIT, Cambridge, MA 
Postdoctoral Affiliate in the Digital Signal Processing Group at RLE. 

BOOKS AND BOOK SECTIONS 
N. Shanbhag, A.C. Singer, and H-M Bae, “Signal Processing for High Speed Links,” 
Section for Chapter on “Applications,” Handbook of Signal Processing Systems, Edited by 
S.S. Bhattacharyya, E.F. Deprettere, R. Leupers, and J. Takala, Springer, 2010. 
J. Buck, M. Daniel, and A. Singer, Computer Explorations in Signals and Systems Using 
Matlab, Prentice Hall Signal Processing Series, Prentice Hall, November 1996.  Second 
Edition 2001.  Over 17,000 copies sold. 
A.C. Singer, “Solitons,” Section for Chapter on “Nonlinear Signals and Systems,”  The 
DSP Handbook, Edited by V. Madisetti and D. Williams, CRC Press, 1997. 

PEER REVIEWED JOURNAL PUBLICATIONS  
1. A.C. Singer, G.W. Wornell, and A.V. Oppenheim, "Nonlinear Autoregressive 

Modeling and Estimation in the Presence of Noise," Digital Signal Processing, vol. 4, 
no. 4, pp. 207-221, October 1994. 

2. A.C. Singer and A.V. Oppenheim, "Circuit Implementations of Soliton Systems," 
International Journal of Bifurcation and Chaos, vol. 9, no. 4, pp. 571-590, April 1999. 

3. A.C. Singer, A.V. Oppenheim, and G.W. Wornell, "Detection and Estimation of 
Multiplexed Soliton Signals," IEEE Transactions on Signal Processing, vol. 47, no. 10, 
pp. 2768-2782, October 1999. 

4. A.C.  Singer and M. Feder, "Universal Linear Prediction by Model Order Weighting," 
IEEE Transactions on Signal Processing, vol. 47, no. 10, pp. 2685-2699, October 1999. 

5. D. Baron and A. C. Singer, "On the Cost of Worst-Case Coding Constraints" IEEE 
Trans. Information Theory, vol. 47, pp. 3088-3090, November 2001. 
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6. M. J. Lopez, and A. C. Singer, "A DFE Coefficient Placement Algorithm for Digital 
Communications," IEEE Transactions on Communications, vol. 49, no. 8, pp. 1334 -1338, 
Aug. 2001.  

7. M. Tuechler, R. Koetter, and A.C. Singer, "Turbo Equalization: Principles and New 
Results", IEEE Transactions on Communications, vol. 50, no. 5, pp.754-767, May 2002. 

8. M. Tuechler, A.C. Singer, and R. Koetter, "Minimum Mean Square Error 
Equalization with Priors," IEEE Transactions on Signal Processing, vol. 50 no. 3, pp. 673 
-683, March 2002. 

9. N. Cadalli, D. C. Munson, and A.C. Singer, "Bistatic Receiver Model for Airborne 
Lidar Returns Incident on an Imaging Array From Underwater Objects" Applied 
Optics, vol. 41, no. 18, pp. 3638-3649, June 2002. 

10. A.C. Singer, S.S. Kozat, and M. Feder, "Universal linear least squares prediction: 
upper and lower bounds," IEEE Transactions on Information Theory, vol. 48, no. 8, pp. 
2354-2362, August 2002. 

11. J. Nelson, A.C. Singer, and R. Koetter, "Linear Iterative Turbo Equalization (LITE) for 
Dual Channels," IEEE Transactions on Communications, pp. 860-864, June 2003. 

12. Y. Jiang, R. Koetter, and A.C. Singer, "On the Separability of Demodulation and 
Decoding for Communications over Multiple-Antenna Block Fading Channels," IEEE 
Transactions on Information Theory, vol. 49, no. 10, pp. 2709-2713, October 2003. 

13. M. Tuechler, R. Koetter, and A.C. Singer, "Graphical models for coded data 
transmission over intersymbol interference channels," European Transactions on 
Telecommunications, v. 15, n. 4, July/August 2004, Selected Papers from the 5th 
International ITG Conference on Source and Channel Coding, pp. 307-321. 

14. S. Song, A.C. Singer, and K.-M. Sung, "Soft input channel estimation for turbo 
equalization," IEEE Transactions on Signal Processing, vol. 52, no. 10 , Oct. 2004, pp. 
2885 – 2894. 

15. R. Koetter, A.C. Singer, and M. Tuechler, "Turbo Equalization," IEEE Signal 
Processing Magazine, invited paper, Special Issue on Graphical Models, vol. 21, no. 1, Jan. 
2004, pp. 67 – 80. 

16. Feder, M.; Figueiredo, M.A.T.; Hero, A.O.; Lee, C.-H.; Loeliger, H.-A.; Nowak, R.; 
Singer, A.C.; Yu, B.; Guest Editorial: Special Issue on Machine Learning Methods in 
Signal Processing; IEEE Transactions on Signal Processing, vol. 52, no. 8, Aug. 2004, pp. 
2152 – 2152. 

17. R.J. Drost and A.C. Singer, "Factor graph methods for three-dimensional shape 
reconstruction as applied to LIDAR imaging" Journal of the Optical Society of America 
A (Optics, Image Science and Vision), vol. 21, no. 10, Oct. 2004, pp. 1855-68. 

18. S.-J. Lee, N. R. Shanbhag and A.C. Singer, "Energy-efficient VLSI  
architecture for linear turbo equalizer," Journal of VLSI Signal Processing Systems for 
Signal, Image, and Video Technology, vol. 39, no. 1-2 SPEC.ISS., January/February 2005, 
pp. 49-62. 

19. S.-J. Lee, N.R. Shanbhag, and A.C. Singer, "A 285-MHz MAP Decoder in 0.18µm 
CMOS," IEEE Journal of Solid-State Circuits, vol. 40, no. 8, Aug. 2005, pp. 1718 - 1725. 
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20. S.-J. Lee, A.C. Singer, and N. R. Shanbhag, "Linear Turbo Equalization Analysis via 
Linearized BER Transfer and EXIT Charts," IEEE Transactions on Signal Processing, 
vol. 53, no. 8, Part 1, Aug. 2005, pp. 2883 - 2897. 

21. J.K. Nelson, A.C. Singer, U. Madhow, and C. Mc Gahey, "BAD:Bidirectional 
Arbitrated Decision Feedback Equalization", IEEE Transactions on Communications, 
vol. 53, no. 2, February 2005, pp. 214-218. 

22. S.-J. Lee, N.R. Shanbhag, and A.C. Singer, "Area-Efficient, High-Throughput MAP 
Decoder Architectures," IEEE Transactions on Very Large Scale Integration (VLSI) 
Systems, vol. 13, no. 8, Aug. 2005, p 921-33. 

23. C.J. Lam and A.C. Singer, "Bayesian Beamforming for DOA Uncertainty: Theory and 
Implementation", IEEE Transactions on Signal Processing, vol. 54, no. 11, Nov. 2006, 
pp. 4435 – 4445.  

24. H. M. Bae, J. Ashbrook, J. Park, N. Shanbhag, A.C. Singer, and S. Chopra, "An MLSE 
receiver for electronic-dispersion compensation of OC-192 links," Journal of Solid-
State Circuits Conference, Journal of Solid State Circuits, vol. 41, no. 11, Nov. 2006, pp. 
2541 – 2554.  

25. J.W. Choi, B. Shim, A.C. Singer, and N.I. Cho, "Low-Power filtering via minimum 
power soft error cancellation (MP-SEC)," IEEE Transactions on Signal Processing, vol. 
55,  no. 10,  Oct. 2007, pp. 5084 – 5096. 

26. R. Drost, A.C. Singer, "Factor Graph Algorithms for Equalization," IEEE Transactions 
on Signal Processing, vol. 55, no. 5, Part 2, May 2007, pp. 2052 – 2065.  

27. A. Sen Gupta, A.C. Singer, "Successive Interference Cancellation using Constellation 
Structure,” IEEE Transactions on Signal Processing, vol. 55, no. 12,  Dec. 2007, pp. 5716 
– 5730. 

28. S. S. Kozat and A.C. Singer, "Universal Piecewise Linear Prediction via Context 
Trees," IEEE Transactions on Signal Processing, July 2007, vol. 55(7), Part 2, pp. 3730-
3745. 

29. S.S. Song and A.C. Singer, "Blind OFDM Channel Estimation Using FIR Constraints: 
Reduced Complexity and Identifiability," IEEE Transactions on Information Theory, 
vol. 53, no. 3, March 2007, pp. 1136 – 1147. 

30. S.S. Song and A.C. Singer, "Pilot-Aided OFDM Channel Estimation in the Presence 
of the Guard Band," IEEE Transactions on Communications, vol. 55(8), August 2007, 
pp. 1459-1465. 

31. Y. Jiang, A. Ashikhmin, R. Koetter, A. C. Singer, "Extremal Problems of Information 
Combining," IEEE Transactions on Information Theory, Volume 54, Issue 1, Jan. 2008, 
pp. 51 - 71. 

32. S.S. Kozat and A.C. Singer "Universal Switching Linear Least Squares Prediction,” 
IEEE Transactions on Signal Processing, vol. 56, no. 1, Jan. 2008, pp. 189 – 204. 

33. H.M. Bae, J. Ashbrook, N.R. Shanbhag, and A.C. Singer “Fast Power Transient 
Management for OC-192 WDM Add/Drop Networks,” IEEE Journal of Solid-State 
Circuits, vol. 43,  no. 12,  Dec. 2008, pp. 2958 – 2966. 
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34. K.M. Guan, S.S. Kozat and A.C. Singer “Adaptive reference levels in a level-crossing 
analog-to-digital converter,” Eurasip Journal on Advances in Signal Processing, vol. 
2008, pp. 1-11. 

35. A.C. Singer, N.R. Shanbhag, and H.M. Bae, “Electronic Dispersion Compensation,” 
IEEE Signal Processing Magazine, vol. 25, no. 6, Nov. 2008, pp. 110 – 130. 

36. A. Sen Gupta and A.C. Singer, “Interference Suppression for Memoryless Nonlinear 
Multiuser Systems Using Constellation Structure,” IEEE Transactions on Signal 
Processing, vol. 56, no. 11, Nov. 2008, pp. 5589 – 5604. 

37. A.C. Singer, J.K. Nelson and S.S. Kozat, “Signal Processing for Underwater Acoustic 
Communications,” IEEE Communications Magazine, invited, vol. 47, no. 1, Jan. 2009, 
pp. 90-96. 

38. S. Kozat and A.C. Singer "Switching Strategies for Sequential Decision Problems 
with Multiplicative Loss with Application to Portfolios," IEEE Transactions on Signal 
Processing, vol. 57, no. 6, June 2009, pp. 2192 – 2208. 

39. S. Kozat and A.C. Singer, “Competitive Prediction Under Additive Noise,” IEEE 
Transactions on Signal Processing, vol. 57, no. 9, Sept. 2009, pp. 3698 – 3703. 

40. J.W. Choi, B. Shim, A.C. Singer, and N.I Cho, “Low-Complexity Decoding Via 
Reduced Dimension Maximum Likelihood Search,” IEEE Transactions on Signal 
Processing, vol. 58(3):2, p.p. 1780 – 1793, 2010. 

41. S.S. Kozat, A.T. Erdogan, A.C. Singer and A.H. Sayed, “Steady-State MSE 
Performance Analysis of Mixture Approaches to Adaptive Filtering,” IEEE 
Transactions on Signal Processing, vol. 58, no. 8, August 2010, pp. 4050-4063. 

42. S.S. Kozat and A.C. Singer, “Universal Randomized Switching,” IEEE Transactions on 
Signal Processing, vol. 58, no. 3, Part: 2, 2010 , pp. 1922 – 1927. 

43. J.W. Choi, A.C. Singer, J. Lee, and N.-I. Cho, “Improved linear soft-input soft-output 
detection via soft feedback interference cancellation," IEEE Transactions on 
Communications, vol. 58, no. 3, 2010, pp. 986 - 996. 

44. S.S. Kozat, A.T. Erdogan, A.C. Singer, and A.H. Sayed, “Unbiased Model 
Combinations for Adaptive Filtering," IEEE Transactions on Signal Processing, vol. 58, 
no. 8, August 2010, pp.4421-4427.  

45. S.S. Kozat and A.C. Singer, “Universal Semi-constant Rebalanced Portfolios,” Journal 
of Mathematical Finance, vol. 21, no. 2, pp. 293-311, 2011. 

46. M. Tuechler and A.C. Singer, “Turbo Equalization: An Overview,” IEEE Transactions 
on Information Theory, vol. 57, no. 2, pp. 920-952, 2011. 

47. J.W. Choi, T.J. Riedl, K. Kim, A.C. Singer, and J.C. Preisig, “Adaptive Linear Turbo 
Equalization Over Doubly Selective Channels,” IEEE Journal of Oceanic Engineering, 
vol. 36, no. 4, pp. 473-489, 2011. 

48. R.R. Chen, A. Chockalingam, G. Leus, R. Raheli, A.C. Singer, “Introduction to the 
Issue on Soft Detection for Wireless Transmission,” IEEE Journal of Selected Topics in 
Signal Processing, vol. 5, no. 8, pp. 1397-1399, 2011. 

49. A. Sen Gupta, J.K. Nelson, W. Zhou, A.C. Singer, and J.C. Preisig, “A Geometric 
Approach to Improve Interference Mitigation in Multi-User Detection and 
Equalization,” IEEE Transactions on Signal Processing, vol. 59(4), pp. 1694-1705, 2011. 
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50. H. Wan, R.R. Chen, J.W. Choi, A.C. Singer, J.C. Preisig, B. Farhang-Boroujeny, 
“Markov Chain Monte Carlo Detection for Frequency-Selective Channels Using List 
Channel Estimates,” IEEE Journal of Selected Topics in Signal Processing, vol. 5(8), 2011.  

51. S.S. Kozat, A.T. Erdogan, A.C. Singer, A.H. Sayed, “Transient Analysis of Adaptive 
Affine Combinations,” IEEE Transactions on Signal Processing, vol. 59, no. 12, pp. 6227 
– 6232, 2011.  

52. M. Effros, G.D. Forney, Jr., F.R. Kschischang, M. Medard, A.C. Singer, A. Vardy, 
“The Scientific Legacy of Ralf Koetter,” IEEE Transactions on Information Theory, vol. 
57, no. 2, pp. 589 – 592, 2011. 

53. A.J. Bean and A.C. Singer, “Universal Switching and Side Information Portfolios 
Under Transaction Costs Using Factor Graphs,” IEEE Journal on Selected Topics in 
Signal Processing, Volume 6, No. 4, pp. 351- 365, August 2012. 

54. G. Zeitler, G. Kramer, and A.C. Singer, "Bayesian Parameter Estimation Using 
Single-Bit Dithered Quantization," IEEE Transactions on Signal Processing, Vol. 60, No. 
6, pp. 2713 -2726, June 2012. 

55. G. Zeitler, A.C. Singer, and G. Kramer, “Low-Precision A/D Conversion for 
Maximum Information Rate in Channels with Memory,” IEEE Transactions on 
Communications, Volume 6, No. 9, pp. 2511- 2521, September 2012. 

56. J. W. Choi, B. Shim, and A.C. Singer, "Efficient Soft-Input Soft-Output Tree Detection 
via an Improved Path Metric," IEEE Trans. Information Theory," vol. 58, pp. 1518-1533, 
March 2012. 

57. R.J. Drost, and A.C. Singer, “Fast Recursive Equalizers for 1D and 2D Linear 
Equalization,” IEEE Transactions on Signal Processing, Vol. 60, No. 12, pp. 3886-3891, 
July 2012. 

58. L.N. Rajan, M. Lu, N.R. Shanbhag, and A.C. Singer, and N.R. Shanbhag, “BER-
Optimal Analog-to-Digital Converters for Communication Links," IEEE Transactions 
on Signal Processing, Volume: 60, No. 7, pp. 3683- 3691, July 2012. 

59. S.S. Kozat, K.M. Guan, and A.C. Singer, “Tracking the best level set in a level-
crossing analog-to-digital converter,” Digital Signal Processing, vol. 23, no. 1, pp. 478-
487, Jan. 2013. 

60. K. Kim, N. Kalantarova, S.S. Kozat, and A.C. Singer, “Linear MMSE-Optimal Turbo 
Equalization Using Context Trees,” IEEE Transactions on Signal Processing, Volume: 
61, no. 12, pp. 3041-3055, June 2013. 

61. K. Kim, J. W. Choi, S. S. Kozat, and A. C. Singer, "Low Complexity Turbo-
Equalization: A Clustering Approach," IEEE Communications Letters, vol. 18, no. 6, 
pp. 1063-1066, June 2014. 

62. R. M. Corey and A. C. Singer, “A Multistage Architecture for Statistical Inference 
with Stochastic Signal Acquisition”, Journal of Signal Processing Systems, vol. 84, no. 3, 
pp. 425-434, Jul. 2015. 

63. Y. Lin, M. Keel, A. Faust, A. Xu, N. Shanbhag, E. Rosenbaum, A. Singer, "A Study of 
BER-optimal ADC-based Receiver for Serial Links," IEEE Transactions on Circuits and 
Systems I, vol. 63, no. 5, May 2016, pp. 693 – 704. 
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64. M. A. Donmez, M. Raginsky and A. C. Singer, "Online Optimization Under 
Adversarial Perturbations," in IEEE Journal of Selected Topics in Signal Processing, vol. 
10, no. 2, pp. 256-269, March 2016. 

PEER REVIEWED CONFERENCE ARTICLES  

1. A.C. Singer, G.W. Wornell, and A.V. Oppenheim, "Codebook Prediction: A 
Nonlinear Signal Modeling Paradigm," Proceedings of the International Conference on 
Acoustics, Speech, and Signal Processing, pp. 325-8, vol. 5, San Francisco, CA, March 
1992. 

2. C. Meyers, A.C. Singer, F. Shin, and E. Church, "Modeling Chaotic Systems with 
Hidden Markov Models," Proceedings of the International Conference on Acoustics, 
Speech, and Signal Processing, pp. 565-8, vol. 5, San Francisco, CA, March 1992. 

3. A.C. Singer, "Signaling Techniques Using Solitons," Proceedings of the International 
Conference on Acoustics, Speech, and Signal Processing, pp. 1336-9, vol. 2, Detroit, MI, 
May 1995. 

4. A.C. Singer, "A New Circuit for Communication Using Solitons," Proceedings of the 
IEEE Workshop on Nonlinear Signal and Image Processing, pp. 150-3, vol. 1, Halkidiki, 
Greece, June 1995. 

5. A.C. Singer, "Detection and Estimation of Soliton Signals," Proceedings of the 
International Conference on Acoustics, Speech, and Signal Processing, pp. 1625-8, vol. 3, 
Atlanta, GA, May 1996. 

6. A.C. Singer, "Lattice Filters for Adaptive Underwater Equalization," IEEE Underwater 
Acoustic Signal Processing Workshop, Kingston, RI, Oct. 1997. 

7. R. Learned, A.C. Singer, and G. Wornell, "Iterative Decision Feedback Joint Detection 
and Decoding for Multiple Access Communications," Proc. 1998 ARL Conference on 
Advanced Telecommunications / Information Distribution Research. 

8. A.C. Singer and M. Feder, "Robust Channel Equalization via Universal Adaptive 
Filtering," Proc. 1998 ARL Conference on Advanced Telecommunications / Information 
Distribution Research. 

9. R. Learned and A.C. Singer, "Coding Enhanced Joint Detection for Multiple Access 
Communications," Proc. 1998 International Conference on Acoustics, Speech, and Signal 
Processing, pp. 3193-6, vol. 6. 

10. R. Learned and A.C. Singer, "Iterative Joint Detection and Decoding for Multiple 
Access Communications Using Feedback," SPIE-Int. Soc. Opt. Eng. Proceedings of Spie 
- the International Society for Optical Engineering, vol. 3393, pp.154-161, 1998. 

11. A.C. Singer and M. Feder, "Twice Universal Linear Prediction of Individual 
Sequences," Proceedings of 1998 IEEE International Symposium on Information Theory, 
p.135, 1998. 

12. M. Feder and A.C. Singer, "Universal Data Compression and Linear Prediction," 
Proceedings of the 1998 IEEE Data Compression Conference, pp. 511-520, Snowbird, 
Utah, 1998. 
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13. M.J. Lopez, A.C. Singer, S.L. Whitney, and G.S. Edelson, "A DFE Coefficient 
Placement Algorithm for Underwater Digital Acoustic Communications," Proceedings 
of OCEANS '99, Sept. 13-16, Seattle, WA, 1999. 

14. A. Singer, J. Nelson, and R. Koetter, "Linear Iterative Turbo Equalization (LITE) for 
Dual Channels," Proc. of the Thirty-third Asilomar Conf. on Signals, Systems, and 
Computers, October 24-27, pp. 1670-1674, Monterey, CA, 1999. 

15. A.C. Singer and S. Kozat, "On Universal Linear Prediction of Gaussian Data," 
Proceedings of the 2000 IEEE Conference on Acoustics, Speech, and Signal Processing, 
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133. N. C. Sevüktekin and A. C. Singer, "I.I.D. stochastic analysis of PWM signals," 48th 
Asilomar Conference on Signals, Systems and Computers, Pacific Grove, CA, 2014, pp. 
1885-1889. 

134. N.C. Sevuktekin and A.C. Singer, “I.I.D. stochastic analysis of PWM signals,” 48th 
Asilomar Conference on Signals, Systems and Computers, pp. 1885 – 1889, 2014. 

135. N. Sevuktekin and A.C. Singer, “A Performance Bound On Low-Pass Reconstruction 
From PWM Signals,” 2015 IEEE International Conference on Communications (ICC), pp. 
4931 – 4936, 2015. 

136. T. Arikan, T.J. Riedl, A.C. Singer, and J. Younce, "Comparison of OFDM and Single-
Carrier Schemes for Doppler Tolerant Acoustic Communications," OCEANS 2015. 

137. A. Singer, M. Oelze and A. Podkowa, "Mbps Experimental Acoustic Through-Tissue 
Communications: MEAT-COMMS," The 17th IEEE International workshop on Signal 
Processing advances in Wireless Communications, July 3rd - July 6th, 2016, Edinburgh, 
UK. 

138. A. Singer, A. Podkowa, and M. Oelze, “Experimental ultrasonic communications 
through tissues at Mbps data rates” 2016 IEEE International Ultrasonics Symposium. 
Tours, France, September 18-21, 2016. 
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PATENTS GRANTED 
Andrew Singer and Ralf Koetter.  “Iterative MMSE equalization-decoder soft 
information exchange decoding method and device.” US Patent Number 7,016,440, Filed 
on Aug. 16, 2000, Issued on March 21, 2006. 
R. Hegde, A.C. Singer, and J. Janovetz, “Method and apparatus for delayed recursion 
decoder,” Filed on June 24, 2003, issued April 17, 2007, US Patent Number 7,206,363. 
R. Hegde, A.C. Singer, and J. Janovetz, “Method and apparatus for delayed recursion 
decoder,” Filed on April 17, 2007, continuation from June 24, 2003, issued December 27, 
2011, US Patent Number 8,085,883. 
Hyeon Min Bae, Naresh Shanbhag, Andrew Singer, Jonathan Ashbrook, "Phase Detector 
Utilizing Analog-to-Digital Converter Components," Granted 2008. US Patent Number 
7,750,831, Filed Feb. 28, 2008, Granted July 6, 2010. 
Daniel Mahgerefteh; Xueyan Zheng; Yashiro Matsui; Parviz Tayebati and Andrew 
Singer, “Chirped Laser with Passive Filter Element for Differential Phase Shift Keying 
Generation,” US Patent Number 7,991,297, Filed January 15, 2008, Granted Aug. 2, 2011.  
Christopher Cole, Daniel Mahgerefteh, The'Linh Nguyen, Andrew Singer, Naresh 
Shanbhag, "Phase Shift Keyed Modulation of Optical Signal Using Chirp Managed 
Laser," Filed 2008, US Patent Number 8,068,742, Filed July 10, 2008, Granted Nov. 29, 
2011. 
Jonathan B. Ashbrook, Andrew C. Singer, Naresh R. Shanbhag, Robert J. Drost, "Tuning 
System and Method Using a Simulated Bit Error Rate for Use in an Electronic Dispersion 
Compensator," US Patent Number 8,102,938, Filed April, 2008, Granted, Jan. 24, 2012.  
A.C. Singer and N.R. Shanbhag, “Method and System Having Adjustable Analog-To-
Digital Conversion Levels,” Filed May 19, 2011, issued June 11, 2013, US Patent Number 
8,462,037. 
Hyeon Min Bae, N.R. Shanbhag, A.C. Singer, "Baseband Phase-Locked Loop," Filed 
2007, issued Jan. 22, 2013. US Patent number US8358729 B2. 
T.J. Riedl, A.C. Singer, "System and method for broadband doppler compensation," US 
Patent number 9,608,738, issued Mar 28, 2017.  

 
UNIVERSITY SERVICE (past 5 years) 
 Interim Director of the Siebel Center for Design. Campus Core Committee Chair, Design 

Center Initiative and Building. Oversee $48MM project for the development, design, and 
construction of a new campus-wide design center. 

 Innovation, Leadership, and Engineering Entrepreneurship (ILEE) degree and academic 
unit founding Director and Unit Head. 

 Director, Technology Entrepreneur Center and Special Advisor to the Dean on 
Innovation and Entrepreneurship, College of Engineering, providing undergraduate 
and graduate curricula and activities in engineering entrepreneurship and innovation 
for COE students with over 5000 students enrolled in courses and programs annually.  

 Organizer and host of annual Illinois Innovation Prize, Cozad New Venture 
Competition, and NSF I-Corps Site, supervise operation of the Student Innovation 
Incubator and the Innovation Living Learning Community. 

 Departmental Committees: ECE Advisory Committee, ECE Faculty Representative to 
the Faculty Senate, Chair, ECE Conflict Management Oversight committee. 
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 College Committees: Chair, Center for Innovation and Design; Co-Chair Provost’s 
Roundtable on Entrepreneurship. 

 National Science Foundation Innovation Corps (NSF I-Corps) Program (PI for Illinois I-
Corps Site and co-PI for Illinois-Michigan-Purdue Regional Node). 

 
PROFESSIONAL SOCIETY SERVICE  
 Computing in Science and Engineering, Editorial board member, IEEE Signal Processing 

Society liaison. 
 Inaugural Curation Board Member of the National Center for Engineering Pathways to 

Innovation (Epicenter), an initiative funded by the National Science Foundation. 
 Invited participant on National Science Foundation review panels for Information 

Technology Research, Signal Processing, Mathematical Foundations, Career Award, 
Small Business Innovative Research, Engineering, and Computer Communications 
Research. 

 Invited reviewer for science funding agencies from the United States, Canada, Israel, 
Switzerland and the European Union. 

 Invited annual reviewer for Venturewell (formerly National Collegiate Inventor and 
Innovators Alliance) proposals. 

 Invited external reviewer of graduate thesis research and served as Doctoral dissertation 
outside international expert for theses in Norway on Underwater Acoustic 
Communications and Turbo Equalization (Norwegian University of Science and 
Technology, Trondheim), Germany on Turbo Equalization (Technical University of 
Munich) and Information-Theoretic Quantization and Analog/Digital Conversion 
(Technical University of Munich), Israel on Generalized Sampling Theory (Tel Aviv 
University) and Switzerland on Digital Estimation (ETH). 

 MIT Educational Council Regional Chair, 2017-present, member, 1994-present. 
 Associate Editor, IEEE Transactions on Signal Processing (2 terms), Guest Editor-In-Chief, 

IEEE Transactions on Signal Processing -- Special Issue on Machine Learning Methods in 
Signal Processing, Guest Associate Editor IEEE Transactions on Information Theory – Special 
Issue on Facets of Coding Theory: From Algorithms to Networks, 2010. Guest Editor-In-Chief, 
IEEE Journal on Special Topics in Signal Processing – Special Issue on Special Issue on Soft 
Detection for Wireless Transmission, 2011. 

 Program committee for IEEE DSP Workshop, annually 2004-2012, IEEE Statistical Signal 
Processing Workshop, annually 2003-2012, IEEE International Conference on Acoustic Speech 
and Signal Processing, annually 2003-2012, IEEE International Symposium on Information 
Theory, 2008, 2011, 2012. 

 Member of IEEE Signal Processing Society, IEEE Communications Society, IEEE 
Information Theory Society, IEEE Oceanic Engineering Society.  

 Conference organizing committee and Publicity Chair, IEEE International Symposium on 
Information Theory, 2004, Technical Co-Chair Allerton Conference on Communications, 
Computing, and Control, 2005, General Co-Chair, Allerton Conference on Communications, 
Computing, and Control, 2006, Publicity Chair, IEEE International Conference on Acoustics 
Speech and Signal Processing, 2008. 

 Member of the Signal Processing Theory and Methods (SPTM) technical committee of 
the IEEE Signal Processing Society, 2004-2011, and the IEEE Machine Learning for Signal 
Processing technical committee of the IEEE Signal Processing Society, 2007-2012. 
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 Regularly review articles for IEEE Transactions on Signal Processing, IEEE Signal 
Processing Letters, IEEE Journal on Special Topics in Signal Processing, IEEE Transactions on 
Information Theory, IEEE Transactions on Circuits and Systems, IEEE Transactions on 
Communications, IEEE Journal of Oceanic Engineering, Acoustical Society of America, Eurasip 
Journal on Signal Processing, Journal of Applied Optics, Journal of the Optical Society of 
America, Physica D, SIAM, and others. 

BACKGROUND AND OTHER INTERESTS 
United States citizen. Married. Enjoy swimming, biking, running, triathlon, ultra-
distance running and triathlon, and trail running. 
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