PTO/AIA/RLA {02-15}

Approved for use through 01/31/2018. OMB 0651-003

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Lnder the Paperwark Reduction Act of 1985 no persons are reqguired 1o respond to 3 collection of information unless it displays 3 valid OMB contre
Patent Number

(/f 6,736,759
PATENT FGW;E; OF ATTORNEY e Date May 18, 2004

First Named Invents
REVOCATION OF POWER OF ATTORNEY | o | Jack STUBBS

WITH A NEW POWER OF ATTORNEY EXERCISE MONITORING
AND SYSTEM AND METHODS

\_ CHANGE OF CORRESPONDENCE ADDRESS oy oo | UN-NP-MD-235 —

| hereby revoke all previous powers of attorney given in the above-identified patent.

m A Power of Aftorney is submitted herewith.

OR . - . I . I .
- | hereby appoint Practitioner{s) associated with the Customer Number identified in the box at right as my/our
M attorney(s} or agent{s) with respect to the patent identified above, and to transact ail business in the United 96051
States Patent and Trademark Office connected therewith:

OR

m t hereby appoint Practitioner{s) named below as my/our attorney{s} or agent(s} with respact to the patent identified above, and to transact
all business in the United States Patent and Trademark Office connected therewith:

Practitioner{s) Name Registration Number

Please recognize or change the correspondence address for the above-identified patent to:

(O The address associated with the above-identified Custarmer Number,
OR

m The address associated with the Customer Number identified in the box at right:
OR

E::} Firm or
individual Name

Address

City E State i i Zip E
Country
Telephaone E Ernail I

| am the:
Appiicant.
OR

v Patent owner.
Statement under 37 CERSRUc] (Foran BIQLALALG6] submitted herewith or filed on
- A

s

-

N SIGNATURE bf Applicant or Patant Owner
Signature S e Date
Name Craig 5. Etchegoyen Telephone
Title and Company | CEQ of Uniloc Luxembourg S A.
NOTE: Signatures of all the appiicants or patent owners of tha antire interest or their representative(s) are required. if more than one signatura

is required, submit muitiple forms, check the box below, and identify the tofal number of forms submitted in the biank below.

D A total of forms are submitted.

This collection of information is required by 37 CFR 1.34, 1.32, and 1.33. The information is required to obtain or retain a benafit by the oublic, which is to update
{and by the USPTO tc process) the file of a patent or reexamination proceeding. Confidentiality is soverned by 35 U.S.C. 122 and 37 CFR 1.14. This collection is
estimated to take 2 minutes to complete, including gathering, preparing, and submitting the completed application form o the USPTO. Time will vary depending
upoch the individual case. Any comments on the amount of tima you require to complete this form and/or suggestions for reducing this burden, should be sent to
the Chief information Gfficer, 1.5, Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Batents, P.C. Box 1458, Alexandria, VA 22313-1450.

if vou need assistance in completing the form, call 1-800-PT0O-9189 anid select option 2.
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Electronic Acknowledgement Receipt

EFS ID: 30804445
Application Number: 09436515
International Application Number:
Confirmation Number: 6756

Title of Invention:

EXERCISE MONITORING SYSTEM AND METHODS

First Named Inventor/Applicant Name:

JACKB.STUBBS

Customer Number:

24256

Filer:

Sean Dylan Burdick/Kris Pangan

Filer Authorized By:

Sean Dylan Burdick

Attorney Docket Number: 242781
Receipt Date: 30-0CT-2017
Filing Date: 09-NOV-1999

Time Stamp: 18:04:50

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
142476
1 Assignee showing of ownership per 37 MD-235_Statement.pdf o 2

CFR3.73

bbbf78113d39dcdab25f385406d3ddedca?
b7bc8

Warnings:

IPR2018-00294
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Information:

189825
2 Power of Attorney MD-235_POA.pdf no 1
4425e082730260f6e3176f7402be9fbabeed)
82a6
Warnings:
Information:
Total Files Size (in bytes): 332301

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

IPR2018-00294
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PTCIAIA/GE (08-12)

Approved for use through 01/31/2013. OMB 0851-0031

1.8, Patent and Tradermark Office; U 8. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, ne persens are reguired to respond {o a collection of information uniess it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: Uniloc Luxembourg S.A.

Application No./Patent No.: 6,736,759 Filed/lssue Date: _May 18,2004
Titled: EXERCISE MONITORING SYSTEM AND METHODS
Uniloc Luxembourg S A. ,a _corporation

(Name of Assignee) {Type of Assignee, e.g., corporation, parinership, university, government agency, atc.)

states that, for the patent application/patent identified above, it is (chcose gne of options 1, 2, 3 or 4 below):

1. @ The assignee of the entire right, title, and interest.

2. [:] An assignee of less than the entire right, title, and interest (check applicable box):
LMJ The extent (by percentage) of its ownership interestis
hoiding the balance of the inlerest must be submitted to account for 100% of the ownership intarest.

E Thare are unspecified parcentages of ownership. The other parties, including inveniors, who together own the entire

right, title and interest are;

¥
9

Adgditional Statementi(s) by the owner(s) holding the balance of the interest must be submitied to account for the entire
right, title, and interest.
3. u The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, inciuding inventors, who together own the enfire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interast.

4. D The recipient, via a court proceeding or the like (2.g., bankruptey, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document{s) showing the transfer is altached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either {choose gne of options A or B below):

A, ﬂ An assignment from the inventor{s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Tradesmark Office atResl JFrame , or for which a copy
thereof is attached.

B. [X A chain of title from the inventor(s}, of the patent application/patent identified above, o the current assignee as follows:

1. From: Inventors To: Paragon Solution, LLC

The document was recorded in the United States Patent and Trademark Office at
reet 010671 , Frame 0655 , Ot for which a copy theredof is attached.

2. From: Inventors Ta:  Paragon Solutions, LLC
The document was recorded in the United States Patent and Trademark Office at

Reet 043294 Frame 0969 , or for which & copy thereof is attached.

[Page 1 of 2]
This collection of information is reguired by 37 CFR 3.73(b). The information is required to obtain ar retain a benetit by the public which is to file {and by the USPTO to
pracess) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This colleclion is estimated to take 12 minutes to complete, including
gatharing, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments an the amount
of time you require o complete this form and/or suggestions for reducing this burdan, should be sent to the Chief information Cfficer, U.S. Patant and Trademark
Office, LU.8. Department of Commerce, P.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND

TO: Commissioner for Paients, P.O. Box 1450, Alexandria, VA 22313-1450.

.

I you need assistance in complering the form, call 1-800-PT(Q-9199 and select option 2.

IPR2018-00294
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PTO/AIA/CE (03-12)

Approved tor use through 81/31/2013, OMB 0651-0031

LS. Patent and Trademark Office; UG, DEPARTMENT OF COMMERCE

Under the Pagerwork Heduction Act of 1965, no persons are required o respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c}

3. From: Paragon Solutions, LLC 1o Red Dragon Innovations, LLC
The document was recorded in the United States Patent and Trademark Office at
Reel 042677 __________ . Frame 0549 ______________ , or for which a copy therect is attached.

4. From:  Paragon Solutions, LLC to: Red Dragon Innovations, LLC

The document was recorded in the United States Patent and Trademark Cffice at

Reel 043135 . Frame 00664 . or for which a copy thereof is attached.

5 From:  Red Dragon Innovations, LLC To:  Uniloc Luxembourg S A.
The document was recorded in the United States Patent and Trademark Office at
Resl 043751 Frame 0041 . or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

m Additional documents in the chain of title are lisied on a supplemental sheet({s).

[Xj As requirad by 37 CFR 3.73{c){1)(}), the documentary evidence of the chaln ¢of title from the original owner to the
assignes was, or concurrently is being, submittad for recordation pursuant to 37 CFR 3.11.

INOTE: A separate copy {i.e., 8 true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTC. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignes.

o

{\; v TNy o
R T .. October 30, 2017
Signature 8 s Date
Sean D. Burdick 51,513
Printed or Typed Name Title or Registration Number

[Page 2 of 2]

IPR2018-00294
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Doc Code: MES.GIB
Document Description: Certification of Micro Entity Status (Gross Income Basis) PTO/SB/15A (07-14)

CERTIFICATION OF MICRO ENTITY STATUS
(GROSS INCOME BASIS)

Application Number or Control Number (if applicable): Patent Number (if applicable):

09/436,515 6,736,759

First Named Inventor: Title of Invention:

JACK B. STUBBS EXERCISE MONITORING SYSTEM AND METHODS

The applicant hereby certifies the following—

(1) SMALL ENTITY REQUIREMENT - The applicant qualifies as a small entity as defined in
37 CFR 1.27.

(2) APPLICATION FILING LIMIT — Neither the applicant nor the inventor nor a joint inventor has
been named as the inventor or a joint inventor on more than four previously filed U.S. patent
applications, excluding provisional applications and international applications under the Patent
Cooperation Treaty (PCT) for which the basic national fee under 37 CFR 1.492(a) was not paid,
and also excluding patent applications for which the applicant has assigned all ownership rights,
or is obligated to assign all ownership rights, as a result of the applicant’s previous employment.

(3) GROSS INCOME LIMIT ON APPLICANTS AND INVENTORS - Neither the applicant nor the
inventor nor a joint inventor, in the calendar year preceding the calendar year in which the
applicable fee is being paid, had a gross income, as defined in section 61(a) of the Internal
Revenue Code of 1986 (26 U.S.C. 61(a)), exceeding the “Maximum Qualifying Gross Income”
reported on the USPTO Web site at hiip://www.uspio.govipatents/law/micro_entity.isp which is
equal to three times the median household income for that preceding calendar year, as most
recently reported by the Bureau of the Census.

(4) GROSS INCOME LIMIT ON PARTIES WITH AN “OWNERSHIP INTEREST” — Neither the
applicant nor the inventor nor a joint inventor has assigned, granted, or conveyed, nor is under an
obligation by contract or law to assign, grant, or convey, a license or other ownership interest in
the application concerned to an entity that, in the calendar year preceding the calendar year in
which the applicable fee is being paid, had a gross income, as defined in section 61(a) of the
Internal Revenue Code of 1986, exceeding the “Maximum Qualifying Gross Income” reported on
the USPTO Web site at htip://www. uspto.govipatents/law/micro_entity.isp which is equal to three
times the median household income for that preceding calendar year, as most recently reported
by the Bureau of the Census.

SIGNATURE by an guthorized pariy set forth in 37 CFR 1.33(b)

Signhature /Vance V. VanDrake, lll/
Name Vance V. VanDrake, llI
Date May 22, 2015 Telephone |513-698-5158 Registration No. 50,459
|—| There is more than one inventor and | am one of the inventors who are jointly identified as the applicant. The required

additional certification form(s) signed by the other joint inventor(s) are included with this form.

IPR2018-00294
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2)
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or abandonment of the
application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from
the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under authority of
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record
was filed in an application which became abandoned or in which the proceedings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

IPR2018-00294
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Electronic Acknowledgement Receipt

EFSID: 22425991
Application Number: 09436515
International Application Number:
Confirmation Number: 6756

Title of Invention:

EXERCISE MONITORING SYSTEM AND METHODS

First Named Inventor/Applicant Name:

JACK B. STUBBS

Customer Number:

24256

Filer:

Vance Victor VanDrake lll/Theresa Davis

Filer Authorized By:

Vance Victor VanDrake lll

Attorney Docket Number: 24278-1
Receipt Date: 22-MAY-2015
Filing Date: 09-NOV-1999

Time Stamp: 13:33:42

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:

D t . . File Size(Byt Multi P
ocumen Document Description File Name ile Size( y es)/ u I. . ages
Number Message Digest | Part/.zip| (ifappl.)

Certificati f Mi Entity (G 120673
1 ertiication ot Wiicro . ntity (&ross 6736759_MicroEntityStatus.pdf] no 2
Income Basis)
adc35f50c91ee285b3b3e2cale88f41e3e24|
7fo4
Warnings:

Information:

IPR2018-00294
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Total Files Size (in bytes):| 120673

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

IPR2018-00294
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW USPLo.gov

‘ APPLICATION NO. { FILING DATE FIRST NAMED INVENTOR [ ATTORNEY DOCKET NO. ] CONFIRMATION NO. l

09/436,515 11/09/199% JACK B. STUBBS 24278-1 6756

24256 7590 03/05/2004 1

EXAMINER . y
DINSMORE & SHOHL, LLP - RICHMAN, GLENN E *5( U
1900 CHEMED CENTER
255 EAST FIFTH STREET , | ART UNIT i
CINCINNATI, OH 45202

PAPER NUMBER ]

- 3764

DATE MAILED: 03/05/2004

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rcv. 10/03)

IPR2018-00294
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® L

Application No. Applicant(s}
. 09/436,515 STUBBS ET AL.
Response to Rule 312 Communication - .
Examiner Art Unit
Glenn Richman 3764

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address —

1. 0 The amendment filed on 24 October 2003 under 37 CFR 1.312 has been considered, and has been:
a)Xl entered.

b)[J entered as directed to matters of form not affecting the scope of the invention.

)] disapproved because the amendment was filed after the payment of the issue fee.

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)
and the required fee to withdraw the application from issue.

d)[0 disapproved. See explanation below.

e)[J entered in part. See explanation below.

Glenn Richman
Primary Examiner
Art Unit: 3764

U.S. Patent and Trademark Cffice
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 22

IPR2018-00294
Apple Inc. EX1003 Page 11
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}ér&s Mail Label No. EL 993415299 US

Practitioner's Docket No. 393085 . ‘ ' PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re applicationof:  Victor F. Petrenko Group No.: 3742
Application No.: 09/857,397 " Examiner: Q. Van
Filed: 31 May 2001 Confirmation No.: 3029

For: METHODS AND STRUCTURES FOR REMOVING ICE FROM SURFACES
MAIL STOP ISSUE FEE

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE

The Examiner has cited reasons for allowance in this application in connection with the
Notice of Allowance mailed 24 October 2003. Applicant wishes to point out that there are many
additional reasons for allowance, including features of independent and dependent claims not

specifically referenced in the Notice of Allowance.

Respectfully submitted,

Date: __\V " ﬂ/! 0} V By M'w

Curtis A. Vock, Reg. No. 38,356
LATHROP & GAGE L.C.

4845 Pearl East Circle, Suite 300
Boulder, CO 80301

Tel: (720) 931-3011

Fax: (720) 931-3001

IPR2018-00294
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-‘ N ._\r :
m Y
ocf 39 u & PART B - FEE(S) TRANSMITTAL

a0
‘%{e Completga’ﬁd send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
'774 TR :.M.-,\_\'\-' Commissioner for Patents
- Alexandria, Virginia 22313-1450
Fax (703)746-4000
INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if requujed{). Blocks I through 4 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS [Nole: Legibly mark-up with any corrections or use BIock 1) Note: A certificate of mailing can only be used for domestic mailings of the
7590 07/29/2003 Fee(s) Transmittal. This certificate cannot be used for any other
' accompanying papers. Each additional paper, such as an assignment or
DINSMORE AND SHOHL LLP formal drawing, must have its own certificate of mailing or transmission.
1900 CHEMED CENTER Certificate of Mailing or Transmission
t 255 EAST FIFTH STREET I hereby certify that this Fee(s) Transmittal is being deposited with the
* NNATIL OH 45202 United States Postal Service with sufficient postage for first class mail in an
CINCINNATI, envelope addressed to the Box I[ssue Fee address above, or being facsimile
transmitted to the USPTO, on the date indicated below.
~ Stephanie Berlepsch (Depositor's name)
__@_d’\n N h,\\ Doc O~ (Signature)
A)
, Crdens 25 a0 s
APPLICATION NO. I FILING DATE I FIRST NAMED INVENTOR I ATTORNEY DOCKET NC. I CONFIRMATION NO. ]
- 09/436,515 11/09/1999 JACK B. STUBBS 24278-1 6756
'NTLE OF INVENTION: EXERCISE MONITORING SYSTEM AND METHODS
i
| APPLN. TYPE | SMALL ENTITY I ISSUE FEE i PUBLICATION FEE ] TOTAL FEE(S) DUE ] DATE DUE ]
nonprovisional YES $650 $0 $650 10/29/2003
[ EXAMINER [ ART UNIT | cLasssusciass |
RICHMAN, GLENN E 3764 482-008000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list (1)

CFR 1.363) the names of up to 3 registered patent attorneys IDlnsmore & Shohl LLP
0 Change of correspondence address (or Change of Correspondence or agents OR, altematively, (@) the name of a
Address form PTO/SB/122) attached. single firm (having as a member a registered

attorney or agent) and the names of up to 2
J "Fee Address" indication (or "Fee Address" Indication form Y gent) P

PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer registered patent attorneys or agents. If no name 3
Number is required. is listed, no name will be printed.

o

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent, Inclusion of assignee data is only appropriate when an assignment has
been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Paragon Solutions, LLC Waynesville, Ohio

Please check the appropriate assignee category or categories (will not be printed on the patent) Q individual %) corporation or other private group entity (J government
4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
X Issue Fee 1 A check in the amount of the fee(s) is enclosed.

1 Publication Fee 3 Payment by credit card. Form PTO-2038 is attached‘,:u_1 deficiencies

: X The Commissioner is hereby authorized by charge ¥ EHRE), or credit any overpayment, to
Q Advance Order - #of Copies ___________ Deposit Account Number fal éy 33 (encFos_e an extra copy of) this form). Y

Commissioner for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.

N~

(Authorized Wartin J ‘wx (Date) q
A 4 -27-03

- FELEKE2 00000002 09436515
N(h)TE;h Thehlssue lee and Pub}c. |gn Fee (if refguired) will t}?ot be accepted f}l;om anyone 1073172003 8
other than the a cant; a re, red attorney or agent; or the assignee or other party in
intorest as shown by-the records of the United States Patent and Trademark Office.  © 01 FC:2501 665.00 0P

This _collection of information is required by 37 CFR 1.311. The information is required to
obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
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Amendments to the Claims:
This fisting of claims will replace all prior versions, and listings, of claims ir'P the
application. {

1
.
1
H

Claim 1 (previously presented): An exercise monitoring system, comprising:
(a) a data acquisition unit comprising an electronic positioning device'and
a physiological monitor, sald data acquisition unit configured to be worn
by a subject performing a physical activity; and i
(b) a display unit configured for displaying real-time data provided by 'said
electronic positioning device and said physiological monitor,_ %ald
display unit separate from said data acquisition unit;
wherein said display unit is configured to be worn by the subject, wom- by
someohe other than the subject, or attached to an apparatus associated vgnth
the physical activity being performed by the subject so as to be visible to :the
subject while performing the physical activity, and :
further wherein said system is configured such that said display unit displays
real-time data comprising at least one of a subject’s location, altitude, veloci:ty,

\ pace, and distance traveled. _ i
i
{

Claim 2 (original): The exercise monitoring system of claim 1, wherein said
electronic positioning device is configured to receive electromagnetic signals fro‘m
three or more sources so that sald monitoring system can determine at least one of} a

subject's location, altitude, velocity, pace, and distance traveled. :
i

Claim 3 (previously presented): The system of claim 1, wherein said electroni,c
i

I

positioning device comprises a GPS device.

Claim 4 (original): The system of claim 1, wherein said physioclogical monitor i'f’

chasen from the group consisting of: an oximeter and & heart rate monitor. |
]

Claim § (original). The system of claim 4, wherein said electronic positioning
device comprises a GPS device. '

I
Claim 6 (canceled) |
|
i
I

Received from < >at 10124103 3:28:33 P [Eastern Daylight Time}
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6 ‘ :
Claim.?” (previously presented). The system of claim 1, wherein said e!ecérc'mic
positioning device comprises a GPS device, and further wherein said %c{ata
acquisition unit further comprises a support member, and said GPS device and?; said
physiological menitor are provided on said support member.

- 7 & :
Claim g/ (original): The system of claim 27 wherein said GPS device and said
physiological monitor are removably secured to said support member. . |

P '%
Claim @ (previously presented): The system of claim 1, wherein said . é;a:ta
acquisition unit is configured to be worn about a human usrfs waist. \
Claim 1Z’ (previously presented): The system of claim 1, wherein said d:ata
acquisition unit is configured to be worn about @ human user's chest. i' :

10 . |
Claim 31" (original): The system of claim 1, wherein said display unit is configured to
be worn about a human user’'s wrist. :

[ ‘
Claim 12’ (original): The system of claim 1, wherein said display unit is conﬁgured?tq

be mounted to a bicycle. |

3

H

[

I 1
'

Claim13 (canceled)
L |
Claim 34 (original). The system of claim 1, wherein said physiological monitor
includes a probe configured for acquiring physiological data from a user. :
i? L
Claim 3@ (original): The system of claim 4, wherein said physiclogical monitor

comprises an oximeter.

)

Ctaim 36" (original): The system of claim 4, wherein said physiological monitor |
'i

I

I

|

1

P
|

compriseas a heart rate monitor.

15
Claim/r‘/ (original): The system of claim 1, wherein said system further comprises!
an alarm which is activated when data provided by at least one of said electronic% ,

1
(|
i

3 .

i

IPR2018-00294
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positioning device and said physiological monitor does not meet a predetempmed

target.
29 .
Claim 18~ (currently amended):  An exercise monitoring system, comprising: : '
(a) an electronic positioning device configured to receive electromagnetic
signals from three or more sources so that said monitoring system;can
determine at least one of a subject’'s velocity or pace, wherein %aid
electronic positioning device is provided as part of a data acquisition

1
i

unit;
b a iological monitor; .

{b)(c) a display unit configured to be worn by a user and fors multangg ly
displaying real-time data provided by said electronic positioning device

and said_physioiggical monitor, wherein said display unit is sepamte
from said electronic positioning device; and i
{)(d) an alarm, wherein sald alarm is activated when a subject's ve!ocrty or

\ " pace does not meet a predetermined target.

Claims 19-59 (canceled) (
M |
Claim g& (previously presented): The exercise monitoring system of claim 1,
wherein said display unit comprises a heads-up type display unit configured to
display said data by projecting the data onto glasses, goggles or a visor, or by
projecting the data onto a display screen positioned such that the data will be visible

to a user. i

Claim 61 (canceled)

P
Claim,82 (previously presented): The exercise monitoring system of claim 1,
wherein said system is configured such that the display unit simultaneously dis;:laysé
at least one of a subject’s velocity, pace and distance traveled; and physiological;
data provided by said physiological monitor. !

19

Claim 8% (previously presented): The exarcise monitoring system of claim 1,
i

wherein said system further comprises at least ong memory, and at least one'li
i,

-Recei 033:28:33 PV [Eastem Daylight Time] ' ,
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[
processor for processing acqulred data in accordance with instructions stored iri‘ said
at least one memory.

20 S L4
Claim 84 (previously presented): The exercise monitoring system of claim .68,
wherein said data acquisition unit includes memory, and at least one processoy for
processing acquired data in accordance with instructions stored in said memoﬁy of
the data acquisition unit, and further wherein said display unit includes memory, iand

at ieast one processor for processing acquired data in accordance with instructions
stored in said memory of the display unit. ,

i
A | 19
Claim 85 (previously presented). The exercise monitoring system of claim

wherein said at least one memory is configured for storing acquired data for Iater
retrieval. t

22
Claim 86 (previously presented): The exercise monitoring system of claim | 1
wherein said display unit is configured for communication with said data acqu;smpn
unit via a wired or wireless link, such that data indicative of atleast one of a subjec.‘&'s
velocity or pace can be transmitted to said display unit. .

29 2
Claim 67 (previously presented): The exercise monitoring system of claim .SB’

wherein said display unit is configured for communication with sald data aoqu;smqn
unit via radio waves. i

Claim ,6( {previously presented): The exercise monitoring system of claim 1
wherein said system is configured for computing a subject’'s workload based on the
subject's velocity and altitude changes, and displaying the computed workload. 1
e by
Claim.69 (previously presented): The exercise monitoring system of claim 5687
wherein said system is configured for the input of a subject's welight, and sai&.
system is configured for computing a subject's workload based on the subject’s‘,

velocity, altitude changes and inputted weight. !

l
1
‘.
i
|

IPR2018-00294
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Claim 28 (previously presented). The exercise monitorihg system of c!ain%n 1,

wherein said system js configured for electrical communication with an exé,emal
computer such that acquired data may be stored In the computer. 1

Yy s
Claim 1 {previously presented). The exercise monitoring system of ciaiml. /1’f
wherein said physiological monitor comprises an oximeter, and wherein said syétem
is configured such that said alarm is activated when a subject's blood oxygen l;e\rel
does not meet a predetermined target.

f

2P i 29
Claim.?2Z (previously presented): The exercise monitoring system of claim |
wherein said systemn is configured such that a plurafity of predetennined targeé)f:r‘
blood oxygen level may be input into said system.

to
Claim #3 {previously presented): The exercise monitoring: system of claim ; 1,
wherein said physiological manitor comprises an oximeter, and wherein said syst'gm

is configured for computing and displaying the time variability of a subject's b!qfod
oxygen level. ‘ \
20 '.

J?
Clacm/u/(prewously presented): The exercise monitoring system of claim 0
wherein said electronic positioning device comprises a GPS device. I
|
Claim 75 (canceled) '
S €=

Cla'm}e’ (previously presented). The exercise¢ monitoring system of claim /?#’
wherein said data acquisition unit further comprises a support member, and sallfrj
GPS device is removably secured to said support member.

L 29
Claim?7 (new): The exercise monitoring system of claim 487 wherein saic'li
physiological monitor comprises a heart rate monitor configured to be worn about a

subject's chast and to wirelessly transmit data indicative of a subject’s heart rate to
said display unit.

1
\ ~.
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Remarks

in the Notice of Allowancse, claims 1-5, 7-12, 14-18, 60, 62-74 and 76 were
allowed. in the amendments presented abave, independent Claim 18 has been
amended to specify that the exercise monitoring system further includes a
physiological monitor, and that the display system simultaneously displays data
provided by the electronic positioning device and the physiological monitor. Support
for the addition of a physiological monitor can be found throughout the specification
as originally filed (e.g., claim 1 as originally filed). Support for the amendment
conceming the simuitaneous display of data from the electronic positioning -device
and the physiological monitor can be found, for example, at page 40, fines 7-186, at
page 24, lines 1-8, and at Fig. 19 of the specification as originally filed.

Newly added ciaim 77 depends from claim 18, and further specifies that the
physiological monitor comprises a heart rate monitor configured to be worn about a
subject's chest and to wirelessly transmit data indicative of a subject's heart rateito
the display unit. Support for this new claim can be found, for example, at Fig. 1':5,
and at page 28, line 22, through page 29, line 20, of the specification as originally
filed. : .

v

The above claim amendments are presented in order to further distinguis:h
these claims from the prior art and to facilitate enforcement of the same. Applicants
recently leamed that a third party has introduced a product believed to infringe one
or more of the previously-allowed claims. The proposed amendments do not require

an additlonal search or examination, since previously-allowed claim 18 is merely

being narrowed in scope and newly-added claim 77 depends from previously-
allowed claim 18 (and is therefore narrower than previously-allowed clairn 18). g

For the reasons stated above, applicants request that the Examiner enter the:
amendments presented herein.

IPR2018-00294
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Attorney for Appli ant(s)
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255 East Fifth Street

Cincinnati, Ohio 45202
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an envelope addressed to: Mail Stop Non-Fee Amendment;

Commissioner for Patents; P.O. Box 1450; Alexandria, VA

22313-1450 on September 18, 2003.

Stephanie Berlepsch ;

IN THE UNITED STATES PATENT & TRADEMARK OFFICE

Applicant: Jack B. Stubbs et al.

Serial No.: 09/436,515 : Group Art Unit: 3764

Filed: November 9, 1999 : Examiner: G. E. Richman

For: Exercise Monitoring System and Methods

Mail Stop Non-Fee Amendment

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Transmitted herewith is an Amendment in the above-identified application.

[ ] additional fee is required.

[ x] also attached: Change of Correspondence Address Form and Return Receipt Postcard

The fee has been calculated as shown below:
HIGHEST

a0 PREVIOUS R RATE FEE
PAID FOR
Total Claims 31 57 0 x $9 = $
Independent Claims 2 9 0 x $42= 3

If multiple claims newly presented, add $135.00 | -----
Month Extension Fee $
Information Disclosure Statement $000.00
TOTAL FEE DUE 3

[] A check in the amount of $ is enclosed.

[] Please charge my Deposit Account No. 04-1133 in the amount of §$.

[x] The Commissioner is hereby authorized to charge payment of any additional fees associated with this

communication or credit any overpayment, to Deposit Account No. 04-1133, including any filing fees under 37 CFR
1.16 for presentation of extra claims and any patent application processing fees under 37 CFR 1.17.
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Le mapstBocket No: 24278-1 PATENT
CERTIFICATE OF MAILING
| hereby certify that this paper is being deposited with the
United States Postal Service with sufficient postage as first
class mail in an envelope addressed to: Mail Stop Non-Fee
Amendment; Commissioner for Patents; P.O. Box 1450;

exandria, VA 22313-1450 on September 18, 2003.
tephBnie Berlepsch

IN THE UNITED STATES PATENT & TRADEMARK OFFICE

Applicant(s): Jack B. Stubbs, et al. : Paper No.:

Serial No.:  09/436,515 : Group Art Unit: 3764
Filed: November 9, 1999 Examiner: G. E. Richman
For: Exercise Monitoring System and Methods

AMENDMENT UNDER 37 CFR §1.312

Mail Stop Non-Fee Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Pursuant to 37 CFR § 1.312 and MPEP § 714.16, Applicant requests that the
above application be amended as follows:

Amendments to the Claims are reflected in the listing of claims which begins on
page 2 of this paper.

Remarks begin on page 8 of this paper.
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Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the
application.

Claim 1 (previously presented): An exercise monitoring system, comprising:

(a) a data acquisition unit comprising an electronic positioning device and
a physiological monitor, said data acquisition unit configured to be worn
by a subject performing a physical activity; and

(b) a display unit configured for displaying real-time data provided by said
electronic positioning device and said physiological monitor, said
display unit separate from said data acquisition unit;

wherein said display unit is configured to be worn by the subject, worn by

someone other than the subject, or attached to an apparatus associated with

the physical activity being performed by the subject so as to be visible to the
subject while performing the physical activity, and

further wherein said system is configured such that said display unit displays

real-time data comprising at least one of a subject’s location, altitude, velocity,

pace, and distance traveled.

Claim 2 (original): The exercise monitoring system of claim 1, wherein said
electronic positioning device is configured to receive electromagnetic signals from
three or more sources so that said monitoring system can determine at least one of a

subject’s location, altitude, velocity, pace, and distance traveled.

Claim 3 (previously presented): The system of claim 1, wherein said electronic
positioning device comprises a GPS device.

Claim 4 (original): The system of claim 1, wherein said physiological monitor is
chosen from the group consisting of: an oximeter and a heart rate monitor.

Claim 5 (original): The system of claim 4, wherein said electronic positioning
device comprises a GPS device.

Claim 6 (canceled)

IPR2018-00294
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Claim 7 (previously presented): The system of claim 1, wherein said electronic
positioning device comprises a GPS device, and further wherein said data
acquisition unit further comprises a support member, and said GPS device and said
physiological monitor are provided on said support member.

Claim 8 (original): The system of claim 7, wherein said GPS device and said

physiological monitor are removably secured to said support member.

Claim 9 (previously presented): The system of claim 1, wherein said data
acquisition unit is configured to be worn about a human user’'s waist.

Claim 10 (previously presented). The system of claim 1, wherein said data
acquisition unit is configured to be worn about a human user’s chest.

Claim 11 (original): The system of claim 1, wherein said display unit is configured to
be worn about a human user’s wrist.

Claim 12 (original): The system of claim 1, wherein said display unit is configured to
be mounted to a bicycle.

Claim13 (canceled)

Claim 14 (original): The system of claim 1, wherein said physiological monitor
includes a probe configured for acquiring physiological data from a user.

Claim 15 (original): The system of claim 4, wherein said physiological monitor

comprises an oximeter.

Claim 16 (original): The system of claim 4, wherein said physiological monitor
comprises a heart rate monitor.

Claim 17 (original): The system of claim 1, wherein said system further comprises
an alarm which is activated when data provided by at least one of said electronic

IPR2018-00294
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positioning device and said physiological monitor does not meet a predetermined

target.

Claim 18 (currently amended): An exercise monitoring system, comprising:

(a)

(b)

an electronic positioning device configured to receive electromagnetic
signals from three or more sources so that said monitoring system can
determine at least one of a subject’s velocity or pace, wherein said
electronic positioning device is provided as part of a data acquisition
unit;

a physiological monitor;

b)c)

te)(d)

a display unit configured to be worn by a user and for simultaneously
displaying real-time data provided by said electronic positioning device

and said physiological monitor, wherein said display unit is separate

from said electronic positioning device; and
an alarm, wherein said alarm is activated when a subject’s velocity or

pace does not meet a predetermined target.

Claims 19-59 (canceled)

Claim 60 (previously presented): The exercise monitoring system of claim 1,

wherein said display unit comprises a heads-up type display unit configured to

display said

data by projecting the data onto glasses, goggles or a visor, or by

projecting the data onto a display screen positioned such that the data will be visible

to a user.

Claim 61 (canceled)

Claim 62 (previously presented): The exercise monitoring system of claim 1,

wherein said system is configured such that the display unit simultaneously displays:

at least one of a subject’s velocity, pace and distance traveled; and physiological

data provided by said physiological monitor.

Claim 63 (previously presented). The exercise monitoring system of claim 1,

wherein said system further comprises at least one memory, and at least one
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processor for processing acquired data in accordance with instructions stored in said
at least one memory.

Claim 64 (previously presented): The exercise monitoring system of claim 63,
wherein said data acquisition unit includes memory, and at least one processor for
processing acquired data in accordance with instructions stored in said memory of
the data acquisition unit, and further wherein said display unit includes memory, and
at least one processor for processing acquired data in accordance with instructions
stored in said memory of the display unit.

Claim 65 (previously presented): The exercise monitoring system of claim 63,
wherein said at least one memory is configured for storing acquired data for later
retrieval.

Claim 66 (previously presented): The exercise monitoring system of claim 1,
wherein said display unit is configured for communication with said data acquisition
unit via a wired or wireless link, such that data indicative of at least one of a subject’s
velocity or pace can be transmitted to said display unit.

Claim 67 (previously presented): The exercise monitoring system of claim 66,
wherein said display unit is configured for communication with said data acquisition

unit via radio waves.

Claim 68 (previously presented): The exercise monitoring system of claim 1,
wherein said system is configured for computing a subject’'s workload based on the
subject’s velocity and altitude changes, and displaying the computed workload.

Claim 69 (previously presented): The exercise monitoring system of claim 68,
wherein said system is configured for the input of a subject's weight, and said
system is configured for computing a subject's workload based on the subject’s

velocity, altitude changes and inputted weight.
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Claim 70 (previously presented): The exercise monitoring system of claim 1,
wherein said system is configured for electrical communication with an external
computer such that acquired data may be stored in the computer.

Claim 71 (previously presented): The exercise monitoring system of claim 17,
wherein said physiological monitor comprises an oximeter, and wherein said system
is configured such that said alarm is activated when a subject’s blood oxygen level
does not meet a predetermined target.

Claim 72 (previously presented): The exercise monitoring system of claim 71,
wherein said system is configured such that a plurality of predetermined targets for
blood oxygen level may be input into said system.

Claim 73 (previously presented). The exercise monitoring system of claim 1,
wherein said physiological monitor comprises an oximeter, and wherein said system
is configured for computing and displaying the time variability of a subject’'s blood

oxygen level.

Claim 74 (previously presented): The exercise monitoring system of claim 18,
wherein said electronic positioning device comprises a GPS device.

Claim 75 (canceled)

Claim 76 (previously presented): The exercise monitoring system of claim 74,
wherein said data acquisition unit further comprises a support member, and said
GPS device is removably secured to said support member.

Claim 77 (new): The exercise monitoring system of claim 18, wherein said
physiological monitor comprises a heart rate monitor configured to be worn about a
subject's chest and to wirelessly transmit data indicative of a subject's heart rate to
said display unit.
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Remarks

In the Notice of Allowance, claims 1-5, 7-12, 14-18, 60, 62-74 and 76 were
allowed. In the amendments presented above, independent Claim 18 has been
amended to specify that the exercise monitoring system further includes a
physiological monitor, and that the display system simultaneously displays data
provided by the electronic positioning device and the physiological monitor. Support
for the addition of a physiological monitor can be found throughout the specification
as originally filed (e.g., claim 1 as originally filed). Support for the amendment
concerning the simultaneous display of data from the electronic positioning device
and the physiological monitor can be found, for example, at page 40, lines 7-16, at
page 24, lines 1-8, and at Fig. 19 of the specification as originally filed.

Newly added claim 77 depends from claim 18, and further specifies that the
physiological monitor comprises a heart rate monitor configured to be worn about a
subject's chest and to wirelessly transmit data indicative of a subject's heart rate to
the display unit. Support for this new claim can be found, for example, at Fig. 15,
and at page 28, line 22, through page 29, line 20, of the specification as originally
filed.

The above claim amendments are presented in order to further distinguish
these claims from the prior art and to facilitate enforcement of the same. Applicants
recently learned that a third party has introduced a product believed to infringe one
or more of the previously-allowed claims. The proposed amendments do not require
an additional search or examination, since previously-allowed claim 18 is merely
being narrowed in scope and newly-added claim 77 depends from previously-
allowed claim 18 (and is therefore narrower than previously-allowed claim 18).

For the reasons stated above, applicants request that the Examiner enter the
amendments presented herein.
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(5613) 977-8565
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indication of the 0 day extension on the front page.

If a continued prosecution application (CPA) was filed in the above-identified application, the filing date that
determines patent term extension is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) system. (http://pair.uspto.gov)

Any questions regarding the patent term extension or adjustment determination should be directed to the Office
of Patent Legal Administration at (703)305-1383.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSBIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22113-1450

www.uspto.gov
l APPLICATION NO. l FILING DATE l FIRST NAMED INVENTOR l ATTORNEY DOCKET NO. L CONFIRMATION NO. ]
09/436,515 11/09/1999 JACK B. STUBBS 24278-1 6756
7590 07/29/2003 l EXAMINER

DINSMORE AND SHOHL LLP RICHMAN, GLENN E

1900 CHEMED CENTER :

255 EAST FIFTH STREET { ART UNIT [ PAPER NUMBER
CINCINNATI, OH 45202 1764

DATE MAILED: 07/29/2003

Notice of Fee Increase on January 1, 2003

If a reply to a "Notice of Allowance and Fee(s) Due" is filed in the Office on or after January 1, 2003, then the

amount due will be higher than that set forth in the "Notice of Allowance and Fee(s) Due" since there will be an increase

in fees effective on January 1, 2003. See Revision of Patent and Trademark Fees for Fiscal Year 2003; Final Rule, 67 Fed.
Reg. 70847, 70849 (November 27, 2002).

The current fee schedule is accessible from: http://www.uspto,.gov/main/howtofees htm,

If the issue fee paid is the amount shown on the "Notice of Allowance and Fee(s) Due," but not the correct amount

in view of the fee increase, a "Notice to Pay Balance of Issue Fee"” will be mailed to applicant. In order to avoid
processing delays associated with mailing of a "Notice to Pay Balance of Issue Fee," if the response to the Notice of
Allowance and Fee(s) due form is to be filed on or after January 1, 2003 (or mailed with a certificate of mailing on or
after January 1, 2003), the issue fee paid should be the fee that is required at the time the fee is paid. If the issue fee was
previously paid, and the response to the "Notice of Allowance and Fee(s) Due" includes a request to apply a
previously-paid issue fee to the issue fee now due, then the difference between the issue fee amount at the time the
response is filed and the previously paid issue fee should be paid. See Manual of Patent Examining Procedure, Section
1308.01 (Eighth Edition, August 2001).

Questions relating to issue and publication fee payments should be directed to the Customer Service Center
of the Office of Patent Publication at (703) 305-8283.
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) Application No. Applicantis)
. . 09/436,515 Stubbs et al
Notice of Allowability Exominer A UnT
Glenn Richman 3764

--The MAILING DATE of this communication appears on the cover sheet with the correspondence address--

All claims bsing a‘llowable, PROSECUTION ON THE MERITS IS {OR REMAINS) CLOSED in this application. if not included herewith
{or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course.

THIS NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at
the initiative of the Office or upon pastition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.X This communication is responsive to 7/717/03

2. The allowed claim(s) is/are 7-5, 7-12, 14-18, 60, 62-74, and 76

3.X] The drawings filed on Nov 9, 1999 are accepted by the Examiner.

4.1 Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a}-(d).
adJ A b Some* ¢}l None of the:
1.0 Certified copies of the priority documents have been received.
2.3 Certified copies of the priority documents have been received in Application No.

3.0 cCopies of the certified copies of the priority documents have been received in this national stage
application from the International Bureau (PCT Rule 17.2(a)).

*Certified copies not received:

5.0 Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).
{a) [0 The translation of the foreign language provisional application has been received.

6.0 Acknowledgement is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application. THIS THREE-MONTH PERIOD IS NOT
EXTENDABLE.

7.0 A SUBSTITUTE CATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTQ-152) which gives reason(s} why the oath or declaration is deficient.
8.[] CORRECTED DRAWINGS must be submitted.
(a) O including changes required by the Notice of Draftsperson's Patent Drawing Review (PTO-948) attached
1) 0 hereto or 2] to Paper No.

{(b) O including changes required by the proposed drawing correction filed , which has been
approved by the examiner.

()0 including changes required by the attached Examiner's Amendment/Comment or in the Office action of
Paper No.

Identifying indicia such as the application number {see 37 CFR 1.84(c)) should be written on the drawings in the top margin {not the back) of
each sheet. The drawings should be filed as a separate paper with a transmittal letter addressed to the Official Draftsperson.

9.[] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1] Notice of References Cited (PTO-892) 2 Notice of Informal Patent Application {(PTO-152)
3] Notice of-Braftsperson's Patent Drawing Review (PT0-948) 4[] Interview Summary (PTO-413), Paper No.
5 E{im‘ormation Disclosure Statement(s) (PTO-1449), Paper No(s). __/ é 6[] Examiner's Amendment/Comment
7 ] Examiner's Comment Regarding Requirement for Deposit of Biological 8 ] Examiner's Statement of Reasons for Allowance
Material
g [] other
NEHOLAS D. LUCCHESI GLENN RICHMAN
SUPERVISORY PATENT EXAMINER PRIMARY EXAMINER
TECHNO! GSY CFAITER 5700 ART UNIT 3764
U. S. Patent and Trademark Office
PTO-37 (Rev. 04-01) Notice of Allowability |PR2(:1 82808048
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Docket No: 24278-1

CERTIFICATE OF MAILING
I hereby certify that this paper is being deposited with the - \¢
United States Postal Service with sufficient postage as first
class mail in an envelope addressed to: Mail Stop: Amendment;
Commissioner for Patents; P.O. Box 1450; Alexandria, VA

22313-14/5;)7(1u1y 4. 2003, :
(44 S e ——
Martin J. NQL!er a

IN THE UNITED STATES PATENT & TRADEMARK OFFICE

Applicant(s): Jack B. Stubbs, et al. : Paper No.:

Serial No.: 09/436,515 . Group Art Unit: 3764

Filed: November 9, 1999 . Examiner: G. E. Richman

For: Exercise Monitoring System and Methods
AMENDMENT

RECEIVED

Mail Stop: Amendment

Commissioner for Patents JUL 2 3 2003
P.O. Box 1450

Alexandria, VA 22313-1450 TECHNOLOGY CENTER R3700
Dear Sir:

In resbonse to the Office Action dated February 12, 2003, please amend the

présent application as follows:

In the Claims:

| Please amend claim 1 as follows:

[D 1. (twice amended)  An exercise monitoring system, comprising:
{ (a) a datha acquisition unit comprising an electronic positioning device and a

j}b physiglogical monitor, said data acquisition unit configured to be worn by a
) subject performing a physical activity; and

07/21/2003 GGEBREGI 00000038 041133  0P436513
01 FC:2252 205.00 DA
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(b) a display unit configured for displaying real-time data provided by said
lectronic positioning device and said physiological monitor, said display
nit separate from said data acquisition unit; "

wherein said display unit is configured to be worn by the subject, worn by

someong other than the subject, or attached to an apparatus associated with the
physical activity being performed by the subject so as to be visible to the subject
while performing the physical activity, and

further wherein said system is configured such that said display unit displays
real-time data comprising at least one of a subject’s location, altitude, velocity,

pace, and distance traveled.

W

__Please amend claim ;as follows:

&/ 3.

(amended) Thg system of claim 1, wherein said electronic positioning device
comprises a GPS device.

Please cancel claim 8.

Please amend claim 7 as follows:

£

é(-

(amended) The s\stem of claim 1, wherein said electronic positioning device
comprises a GPS device, and further wherein said data acquisition unit further
comprises a support member, and said GPS device and said physiological
monitor are provided ¢n said support member.

EPIease amend claim 9 as foll&ws:

¥a

“E

9.

;(amended) The system of claim 1, wherein said data acquisition unit is

configured to be worn allout a human user’s waist.

lease amend claim 10 as follo s_:i}

(amended) The system| of claim 1, wherein said data acquisition unit is
configured to be worn abolt a human user’s chest.

[jflease amend claim 18 as follows:

(’{ 77 18 (twice amended)  An exergise monitoring system, comprising:

2
Q . IPR2018-00294
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J'// (a) an klectronic positioning device configured to receive electromagnetic
signals from three or more sources so that said monitoring system can
CD é detetmine at least one of a subject’'s velocity or pace, wherein said
electronic positioning device is provided as part of a data acquisition unit;
(b)  a display unit configured to be worn by a user and for displaying real-time
data provided by said electronic positioning device wherein said display
unit is separate from said electronic positioning device; and
(c) an alarh, wherein said alarm is activated when a subject’'s velocity or
pace doeg not meet a predetermined target.

.

Please cancel claim 59.

Please amend claim 60 as follows:

2 P\SQ' (amended) The exearcise monitoring system of claim 1, wherein said display
C(p unit comprises a heads-up type display unit configured to display said data by projecting
the data onto glasses, goggles or a visor, or by projecting the data onto a display screen

positioned such that the data wjll be visible to a user.

Jra—

Please cancel claim 61.

Please amend claim 62 as follows

/8» B2. (amended) The exercise monitoring system of claim 1, wherein said system is
configured such that the display unif\simultaneously displays: at least one of a subject’s

velocity, pace and distance traveled; and physiological data provided by said

(} /) physiological monitor.

[ Please amend claim 63 as follows?)

/ 9‘ Bs. (amended) The exercise monitdring system of claim 1, wherein said system
further comprises at least one memory, and at least one processor for processing

acquired data in accordance with instructPns stored in said at least one memory.

E‘ease amend claim 66 as follows:

IPR2018-00294
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2966 (amended) The exercise monitoring system of claim 1, wherein said display
. (\ unit is configured for communication with said data acquisition unit via a wired or
wireless link, such that data indicative of at least one of a subject’s velocity or pace can

be transmitted to said display unit.

P——
Please cancel claim ¥5.

Please amend claim as follows: 20

——

(P ' 3/?6. (amended) The exercise monitoring system of claim }4 wherein said data

acquisition unit further gomprises a support member, and said GPS device is removably

secured to said supportimember.
REMARKS

in the Office Action dated February 12, 2003, the Examiner has rejected all of the
pending claims in the present application. Specifically, the Examiner rejected claims 1,
3-12, 14, 16, 59 and 62-70 under 35 U.S.C. 102(e) as being anticipated by Root et al.
Claims 2, 15, 17, 18 and 71-76 were rejected under 35 U.S.C. 103(a) as being obvious
in view of Root et al. Finally, claims 60 and 61 were rejected under 35 U.S.C. 103(a) as
being obvious over Root in view of Seiple et al. Applicants believe that all of the

claims, as amended herein, are novel and non-obvious over the cited art.

Specifically, claim 1 has been amended to require that the electronic positioning
device and physiological monitor are provided as a data acquisition unit which is
configured to be worn by a subject performing a physical activity. Claim 1 has also
been amended to require that the display unit is separate from the data acquisition unit
and is configured to display real-time data. Finally, claim 1 now specifies that the
display unit is configured to be worn by the subject, worn by someone other than the
subject (e.g., a jockey), or attached to an apparatus associated with the physical activity
being performed by the subject so as to be visible to the subject (e.g., bicycle

handlebars). Claim 1 now includes all of the limitations of previous claims 6 and 61,

Y

4
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hence these claims have been cancelled. Support for the "real-time" limitation can be
found in the specification as filed, for example, at page 12, lines 3-5. The dependency

of claims 7, 9, 10, 63 and 66 have been amended to reflect the canceliation of claims 6
and 61.

Similarly, independent claim 18 has been amended to specify that the electronic
positioning device is provided as part of a data acquisition unit which is separate from
the display unit. Claim 18 has also been amended to specify that the display unit is
configured to be worn by a user and is configured to display real-time data.
Accordingly, claim 75 has been cancelled and the dependency of claim 76 amended.
The remaining amendments are stylistic in nature and are not made for any reason

pertaining to patentability.

The Root patent describes a monitor for providing an athlete with performance
data. In contrast to the structure required by independent claims 1 and 18, as amended
herein, however, the monitor described in Root is an unitary structure in which the data
acquisition unit and the display screen are provided as a single unit. The Examiner has
indicated that Figure 7 of Root discloses a performance monitor in which the display unit
is separate from the data acquisition unit. The display unit in Figure 7, however, is a
personal computer which obviously cannot be worn by someone or attached to an
apparatus associated with physical activity being performed by the subject so as to be
visible while the subject performs the physical activity. Furthermore, the personal
computer depicted in Fig. 7 of Root cannot be used to display real-time data, as
required by claim 1. Rather, the personal computer in Fig. 7 of Root will merely display
performance data after the athlete has completed their activity. Thus, claim 1 as
amended herein, clearly distinguishes over Root.

Furthermore, Root clearly and unequivocally teaches away from the invention
defined by claim 1 herein. Specifically, at column 9, line 67 - column 10, line 6, Root
states that the performance monitor described therein “eliminates the exclusive use of
large, power-consuming, cumbersome, and visually distracting displays and leaves the

athlete free to concentrate his/her exercise, safety, and surroundings.” Thus, not only

IPR2018-00294
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does Root not contemplate the use of the physically separate display unit configured for
displaying real-time data, it clearly teaches away from modifying the disclosed
performance monitor to provide such an arrangement. Thus, it would not have been
obvious to modify the device taught by Root to provide the exercise monitoring system

of claim 1 herein.

Independent claim 18 has been similarly amended, and therefore requires that
the electronic positioning device be provided as part of a data acquisition unit which is
separate from the display unit and that the display unit is configured to be worn by the
user. Claim 18 also requires that the display unit display real-time data acquired by the
electronic positioning device. For the reasons stated above with respect to claim 1,
claim 18 is patentable over the Root reference, either alone, or in combination with any

other cited reference.

For the reasons stated above, applicants specifically request that the Examiner

allow all of the pending claims for this application.

Respectfully submitted,

By W(//wﬂé\// (/O(,(;@ ~
Martin J. lgiller, Esq.g"
Registration-No. 35,953
Attorney for Applicant(s)
DINSMORE & SHOHL LLP
1900 Chemed Center
255 East Fifth Street

Cincinnati, Ohio 45202
(513) 977-8565

922574.01
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VERSION WITH MIARKINGS TO SHOW CHANGES MADE

In the Claims:

Claim 1 has been amended as follows:

1.

(twice amended)  An exercise monitoring system, comprising:

(a) a data acquisition unit comprising an electronic positioning device and [;

(b)] a physiological monitor, said data acquisition unit configured to be

worn by a subject performing a physical activity; and

(b[c]) a display unit configured for displaying real-time data provided by said

electronic positioning device and said physiological monitor,_said display

unit separate from said data acquisition unit;

wherein said display unit is configured to be worn by the subject, worn by

someone other than the subject, or attached to an apparatus associated with the

physical activity being performed by the subject so as to be visible to the subject -

while performing the physical activity, and

further wherein said system is configured such that said display unit displays

real-time data comprising at least one of a subject’s location, altitude, velocity,

pace, and distance traveled.

Claim 3 has been amended as follows:

3.

(amended) The system of claim [2] 1, wherein said electronic positioning
device comprises a GPS device.

Claim 6 has been cancelled.

Claim 7 has been amended as follows:

7.

(amended) The system of claim [6] 1, wherein said electronic positioning

device comprises a GPS device, and further wherein said data acquisition unit
further comprises a support member, and said GPS device and said
physiological monitor are provided on said support member.

IPR2018-00294
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Claim 9 has been amended as follows:

9. (amended) The system of claim [6] 1, wherein said data acquisition unit is
configured to be worn about a human user's waist.

Claim 10 has been amended as follows:

10. (amended) The system of claim [6] 1, wherein said data acquisition unit is
configured to be worn about a human user's chest.

Claim 18 has been amended as follows:

18. (amended) An exercise monitoring system, comprising:

(a) an electronic positioning device configured to receive electromagnetic
signals from three or more sources so that said monitoring system can
determine at least one of a subject’s velocity or pace, wherein said
electronic positioning device is provided as part of a data acquisition unit;

(b)  adisplay unit configured to be worn by a user and for displaying real-time
data provided by said electronic positioning device wherein said display
unit is separate from said electronic positioning device; and

(c) an alarm, wherein said alarm is activated when a subject’'s velocity or
pace does not meet a predetermined target.

Claim 59 has been cancelled.

Claim 60 has been amended as follows:

60. (amended) The exercise monitoring system of claim [59] 1, wherein said
display unit comprises a heads-up type display unit configured to display said data by
projecting the data onto glasses, goggles or a visor, or by projecting the data onto a

display screen positioned such that the data will be visible to a user.
Claim 61 has been cancelled.
Claim 62 has been amended as follows:

62. (amended) The exercise monitoring system of claim [2] 1, wherein said system

is configured such that the display unit simultaneously displays: at least one of a

IPR2018-00294
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subject’s velocity, pace and distance traveled; and physiological data provided by said

physiological monitor.

Claim 63 has been amended as follows:
63. (amended) The exercise monitoring system of claim [6] 1, wherein said system
further comprises at ieast one memory, and at least one processor for processing

acquired data in accordance with instructions stored in said at least one memory.

Claim 66 has been amended as follows:

66. (amended) The exercise monitoring system of claim [6] 1, wherein said display
unit is configured for communication with said data acquisition unit via a wired or
wireless link, such that data indicative of at least one of a subject’s velocity or pace can

be transmitted to said display unit.

Claim 75 has been cancelled.

Claim 76 has been amended as follows:

76. (amended) The exercise monitoring system of claim [75] 74, wherein said data
acquisition unit further comprises a support member, and said GPS device is removably
secured to said support member.

IPR2018-00294
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Docket No: 24278-1

I hereby certify that this paper is being deposited with the United

PATENT

CERTIFICATE OF MAILING

States Postal Service with sufficient postage as first class mail in

an

envelope

addressed to: Mail Stop: Amendment;

Commissioner for Patents; P.O. Box 1450; Alexandria, VA

22313-1430 on July 14. 200
LMY{ Z(L}\.’/\—:‘/

Martin Willefj

Applicant(s):

IN THE UNITED STATES PATENT & TRADEMARK OFFICE

Jack B. Stubbs, et al. Paper No.:

Serial No.: 09/436,515 Group Art Unit: 3764
Filed: November 9, 1999 Examiner: G. E. Richman
For: Exercise Monitoring System and Methods

Mail Stop: Amendment
Commissioner for Patents

P.O. Box
Alexandri

Dear Sir:

RECEIVED
JUL 2 3 2003
TECHNOLOGY CeNTER Rs74,

1450
a, VA 22313-1450

Transmitted herewith is an Amendment in the above-identified application.

[X] additional fee is required.
[x] also attached:  Retuorn Fostecacd
The fee has been calculated as shown below:
NO.OF | igevious | EXTRA lpare [
PAID FOR
Total Claims 57 0 x$9= $
Independent Claims 9 0 x $42 = $
If multiple claims newly presented, add $135.00 | --—--
Two Month Extension Fee $205.00
Information Disclosure Statement $000.00
TOTAL FEE DUE $205.00

(]
(X]

[x]

A check in the amount of § is enclosed.
Please charge my Deposit Account No. 04-1133 in the amount of § 205.00.

The Commissioner is hereby authorized to charge payment of any additional fees associated with this
communication or credit any overpayment, to Deposit Account No. 04-1133, including any filing fees under 37 CFR
1.16 for presentation of extra claims and any patent application processing fees under 37 CFR 1.17.
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Respectfully submitted,

u(/%;éj L/W/,Z-
Martin J. g/:lj;:r

Registrati 0. 35,953

DINSMORE & SHOHL, LLP

1900 Chemed Center

255 East Fifth Street

Cincinnati, Ohio 45202

(513) 977-
Date: July 14, 2003
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Docket No: 24278-1 ) PATENT ¥ )
CERTIFICATE OF MAILING o /é

I hereby certify that this paper is being deposited with the
United States Postal Service with sufficient postage as

first class mail in an envelope addressed to: %
Commissioner for Patents, P.O. Box 1450, Alexandria, MN{ 1 8 yills) H
Virginia 22313:14560 on Q}!%_)M &
&
Stephanie Berlepsch &1 AQ‘??Y'

IN THE UNITED STATES PATENT & TRADEMARK OFFICE

Applicant: Jack B. Stubbs, et al.

Serial No.: 09/436,515 Group Art Unit: 3764 .
Filed: November 9, 1999 Examiner: G. E. Richman
For: Exercise Monitoring System and Methods

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

RECFh/n

Commissioner for Patents

M

P.O. Box 1450 AY 2 3 2003
Alexandria, VA 22313-1450 TECHNOLOGy Cerio
Dear Sir:

In accordance with 37 C.F.R. §§ 1.97 and 1.98 Applicant herewith submits a certain
patent reference which the Patent & Trademark Office may wish to consider in examining the

above-identified application. The reference is listed on the attached Form PTO-1449.

A copy of the listed reference is also provided. No representation is made or intended

that a prior art search has been made or that no better art than that listed is available.

The undersigned hereby states that no item of information in this Supplemental
Information Disclosure Statement was cited in a communication from a foreign patent office
in a counterpart foreign application, and, to my knowledge after making reasonable inquiry,
no item of information contained in this Suﬁplemental Information Disclosure Statement was
known to any individual designated in 37 CFR 1.56(c) more than 3 months prior to the filing

of this Supplemental Information Disclosure Statement.
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Please charge any fees required for this .Supplemental Information Disclosure

Statement, or credit any overpayment, to Deposit Account No. 04-1133.

Respectfully submitted,

WWL% w//@

Martin J. Miller

Registration No. 35, 953
Attorney\for Applicant(s)
DINSMORE & SHOHL, LLP
1900 Chemed Center

255 East Fifth Street
Cincinnati, Ohio 45202
(513) 977-8565
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231
WwWW.uspto.gov

l APPLICATION NO. FILING DATE [ FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO. l CONFIRMATION NO. |
09/436,515 11/09/1999 JACK B. STUBBS 242781 6756
7590 02/12/2003
DINSMORE AND SHOHL LLP l EXAMINER
1900 CHEMED CENTER
255 EAST FIFTH STREET RICHMAN, GLENN E

CINCINNATI, OH 45202

l ART UNIT [ PAPER NUMBER

3764
DATE MAILED: 02/12/2003

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 07-01)
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Application No. Applicms}
) ) 09/436,515 : Stubbs et al
Office Action Summary — ey
° aum e | “5rea |11

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM

THE MAILING DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1,138 {a). In no event, however, may a reply be timely filed after SIX (6} MONTHS from the
mailing date of this communication.

- if the period for reply specified above is less than thirty {30} days, a reply within the statutory minimum of thirty (30} days will be considerad timely.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX {8] MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statuts, cause the application to bacome ABANDONED {35 U.S.C. § 133).

- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on Noy 25, 2002
2a)(J This action is FINAL. 2b)¥! This action is non-final.

3)0J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213.

Disposition of Claims

4)[x} Claim(s) 1-12, 14-18, and 59-76 is/are pending in the application.
4a) Of the above, claim(s} is/are withdrawn from consideration.
5)L] Claim(s) is/are allowed.
6)X Claim(s) 7-12, 14-18, and 59-76 is/are rejected.
7103 Claim(s) is/are objected to.
81J Claims are subject to restriction and/or election requirement.

Application Papers
g1 The specification is objected to by the Examiner.

10)J The drawing(s) filed on is/are a) ] accepted or b)] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85{a).

11)2 The proposed drawing correction filed on is: a)l] approved b)LI disapproved by the Examiner.
If approved, corrected drawings are required in reply to this Office action.i
12)0 The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. §5 119 and 120
13)] Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)ld Al 0)0 Some* ¢)J None of:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)}.

*See the attached detailed Office action for a list of the certified copies not received.
14)J Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e}.
a)l] The translation of the foreign language provisional application has been received.
15)0J Acknowledgement is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Attachmentis)
1) [] Notice of Reterences Cited (PT0-892) 4) [ interview Summary (PTO-413} Paper Nols).
2} [ Notice of Draftsperson’s Patent Drawing Review (PTO-948} 5} {_] Notice of Informal Patent Appfication (PTO-152)
3} D Information Disclosure Statement(s) (PTO-1449) Paper No{s). 8) D QOther:

U. S. Patent and Trademark Office
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- Application/Control Number: 09/436,515 Page 2
Art Unit: 3764
1. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless -

(e) the invention was described in a patent granted on an application for patent by another filed in the
United States before the invention thereof by the applicant for patent, or on an international
application by another who has fulfilled the requirements of paragraphs (1), (2), and (4) of

section 371© of this title before the invention thereof by the applicant for patent.

The changes made to 35 U.S.C. 102(e) by the American Inventors Protection Act
of 1999 (AIPA) do not apply to the examination of this application as the application being
examined was not (1) filed on or after November 29, 2000, or (2) voluntarily published under 35
U.S.C. 122(b). Therefore, this application is examined under 35 U.S.C. 102(e) prior to the
amendment by the AIPA (pre-AIPA 35 U.S.C. 102(e)).

2. Claims 1, 3-12, 14, 16, 59, 62-70 are rejected under 35 U.S.C. 102(e) as being anticipated
by Root et al.

Root et al disclose an electronic positioning device (101), a physiological monitor (col. 4,
lines 4-39), a display unit configured ... one of location, altitude, velocity and distance traveled
(112).

As for claims 3-12, 14, 16, Root et al further disclose GPS (101), a heart rate monitor
(col. 2, lines 17-20), provided as a data acquisition unit separate from thevdisplay unit (fig. 7), a
support member ... waist (203), a probe (col. 10, lines 25-28).

As for claims 59, 62-70, Roots et al further disclose a display screen (fig. 7),
simultaneously displays at least one of a subjects velocity, pace and distance traveled and

physiological data (abstract), a memory (608), a processor (602), communication via wired or

wireless (fig.1 ), radio waves (col. 4, lines 4-27), workload (abstract), weight (col 7, lines 1-5)

IPR2018-00294
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< Application/Control Number: 09/436,515 A Page 3
Art Unit: 3764
3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness

rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

4. Claims 2, 15, 17, 18, 71 -76 are rejected under 35 U.S.C. 103(a) és being unpatentable
over Roots et al.

Roots et al do not specifically disclose an oximeter, however, as Roots et al disclose a
complete pﬁysical monitor, it would be obvious that én oximetér would be included in such.

Roots et al further disclose the use of preset targets, and notifying the user wether they are
reached, it could obviously be done with an alarm, or considered such (abstract).

Roots et al do not specifically disclose the GPS signals are electromagnetic, however, it is
well known in the art, the GPS devices use electromagnetic signals, so it would be obvious that
Roots et al can use or uses electromagnetic signals.

Roots et al further disclose the use of preset targets, and notifying the user whether they

are reached, it could obviously be done with an alarm, or considered such (abstract).

5. Claims 60,61 are rejected under 35 U.S.C. 103(a) as being unpatentable over Roots et al
.in view of Seiple et al.

Roots et al do not disclose a heads up display.

IPR2018-00294
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¢ Application/Control Number: 09/436,515 : . ‘ Page 4

Art Unit: 3764

Seiple discloses a heads up display used with a GPS system for monitoring (col. 6,
lines 24-45).

It would have been obvious to use Seiple’s HUD with Roots et al GPS system, as it is well
known as taught by Seiple for using a HUD with a GPS system, for displaying to a user the

monitored information.

6. Any inquiry concerning this communication or earlier
communications from the examiner should be directed to Glenn
Richman whose telephone number is (703)308-3170. The examiner
can normally be reached Tuesday through Thursday from 7:30 AM to
6:00 PM Eastern time. The facsimile number for Art Unit 3764 is
(703)308-0758. The facsimile number for submitting formal papers
to Technology Center 3700 is (703)305-3590.

Any inquiry of a general nature or relating to the status of this
application or proceeding should be directed to the Group 3700
receptionist whose telephone number is (703)308-0858 or to
Customer Service at (703)306-6789.

ar Glenn Richman
February 9, 2003 Primary Examiner
AU 3764
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Examiner Art Unit
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U.S. PATENT DOCUMENTS

Document Number Date e a2
Country Code-Number-Kind Code MM-YYYY' Name Classification
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I hereby certify that this paper is being deposited with the United States p ,
Postal Service with sufficient postage as first class mail in an envelope ‘ [
4 ! .
7

addressed to: Box-Fee Amendment; Commissioner for Patents,

Washington, DC 20231 on November 18, 2002. ;
Stephanig Berlepsch E

IN THE UNITED STATES PATENT & TRADEMARK OFFICE

Applicant(s): Jack B. Stubbs, et al. : Paper No.:

Serial No.:  09/436,515 . Group Art Unit: 3764
Filed: November 9, 1999 l Examiner: G. E. Richman
For: Exercise Monitoring System and Methods

AMENDMENT RECENED

Box Fee Amendment 0
Commissioner for Patents TECHNOLOGY CENTER 8370
Washington, D.C. 20231

Dear Sir:
In response to the Office Action dated June 18, 2002, please amend the

present application as follows:

In the Specification:

Please replace the text of the Abstract of the Disclosure beginning on page
59, line 2, with the following:

b —

il ' --An exercise monitoring system which includes an electronic positioning

é device; a physiological monitor; and a display unit configured for displaying data <
provided by the electronic positioning device and the physiological monitor.--

a— : ' " wmw{&mﬂm“’““"‘—‘*—

‘e

In the claims:

Please amend claim 1 as follows:

_ IPR2018-00294 B
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1. (amended) exercise monitoring system, comprising:
(a) an electrpnic positioning device;
(b) a physiol®gical monitor; and _
(c) a display unit configured for displaying data provided by said electronic
positioning device and said physiological monitor;
wherein said system is ¢onfigured such that said display unit displays at least one of
a subject's location, altityde, velocity, pace, and distance traveled

\

Remarks

In the Office Action dated June 18, 2002, the Examiner rejected all of the
pending claims (1-12, 14-18 and 59-76) under 35 U.S.C. § 102(e) as being
anticipated by Kramer (U.S. Patent No. 6,148,280). However, Kramer is directed to
the collection of "motion data" rather than the monitoring and display of exercise
performance data (such as a subject's velocity, pace or distance traveled). In other
words, the system taught by Kramer collects data on the movement of a body part,
whereas the present invention displays data on the movement of the subject as a
whole (such as a person running). In light of this fundamental difference between
Kramer and the present invention, it is not surprising that Kramer fails to teach or

suggest many of the limitations found in the pending claims.

In particular, claim 1, as amended herein, is directed to an exercise
monitoring system comprising an electronic positioning device, a physiological
monitor, and a display unit which displays data provided by the electronic positioning
device and the physiological monitor. The displayed data includes a subject’s
location, altitude, velocity, pace, and/or distance traveled. As the Examiner is aware,
in order to find anticipation, each and every limitation of the claim must be disclosed
in a single prior art reference. Atlas Powder Co. v. IRECO Inc., 51 USPQ2d 1943,
1945-46 (Fed. Cir. 1999). Kramer, however, does not disclose or suggest any
display device, let alone a display device which displays the type of data required by

IPR2018-00294
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claim 1." In addition, the device taught by Kramer is not even capable of determining

4

a subject's location, altitude, velocity, pace, or distance traveled, as it only provides
data regarding the movement of "body parts." Thus, Kramer cannot anticipate claim
1.2

Although the claims depending from claim 1 are allowable given that claim 1
is believed to be allowable, numerous limitations contained within these dependent
claims are not taught or suggested by Kramer. For example, several of the
dependent claims concern structural aspects of the exercise monitoring system
which are not even remotely suggested by Kramer (e.g., claims 8, 11, 12, and 60).
Similarly, several claims depending from claim 1 include limitations with respect to
the processing of acquired data. Once again these claims include limitations which
are not disclosed or suggested by Kramer (e.g., claims 15, 17, 62, 68, 69, 71,72 and
73). By way of example, dependent claim 73 requires that the system compute and
display the "time variability of a subject's blood oxygen level." Kramer does not
suggest the use of a blood oxygen sensor, let alone the computation and display of
the time variability of a subject's blood oxygen level. For these reasons, the claims
depending from claim 1 clearly are neither anticipated nor rendered obvious by

Kramer (either alone or in combination with any other cited reference).

With respect to independent claim 18, this claim is directed to an exercise’
monitoring system comprising an electronic positioning device, a display unit
configured for displaying data provided by the electronic positioning device, and an
alarm which is activated when the subject’'s velocity or pace does not meet a
predetermined target. Not only does Kramer fail to disclose or suggest a device
which determines a subject's velocity or pace, nowhere does Kramer teach or
suggest the inclusion of an alarm which is activated on the basis of the subject's
velocity or pace. In fact, Kramer provides only generic statements with respect to
the ultimate use of the collected data. Here, Kramer does not even remotely suggest

the inclusion of an alarm, let alone one which is activated on the basis of the

! It should be noted that reference numeral 274 in FIG. 2 of Kramer identifies an "eyegaze sensor”,
not a display device (see col. 15, lines 36-40).

For the same reasons, Kramer, alone or in combination with any other cited reference, cannot render
claim 1 obvious, since any display device used in conjunction with the apparatus taught by Kramer would not
display the type of data specified in claim 1.
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subject's velocity or pace. Therefore, claim 18, as well as those claims depending

therefrom, cannot be anticipated by Kramer.

For the reasons stated above, Applicants respectfully request that the

Examiner allow all of the pending claims for this application.

Respectfully submitted,
Martin J. W a, .
Registratio <35/953
Attorney for Applicant(s)
DINSMORE & SHOHL LLP
1900 Chemed Center
255 East Fifth Street

Cincinnati, Ohio 45202
(5613) 977-8565

846313.01
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* VERSION WITH MARKINGS TO SHOW CHANGES MADE

In_the Specification:

The text of the Abstract of the Disclosure beginning on page 59, line 2, has
been amended as foliows:

An exercise monitoring system which includes an electronic positioning
device; a physiological monitor; and a display unit configured for displaying
data provided by [said] the electronic positioning device and [said] the
physiological monitor.

v

In the Claims:

Claim 1 has been amended as follows:
1. (amended) An exercise monitoring system, comprising:
(a) an electronic positioning device;
(b) a physiological monitor; and
(c) a display unit configured for displaying data provided by said electronic
positioning device and said physiological monitor;

wherein said system is confiqured such that said display unit displays at least one of

a subiject’s location, altitude, velocity, pace, and distance traveled.
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[ hereby certify that this paper is being deposited with the United States
Postal Service with sufficient postage as first class mail in an envelope
addressed to: Box-Fee Amendment; Commissioner for Patents,
Washington, DC 20231 on November 18, 2002.

Stephanie %\erlepsch i

IN THE UNITED STATES PATENT & TRADEMARK OFFICE

Applicant: Jack B. Stubbs, et al. Paper No.:
Serial No.: 09/436,515 Group Art Unit: 3764

Filed: November 9, 1999 Examiner: G. E. Richman

For: Exercise Monitoring System and Methods RECE‘V ED
Box-Fee Amendment DEC - 22002
Commissioner for Patents

Washington, DC 20231 TECHNOLOGY CENTER R3700
Dear Sir:

Transmitted herewith is a Response to the Office Action mailed on June 18, 2002 in the above-identified application.

[x} additional fee is required.
[x] also attached: Two Month Extension of Time, Return Receipt Postcard

The fee has been calculated as shown below:

INO. OF HIGHEST EXTRA RATE FEE
CLAIMS PREVIOUS CLAIMS
PAID FOR
Total Claims 57 0 x $18 = $
Independent Claims 0 0 x $84 = $
If multiple claims newly presented, add -~ -
$135.00
Extension Fee $400.00
Information Disclosure Statement $.00
TOTAL FEE DUE $.00

[] A check in the amount of §____is enclosed.
[x] Please charge my Deposit Account No. 04-1133 in the amount of $400.00

[x] The Commissioner is hereby authorized to charge payment of any additional fees associated
with this communication or credit any overpayment, to Deposit Account No. 04-1133,
including any filing fees under 37 CFR 1.16 for presentation of extra claims and any patent
application processing fees under 37 CFR 1.17.
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Respectfully submitted,

o Mo/ bo(/f%\
Marth Miller

Registrapjjon No. §5/953

DINSMORE"& SHOHL, LLP

1900 Chemed Center
255 East Fifth Street
Cincinnati, Ohio 45202
(513)977-8565

Dated: November 18, 2002

847104_1

RECEIVED
‘ DEC - 2 2002.

TECHNOLOGY CENTER _33700
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I hereby certify that this paper is being deposited with the United States UEL - 2 2002
Postal Service with sufficient postage as first class mail in an envelope ‘

addressed to: Box-Fee Amendment; Commissioner for Patents,

Washington, DC 20231 on November 18, 2002. TECHNOLOGY CENTER Haym

Stcphané Berlepsch t

IN THE UNITED STATES PATENT & TRADEMARK OFFI& / 3 /

Applicant: Jack B. Stubbs, et al. Paper No.:

Serial No.: 09/436,515 Group Art Unit: 3764

Filed: November 9, 1999 Examiner: G. E. Richman WD
For: Exercise Monitoring System and Methods

REQUEST FOR EXTENSION OF TIME

Box-Fee Amendment
Commissioner for Patents
Washington, DC 20231
Dear Sir:

Submitted herewith is an Amendment in response to the Office Action mailed June

18, 2002.

Applicant petitions the Commissioner of Patents & Trademarks to extend the time for
response to the Office Action dated June 18, 2002 for 2 month(s) from September 18, 2002 to

November 18, 2002.

Please charge the fee for this extension, as well as any other deficiency with respect to

this Amendment, to Deposit Account No. 04-1133.

Respectfully submitted,

09436515

%
?

By: el

Martin J. m&gqe/r (/
Registration ™N0. 35,953

Attorney for Applicant(s)
DINSMORE & SHOHL, LLP
1900 Chemed Center
255 East Fifth Street
Cincinnati, Ohio 45202
(513) 977-8565
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS
‘Washington, D.C. 202381
WWW.USPLO.goV

] APPLICATION NO. l FILING DATE FIRST NAMED INVENTOR 1 ATTORNEY DOCKET NO. ] CONFIRMATION NO. ]
09/436,515 11/09/19%9 JACK B. STUBBS 24278-1 6756
7590 06/18/2002
DINSMORE AND SHOHL LLP | EXAMINER ]
1900 CHEMED CENTER ,)/
255 EAST FIFTH STREET RICHMAN, GLENN E A

CINCINNATI, OH 45202

[ ART UNIT l PAPER NUMBEX

3764
DATE MAILED: 06/18/2002

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 07-01)°
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Application No. Applicant(s)
. ) 09/436,515 Stubbs et al
Office Action Summary o— U
Glenn Richman 3764

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE __ 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136 (a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the
mailing date of this communication.

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty {30) days will be considered timely.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication,

- Failure to reply within the set or extended pericd for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

- Any reply received by the Cffice later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status
1)X] Responsive to communication(s) filed on __Mar 28 2002
2a)[J This action is FINAL. 2b)X] This action is non-final.

3)3 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Qua835 C.D. 11; 453 O.G. 213.
Disposition of Claims

4)X Claim(s) _1-12_14-18_and 59-76 isfare pending in the applica

43a) Of the above, claim(s)

5)[J Claim(s)

isfare withdrawn from considere

is/are allowed.

6)X] Ctaim(s) _1-12, 14-18, and 59-76 is/are rejected.

7)0 Claim(s) isfare objected to.
8)[] Ctaims are subject to restriction and/or election requirem
Application Papers

9)[J The specification is objected to by the Examiner.

10)] The drawing(s) filed on is/are d)] accepted or b)Y objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
11)J The proposed drawing correction filed on is: a)] approved b){_ldisapproved by the Examiner.

If approved, corrected drawings are required in reply to this Office action.
12)J The oath or declaration is objected to by the Examiner.
Priority under 35 U.S.C. §§ 119 and 120
13)[J Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)l] All b) [J Some* ¢} [TNone of:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.

3. [ Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

*See the attached detailed Office action for a list of the certified copies not received.

14)[J Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

a){ ] The translation of the foreign language provisional application has been received.
15)J Acknowledgement is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.
Attachment{s}

1 m\lotice of References Cited (PTO-892) 4) Dlntewiew Summary (PTO-413) Paper No(s).

2 D\Ioﬁee of Draftsperson’s Patent Drawing Review (PTO-948) 5) DNotice of Informal Patent Application (PTO-152)

3) [Cjnformation Disclosure Statement(s) (PTO-1449) Paper Nogs). % 9, 10 6) [Jotner:

U. S. Patent and Trademark Office

PTO-326 (Rev. 04-01) Office Action Summary |PR20°f 8200009412
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Application/Control Number: 09/436,515 Page 2
Art Unit: 3764
1. The abstract of the disclosure is objected to because of use of legal phraseology, i.e,

“said”. Correction is required. See MPEP § 608.01(b).

2. Applicant is reminded of the proper language and format for an abstract of the disclosure.

The abstract should be in narrative form and generally limited to a single paragraph on a
separate sheet within the range of 50 to 150 words. It is important that the abstract not
exceed 150 words in length since the space provided for the abstract on the computer tape used
by the printer is limited. The form and legal phraseology often used in patent claims, such as
"means" and "said," should be avoided. The abstract should describe the disclosure sufficiently to

assist readers in deciding whether there is a need for consulting the full patent text for details.

The language should be clear and concise and should not repeat information given in the
title. It should avoid using phrases which can be implied, such as, "The disclosure concerns,"
"The disclosure defined by this invention," "The disclosure describes," etc.

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless -

(e) the invention was described in a patent granted on an application for patent by another filed in the
United States before the invention thereof by the applicant for patent, or on an international
application by another who has fulfilled the requirements of paragraphs (1), (2), and (4) of

section 3710 of this title before the invention thereof by the applicant for patent.
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Application/Control Number: 09/436,515 Page 3

Art Unit: 3764

The changes made to 35 U.S.C. 102(e) by the American Inventors Protection Act
of 1999 (AIPA) do not apply to the examination of this application as the application being
examined was not (1) filed on or after November 29, 2000, or (2) voluntarily published under 35
U.S.C. 122(b). Therefore, this application is examined under 35 U.S.C. 102(e) prior to the
amendment by the AIPA (pre-AIPA 35 U.S.C. 102(e)).

4. Claims 1-12, 14-18, 59-76 are rejected under 35 U.S.C. 102(e) as being clearly anticipated
by Kramer.

The prior art made of record and not relied upon is considered pertinent to applicant's
disclosure. .

Nagatsuma et al disclose a portable GPS type for distance and speed.

5. Any inquiry concerning this communication or earlier
communications from the examiner should be directed to Glenn
Richman whose telephone number is (703)308-3170. The examiner
can normally be reached Tuesday through Thursday from 7:30 AM to
6:00 PM Eastern time. The facsimile number for Art Unit 3764 is
(703)308-0758. The facsimile number for submitting formal papers
to Technology Center 3700 is (703)305-3590.

Any inquiry of a general nature or relating to the status of this
application or proceeding should be directed to the Group 3700
receptionist whose telephone number is (703)308-0858 or to
Customer Service at (703)306-6789.

gr lénn Richman
June 13, 2002 Primary Examiner
AU 3764
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ited States Postal Service with sufficient postage as
irst class mail in an envelope addressed to:
Commissioner for Patents, Washington, DC 20231 on

March 19, 2002. . ’?S
'éte higie Berlepsch \ % ' Cs/‘/
p p GD

[

B .
Lewr W

LAY
IN THE UNITED STATES PATENT & TRADEMARK @[g’g 200? / C§
Applicant:  Jack B. Stubbs, et al. : ’93700 /
Serial No.:  09/436,515 Group Art Unit: 3764
Filed: November 9, 1999 Examiner: “G.E.Ric
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For: Exercise Monitoring System and Methods

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
Washington, DC 20231
Dear Sir:
In accordance with 37 C.F.R. §§ 1.97 and 1.98 Applicant herewith submits certain

patent references which the Patent & Trademark Office may wish to consider in examining

the above-identified application. The references are listed on the attached Form PTO-1449.

Copies of the listed references are also provided. No representation is made or

intended that a prior art search has been made or that no better art than that listed is available.

Please charge any fees required, or credit any overpayment, to Deposit Account

No. 04-1133.

Respectfully submitted,

o Ut u,u,__,

Martin J. Miller

Registration No. 35,933
Attorney for Applicant(s)
DINSMORE & SHOHL, LLP
1900 Chemed Center

255 East Fifth Street
Cincinnati, Ohic 45202
(513) 977-8565
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CERTIFICATE OF FACSIMILE g PATENT
P | hereby certify that this correspondence is being

transmitted to the Technology Center 3700/United %q

States Patent and Trademark Office at fax number o3 - 305-35%0 M

W on March 19, 2002.

a o ) VLS
Martin .Qmuey' C 1

%
IN THE UNITED STATES PATENT & TRADEMARK OFFICE Le lglo
Applicant(s): Jack B. Stubbs, et al. : Paper No.:

Serial No.: 09/436,515 Group Art Unit: 3764

Filed: November 9, 1999 Examiner; G. E. Richman

For: Exercise Monitoring System and Methods

PRELIMINARY AMENDMENT

Box Non-Fee Amendment
Commissioner for Patents
Washington, D.C. 20231

Dear Sir;

Prior to examination on the merits, please amend the present application as
follows:

In thé claims;/

Please amend claim 6 as follows:

6. (amended) The) system of claim 3, wherein said GPS device and said
OU\ physiological are provided as part of a data acquisition unit which is
separate from said display unit.

Please cancel claim 13.

Please amend claim 18 as follows:

18. (amended) An exercise monitoring system, comprising:
(a) an electronic positioning device configured to receive electromagnetic
signals from three or more sources so that said monitoring system can

&/ j// Cé determine at least one of a subject’s velocity or pace;

IPR2018-00294
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(b) a display ynit configured for displaying data provided by said electronic
positioning device; and

v’
Ve }
[:6 a (¢)  an alarm, wherein said alarm is activated when a subject’s velocity or

pace does pot meet a predetermined target.

£.

v
Please car7/claims 19-58.

Please add the following new claims:

b

chosen from the gtoup consisting of: a personal computer, a treadmill display
screen, and a heags-up type display unit.

60. The exerdise monitoring system of claim 59, wherein said display unit
comprises a heads-up type display unit configured to display said data by projecting
the data onto glagses, goggles or a visor, or by projecting the data onto a display
screen positionedisuch that the data will be visible to a user.

61. The exer
-said datg acquisition unit is configured to be wormn by a subject performing a
ctivity; and

ise monitoring system of claim 6, wherein:

y’unit is configured to be worn by the subject, worn by someone

62. The exercise monitoring system of claim 2, wherein said system is configured
such that the display unit simultaneously displays: at least one of a subject's velocity,
pace and distahce traveled; and physiological data provided by said physiological
monitor. ‘

63. The exertise monitoring system of claim 6, wherein said system further
comprises at least one memory, and at least one processor for processing acquired

data in accordangce with instructions stored in said at least one memory.

IPR2018-00294
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0.70& The exercise monitoring system of ¢laim §é! wherein said data acquisition unit
includes memory, and at least one processor for processing acquired data in
accordance with instructions stored in said memory of the data acquisition unit, and
further wherein said display unit includes memory, and at least one processor for
processing acquired data in accordance with instructions stored in said memory of
the display unit.
c;"/ 85. The exercise monitoring system of claim ﬁfjwherein said at least one
memory is configured for storing acquired data for later retrieval.
(6 66. The exercise monitoring system of claim 6, wherein said display unit is
configured foricommunication with said data acquisition unit via a wired or wireless
link, such that data indicative of at least one of a subject's velocity or pace can be

transmitted to daid display unit.

2 3 8.  The exercise monitoring system of claim 96 wherein said display unit is
configured for communication with said data acquisition unit via radio waves.

QY\GB The exercise monitoring system of claim 1, wherein said system is configured
for computing a subject’'s workload based on the subject's velocity and altitude
changes, and displaying the computed workload.

° - N .

S$®BQ. The exercise monitoring system of claim ?8 wherein said system is
configured for the input of a subject’'s weight, and said system is configured for
computing a subject’s workload based on the subject's velocity, altitude changes and
inputted weight.

A “F0.  The exercise monitoring system of claim 1, wherein said system is configured
for electrical communication with an external computer such that acquired data may

be stored in the computer. P

& - |2 .
7 ™. The exercise monitoring system of claimA/T,/ wherein said physiological
maonitor comprises an oximeter, and wherein said system is configured such that

IPR2018-00294
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said alarm is activated when a subject's blood oxygen level does not meet a
predetermined target.

5

2
028' .  The exercise monitoring system of claim ?(, wherein said system is
configured such that a plurality of predetermined targets for blood oxygen level may
be input into said system.

/ £ T  The exercise monitoring system of claim 1, wherein said physiological monitor
comprises an oximeter, and wherein said system is configured for computing and
displaying the time variability of a subject’s blood oxygen level.

3 N 29 .
0 "74. The exercise monitoring system of claim /‘Ié, wherein said electronic
positioning device comprises a GPS device.

75. The exergide monitoring system of claim 74, wherein said GPS device is
provided as patt ¢f a data acquisition unit which is separate from said display unit.

76. The exercise monitoring system of claim 75, wherein said data acquisition unit
further comprises a support member, and said GPS device is removably secured to
said support member.

Remarks

In light of the previous election of claims 1-18, pending claims 19-58 have
been cancelled. Applicants reserve the right to pursue these claims by way of one or
more divisional applications.

Claim 13 has been cancelled since it is duplicative of claim 11.

The amendments to claims 6 and 18 herein are fully supported by the
application as originally filed, and therefore do not involve new matter.

Claims 59-76 have been added herein, and are also fully supported by the
application as originally filed and therefore do not involve new matter.

5¢ IPR2018-00294
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In light of the cancellation of claims 19-58, no additional fees are believed due
for the above amendment, however the Commissioner of Patents and Trademarks is
hereby authorized to charge any fees deemed necessary for entry and filing of this
Amendment to Dinsmore & Shohl, Account No. 04-1133.

Respectfuily submitted,

pp
DINSMORE & SHOHL LLP
1900 Chemed Center
255 East Fifth Street
Cincinnati, Ohio 45202
(513) 977-8565

764134 1
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VERSION WITH MARKINGS TO SHOW CHANGES MADE

Claim 6 has been amended as follows:

6. (amended) The system of claim 3, wherein said GPS device and said
physiological monitor are provided as part of a [user-wearable] data
acquisition unit which is separate from said display unit.

Claim 13 has been cancelled.
Claim 18 has been amended as follows:

18. (amended) An exercise monitoring system, comprising:

(@) an electronic positioning device configured to receive electromagnetic
signals from three or more sources so that said monitoring system can
determine at least one of a subject’s velocity or pace;

(b) a display unit configured for displaying data provided by said electronic
positioning device; and

(¢) an alarm, wherein said alarm is activated when a subject’s velocity or
pace does not meet a predetermined target.

Claims 19-58 have been cancelled.
Claims 59-76 have been added.
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) Serial No.: 09/436,515 Group Art Unit: 3764
. Filed: November 9, 1999 Examiner: G. E. Richman
For: Exercise Monitoring System and Methods

RESPONSE TO RESTRICTION REQUIREMENT

Commissioner for Patents
Washington, DC 20231

Dear Sir:

In response to the Restriction Requirement of December 18, 2001, applications elect

claims 1-18 for the purposes of examination at this time. A Petition for Extension of Time is

also enclosed herewith. Any questions concerning the foregoing should be directed to the

undersigned at 513-977-8565.

762925_1

Respectfully submitted,

ByL/U( //;zA/‘(ﬁf /ON

Martin J. Mille

Registration No.\35,953
Attorney for Applicants
DINSMORE & SHOHL LLP
255 East Fifth Street

1900 Chemed Center
Cincinnati, Ohio 45202

(513) 977-8565
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Serial No.: ~ 09/436,515 Group Art Unit: 3764

Filed: November 9, 1999 Examiner: G. E. Richman w

For: Exercise Monitoring System and Methods

REQUEST FOR EXTENSION OF TIME

Commissioner for Patents
Washington, DC 20231

Dear Sir:
Submitted herewith is a Response to the Restriction Requirement mailed December

18, 2001.

Applicants petition the Commissioner of Patents & Trademarks to extend the time for
response to the Office Action dated December 18, 2001 for one month(s) from January 18, -

2002 to February 18, 2002.

Submitted herewith is a check for $55.00 to cover the cost of the extension. Any

deficiency or overpayment should be charged or credited to Deposit Account No. 04-1133.

Martin J. %

Registratio ,953
03705/2002 HAHKEDL 00000075 09436515 Attorney for Apphcant(s)
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Application No. Applicant(s)
09/436,515 Stubbs et al
Office Action Summary —— o
Glenn Richman 3764

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 7 MONTH(S) FROM

THE MAILING DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136 (a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.

- If the period for reply specified above is lass than thirty (30) days, a reply within the statutory minimum of thirty {30) days will
be considered timely.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX {(6) MONTHS from the mailing date of this
communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED {35 U.S.C. § 133).

- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704({b).

Status
1)} Responsive to communication(s) filed on Ju/ 30, 2001

2a){] This action is FINAL. 2b)X] This action is non-final.

3)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 0.G. 213.

Disposition of Claims

4) Claim(s) 7-58 is/are pending in the application.
4a) Of the above, claim(s) is/fare withdrawn from consideration.
5)J Claim(s) is/are allowed.
6)J Claim(s) is/are rejected.
7’0 cClaim(s) is/are objected to.
8)X] Claims 7-58 are subject to restriction and/or election requirement.

Application Papers
9)0 The specification is objected to by the Examiner.

10)J The drawing(s) filed on is/are objected to by the Examiner.

11} The proposed drawing correction filed on is: a)lJ approved b)J disapproved.

12)J The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. § 119
13)0 Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d).

a)lJ Al b)lJ Some* c)lJ None of:
1.0 Certified copies of the priority documents have been received.
2.0 cCertified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)}.

*See the attached detailed Office action for a list of the certified copies not received.
14)0 Acknowliedgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

Attachment(s}

15) [_] Notice of References Cited (PTO-892} 18) [} Interview Summary (PTO-413) Paper Nofs).

16) D Notice of Draftspsrson’s Patent Drawing Review {PT0-948] 19) D Notice of Informal Patent Application (PTC-152}
17} D Information Disclosure Statsment(s} {PT0O-1449) Paper Nois). 20} D Other:

U. S. Patent and Trademark Office

PTO-326 (Rev. 9-00) Office Action Summary |PRR203 8406 2946
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Application/Control Number: 09/436,515 Page 2
Art Unit: 3764
1. Restriction to one of the following inventions is required under 35 U.S.C. 121:
I Claims 1-18, drawn to an exercise monitoring system, classified in class 482,
subclass 8.
IL. Claim 19, drawn to a blood monitoring system, classified in class 600,
subclass 532.

III.  Claims 20-58, drawn to a method of controlling a user’s blood oxygen level,
classified in class 601, subclass 23.

2. The inventions are distinct, each from the other because of the following reasons:
Inventions I and II are related as combination and subcombination. Inventions in this relationship
are distinct if it can be shown that (1) the combination as claimed does not require the particulars
of the subcombination as claimed for patentability, and (2) that the subcombination has utility by
itself or in other combinations (MPEP § 806.05(c)). In the instant case, the combination as
claimed does not require the particulars of the subcombination as claimed because it does not
require an oximeter. The subcombination has separate utility such as blood monitoring system.
3. Inventions II and III are related as process and apparatus for its practice. The inventions
are distinct if it can be shown that either: (1) the process as claimed can be practiced by another
materially different apparatus or by hand, or (2) the apparatus as claimed can be used to practice
another and materially different process. (MPEP § 806.05(¢e)). In this case the apparatus as

claimed can be used to practice another and materially different process.
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Application/Control Number: 09/436,515 Page 3
Art Unit: 3764
4. Because these inventions are distinct for the reasons given above and have acquired a

separate status in the art as shown by their different classification, restriction for examination
purposes as indicated is proper.
5. A telephone call was made to Martin Miller on 12/16/01 to request an oral election to the
above restriction requirement, but did not result in an election being made.

Applicant is advised that the reply to this requirement to be complete must include an
election of the invention to be examined even though the requirement be traversed (37
CFR 1.143).

6. Any inquiry concerning this communication or earlier
communications from the examiner should be directed to Glenn
Richman whose telephone number is (703)308-3170. The examiner
can normally be reached Tuesday through Thursday from 7:30 AM to
6:00 PM Eastern time. The facsimile number for Art Unit 3764 is
(703)308-0758. The facsimile number for submitting formal papers
to Technology Center 3700 is (703)305-3590,

Any inquiry of a general nature or relating to the status of this
application or proceeding should be directed to the Group 3700
receptionist whose telephone number is (703)308-0858 or to
Customer Service at (703)306-6789.

1
gr -éi!len man

December 16, 2001 Primary Examiner
AU 3764
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Attachment for PTO-948 (Rev. 03/01. or earlier)
6/18/01

The below text replaces the pre-printed text under the heading,
“Information on How ‘¢ Effect Drawing Changes." on the back
of the PTO-948 (Rev. 03/01, or earlier) formf

INFORMATION ON HOW TO EFFECT DRAWING CHANGES

1. Correction of Informalities -- 37 CFR 1.85

New corrected drawings must be tiled with the chanwzes mcorporated therein
identifying indicia. 1f provided. should include the ntle of the invention
inventor's name. and application number. or docket number (1f'any) «t"an
application number has not been assigned to the application  {f this informanion s
provided. it must be placed on the tront ot each sheet and centered within the top
margin. If corrected drawings are required 1n a Nouce of’ Allowability (PTOL -
37). the new drawings MUST be tiled within the THREE MONTH shorened
statutory period set for reply in the Notice of Allowability Extensions of ume
may NOT be obtained under the provisions of 37 CFR 1 136(a) or (b) for filing
the corrected drawings after the mailing of a Notice of Allowability The
drawings should be filed as a separate paper with a transmittal letter addressed to
the Official Draftsperson.

2. Corrections other than Informalities Noted by Draftsperson on form PTO-
948.

All changes to the drawings, other than intormalities noted by the Dransperson,
MUST be made in the same manner as above except that. normally. a highlighted
(preferably red ink) sketch of the changes to be incorporated into the new
drawings MUST be approved by the examiner before'the applicauon will be
allowed. No changes will be permitted to be made other than correction of
informalities, unless the examiner has approved the proposed chanyes ’

Timing of Corrections

Applicant is required to subinit the drawing corrections within the
tune period set in the attached Otfice communication See 37 CFR
1.85(a)

Failure to take corrective action within the set period will result in
ABANDONMENT of the apphcation.
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ATTY DOCKET. 24278-1 SERIAL NO.
LIST OF PATENTS AND PUBLICATONS APPLICANT Stubbs, et al. 09/436,515
FOR APPLICANT'S INFORAMTION FILING DATE November 9, 1999 GROUP
DISCLOSURE STATEMENT FOR EXERCISE MONITORING 3661
SYSTEM AND METHODS
UNITED STATES LETTERS PATENT
‘ SUB
f DOCUMENT NUMBER DATE NAME CLASS CLASS
) & 5 1 4 |8 [0 |o 09/15/92 Kuo et al. — —
s 6 0 8 3 07/4/00 Thompson —
L 6 1 5 2 8 5 11/28/00 Studor et al. <3 —XJ
Sz
g s O
= <
3 o M
g ()]
(=3
FOREIGN PATENT DOCUMENTS
DOCUMENT NUMBER DATE NAME CLASS f’:ﬁ ss
PEPY el i
QECEWY |l
YA LY
300 WAL ROOES

OTHER ART (INCLUDING AUTHOR, TITLE DATE, PERTINENT PAGES, ETC.)

EXAMINER DATE CONSIDERED

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not in
conformance and no considered. Include copy of this form with next communication to applicant.
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¥fereby certify that this paper is being deposited with the - %
United States Postal Service with sufficient postage as first 9_
class mail in an envelope addressed to: Assistant Commissioner o
for Patents, Washington, DC 20231 on o2

Z 2
w
=
=3

> Stephan§ Ber]epsck ] 3

Applicant: Jack B. Stubbs

Kevin L. Schwieger : ' RECE\V EB

Serial No.:  09/436,515 : Group Art Unit: 3661 . NG 02 700
Filed: November 9, 1999 : Examiner: | ¥

-0 3600 WALROO
For: EXERCISE MONITORING SYSTEM AND METHODS '

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Assistant Commissioner for Patents
- Washington, DC 20231

Dear Sir:

In accordance with 37 C.F.R. §§ 1.97 and 1.98 Applicant herewith submits certain patent
references which the Patent & Trademark Office may wish to consider in examining the
above-identified application. The references are listed on the attached Form PTO-1449. A
Certificate under 37 C.F.R. § 197(¢e) is also enclosed

Copies of the listed references are also provided. No representation is made or intended
that a prior art search has been madg or that no better art than that listed is available.

Please charge any fees required, or credit any overpayment, to Deposit Account No. 04-
1133.

Respectfully submitted,

sy U ake | VAN 4

Martin J. y‘i’ller

Registratiqn No. 334953

’ Attorney for Applicants
DINSMORE & SHOHL LLP
1900 Chemed Center
255 East Fifth Street
Cincinnati, OH 45202
(513) 977-8565

577374.02
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fE No. 24278-1.
RTIFICATE OF MAILING
I hereby certify that this paper is being deposited with the

<2 w PATENT
= m —-——
. . o =
s g O
United States Postal Service with sufficient postage as first o o
class mail in an envelope addressed to: Agsistant Commissioner "é r_‘_-‘
for Patents, Washington/PC 20231 on%\%;kjjn’nlL. m <
Stephani® Berlepsch =
tephanie Berlepsc 3 O
IN THE UNITED STATES PATENT & TRADEMARI@OFFICE
Applicant: Jack B. Stubbs
Kevin L. Schwieger
Serial No.: 09/436,515 : Group Art Unit: 3661
Filed: November 9, 1999
For:

RECEIVER

Examiner: AUG 02 2007
EXERCISE MONITORING SYSTEM AND METHODS 0 3600 MAIL RO oM
CERTIFICATE UNDER 37 CFR 1.97(e)
Assistant Commissioner for Patents

Washington, DC 20231

Dear Sir:

I hereby certify that no item of information in the Supplemental Information Disclosure
Statement filed herewith was cited in a communication from a foreign patent office in a

counterpart foreign application or, to my knowledge after making reasonable inquiry, was

known to any individual designated in 37 CFR 1.56(c) more than 3 months prior to the filing of
the Supplemental Information Disclosure Statement

Respectfully submitted

oy ot P L

Martin J. Mille
Registration No. 35,953
Attorpey for Applicants

DINSMORE & SHOHL LLP
1900 Chemed Center
255 East Fifth Street
. Cincinnati, OH 45202
(513) 977-8565
699181.01
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Docket No. 24278-1. ‘ K PATENT
ERTIF ILING

I hereby certify that this paper is being deposited with the
United States Postal Service with sufficient postage as first
class mail in an envelope addressed to: Assistant Commissioner
for Patents, Washington, DC 20231 on Zf/ 2&/0d

lie AT

Grant (a-,j '
8
IN THE UNITED STATES PATENT DE OFFIC /19(

cant:  Jack B. Stubbs
Kevin L. Schwieger

Serial No.:  09/436,515 : Group Art Unit: 3661
-—4
(]
Filed: November 9, 1999 : Examiner: w )
S = m
For: EXERCISE MONITORING SYSTEM AND METHODS c._; ‘T %
R
— =2 Mm
I T CLOSURE STATE 2 = 0O
o
=X

Assistant Commissioner for Patents
Washington, DC 20231

Dear Sir:

~ Inaccordance with 37 C.F.R. §§ 1.97 and 1.98 Applicant herewith submits certain patent
references which the Patent & Trademark Office may wish to consider in examining the

above-identified application. The references are listed on the attached Form PTO-1449. V
Copies of the listed references are also provided. No representation is made or intended that

a prior art search has been made or that no better art than that listed is available.

Please charge any fees required, or credit any overpayment, to Deposit Account No. 04-1133.

Respectfully submitted,

—
D
e )
o = 3
Ok Huwerly
‘ V. Harmeyer a"- M :':?}
gistration No. 41,815 &
orney for Applicant(s) <
. SMORE & SHOHL LLPZ
1900 Chemed Center
255 East Fifth Street
Cincinnati, OH 45202
(513) 977-8649
. 577374
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FORMPTO4TA [ — '] Staple to face of Application _  \
Rev. 7-98) NI ’

14} T(%,ICATIQN TRANSFER REQUEST FOR

U.S. DEPARTMENT UF COMMERCE
PATENT & TRADEMARK OFFICE

o

=\ :
Section L. TRANSFER REQUEST BY (RINT NAME) Ol Date_ <& -c

t

FROM: AU D661 Class )2/

REASON

WMML;?AM Mcmﬁ 2 Z,I'a,_ ) ﬂ?/w — 7.9)//274‘ !

Gatekeeper concurrence, s Z/ : Hand carried: Personally accepted by
Section II a. DISPOSITION BY RECEIVING TC Bymﬁ,‘q AU_2Ir2  pae /0 W
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0 Non-lassification issuc/other, return to Originating TC/AU

| / //7&94//?0 /v mr%/é '
/?/.le/(/ﬁﬂ éO//ZZf/Vg)JJ |

REASON:

Section I b. DISPOSITION BY RECEIVING TC POST CLASSIFIER

O This dispute was resolved. Forward to T (/A

0 This dispute was not resolved, forward to DISPUTE RESOLUTION PANEL
Post Classifier Assessment: '

. .1 ] . - 4 . )
(‘J PS bcuéw«cQ EReAVTEiISE. Ao v fﬁft«,«) dlen e e <N j(~
él‘/ VA, !

wheeh 7:"“(9 P/“/(’ ¢ / O‘f/lc:'cz/ é@;;g as well as exC‘e;rC-,Lég)_:
57 LN el [«,\Fj : ‘ et

! L&
HES o L 90 |
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¥

Gatekeeper Concurrence Post Classifier

Section ITL DISPOSITION BY DISPUTE RESOLUTION PANEL Date

Pagel Member Concurring Panel Member
L_O_ This application MAY NOT be returned to the dispute resolution pancl. THIS IS A FINAL NIBRZONB00294
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: - ' ﬂ \ UNITED STATES DEPARTMENT OF mmmsncsﬁ >
. L + | Patent and Trademark Office —
. % j Address: COMMISSIONER OF PATENTS AND TRADEMARKS

~ Washington, 0.C. 20231

’{!A /\PE

|  appucaTion NumBER | FILING/RECEIPT DATE I FIRST NAMEQ/APPLICANT | A?(’pﬂqsv DOCKET NOJ/TIMLE ", ]

037436, 518 L7009/ STURRES

’ DA/ LERR
DINSMORE AND SHOHL LLP i‘IiIT ARSTEMED
Loon CHEMED CEMTER .
SRR EAST FIFTH STREET :
CIMOTNNATI OH 45202 . ! : TEET

i DATE MAILED: :

NO'HCE TO F!LE MISSING PARTS OF APPLICATtON
Ftling Date Granted

An Applicatibn Numberand Filing Date have been assigned to this application. Theitems indicated bétoﬁ, however, are misstdg. Applicant :
is given TWO MONTHS FROM THE DATE OF THIS NOTICE within which to file all required items and pay any fees required below to-

avoid abandonment. Extensions of time may be obtained by filing a petition accompanied by the extension fée under the provisipns of - B
37CFR 1:136(a). fany ofitems 1 or 3through 5 are indicated as missing, the SURCHARGE set forth in 37 CFR 1.16{e) of .00 - -
for a small entity in compliance with 37 CFR 1.27, or. (J $130:00 for a non-smalil entlty, must also be timely subm inreply

to this NOTICE to avoid abandonment.

- If gli required items on this form are filed within the perl bove, t mount owed by applfcant asa
small entity (statement filed) U1 non-small entity is s%—w o
1. The statutory basic filing fee is: o - : '
'gbmlsslng )
insufficient. @ :
Applicant must submit $ fo complete the basic filing fee and/or file & smafl ent:ly statement

claiming such status (37 CFR 1.27).
;’ 2

. The fo!!owmg addwalms fees are due: .~ - “"

for total claims over 20.
$ 2&' for { O mdependent'clalms over 3.

3 for multiple dependent claim surcharge.
Applicant must either submit the additional claim fees or cancel additional cla:ms for which fees are dus.
' [2/3 - The-oath or declaration;
. is missing or unsigned.
(0 doesTotcover the newly submitted items.
- An oath or declaration in compliance with 37 CFR 1. 63, including residence information and identifying the application by
the above Application Number and Filing Date is required.
O 4. The signature(s) to the oath or declaration is/are by a person other than inventor or person qualified under 37 CFR 1.42,
1.430r147. -
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date, is required. .

{3 5. The signature of the following joint inventor(s) is missing from the oath or declaration:

R PRI B Y AT R 6.1 R S YT I

An oath or declaration in compliance with 37 CFR 1.63 listing the names of all inventors and signed by the omitted
inventor(s), identifying this application by the above Application Number and Filing Date, is required.

{0 6. A $50.00 processing fee is required since your check was returned without payment (37 CFR 1.21(m)).

O 7. Your filing receipt was mailed in error because your check was returmned without payment. 3

(O 8. The application was filed in a language other than English.
’ Appilicant must file a verified English transiation of the application, the $130.00 set forth in 37 CFR 1.17(k), un!ess
previously subm;fted and a statement that the translation is accurate (37 CFR 1.52(d) )

{1 9. OTHER:

Direct the reply and any questions about this notice to “Attention: Box Missing Parts.”

—p—-f\'
e A copy of this notice MUST be returned with the reply.
[;/// (/ f LQ& \; 2 02/28/2000 NPRASASD 00000111 09436515
Customer Service Center S 8; {;gggg §§§ gg gg
Initial Patent Examination Division (703) 308-1202 o 03 FC:205 55_90 op

04 FC:201
FORM PTO-1533 (REV. 9/98) . 03 FC:239 ﬁ&i&gti %294
e‘Inc, EX1003 Page 104
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- 4 |
e ¢ M .
DINSMORE ™ - coumbse " Covingon Daycon ~
SHOHL (614) 628-6880 (606) 292-2502 (937) 449-6400
6—' LLP Fax (614) 628-6890 Fax (513) 977-8141 . Fax (937) 449-6405
Att t L T,
orneys at Law Lexington Louisill )

1900 Chemed Center : (606) 425-1000 (502) 540-2300
255 East Fifth Street P O Fax (606) 4251099 Fax (502) 585-2207
Cincinnati, Ohio 45202 (o] \ 4
(513) 977-8200 N ) : \
Fax (513) 977-8141 cb‘a ’LQQ § www.dinslaw.com t‘: 5
Martin J. Miller, Esq. Q?,% éﬁ/ ‘
(513) 977-8565 a7

e-mail: mmiller@dinslaw.com

e

February 22, 2000

Box Missing Parts

Assistant Commissioner of Patents
Washington, DC 20231

TRANSMITTAL OF MISSING PARTS OF APPLICATION
Dear Sir:

Transmitted herewith for filing are the missing parts for patent application 09/436,515filed
November 9, 1999,

Inventors: Jack B. Stubbs
Kevin L. Schwieger

Title: EXERCISE MONITORING SYSTEM AND METHODS

Papers Enclosed: PTO Form 1533 (Notice to File Missing Parts of Application Filing
Date Granted); Declaration/Power of Attorney; Recordation Form
Cover Sheet, Assignment; and Return Receipt Postcard.

Check: $1,017.00
The Commissioner of Patents and Trademarks is hereby authorized to charge any additional
payment of fees deemed necessary for filing and recordation of these documents, or credit any

overpayment, to Dinsmore & Shohl, Account No. 04-1133:

Respectfully submitted,

ol o A Lt

in J&\I\yller
Re istration No.35,953

MIM:jag
Enclosures

Docket No. 24278-1
535527
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DECLARATION
and
POWEROFATTORNEY

As below named inventors, we hereby declare that:
Our residences, post office addresses and citizenships are as stated below next to our names.
We believe we are the original, first and joint inventors of the subject matter which is claimed
and for which a patent is sought on the invention entitted EXERCISE MONITORING
SYSTEM AND METHODS, the specification of which

[ ] is attached hereto.

[X ] was filed on _November 9, 1999 as

Application Serial No. __09/436.515
and was amended on

(if applicable)

We hereby state that we have reviewed and understand the contents of the above identified
specification, including the claims, as amended by any amendment referred to above.

We acknowledge the duty to disclose information which is material to the examination of this
application in accordance with Title 37, Code of Federal Regulations, §1.56(a). '

We hereby claim U.S. provisional application or foreign priority benefits under Title 35, United
States Code, §119 of any U.S. provisional applications or any foreign application(s) for patent
or inventor's certificate listed below and have also identified below any foreign application for
patent or inventor's certificate having a filing date before that of the application on which priority
is claimed:

Prior U.S. Provisional or Foreign Application(s)

Priority Claimed

Number Country Day/Month/Year Filed . Yes No

We hereby claim the benefit under Title 35, United States Code, §120 of any United States
application(s) listed below and, insofar as the subject matter of each of the claims of this
application is not disclosed in the prior United States application in the manner provided by the
first paragraph of Title 35, United States Code, §112, we acknowledge the duty to disclose
material information as defined in Title 37, Code of Federal Regulation, §1.56(a) which occurred
between the filing date of the prior application and the national or PCT international filing date
of this application:
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(Application Serial No.) (Filing Date) (Status)
(patented, pending,
abandoned)

(Application Serial No.) (Filing Date) (Status)
(patented, pending,
abandoned)

We hereby appoint Martin J. Miller, Registration No. 35,953; Holly D. Kozlowski, Registration
No. 30,468; Ronald J. Snyder, Registration No. 31,062; James D. Liles, Registration No. 28,320;
Lynda E. Roesch, Registration No. 29,696; Phillip A. Rotman II, Registration No. 38,290;
Victor C. Moreno, Registration No. 40,732; Jackie A. Zurcher, Registration No. 42,251; John
V. Harmeyer, Registration No. 41,815; Scott N. Barker, Registration No. 42,292; and Geoffrey
L. Oberhaus, Registration No. 42,955, my attorneys, ¢/o Dinsmore & Shohl LLP, 1900 Chemed
Center, 255 East Fifth Street, Cincinnati, Ohio 45202 (513) 977-8200, with full power in each
of them, of substitution and revocation, to prosecute this application and to transact all business
in the Patent and Trademark Office connected therewith.

We request that correspondence for this application be directed to Martin J. Miller, Esq. at
Dinsmore & Shohl LLP, 1900 Chemed Center, 255 East Fifth Street, Cincinnati, Ohio 45202
(513) 977-8200.

The undersigned hereby authorize the above-named U.S. attorneys to accept and follow
instructions from Paragon Solution, LLC as to any action to be taken in the Patent and
Trademark Office regarding this application without direct communication between the
undersigned and the aforenamed U.S. attorneys. In the event of a change in the firm or persons
from whom instructions may be taken, the aforenamed U.S. attorneys will be so notified in
writing by the undersigned.

We hereby declare that all statements made herein of our own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code and that such willful false statements may jeopardize the validity of the application or any
patent issued thereon.
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Full name of sole or first inventor: Jack B. Stubbs

Inventor's signature 4‘4/4 4 W 2// ' 7/ c«l

Date

Residence: Wayzéle, Ohio
Citizenship: U.S.
Post Office Address: 4266 Laura Marie Drive, Waynesville, Ohio 45068
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Full name of second inventor: Kevin L. Schwieger

Inventor's signature ﬁl/év 7 Qg 5 : 2./2.20

Date

Residence: Lebanon, Ohio
Citizenship: U.S.
Post Office Address: 633 W. Turtle Creek Road, Lebanon, Ohio 45036

500544
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f Y\ UNITED STATiES DEPARTMENT OF COMMERCE

Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS -
Washingtan, D.C. 20231

{ APPLICATION NUMBER l FILING/RECEIPT DATE I FIRST NAMED APPLICANT { ATTORNEY DOCKET NO./TITLE ] =
R/ATEL RIS L1/09/9% STURES g T TR // :
R el et % o
COMEMORE AND SHOHL LLP : CMOT RS TENED

100 CHEMED CENTER

wEE EAST FIFTH STRERT

CINCTRMATT OH ARZ02 ) HEE L
DATE MAILED:

NOTICE TO FILE MISSING PARTS OF APPLICATION
Filing Date Granted

An Application Number and Filing Date have been assigned to this application. The items indicated below, however, are missing. Applicant
is given TWO MONTHS FROM THE DATE OF THIS NOTICE within which to file all required items and pay any fees required below to
avoid abandonment. Extensions of time may be obtained by filing a petition accompanied by the extension fee under the provnsu ns of
37 CFR 11136(a). If any of items 1 or 3 through 5 are indicated as missing, the SURCHARGE set forth in 37 CFR 1.16(e)

for a smali entity in compliance with 37 CFR 1.27, or {J $130.00 for a non-small entity, must also be timely subm in reply
to this NOTICE to avoid abandonment.

If gil required items on this form are filed within the period et above, th mount owed by applicant as a .
'smali entity (statement filed) (] non-small entity is $ 2

The statutory basic filing fee is:
missing. D
/8’ insufficient. ‘&Q
Applicant must submit § to complete the basic filing fee and/or file a small entity statement

claiming such status (37 CFR 1.27).
9/2. The following additional-claims fees are due:

$.°X 5.: )q),or :2 2 total claims over 20.
- -
s e, qo:;___éQ___independent claims over 3. . e

$ for multiple dependent claim surcharge.
Applicant must either submit the additional claim fees or cancel additional claims for which fees are due.
Q/S. The oath or declaration:
D/E'. missing or unsigned.
O doesTotcover the newly submitted items.
An oath or declaration in compliance with 37 CFR 1. 63, including residence information and identifying the application by
the above Application Number and Filing Date is required.
O 4. The signature(s) to the oath or declaration is/are by a person other than inventor or person qualified under 37 CFR 1.42,
1.43 or 1.47.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Fifing Dale, is required.

O 5. The signature of the following joint inventor(s) is missing from the oath or declaration:

An oath or declaration in compliance with 37 CFR 1.63 listing the names of all inventors and signed by the omitted
inventor(s), identifying this application by the above Application Number and Filing Date, is required.

O s. A $50.00 processing fee is required since your check was returned without payment (37 CFR 1.21(m)).

O 7. Your filing receipt was mailed in error because your check was returned without payment.

{1 8. The application was filed in a language other than English.
Applicant must file a verified English translation of the application, the $130.00 set forth in 37 CFR 1.17(k), unless
previously submitted, and a statement that the translation is accurate (37 CFR 1.52(d)).

{J 9. OTHER:
Direct the reply and any questions about this notice to “Attention: Box Missing Parts.”

/I AT % A copy of this notice MUST be returned with the reply.
O -—ci—f ;_‘5 & 2L ‘\/Vka__)\ '

Customer Service Center

Initial Patent Examination Division {703) 308-1202

FORM P‘fc;-1533 (REV. 9/98) ) IPR;%Q1,&:Q@294
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Dayton

DINSMORE l Columbus ' Covington
(614) 628-6880 (606) 292-2502 (937) 449-6400
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“&SHOHL LLP Fax (614) 628-6890 Fax (513) 977-8141 Fax (937) 449-6405

Attorneys at Law
Lexington Louisville
1900 Chemed Center (606) 425-1000 (502) 540-2300
255 East Fifth Street Fax (606) 425-1099 Fax (502) 585-2207
Cincinnati, Ohio 45202
(513) 977-8200 .

Fax (513) 977-8141 www.dinslaw.com E =
Martin J. Miller, Esq. :i[) _;%m
Direct Dial - (513) 977-8565 0o =o
e-mail: mmiller@dinslaw.com ot "'«-..____.__-._—-;‘x

November 9, 1999 m&-‘-::'f"
Sov=o
= =
VIA EXPRESS MAIL =
BOX PATENT APPLICATION
Assistant Commissioner for Patents
Washington, D.C. 20231
TRANSMITTAL OF PATENT APPLICATION
Dear Sir:
Transmitted herewith for filing is the patent application of:
Inventor(s): Jack B. Stubbs
Kevin L. Schwieger
Title: EXERCISE MONITORING SYSTEM AND METHODS
Drawings: 12 Sheets
Papers Enclosed: Specification, 33 _ Claims and Abstract (Total of 57 _Pages):
Verified Statement Claiming Small Entity Status; and Return
Receipt Postcard
Attorney Docket No.: 242781
Respectfully submitted,
DINSMORE & SHOHL LLP
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EXERCISE MONITORING SYSTEM AND METHODS
Jack B. Stubbs
Kevin L. Schwieger

BACKGROUND OF THE INVENTION

Field of the Invention.

The present invention relates to a monitoring system for use in a variety

of physicai activities, as well as training and analytical methods for physical

5 activities. The present invention provides monitoring systems having an
electronic positioning device and/or a physiological monitor (such as an oximeter

or a heart rate monitor) in order to provide information concerning a subject

performing a physical activity.

Description of Reiated Art.

10 Throughout the world, more and more peocple are exercising in order to
improve their general health and physical fitness. For the average person,
however, a lack of motivation can significantly hinder their efforts. In addition,
the natural tendency is to try and achieve the greatest results in the shortest
possibie time. When typical measurements of physical fithess and progress

15 - such as weight loss are monitored, however, expectations often are not met.
The result can be a lack of motivation, which in turn leads to a cessation of

exercise.
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While athletes of all ages are usually able to overcome motivational

hurdles, athietes often have difficuity in accurately measuring their progress.

Human nature demands instantaneous feedback for motivation and
encouragement. In addition, many athietes also do not know how to train

5 effectively for maximai improvement. For example, competitive runners may
have difficulty determining whether their pace on a particular day of training is

too fast or too slow. While running on a track or treadmill may allow the runner

to monitor his or her speed, speed alone is often an inadequate way to monitor

optimal training levels.

10 Currently, there are essentially three methods of providing feedback to
individuals engaged in a physical activity. The first, competition, can provide

feedback concerning the individual's past training efforts in a particular physical

[N 1 e

activity. Competition feedback, however, is provided long after the training

regimen has been completed, and therefore only allows for adjustments in

15 subsequent training. In addition, many individuals are only interested in

[t ERNITINN

improving their general health and physical fitness, rather than competing
against others.

fin it
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Another method of providing feedback to an individual engaged in a

ol Lt

physical activity is heart rate monitoring. Heart rate monitors have become
20 common place in the exercise industry and entire training programs have been
developed based upon the data provided by these monitors. Typically, an ECG-
type sensor is worn by the individual (such as in a strap which extends about the
individual’s chest), and heart rate (in beats per minute) is displayed on a wrist-
watch type unit. While heart rate monitoring is a useful tool, heart rate data can
25 be difficult to interpret. in addition, many individuals often resort to standardized
tables in order to determine target heart rate training zones. Such standardized
tables, however, only provide generalized guidelines which may or may not be

appropriate for a particular individual or a particular physical activity.
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The third feedback technique which may be used by individuals
performing a physical activity is lactate monitoring. Lactate is a byproduct of the
anaerobic metabolic process by which energy is produced in the body. The
amount of lactate present in an individual’s bloodstream provides an indication
of their level of exertion. While lactate monitoring can be a valuable tool, it
requires drawing blood samples which are analyzed by an expensive, electronic
device. Thus, lactate monitoring is invasive, costly, and generally only useful

for experienced athletes and their coaches.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration of an exercise monitoring system

according to one embodiment of the present invention;

Figure 2 is a schematic illustration of an exercise monitoring system

according to another embodiment of the present invention;

Figure 3 depicts a human subject performing a physical activity using one

embodiment of a monitoring system of the present invention;

Figure 4 is perspective view of the data acquisition component of the

monitoring system depicted in Fig. 3;

Figure 5 is a schematic illustration of the monitoring system depicted in
Fig. 3;

Figure 6 is an enlarged plan view of a portion of the data acquisition

component of the monitoring system depicted in Fig. 3;

Figure 7 is a view similar to Fig. 6, wherein the modules have been

removed from the support member of the data acquisition component;
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Figure 8 is a perspective view of an oximeter module of the data

acquisition component of the monitoring system depicted in Fig. 3;

Figure 9 is a top plan view of the display component of the exercise
monitoring system depicted in Fig. 3;

Figure 10 is an enlarged top plan view of a portion of the display unit of
Fig. 9;

Figure 11 is a rear plan view of a portion of the data acquisition
component of Fig. 7;

Figure 12 is a cross-sectional view of the data acquisition component of

Fig. 7, taken along the line 12-12 thereof;

Figure 13 depicts an alternative display unit according to an embodiment
of the exercise monitoring system of the present invention, wherein the display

unit is mounted to a handlebar of a bicycle;

Figure 14 is a side view of the display unit of Fig. 13, wherein the bicycle

handlebar is shown in cross-section;

Figure 15 is a perspective view of an alternative embodiment of a data
acquisition component according to the present invention, wherein the data
acquisition component is configured to be worn about the chest of a human

subject;

Figure 16 is a plot which depicts a runner’'s heart rate and blood oxygen

level as the runner’'s workload is progressively increased;
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Figures 17a and 17b are plots depicting a runner’s blood oxygen level as

the runner’s pace is progressively increased;

Figure 18 is a perspective view of an alternative embodiment of an

oximeter used in a monitoring system according the present invention; and

Figure 19 depicts an alternative display unit of a monitoring system

according to the present invention.

SUMMARY OF THE INVENTION

One embodiment of the present invention is an exercise monitoring
system which comprises:
an eiectronic positioning device;
b. a physiological monitor; and
c. a display unit (or component) configured for displaying data
provided by the electronic positioning device and the physiological
monitor.
The electronic positioning device is configured to receive electromagnetic
signals from three or more sources so that the monitoring system can determine
at least one of a subject’'s location, altitude, velocity, pace, and distance
traveled. In one particular embodiment, the electronic positioning device
comprises a GPS device. The physiological monitor may be chosen from the

group consisting of: an oximeter and a heart rate monitor.

The electronic positioning device and the physiological monitor may be
provided as part of a user-wearable data acquisition unit (or component} which
is separate from the display unit. The data acquisition unit may further include
a support member, wherein the electronic positioning device and the
physiological monitor are provided on the support member. In one embodiment,

the electronic positioning device and the physiological monitor are removably
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secured to the support member. The data acquisition unit may be configured to
be worn by a subject in a variety of locations, such as the subject’s waist or
chest. The display unit may likewise be configured in a variety of manners. For
example, the display unit may be configured to be worn about a human user’s
wrist, or may be configured to be mounted to a bicycle (e.g., mounted to the
handiebars). The display unit may also comprise an external device to which
the monitoring system of the present invention transmits data. For example, the
monitoring system of the present invention may be configured to display
acquired data on a personal computer (“PC"), and even store the data on the PC
for later retrieval and analysis. The monitoring system may also be configured
to display data on a treadmill display screen so that the monitoring system will

provide blood oxygen data for a subject walking or running on a treadmill.

The physiological monitor of the exercise monitoring system may include
a probe (or sensor) configured for acquiring physiological data from a user. The
probe may be incorporated into the data acquisition component itself (such as
integrally provided on or in the support member), or may comprise a separate
unit which is in electrical communication with the data acquisition component
{such as by means of a wire or cable, or by means of electromagnetic wave
transmission). The monitoring system may further include at least one audible
or visual alarms which is activated when data provided by at least one of the
electronic positioning device and the physiological monitor does not meet a
predetermined target (e.g., when the user’s speed, blood oxygen level or heart

rate exceeds or falls short of a predetermined target).

Another embodiment of the present invention is an exercise monitoring
system which comprises:

a. an electronic positioning device configured to receive

electromagnetic signals from three or more sources so that the

monitoring system can determine a subject’s velocity or pace;
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b. a display unit configured for displaying data provided by the
electronic positioning device; and
c. an alarm, wherein the alarm is activated when a subject’s velocity
or pace does not meet a predetermined target.
5 The electronic positioning device in this embodiment may comprise a GPS

device.

Yet another embodiment of the present invention is an exercise

monitoring system which comprises:

a. an oximeter configured to determine a subject’'s blood oxygen
10 level,
) b. a display unit configured for displaying the subject’s blood oxygen
~ level; and
‘é C. an alarm, wherein the alarm is activated when the subject’s blood

oxygen level does not meet a predetermined target.

15 By way of example, the oximeter may comprise an oximetry probe and oximeter

module, which are configured to acquire blood oxygen data by light absorption
techniques. Preferably, the oximeters described herein are configured and

positioned to determine systemic blood oxygen levels, rather than the blood

oxygen level of targeted tissues or regions.

RN

20 Another embodiment of the present invention is a method of controlling
a subjects physical activity, comprising:
a. monitoring a subject's blood oxygen level while the subject
performs a physical activity; and
b. maintaining the blood oxygen level at a selected level while the
25 subject continues to perform the physical activity.
The subject may be human or animal (particularly horses, dogs, camels, and
other mammals), and the monitoring step may even utilize the exercise
monitoring systems described herein. It should be pointed out, however, that

blood oxygen data may also be acquired using conventional, readily-available
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oximeters. This method of controlling a subject’s physical activity may be
performed solely by the subject, or may involve another (such as a coach or
trainer). In one particular embodiment, the method of controlling a subject’s
physical activity even provides a training method for athletes and the like using

5 blood oxygen data.

The subject’s blood oxygen level may be maintained at the selected level
by adjusting the workload of the physical activity as necessary. In fact, the
exercise monitoring systems described above may even be used for this
purpose, since embodiments of the monitoring system can be configured for

10 computing and displaying the subject’s workload (based on the subject’s velocity
and weight, and optionally based on elevational changes). The subject’s blood

oxygen level may alsc be maintained at the selected level by adjusting the

B AL

subject’s level of exertion as necessary. As yet another alternative, the subject’s

blood oxygen ievel may be maintained at the selected (or predetermined) level

0t R O O

15 by adjusting the subject’s oxygen intake as necessary (e.g., by altering breathing

{LA
o

ol

patterns or methods, or by restricting or expanding oxygen or air intake). In fact,

i

EE by limiting oxygen intake in order to reduce the subject’s blood oxygen level,

athletic training (e.g., running or biking) at high altitude may be simulated.

R N

fllt L

jo

The method of controlling a subject’s physical activity is suitable for a
20 variety of activities, including: walking, running, swimming, bicycling, skating,
singing, skiing, boating, climbing, wheelchairing, snowshoeing, scuba diving,
and flying. The step of monitoring blood oxygen level may comprise:
(a) providing an oximeter, the oximeter including a probe for non-
invasively determining blood oxygen level (such as through light
25 absorption measurements); and
(b) positioning the probe on the subject at a location suitable for
detecting the subject’s blood oxygen level.
Preferably, the probe is positioned such that the oximeter determines the

subject’s systemic blood oxygen ievel. The probe location may be chosen from
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the group consisting of the subject’s back (particularly the subject’'s lower back),

head, arm, leg, chest and torso.

it should be noted that the selected (or predetermined) blood oxygen level
may comprise a range or a target “setpoint”. In fact, multiple predetermined
blood oxygen levels may be employed, such that the subject’s blood oxygen
level is sequentially maintained at multiple selected levels (i.e., interval training).
The subject's blood oxygen level may be maintained at each selected level:
(@) for a predetermined period of time;
(b) until the subject has advanced a predetermined distance (e.g., as
measured by a GPS system); or
(d) until the subject has performed a predetermined amount of work
(e.g., as measured by a GPS system).
Each selected (or predetermined) blood oxygen level may be chosen on the
basis of blood oxygen data previously obtained while the subject performed a
physical activity. For example, the subject’s blood oxygen level at a lactate
threshold (“LT”) may be determined. Thereafter, each selected blood oxygen
level may be chosen on the basis of the subject's LT (e.g., at LT, or a
predetermined percentage of LT). Alternatively, each selected level may be
chosen on the basis of the duration of the physical activity. For example, the
selected blood oxygen level may be higher when the duration of the activity is

greater.

in order to facilitate the method of controlling the subject’'s performance
of a physical activity, an alarm may be provided. The alarm may be configured
to indicate (i.e., provide an audible and/or visible indicia) when the subject’'s
blood oxygen level is not at the selected level (e.g., outside of a selected range,
or not within a certain percentage of a setpoint). A display unit configured for
displaying the subject’s blood oxygen level may also be provided in order to
facilitate performance of the method of controlling. When the subject is a

human, the display unit may be configured to display blood oxygen data to the
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subject or to another (such as a coach or trainer monitoring the subject’s
performance). For animal subjects, the display unit may be configured to
display blood oxygen data to an individual such as a trainer or, in the case of

horses and camels, a jockey.

It will be appreciated that the exercise monitoring systems of the present
invention may be used for the methods of controlling a subject’s performance of
a physical activity described herein. In fact, the subject’'s velocity, pace,
workload, and/or distance traveled may be measured by an electronic

positioning device provided on the exercise monitoring system.

Still another embodiment of the present invention comprises a method of
reducing a subject’s blood oxygen level variability while the subject performs a
physical activity, comprising:

a. periodically measuring a subject’s blood oxygen level while the

subject performs a physical activity; and

b. adjusting the manner in which the physical activity is performed in

order to reduce blood oxygen level variability.
The time variability of the subject’s blood oxygen level may also be indicated
{e.g., displayed) to the subject. The time variability of blood oxygen level may
be quantified in a variety of manners, such as the standard deviation of the
subject’s blood oxygen level. The monitoring systems of the present invention
may even be configured to activate an alarm when the time variability exceeds

a predetermined level.

A method of determining a fitness indicator of a subject is also provided,
wherein this method comprises:
(a) recording a subject's blood oxygen level while the subject

performs a physical activity;

10
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(b) varying the subject's workload (e.g., periodically increasing
workload) while continuing to record the subject’s blood oxygen
level; and

(c) determining a fithess indicator of the subject on the basis of the
recorded blood oxygen data.

The fitness indicator may comprise, for example, the subject’s lactate threshold
or VO2max (the milliliters of oxygen consumed per kilogram of body weight per
minute). The subject’s velocity (and optionally altitude) may be measured by a
GPS device, such that the subject’s workload may then be determined using

velocity (and optionally altitude) measurements provided by the GPS device.

A method of stabilizing blood oxygen levels while exercising is also
provided, and comprises:

(@) monitoring the level of blood oxygen while exercising;

(b) adjusting breathing while continuing to exercise in order to

stabilize the level of biood oxygen.

Another embodiment of the present invention comprises a method of
comparing a subject’'s physical fithess to their physical fithess on a previous
occasion, comprising:

(a) measuring an individual's blood oxygen level while the individual
performs a physical activity at a predetermined workioad, velocity
or pace; and

(b) measuring the individual’s blood oxygen level on a subsequent
occasion while the individual performs the physical activity
(particuiarly at the same predetermined workload, velocity or
pace).

For example, if the subject’s blood oxygen level (e.g., the subject’s average
blood oxygen level) is higher on a subsequent occasion, the subject’s fitness will

have been improved.

11
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides an exercise monitoring system, as well as
training and analytical methods useful for subjects (both human and animal)
performing physical activities. The systems and methods of the present
invention, for example, provide real-time data and feedback useful to individuals
performing a physical activity (such as athletes). The monitoring system may
include an electronic positioning device (such as a GPS device) and/or a

physiological monitor (such as an oximeter or a heart rate monitor).

The electronic positioning device uses electromagnetic signals from three
or more sources in order to provide data indicative of one or more of the
subject’s location, altitude, velocity, pace and/or distance traveled. By way of
example, the electronic positioning component may comprise a GPS device
which utilizes signals from satellites of the Global Positioning System (i.e.,
“GPS") in order to provide real-time data concerning at least one of the subject’s
location, altitude, heading, velocity, pace and distance traveled, and may

optionally provide a precise time measurement.

The physiological monitor may comprise an oximeter which measures the
subject’s blood oxygen level, and may also measure the subject’s heart rate.
Alternatively, the physiological monitor may comprise a heart rate monitor which

measures the subject’s heart rate.

One embodiment of the monitoring system of the present invention
includes both an electronic positioning device and a physioclogical monitor (such
as an oximeter or heart rate monitor) as part of an integrated monitoring system.
Such an integrated monitoring system allows velocity, pace, and/or distance
traveled information provided by the electronic positioning device to be used in

conjunction with data provided by the physiological monitor. In this manner,

12
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exercising subjects can monitor, control and/or analyze their performance while

exercising at any location (e.g., outside of a laboratory).

The present invention also provides analytical and training methods

which utilize data provided by: (a) a physiological monitor; (b) an electronic

5 positioning device (such as a GPS device); or (c) the combination of an
electronic positioning device and a physiological monitor (such as a heart rate

monitor or an oximeter). It should be pointed out that the various analytical and

training methods of the present invention do not require the use of the exercise
monitoring systems of the present invention. However, the exercise monitoring

10 systems of the present invention may be configured for implementation of the

analytical and training methods described herein.

== The monitoring systems, as well as the analytical and training methods,

provided by the present invention may be used on both human and animal
subjects. Hence, the term "subject” is intended to encompass both humans and

15 animals. By way of example, embodiments of the exercise monitoring systems

i}
o

of the present invention may be used for the testing and/or training of horses

i

and other animals typically involved in racing sports (including dogs and

camels). Of course, these methods can also be used in the testing and/or

LR L

training of other animals not necessarily involved in racing sports (such as

W

20 rehabilitating an injured animal by putting the injured animal through a training

program).

Figure 1 is a schematic illustration of one embodiment of an exercise

monitoring system according to the present invention. The system of Fig. 1
generally comprises an electronic positioning device 5 and a physiological

25 monitor 6, both of which are in electrical communication with a display unit 7.
Electronic positioning device 5 is configured to receive electromagnetic signais

from three or more sources so that the monitoring system can determine (and

display by means of display unit 5) at least one of a subject’s location, altitude,

13
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heading, velocity, pace, and distance traveled. By way of example, electronic
positioning device 5 may be configured to receive electromagnetic signals, and
process those signals in order to determine at least one of a subject’s location,
altitude, heading, velocity, pace, and distance traveled. The determined data
may then be transmitted to display unit 7 for display to the subject or other
individual monitoring the subject’s performance of a physical activity. Similarly,
physiological monitor 6 is configured to acquire physiological data from the
subject for display by means of display unit 5. By way of example, physiological
monitor 6 may be configured to determine one or more physiological indicia
(such as the subject’s blood oxygen level or heart rate). The determined
physiological indicia may then be transmitted to display unit 7 for display to the
subject or other individual monitoring the subject's performance of a physical

acfivity.

Figure 2 schematically depicts a more specific embodiment of an exercise
monitoring system according to the present invention. In the embodiment of Fig.
2, electronic positioning device 5 comprises a GPS device which includes a GPS
antenna 80, and a GPS module 30. Physiological monitor 6 comprises an
oximeter which includes a probe 41, and an oximeter module 40. Display unit
7 may comprise any of a variety of structures configured for displaying data. For
example, a simple display unit may include a screen which displays the subject’s
speed {e.g., in miles per hour) and blood oxygen level (e.g., in terms of the
percentage of oxygen saturation). The display unit may optionally be configured
for linking to (e.g., in electricai communication with) a computer 8 (such as a
personal computer of “PC”). Such linking may be provided by a cable, in
infrared link, or other means well-known to those skilied in the art. In this

manner, data may be stored in computer 8 for later retrieval and analysis.
An exercise monitoring system according to the present invention may

comprise a single structure, or may be subdivided into one or more component

structures. Thus, one embodiment of the present invention includes a data

14
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acquisition component and a separate data display component (i.e., display unit)
which are in electrical communication with each other through a wired link (e.g.,
and electrical cable) or a wireless link (e.g., via radio wave transmission). The
data acquisition component may include at least one of an electronic positioning
device and a physiological monitor, and may be configured to be worn by a

subject performing a physical activity.

A variety of configurations may be provided for the data acquisition
component, depending in part upon the nature of the physical activity to be
performed as well as the type of data to be acquired. For example, a
physiological monitor will often include a sensor or probe which interacts with
the subject to acquire physiological data (such as heart rate and/or blood
oxygen level). The physiological sensor or probe may be incorporated into the
data acquisition component, or may be provided as a separate unit which is in
communication with the data acquisition component. For example, the
physiologicai sensor or probe may be remote from the data acquisition
component, yet in electrical communication with the data acquisition component
over a wired or wireless connection (see, e.g., Fig. 18). When the sensor or
probe is incorporated into the data acquisition component itself, the data
acquisition component may be configured to ensure proper positioning of the
sensor or probe on the subject (i.e., in a position operable to acquire the desired
physiological data). Cf course, the data acquisition component of a monitoring
system according to the present invention may even comprise muitiple

structures which are physically separate from each other.

The data display component may likewise be provided in a variety of
configurations, and its configuration may even be chosen based upon the
particular physical activity to be performed. By way of example, the display
component may be worn by the subject, worn by another individual, attached to
an apparatus associated with the physical activity (e.g., mounted on a bicycle),

or provided as a separate, standalone unit.

15
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Figure 3 depicts a human subject performing a physical activity, namely
running, using a monitoring system according to one embodiment of the present
invention. In the monitoring system depicted in Fig. 3, the data acquisition
component is depicted at 20, and is worn about the subject’'s waist. The data
display component is depicted at 7, and is worn about the subject’s wrist. While
the system shown in Fig. 3 provides separate data acquisition and data display
components, it will be understood that these two components can be provided
in a single structure. In addition, the configuration of data acquisition
component 20 and data display component 7 in Fig. 3 is merely exemplary of
one embodiment of a monitoring system according to the present invention. The
structural features of the specific embodiment of the monitoring system of Fig.
3 will be further described below, after the electronic configuration has been
described.

As mentioned previously, the data acquisition component of the
monitoring system of the present invention may include an electronic positioning
device and/or a physiological monitor (such as an oximeter or a heart rate
monitor). In the schematic illustration of an exemplary monitoring system in Fig.
5, data acquisition component 20 includes both an electronic positioning device
and a physiological monitor. In the embodiment of Fig. 5, the electronic
positioning device comprises a GPS device which may incilude a GPS antenna
80 and a GPS processing module 30. As further detailed below, antenna 80
receives GPS satellite signals, and signal output from antenna 80 is processed
by GPS processing module 30 in order to provide an electrical signal which
includes, for example, data indicative of ‘the user’'s location. Data from GPS
module 30 is provided to processor/transmitter module 60 where it may be

further processed and then transmitted to display component 7 over link 64.
It should be noted that the electronic positioning device used in

embodiments of the monitoring system of the present invention is not limited to

a GPS device. Thus, the term electronic positioning device is intended to be
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inclusive of devices which receive electromagnetic signals from three or more
sources, and thereafter process those signals in order to provide data indicative
at least one of the subject’s location, altitude, heading, velocity, pace and
distance traveled. For example, an electronic positioning device which detects
radio wave and/or microwave signals from at least three sources may be used,
wherein the received signals are processed in a manner similar to the
processing of GPS signals in order to determine the subject’s location, altitude,
heading, velocity, pace and/or distance traveled. Even signals from cellular
phone towers may be employed. in addition, the term “GPS device” is intended
to include devices which utilize signals received from satellites of the Giobal
Positioning System developed by the United States Department of Defense, as
well as systems which utilize signals received from satellites of the Global
Orbiting Navigation Satellite System (“GLONASS") developed by the former
Soviet Union (or any other satellite-based positioning system which receives and

processes electromagnetic signals from three or more satellites).

Data acquisition component 20 of Fig. 5 also inciudes a physiological
monitor; in this case an oximeter which may include an oximetry probe 41 and
an oximeter module 40. Probe 41 acquires data indicative of the subject’s blood
oxygen level (and optionally heart rate), and oximeter module 40 processes data
received from probe 41 in order to provide an electrical signal which inciudes
data indicative of the subject’s blood oxygen level (and optionally data
indicative of the subject’s heart rate). Blood oxygen data from oximeter module
30 is provided to processor/transmitter module 60 where it may be further
processed and then transmitted to display component 7 over link 64. Data
acquisition component 20 also includes a power supply 25 which provides
electrical power to GPS module 30, oximeter module 40, probe 41, and
processor/transmitter 60, as needed. GPS antenna 80 may alsc receive

electrical power from power supply 25 when an active GPS antenna is used.
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It will be understood that the physiological monitor used in embodiments
of the monitoring system of the present invention is not limited to an oximeter.
The physiological monitor may alternatively comprise, for example, a heart rate
monitor which may include a heart rate module and associated sensor or probe
for acquiring data indicative of the subject's heart rate. The data acquired by a
heart rate monitor sensor or probe is processed in the heart rate module in order
to provide data indicative of the subject's heart rate to processor/ transmitter
module 60 for further processing and transmittal to display component 7 over
link 64.

Processor/transmitter module 60 may include a processor 66 which
processes data received from oximeter module 40 and GPS module 30 in
accordance with instructions stored in memory 67. The data is thereafter
transmitted to display component 7 by a wired or wireless link 64. Thus,
electronic link 64 may merely comprise one or more electrical cables or wires
iocated between processor 66 and display component 7 (see. e.g., Fig. 19).
Alternatively, data may be transmitted by a wireless link using, for example,
radio waves. Thus, in the embodiment of Fig. 5, processor/transmitter module
80 includes an RF transmitter 65 which transmits data received from processor

66 via radio waves to receiver 76 of display component 7.

As mentioned above, display component 7 includes a receiver 76 for
receiving data transmitted by data acquisition component 20. The received data
may include, for example, data indicative of the subject's location, altitude,
heading, velocity, pace, distance traveled, blood oxygen level and/or heart rate,
(and optionally the current time as determined by the GPS device). This data
is then provided to processor 75 wherein it may be further processed in
accordance with instructions stored in memory 77. After processing, acquired
and/or calculated data is displayed on display screen 52 where it is visible to the
subject or an individual monitoring the subject's performance. Display

component 7 may also include a power supply 78 for supplying power to
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processor 75, receiver 76, and other components, as necessary, within display

component 7.

It should be noted that transmitter 65 and receiver 76 may alternatively
each comprise transceivers so that electrical signals may be transmitted in both
directions (i.e., from data acquisition component 20 to display component 7, and

from display component 7 to data acquisition component 20).

Display component 7 may alsc include one or more alarms 79, each of
which provides an audible and/or visual alarm in response to a signal received
from processor 75. A plurality of input devices may also be provided on display
component 7 so that the subject or other individual may control the processing
and/or dispiay of acquired data on display screen 52. Such input devices may
comprise, for example, input switches 53-56. Display component 7 may further
include a peripheral interface 85 which allows display component 7 to be linked
to an external device such that data may be transmitted from display component
7 to the external device (such as a PC, as described previously). In this manner,
data concerning the subject's performance of a physical activity may be stored
for further processing, analysis and/or retrieval. Peripheral interface 85 may be
configured in a variety of manners, depending upon the type of connection to the
external device (such as a PC). For example, data may be transmitted from
display component 7 to a PC over a wired link. Thus, peripheral interface 85
may merely comprise an electrical terminal to which one end of a cable may be
attached. The other end of the cable may then be attached to the PC, such as
through a USB port or a serial port. Alternatively, display component 7 may
transmit data by means of a wireless link, sucﬁ as by radio waves or infrared.
Thus, peripheral interface 85 may also include a transmitter capable of
transmitting radio waves or an infrared signal to a PC which is configured to
receive radio waves or an infrared signal. A variety of other structures well-
known to those skilled in the art may also be used for peripheral interface 85 in

order to transmit data to a PC or other external device.
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Electronic Positioning Device

As mentioned above, one embodiment of the monitoring system of the
present invention includes an electronic positioning device which determines the
subject’s location, altitude, heading, velocity, pace, and/or distance traveled

5 based upon electromagnetic signals received from three or more sources.
While other positioning devices may be employed, one embodiment of the
monitoring system of the present invention employs a GPS device. In general,

the GPS device receives electromagnetic signals from three or more satellites,

Ay

¥
oW RGE WL

and computes the user's location based upon those signals. In essence, each

10 satellite signal provides the three-dimensional location of the satellite at a

oy

s precise time. The GPS device then computes the time it took for each signal to

reach the GPS device, and this data is then used to compute the user's precise

location (typically in terms of the user's longitude and latitude at the time of

receiving the GPS satellite signals, and optionally the user’s altitude).

15 The GPS device may generally include an antenna (an active or passive

Hodt Bl B Rl T e

antenna) and a GPS processing module, as previously described. The antenna
receives GPS signals from three or more orbiting satellites and transmits the
acquired data to the GPS processing module. Thus, as shown in Fig. 5 which
is a schematic illustration of one embodiment of the present invention, GPS
20 antenna 80 is in electrical communication with GPS processing module 30, and
therefore transmits data acquired from three or more GPS satellites to GPS
module 30. it should be noted that while GPS antenna 80 and GPS module 30
are depicted as separate units, they may alternatively be combined into a single
structure. GPS processing moduie 30 then computes the precise location of the
25 subject, and may provide an electrical signal indicative of this position (e.g., in
terms of latitude, longitude, and altitude) to processor/transmitter module 60 for

further processing.
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While GPS processing module 30 may merely transmit raw data
indicative of the subject's position to processor/transmitter module 60, GPS
module 30 may alternatively process the location data in order to compute, and
provide an electrical signal indicative of the subject's velocity, heading, pace
and/or distance traveled, as well as the current time. The computed data may
then be transmitted to module 60 for further processing and transmittal to display
component 7. Of course, it will be understood that, depending upon the level of
processing provided by GPS module 30, processor/transmitter module 60 may
simply receive data from GPS module 30 and pass the data substantially
unaltered to display component 7 via link 64. Thereafter, the transmitted data
may be further processed within display component 7, as needed, so as to
provide additional data such as average velocity, average pace, workload

(based on the subject’s weight) and/or other useful information as desired.

in order to compute the distance traveled, a “start point” must be provided
to the monitoring system. If the distance traveled is computed by GPS module
30 or processor 66 of processor/ tfransmitter module 60, the subject's location
when data acquisition component 20 is first powered up may be selected as the
start point for purposes of calculating the distance traveled. Alternatively, an
input device may be provided on data acquisition component 20 in order to
commence calculation of the subject's distance traveled. If transmitter 65 of
processor/transmitter module 60 is replaced by a transceiver, data acquisition
component 20 may also receive a start point signal from display component 7.
In this manner, the subject may input a start point (such as by pressing a start
button or switch) provided on dispiay component 7 in order to commence
calculation of the subject's distance traveled. As yet another alternative, the
subject's distance traveled may be computed in processor 75 provided in display
component 7, thus alleviating the need to provide a start point signal to data

acquisition component 20.
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In order to provide the above-described functionality, the GPS device
utilized in embodiments of the present invention may employ conventional,
commercially-available components. As described in U.S. Patent No. 5,627,548
which is incorporated herein by way of reference, an integrated circuit (IC) may

5 be used in GPS module 30, wherein the IC includes, for example, a low-noise
amplifier for boosting signals received from the GPS antenna, a downconvertor
for translating the amplified signals to a more suitable frequency, and one or
more processors (such as a code-processor and a navigation processor).
Numerous manufacturers provide both GPS antennas, as well as GPS

10 “receivers”, the latter of which may be incorporated into GPS moduie 30 of the
present invention. Commercially-available GPS receivers generally comprise
a circuit board having thereon one or more microprocessor units, one or more
custom integrated circuits, software, and other electronic componentry
necessary for performing GPS functions. The GPS antenna (also commercially-

15 available) is merely operatively connected to the GPS module (such as by way

~ of a coaxial cable, or other wired or wireless link). A power supply is also
operatively connected to the GPS module. The GPS module will then provide
(such as through a suitable electronic connector) an electrical signal which
includes data indicative of, for example, the subject’s latitude, longitude, altitude,

20 velocity and/or heading, as well the current time (the latter based upon the

L
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v

received satellite signals). Therefore, GPS module 30 may simply comprise a

commercially-available GPS receiver, along with suitable connection elements

which allow GPS antenna 80, power supply 25, and processor/transmitter

module 60 to be operatively connected to the GPS receiver portion of GPS
25 module 30.

One commercially-available GPS receiver which may be used in an
embodiment of the present invention is the GPS-PS1 receiver available from p-
blox AG, of Zurich, Switzerland. Alternatively, the GPS-MS1 receiver (also
available from p-biox AG) may be used. Suitable GPS antennas are also

30 available from y-blox AG, as well as other sources.
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While some commercially-available GPS systems simply display the
user’s location (typically in terms of longitude and latitude values, and optionally
altitude), as mentioned previously, an embodiment of the present invention
utilizes GPS location data for computing velocity, pace and/or distance traveled.
Thus, the GPS device used in embodiments of the present invention may
acquire location information at predetermined intervals, such as between about
0.1 and about 1.0 seconds. In this manner, the GPS device is capable of
periodically determining the subject’s location (e.g., determining the subject’'s
location between about every tenth of a second and about every second). Such
periodic location data can then be further processed (such as in the GPS
modaule, or alternatively in processor/transmitter module 60, or even in processor
75 of display component 7) in order to compute the subject’s velocity (e.g.,
speed in miles per hour), pace (e.g., the user’s speed in terms of the number of
minutes to complete one mile), or distance traveled (e.g., the distance that the
user has traveled since an initial start point). The commercially-available GPS
receivers mentioned above are generally configured for computing velocity, and
may be readily programmed tc compute pace and/or distance traveled. In this
manner, these commercially-available GPS receivers may be incorporated into
GPS module 30 such that GPS module 30 will provide a signal which includes
data indicative of the subject's latitude, longitude, altitude, velocity, heading,

pace and/or distance traveled (as well as the current time).

An embodiment of the monitoring system of the present invention which
includes an electronic positioning device is useful even without the inclusion of
a physiological monitor. For example, an individual can use the GPS device of
the monitoring system while running (or performing any other physical activity)
in order to determine their velocity at any given moment (e.g., in miles per hour),
their pace at any given moment (e.g., in terms of minutes per mile), and/or the
total distance they have run since an initial start time (e.g., from the moment they

begin running).
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When the monitoring system inciudes both an electronic positioning
device (such as a GPS device) and a physiological monitor (such as an oximeter
or heart rate monitor), data provided by the GPS system may be used in
conjunction with the physiological data for performance monitoring, testing
and/or training. By way of example, a heart rate monitor device incorporated
into a monitoring system according to the present invention may display a
subject’s heart rate at any given moment, while a GPS device of the system
simultaneously displays the subject’s velocity and/or pace. In this manner, the
subject (or another individual such as a coach or trainer) can more effectively
monitor the subject’s performance, exertion level and/or progress. By itself, a
runner’s velocity (or pace) is a poor indicator of performance and/or progress
(i.e., improvement). Likewise, heart rate alone is a poor indicator of
performance and/or progress when the subject’s velocity (or pace) is not known.
Simultaneously monitoring velocity (or pace) and heart rate (and/or blood
oxygen level), however, provides the missing link; i.e., the physiological effect
of running at a certain speed. Thus, incorporating an electronic positioning
device and a physiological monitor into an integrated system provides more

meaningful data.
Oximeter

As blood is pumped through the lungs, deoxyhemoglobin iln the
bloodstream absorbs oxygen to become oxyhemoglobin. Thereafter, the
oxygenated blood is delivered throughout the body, where the oxygen is
released in order to support metabolic function. Medical personnel often monitor
a patient’s blood oxygen level as one indicator of the patient's overall condition.
For example, a patient’s blood oxygen level is typicaily monitored during surgery
in order to ensure that sufficient oxygen is reaching the patient’s brain and other

vital organs.
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Blood oxygen levels are typically monitored in terms of the oxygen
saturation levei, which is defined as the amount of oxyhemoglobin as a
percentage of the total hemoglobin. For example, the typical oxygen saturation
level of a healthy adult at rest is between about 96% and about 98%, which
simply means that between about 96% and about 98% of the hemoglobin in the
arterial blood is oxygenated (i.e., converted to oxyhemoglobin). As used herein,
the term oximeter inciudes any device capable of determining blood oxygen

level.

Many commercially-available oximeters employ light absorption
measurements to determine blood oxygen levels, as well as heart rate. When
light is directed towards a volume of blood (such blood in an artery), a portion
of the light is absorbed by surrounding tissue as well as the blood. A sensor
may then detect the amount of light which is transmitted through or reflected by
the biood and surrounding tissue (i.e., light which is not absorbed by the blood
or surrounding tissue). During systole, the volume of biood in the artery is
increased, and more light will be absorbed by the blood. During diastole, the
volume of blood in the artery decreases, and in turn the amount of light
absorption decreases. Since light absorption by the surrounding tissue remains
constant, the amount of light absorption will vary as a function of heart rate.
Therefore, the subject's heart rate can be readily determined simply by
monitoring the amount of light absorption (e.g., by measuring the length of time

between peak levels of light absorption).

Oxyhemoglobin and deoxyhemoglobin differ in their absorption of light,
and these differences in light absorption properties can be employed to
determine the blood oxygen level. By measuring light absorption at two or more
different wavelengths, blood oxygen level can be readily determined. For
example, deoxyhemoglobin absorbs more red light than does oxyhemoglobin,
while oxyhemoglobin absorbs more infrared light than deoxyhemoglobin. Since

the absorption properties of oxyhemoglobin and deoxyhemoglobin are well-
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known, the ratio of oxyhemogiobin to total hemoglobin can be readily determined
merely by measuring light absorption at a red wavelength and at an infrared
wavelength. The ratio of light absorption at the two frequencies (e.g., red light
absorption divided by infrared light absorption) can be compared to values in a

5 fook-up table in order to provide a measurement of blood oxygen level.

Typically, an oximeter directs light of twe different predetermined
wavelengths in alternating fashion towards a volume of blood, and a light sensor
detects light which is transmitted through or reflected by the blood. Data
acquired by the light sensor is then processed in order to provide a measure of

10 the oxygen level of the blood. In the embodiment depicted schematically in Fig.
5, a probe 41 may include a pair of light sources for directing light of two
different wavelengths at a volume of blood, as well as a light sensor for

=
o

detecting light which is transmitted through or reflected by the blood. By way of

example, the light sources (such as LED's) may be configured to emit red light

15 (e.g., a wavelength of between about 610 nm and about 650 nm) and infrared

ot {31 1

light (e.g., a wavelength of between about 810 nm and about 850 nm). Probe

[IZN

41 is in electronic communication with oximeter module 40 via a wired or

wireless connection, such that probe 41 transmits data indicative of detected

Sy N Nger g g eqpe e
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light to module 40. Oximeter module 40 includes a processor and other
20 electronic componentry which provides an electrical signal indicative of the
subject's blood oxygen level, and optionally the subject’'s heart rate. Oximeter
module 40 is in electrical communication with processor/transmitter module 60,
such that the electrical signal indicative of the subject's blood oxygen level (and
optionally heart rate) is transmitted to processor 66. After processing,
25 processor/transmitter module 60 may transmit the resulting oximetry data to
display component 7, as previously described. Alternatively, the oximetry data
from oximeter module 40 may be merely transmitted to display component 7 by

processor/transmitter module 60.
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The oximeter device utilized in embodiments of the present invention may
employ commercially-available components in order to provide the functionality
described above. For example, numerous manufacturers provide both oximeter
probes, as well as oximeter modules which may be used in the present

5 invention. Commercially-available oximeter modules are provided, for example,
as integrated circuits which may include one or more microprocessors, software,
and other electronic componentry for generating an electrical signal which
includes data indicative of the subject's blood oxygen level and heart rate. The
oximeter probe (also commercially-available) is merely operatively connected

10 to the oximeter module (such as by way of a wired or wireless connection), and
the oximeter module will then provide an electrical signal which includes data
indicative of the subject’s blood oxygen level and heart rate. A commercially-

available oximeter module may be repackaged intc an enclosed unit suitable for

LRI

attachment to a support member (such as a beilt to be worn by the subject) in

15 electrical communication with the other elements of data acquisition component

20. One commercially-available oximeter module which may be used in an

ol e

embodiment of the present invention is the OEM2 Pulse Oximeter Module
available from Nonin Medical, Inc. of Plymouth, Minnesota. Suitable oximeter

probes are also available from Nonin Medical, Inc., as well as other sources.
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20 it should be noted that the monitoring systems of the present invention
preferably determine, and the analytical and training methods preferably utilize,
the subject's systemic biood oxygen level, rather than localized oxygen levels
(such as in or near active muscle tissue). When a subject performs a physical
activity, particularly a strenuous activity, blood oxygen level within and around

25 working muscles may vary considerably from the subject's systemic blood
oxygen leveli (i.e., the level of oxygen in the bloodstream as a whole). Thus, the
monitoring systems according to the present invention are preferably configured
in order to minimize any localized variance in blood oxygen levels as compared

to the subject’s systemic blood oxygen level. This may be accomplished, for
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example, by positioning the oximetry probe in a location of minimal muscle

activity, thereby avoiding active muscle tissues or regions.

Heart Rate Monitor

As mentioned previously, the physiological monitor used in certain

5 embodiments of the present invention may comprise a heart rate monitoring
device which provides data indicative of the subject’s heart rate. By way of
exampie, oximeter module 40 in Fig. 5 may merely be replaced by a heart rate
moduie which processes data received from probe 41 in order to provide an
electrical signal which includes data indicative of the subject's heart rate. In fact,

10 a heart rate module similar in configuration to oximeter module 40 may be

131}

employed, except that the electronic componentry need not be configured for

determining the subject's blood oxygen level. In addition, probe 41 may be used

with a heart rate module, since, as described previously, the light absorption of

i

blood will vary with the subject's heart rate. During systole, the volume of blood

edk e LT

15 in an artery increases, thereby resulting in a detectable increase in light
absorption. Thus, the subject's heart rate may be readily determined, for

example, by measuring the period of time between light absorption peaks (i.e.,

A ety s s
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peaks corresponding to systole). It should be pointed out, however, that light of

AL

i.

a single wave length is sufficient for monitoring the subject's heart rate.
20 Therefore, only a single light source is required in probe 41 if oximeter module

40 is replaced by a heart rate module.

As an aiternative to employing light absorption measurements for

determining heart rate, electrocardiography ("ECG") may be employed. A

beating heart produces electrical pulses which can be readily measured in a

25 variety of manners well-known to those skilied in the art. For example, a pair or
electrodes may be positioned against the subject's chest in the region
surrounding the heart, such that the electrodes will detect ECG signals. Thus,

probe 41 may be replaced by an ECG-type probe having a pair of electrodes
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suitable for detecting ECG signals and transmitting data indicative of the
subject's heart rate to a heart rate module. By way of example, U.S. Patent No.
5,491,474, which is incorporated herein by way of reference, discloses a
telemetric transmitter unit which may be used as a heart rate sensor or probe in

5 embodiments of the present invention. The telemetric transmitter unit of this
patent is configured to be worn about the subject's chest such that the
electrodes of the fransmitter unit are operatively positioned so as to detect ECG
signals. As described in U.S. Patent No. 5,840,039, which is also incorporated

herein by way of reference, data indicative of the subject's heart rate may be

10 transmitted by the telemetric transmitter unit to a telemetric receiver unit. In the
present invention, the telemetric receiver unit may simply comprise the heart

rate module provided by data acquisition units 20. Alternatively, data from the

e ey

MTENER

telemetric transmitter unit may be transmitted directly to data display component
7 of the present invention, such as by the methods of U.S. Patent No. 5,840,039.
15 The transmitted heart rate data may then be further processed by data display

anll B

component 7, as desired. Of course, it is also contemplated that instead of the

wireless data transmission described in U.S. Patent No. 5,840,039, the heart

B gy e s g
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rate probe or sensor (such as the telemetric transmitter unit described

g
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TN

previously) may be in electrical communication with either data acquisition

20 component 20 or data display component 7 by means of one or more wires.

Data Display Component

As mentioned above, display component 7 receives an electrical signal

from data acquisition component 20 via a wired or wireiess link 64 (see Fig. 5).

This electrical signal will generally include data indicative of one or more of the

25 following: location, altitude, velocity, pace, distance traveled, heading, blood
oxygen level and heart rate. The electrical signal may be received, for example,

by receiver 76 (which may alternatively comprise a transceiver). The received
electrical signal is then provided to processor 75 where the data may be further
processed in accordance with instructions stored in memory 77. The acquired

30 data may be processed in processor 75 in a variety of manners, depending
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upon, for exampie, the type of data which the subject or other individual wishes
to monitor. After processing, the data may then be displayed on display screen
52. The subject, or other individual monitoring the subject's performance, may
even select the type of data to be displayed by, for example, employing switches
5 53-56. By way of example, the subject may select one or more predetermined

formats for data display utilizing input switches 53-56.

Data display component 7 may also include one or more alarms 79 which
provide an audible and/or visible indication to the subject or other individual
monitoring the subject's performance. Data display component 7 may be

10 programmed such that an alarm 79 will be activated if a data value departs from
a predetermined limit or range. For example, the monitoring system of the

present invention may be programmed such that an alarm 79 will be activated

RN

if the subject's velocity, pace, distance traveled, blood oxygen level or heart rate

is outside a predetermined range. in one embodiment, the subject may program
2 156 the monitoring system of the present invention, such as by using input switches
53-586, in order to set predetermined levels or ranges for a variety of acquired
data. For example, the subject can input an alarm level or range for blood
oxygen level, such that an alarm 79 will be activated if the subject's blood

oxygen level falls below the predetermined level or outside of the predetermined

EE T

20 range. Similar alarm set points can be established by the subject or another
individual monitoring the subject's performance for velocity, pace, distance
traveled and/or heart rate. In this manner, the subject's performance of the
physical activity can be precisely controlled. It should be pointed out that alarms
79 may take a variety of configurations, such as a device capable of generating

25 an audible sound (such as a tone or beep) in response to a signal received from
processor 75, or a device capable of generating a visible signal (e.g., a blinking

light source) in response tc a signal received from processor 75.

As further discussed below, data display component 7 may also include

one or more status indicators 57 and 58 (see Fig. 10). Status indicators 57 and
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58 may be operatively connected to processor 75 such that one of said status
indicators is activated when data acquisition component 20 is not operating
properly. For example, the status indicators may merely comprise a portion of
display screen 52 which illuminates in order to alert the subject or other
5 individual monitoring the subject's performance that, for example, the GPS
device has not acquired the necessary satellite signals, or the physiological

monitor is not properly acquiring physiological data from the subject.

Exemplary Embodiment of Exercise Monitoring System

As mentioned previously, Fig. 3 depicts a runner using an exemplary

fn

HERLIRI I 1 1]

10 exercise monitoring system according to one embodiment of the present

invention. In the monitoring system of Fig. 3, data acquisition component 20 is

R

ol configured to be worn about the waist of the subject. As more fully described
u herein, the data acquisition component can comprise any of a variety of
structures and configurations, and the structure shown in Fig. 3 is merely

15 exemplary of one embodiment of the present invention. The data display

o fe

component in Fig. 3 comprises a data display component 7 worn about the wrist

of the subject. Once again, as more fully described herein, the data display

. FRT
LIS U VO O 1

component can comprise any of a variety of structures and configurations, and

that shown in Fig. 3 is merely exemplary of one embodiment.

20 Data acquisition component 20 acquires data while a subject wearing
component 20 performs a physical activity. The acquired data is processed and
then displayed by data display component 7. In this manner, data may be
acquired while the subject performs the physical activity at any location, thus
allowing performance testing and monitoring {o be performed anywhere. As

25 shown in the perspective view of Fig. 4, data acquisition component 20 includes
a support member 15 which generally comprises an elongate member sized and

configured to be worn about the user’s waist. Support member 15 may be made
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from any of a variety of suitable materials, particularly flexible materials such as
polyurethane or other plastics which can be manufactured to be both flexible and
soft. Support member 15 may include connector elements at each end thereof
in order to facilitate securing support member 15 about the user's waist. These
connector elements may comprise any conventional elements used to secure a
belt about a person’s waist, including conventional belt buckle elements, or hook
and loop fastener elements. In the embodiment shown, male and female
connector elements 21 and 22, respectively, are provided at opposite ends of
support member 15. Connector elements 21 and 22 are made from a resilient
plastic, thereby allowing male element 21 to be releasably snapped into female
element 22 in order to secure support member 15 about the user's waist.
Support member 15 may also be adjustable in length to accommodate different

waist sizes, and to allow support member 15 to be adjusted for comfort.

As best seen in the enlarged view of Fig. 6, the various modules
described previously are mounted on support member 15 in order to provide the
desired data acquisition functions. The moduies are preferably provided on
support member 15 at a side opposite to connector elements 21 and 22 (as
shown in Fig. 4). In this manner, support member 15 may be worn about a
subject's waist, with connector elements 21 and 22 located in front, with the
modules positioned adjacent the subject's lower back. Not only does this
arrangement provide for ease of use (i.e., connecting and disconnecting
connector elements 21 and 22), it also provides a more comfortable
arrangement due to the increased bulk of the modules. In addition, when a
probe or sensor (such as an oximeter probe) is incorporated into support
member 15, the probe or sensor may be operatively positioned against the
subject's lower back. Of course other arrangemenis may be provided,
particularly whenever it is necessary to orient a probe or sensor at some other

location with respect to the subject's body.
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GPS module 30, oximetry module 40, antenna 80 and processor/
transmitter module 60 may be provided on support member 15. Each may be
removably attached to support member 15 such that they may removed and
attached as needed, or even replaced by other modules which provide different

5 functionality (such as a heart rate monitor module). Each module generally
includes electronic circuitry suitable for performing the desired data acquisition
and/or processing function, as described above (e.g., acquiring data indicative

of blood oxygen level of a subject wearing support member 15).

While each module may include the necessary circuitry for independently

10 acquiring, processing and transmitting data, the embodiment of data acquisition
component 20 depicted in Fig. 4 includes circuitry which allows data and other
electrical signals to be passed from one module to another. in this manner, for
example, a single processor/transmitter module 60 may be employed for not only

processing data from GPS module 30 and oximeter module 40, but also for

15 transmitting such data to display component 7. In addition, one or more power

B

supplies, such as batteries 125, may provide power to multiple modules
provided on support member 15. In order to provide such electrical integration
of data acquisition component 20 and the various modules attached thereto,

support member 15 may include a plurality of electrical conduits to allow

S LI
ol B L WLE fe B

20 electrical signals to be exchanged between the various modules, as desired.
Each of the modules (including antenna 80) is configured such that each may
be attached to belt 20 in electrical communication with one or more of the

electrical conduits of belt 20.

Electrical conduits may be provided on support member 15 in a variety

25 of manners, such as along inner surface 24 or outer surface 23 of support
member 15. Alternatively, a plurality of electrical conduits may be provided

within the interior of support member 15. As best seen in the cross-sectional

view of Fig. 12, a plurality of electrical conduits 63 extend through the interior of

support member 15, and are thus protected and insulated by the material from
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which support member 15 is formed. Individual conduits may be provided within
support member 15 (as shown in Fig. 12), or a flexible electrical strip such as a
membrane circuit may be provided within support member 15. One or more
separate conduits for transmitting electrical power may also be provided in

5 support member 15. Thus, as seen in Fig. 12, first and second power cables 61
and 62, respectively, extend through the interior of support member 15.
Electrical conduits 63 and power cables 61 and 62 may extend through the

interior of support member 15 in any of a variety of patterns; generally as
necessary to provide the desired electrical connections between the various

10 modules and power supplies. Of course, it will be understood that conduits for
transmitting electrical power from batteries 25 to the various modules may also

be provided on a flexible electrical strip along with the electrical conduits

S

described previously.

WAL

The various modules and support member 15 are configured such that

§
Jhouet | ot L N A0S

15 each moduie may be attached to support member 15 in electrical communication

fhe

]

with one or more of electrical conduits 63, and optionally one or both of power

cables 61 and 62. As best seen in the top plan view of Fig. 7, wherein the

Ll Be fe

modules have been removed from support member 15, a plurality of electrical

apertures 29 (also commonly referred to as female connectors or female

RN

20 electrical terminals) are provided on support member 15. Electrical apertures
29 may be arranged in any desired patiern, and the rectangular grid shown is
merely exemplary of one possibie arrangement. The arrangement of electrical
apertures 29, however, should correspond with the arrangement of electrical
connectors provided on each module (as described below). Each aperture 29

25 is in electrical communication with one of electrical conduits 63. A pair of power
apertures 28 are also provided above and below each grid of electrical
apertures 28, and each power apertures is in electrical communication with one

of first and second power cables 61 and 62.
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Turning to Fig. 8 which depicts GPS module 30, a plurality of electrical
connectors 33 (also commonly referred to as male connectors or male electrical
terminals) extend away from rear surface 34 of GPS module 30. Electrical
connectors 33 may be arranged in the same pattern as electrical apertures 29

5 on support member 15. Similarly, GPS module 30 includes a pair of power
connectors 32 which extend away from rear surface 34 of module 30, above and
below the grid of electrical connectors 33. In this manner, GPS module 30 may
be attached to support member 15, with each electrical connector 33 engaging
an electrical aperture 29 on support member 15 and each power connector 32

10 engaging a power aperture 28 on support member 15. Thus, the arrangement
of electrical connectors 33 and power connectors 32 on GPS module 30 should

correspond o an arrangement of electrical apertures 29 and power apertures

B0 U

28 on support member 15. In the embodiment of Fig. 7, each rectangular grid

of electrical apertures 28 and corresponding pair of power apertures 28 (i.e.,

15 above and below the rectangular grid) are identical. Thus, GPS module 30 can

be attached to support member 15 at a variety of locations. The other modules

o

may have an arrangement of electrical connectors 33 and power connectors 32

which is similar to that for GPS module 30 (as shown in Fig. 8). In this manner,

g i
LA e e

each module can be attached to support member 15 at a variety of locations.

20 Alternatively, each module may have a unique configuration which allows that

RN

module to be attached to support member 15 only at one or more selected

e

jocations.

In order to further secure GPS module 30 to support member 15, a pair

of mounting tabs 31 may also extend away from rear surface 34 of module 30.

25 A pair of corresponding mounting apertures 27 are provided on support member
15. Mounting tabs 31 and mounting apertures 27 are arranged such that GPS

module 30 may be attached to support member 15 with each mounting tab 31
engaging a mounting aperture 27 on support member 15. Each mounting tab

31 may be resilient in nature such that the end portion of the mounting tab will

30 engage a mounting aperture, thereby securely attaching GPS module 30 to
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support member 15. The other modules may each include similar mounting tabs
such each module may be securely attached to support member 15 in the same
manner. In fact, each module may have a shape and configuration similar (or
even identical to) GPS module 30. Of course a variety of alternate
configurations may be employed for each module, particularly if the system is
designed such that each module can be attached to support member 15 only at
a single, predetermined location. It should be pointed out that
processor/transmitter moduie 60 of the embodiment shown in Fig. 4 is sized
somewhat larger than GPS module 30 and oximeter module 40. Thus, module
60 may include four mounting tabs 31 for attachment to support member 15 at

region P shown in Fig. 7.

While individual power supplies may be provided in each module, one or
more power supplies may be provided on support member 15 in order to provide
electrical power to each module. A variety of sources of electrical power may
be provided, such as rechargeable or non-rechargeable batteries, one or more
solar cells, or a combination of any of the foregoing power sources. In the
embodiment shown in Fig. 4, a pair of batteries 125 are provided on support
member 15 in electrical communication with first and second power cables 61
and 62. Each battery 125 may be removably or permanently secured {o support
member 15, and may be located internally or externally of support member 15.
Each battery 125 may provide power to selected modules, or both batteries may
be configured to provide power to all of the modules. A power switch 26 may
also be provided on support member 15. Power switch 26 is operable for turning
support member 15 on and off (i.e., allowing power to be supplied to the

modules when switch 26 is in its on position).

Fig. 15 depicts an alternative data acquisition component according to an
embodiment of the present invention. in the embodiment of Fig. 15, the data
acquisition component is configured similar to a bra, and therefore includes a

fabric article 114 configured to be worn about a subject's chest. A support
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member 115 is incorporated into the fabric article. In fact, support member 115
may be configured identical to support member 15 described above, and
inciudes the various modules and other components described in conjunction
with the data acquisition component of Fig. 4. Support member 115 may be
secured to fabric article 114 in a variety of manners, such as an adhesive or by
sewing support member 115 directly to fabric article 114. An opening may also
be provided in fabric article 114 in the region of the oximeter probe in order to
allow the probe to be urged against the subject’s back, such as below the
subject’s shoulder blade. Of course it will be recognized that support member
115 may be used without fabric article 114, such that support member 115 is
merely secured about the subject’s chest similar to the manner in which the
telemetric transmitter unit of a conventional heart rate monitor is secured about

a user’'s chest.

As best seen in Fig’'s 11 and 12, probe 41 is integrally provided on
support member 15 such that probe 41 extends partially away from inner surface
24 of support member 15. in this manner, support member 15 will urge probe
41 against the subject’s skin in the lower back region in order to acquire blood
oxygen data. An electrical connector 45 (such as a cable or wire) electrically
connects probe 41 to the oximeter module. Probe 41 includes a first light source
42 configured for emitting red visible light, and a second light source 43
configured for emitting infrared light. First and second light sources 42 and 43
may comprise, for example, LED’s. Probe 41 also includes a light sensor 44.
Thus, probe 41 may acquire blood oxygen and heart rate data in the manner

described previously.

Figure 18 depicts an alternative embodiment of a physiological monitor
for use with the data acquisition component of the monitoring system of the
present invention. in the embodiment of Fig. 18, probe 141 is remote from the
support member for the data acquisition component of the monitoring system.

Thus, probe 141 is operatively connected to oximeter module 130 by means of
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a cable 145. Of course another suitable wired or wireless link may be used in
place of cable 145. The configuration of Fig. 18 is advantageous in that probe
141 may be attached ito the subject in a variety of locations, such as the
subject’s lower back, torso, beneath the shoulder blade, or even on the subject’s
head (such as on the subject's forehead). Therefore, probe 141 may be
positioned in a variety of locations. The embodiment of Fig. 18 is also
advantageous when the monitoring system is used on a non-human subject such
as a horse. Probe 141 may be attached to the horse’s forehead (such as using
adhesive or a suitable harness), while a jockey or trainer riding the horse wears

data acquisition component 20 (such as around their waist).

Dispiay Component

As discussed previously, particularly in conjunction with the description
of the schematic illustration of Fig. 5, the monitoring system of the present
invention includes a display component (or display unit) for displaying data
which has been acquired and processed by the data acquisition component.
The display component of the monitoring system of the present invention may
comprise any of a variety of structures suitable for displaying data and other
information toc the subject or an individual monitoring the subject's physical
activity (such as a trainer or a coach). The display component may therefore
comprise a personal computer having a monitor associated therewith, wherein
the personal computer receives data from the data acquisition component via a
wired or wireless connection. Alternatively, the display component may
comprise a display device which is configured for use in a particular physical
activity, such as a display unit which attaches to a bicycle in a location visible

to the rider (e.g. a handiebar-mounted display unit).
The display component may aiternatively comprise a "heads-up" type

display unit configured for displaying data and other information directly to the

subject. As used herein, the term “heads-up display unit” refers to any display
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device which is configured to display data to the subject in front of the subject’s
face. Such a device may be configured to project data and other information
onto glasses worn by the subject, swimming goggles, a visor worn by the subject
(such as a visor attached to a bicycle helmet), or even onto a display screen
which is physically attached to helmet, visor, hat or other structure positioned on
the subject's head in a position so that data and other information displayed
thereon is directly visible to the subject. Figure 19 depicts an exemplary heads-
up display unit 107 comprising glasses of the type described in patent
application number WO 89/23524 (which is incorporated herein by way of
reference). Such glasses include a display assembly 153 which displays data
onto eyeglass lens 152. A cable (or wire) 154 connects the glasses to
processorftransmitter module 60, through peripheral interface 68 provided on
module 60. Such a display device is available from the MicroOptical
Corporation of Boston, Massachusetts. Alternatively, the display device
described in patent application number WO 99/23525 (which is incorporated
herein by way of reference) may be used. The display device described in this
latter patent application essentially provides a display screen positioned in front
of the subject's eyeglasses (or is otherwise positioned in front of the subject’s
face) so that the subject may view data and other information provided on the
display screen while still being able to see through the glasses. The focal point
of the display screen, however, may be adjusted so as to appear several feet in
front of the subject's glasses. In this manner, the subject may view the data and
other information provided on the display screen, while still being able tc use the
glasses in a normal fashion. Other suitable heads-up type display devices are
well-known to those skilled in the art, and may be utilized in the monitoring

system of the present invention.

Figures 9 and 10 depict yet an exemplary display component 7 according
to one embodiment of the present invention. Display component 7 comprises
a wrist watch-type display unit which may be worn about the subject's wrist.

Display unit 7 includes a flexible band 51 by which the display component may
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be secured about a subject's wrist. Display component 7 also includes a display

screen 52, which may be configured similar to the display screen of a digital

wrist watch. Thus, display screen 52 is configured so as to display data and

other information to the subject by means of an LCD screen, or other suitable

5 means well-known to those skilled in the art. Display component 7 further
includes actuators or switches 53-56 which allow the subject to operate and

control the monitoring system of the present invention. Display screen 52 also

may be subdivided into a number of regions which are configured to display
specific information to the subject. For example, first display region 70 may be

10 configured as a three digit display which provides the subject's blood oxygen
level (as a percentage of saturation) or the subject's heart rate (in beats per
minute). Second display region 71 is similarly configured as a three digit
display, which may be used to display the subject's velocity (in miles per hour

or kilometers per hour) or the subject's pace (e.g., in minutes per mile). A third

15 display region 72 is also shown, and may be configured to display, for example,
elapsed time.

Display screen 52 also includes first and second status indicators 57 and

58. Status indicators 57 and 58 may be configured such that status indicator 57

{13502
NN 1)

wili illuminate when the GPS device has acquired the necessary satellite signals

8 i )

20 for measurement purposes. Second status indicator 58 may similarly illuminate
when the sensor or probe for the physiological monitor (such as an oximeter or
heart rate monitor) is operable and acquiring physiological data from the subject.
First and second mode indicator 73 and 74 may also be provided on display
screen 52. First mode indicator 73 merely indicates to the subject the current

25 mode of operation of display component 7. During use, the subject may alier the
mode of operation of display component 7 in order to alter the particular data or
other information displayed on display screen 52. The subject may utilize mode
switch 54 to toggie display screen 52 so as to display one or more of the
following data: blood oxygen level, heart rate, elapsed time ("TM"), average

30 speed, maximum speed, year-to-date miles or kilometers ("YTD"), or the current
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time (“clock mode” or “CL"). Second mode indicator 74 merely indicates to the
subject whether or not data is being displayed in terms of miles per hour,

kilometers per hour, or minutes per mile.

In order to operate display component 7, a number of actuators or
switches are provided. Thus, as mentioned above, mode switch 54 is used to
toggle display screen 52 between various modes of operation. Start/stop switch
53 may be used to commence data measurement. For example, the subject may
press start/stop switch 53 when they begin performing a physical activity such
that the measurement of elapsed time and distance traveled will begin at that
point. When the start/stop switch 53 is depressed a second time, measurement
of elapsed time and distance traveled will stop, similar to the manner in which
a chronograph is employed. Display component 7 alsc includes third and fourth
actuators 55 and 56 positioned on either side of display screen 52. Actuators
55 and 56 may be used for a variety of purposes, depending upon the
configuration of the monitoring system. For example, actuator 55 may be used
to toggle first display region 70 between displaying blood oxygen level and heart
rate. Similarly, actuator 56 may be used to toggle second display region 71

between displaying miles per hour, kilometers per hour, or minutes per mile.

Figures 13 and 14 depict an alternative display unit 107 which is
configured to be mounted on a bicycle such that a subject riding the bicycle can
view the data displayed on display unit 107. Display unit 107 includes a main
housing 151 and a clamp member 160 positioned beneath main housing 151.
Main housing 151 and clamp member 160 each include a semi-circular groove
such that when main housing 151 and clamp member 160 are positioned as
shown in Fig. 14, a circular opening is provided therebetween. This circular
opening is sized an configured to accept a handlebar 185 of a bicycle. In this
manner, when clamp member 160 is secured to main housing 151 (such as by
means of screws 161), handlebar 185 is securely held between clamp member

160 and main housing 151 as shown.
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Display unit 107 further includes a display screen 152 which may be
configured in the same manner as display screen 52 of the display unit shown
in Fig. 10. Display unit 107 aiso includes input switches 153-156, which may be
configured in the same manner as input switches 53-56 on the display unit
shown in Fig. 10. Thus, display unit 107 is essentially the same as display unit
7 of Fig. 10, except that the clamping mechanism described above has replaced
band 51 of the display unit shown in Fig. 7. it should be noted that band 51 of
display unit 7 of Fig. 10 may aiso be used to secure display unit 7 to the
handlebars of a bicycle, particular if band 51 employs a hook and loop fastening

system.

Analytical and Training Methods

While the monitoring system of the present invention may simply display
the exercising subject's iocation (e.g., in terms of longitude and latitude),
altitude, velocity, pace, heart rate (e.g., in beats per minute), distance traveled,
and/or blood oxygen level (e.g., as a percentage of saturation), the monitoring
system of the present invention may be configured to further process, analyze
or otherwise utilize this data. In this manner, the monitoring systems of the
present invention may be used to monitor, analyze and/or control a subject’s

performance of a physical activity at any location.

By way of example, runners are very interested in monitoring their
velocity, pace and/or total distance run. A simple pedometer may provide a
rough estimate of the total distance run, however, such devices are inaccurate
and do not provide a direct measurement of velocity or pace. While treadmills
typically provide an accurate measurement of velocity, pace and total distance,
many runners prefer outdoor running. Running on a track or premeasured route
will also provide a measure of total distance run, however, many runners do not

want to be restricted to running round and round on a track or on the same
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course day after day. In addition, the runner will be unable to determine their

instantaneous velocity, pace or total distance traveled.

In order to overcome the above problems, the monitcring systems of the
present invention which include a GPS device may be configured to provide
more than just location information. As described previously, the location data
acquired by the GPS device may be used to compute and display the subject’s
velocity, pace and/or distance fraveled. Such information is particularly usefui
when the subject is performing a physical activity wherein performance may be
measured in terms of speed, time and/or distance, such as walking, running,
swimming, wheelchairing (e.g., wheel chair racing), bicycling, skating (e.g.,
speed skating on any surface), skiing (e.g., cross-country skiing), or boating
(e.g., rowing, sailing, kayaking, or canoeing), or climbing (e.g., rock climbing).
When the system is worn by a human subject performing a physical activity, he
or she may simply view the display screen at any time in order to obtain their
speed, pace and/or distance traveled. Alternatively, particularly when the
subject is an animal such as a horse, the display screen may be viewed by
another individual (such as a trainer or even a jockey) in order to monitor the

animal’s speed, pace and/or distance fraveled.

A monitoring system according to one embodiment of the present
invention may also be configured (e.g., programmed) o provide a visual and/or
audible alarm which is responsive to data provided by the GPS device and/or a
physiological monitor (when provided). In one embodiment, the system is user-
programmable so that a visible and/or audible alarm is activated when at least
one of the subject’s speed, pace, blood oxygen level and heart rate departs from
a predetermined target, and/or when the subject has traveled a predetermined
target distance. For example, a runner may input a predetermined pace of 6:00
per mile (a pace "set point"). Thereafter, the system alarm will activate
whenever the runner's pace departs from the desired 6:00 per mile pace by

more than a certain amount (e.g., £ 10%). The alarm will remain activated until
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the runner’s pace returns to the desired level. The runner may also input a
predetermined distance. Thereafter, the system alarm will activate when the
runner has traveled this predetermined distance. In this manner, the runner can
precisely control their speed and/or total distance without having to run on a

ireadmill or track.

The monitoring system may also be configured such that multiple targets
(or set points) may be established by a user (e.g., the subject performing the
physical activity, or a coach or trainer). For example, a runner may wish to
perform interval training wherein they maintain a first predetermined pace for a
first predetermined period of time or distance, and thereafter maintain a second
predetermined pace for a second predetermined period of time or distance.
Thus, the monitoring system of the present invention may be configured to aliow
for the input of multiple setpoints (or targets) and muitiple time or distance
intervals. Thereafter, a system alarm will activate when the runner's pace
departs from a specified setpoint of a particular interval, thereby allowing the

runner to perform interval training at precise speeds and/or distances.

The systems of the present invention may also be configured for
recording speed, pace and/or distance traveled data, and maintaining such data
in memory for later retrieval and/or display. For example, the start button (or
other input device) may be activated in order to commence recording of data
(such as to coincide with beginning performance of the physical activity). The
stop button (or other input device) may thereafter be activated upon completion
of the physical activity. Speed, pace, average speed, average pace, eiapsed
time and/or distance traveled data may then be retrieved from memory and

displayed.
When the system of the present invention includes both a GPS device

and a physiological monitor, data provided by the GPS device may be used in

conjunction with data provided by the physiological monitor. While heart rate
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and blood oxygen data is useful, the utility of such data is greatly improved if the
subject’s workload is also known. Thus, embodiments of the monitoring system
of the present invention which includes both a GPS device and a physiological
monitor allow for the monitoring of a physiological parameter (e.g., heart rate or
blood oxygen level) and workload. A user may even input their weight so that
the monitoring system may compute real-time workioad based upon the subject’s
velocity and altitude changes. In this manner, the system even accounts for
elevational changes when determining (and even displaying) the subject’s
workioad. Thus, meaningful data can be obtained even when the subject is

exercising at varying altitudes (e.g., running or biking on hilly terrain).

Applicants have also found that monitoring blood oxygen levels while
performing a physical activity provides data which is useful for both training and
analytical purposes. For example, applicants believe that blood oxygen data
provides an indicia of metabolic function, and therefore provides an effective
training parameter which can repiace or be used in conjunction with heart rate
monitoring. As further described below, blood oxygen monitoring also allows for
training and analytical techniques which are generally difficult to implement

using conventional physiological monitoring such as heart rate monitoring.

As an individual performs a physical activity, the working muscles
consume oxygen at a rate which is higher than the rate of oxygen consumption
while at rest. The body compensates for the increased oxygen requirements by
increasing oxygen intake and/or blood flow. Oxygen intake may be increased,
for example, by increasing breathing rate and/or the volume of air inhaled in
each breath, while blood flow is increased by an increase in heart rate. At low
levels of physical exertion, the biood oxygen level will remain at or near the
subject’'s normal resting level. At these low levels of exertion, energy is primarily
provided by an aerobic metabolic process which consumes oxygen. Since the
cardiovascular system is able to supply sufficient oxygen to meet the body's

demands, blood oxygen level remains at or near the normal resting levels.
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As the level of exertion is increased, however, the cardiovascular system
is unable to supply sufficient oxygen tc meet the demands of working muscles.
Thus, the body will begin to supply a portion of the energy requirements by an
anaerobic metabolic process which does not consume oxygen. However, lactic
acid is a byproduct of the anaerobic process, and must be eliminated by the
body in order to prevent muscle failure. When only a small portion of the
subject’s energy requirements are provided by the anaerobic process, the body
is generally able to eliminate the lactic acid byproduct. As the level of exertion
is increased, however, the anaerobic process is responsible for more and more
of the body’s energy requirements. Eventually, the body is unable to eliminate
lactic acid at the same rate that it is being produced. At this point (often referred
to as the “lactate threshold” or “LT"), lactic acid will begin to accumulate in the
working muscles, eventually ieading to muscle failure. If the subject continues
to perform at a level of exertion above LT, it is only a matter of time until the

working muscles begin to fail and the subject must stop.

Applicants have surprisingly found that blood oxygen data provides an
indirect measurement of the body’s metabolic functioning. For example, as the
level of exertion is progressively increased, the blood oxygen level will
decrease. The plot shown in Fig. 16 depicts a runner’s heart rate and blood
oxygen level as their workload is progressively increased. Workload can easily
be computed on the basis of the subject’'s weight and speed (and optionally
altitude changes if running on a hilly course), and the monitoring system of the
present invention can readily compute and display the subject’'s workload. As
noted from the plot Fig. 16, heart rate increases with workload, while blood
oxygen level decreases. Thus, it is apparent that blood oxygen level
{particularly systemic blood oxygen level) varies with the metabolic functioning
of the body. In fact, Applicants’ discovery that blood oxygen level provides an
indicator of metabolic function is quite useful in that blood oxygen data can now
be used to monitor, analyze and/or control a subject’s performance of a physical

activity. Thus, the present invention provides methods using blood oxygen data
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to perform one or more of these functions. In fact, embodiments of the
monitoring system of the present invention may be configured (e.g.,
programmed) to provide one or more of these functions (such as activating an
alarm when the subject’s blood oxygen level departs from a predetermined
5 target level or range). It should be pointed out, however, that the methods of the
present invention which utilize blood oxygen data need not be performed using

the exercise monitoring systems of the present invention.

One particular method provided by the present invention is a method of

controlling (i.e., regulating) a subject’s physical activity by monitoring the

10 subject’s blood oxygen level, and maintaining the subject’s blood oxygen level
at a selected level (such as a setpoint or a range) while the subject continues

to perform the physical activity. Such a method can provide an effective training

tool for athletes in that they (or their coaches) can more effectively control

training sessions, or even monitor their performance during a race. For

15 example, if a marathoner knows their appropriate blood oxygen level for

compieting a marathon, they can monitor their blood oxygen leve! during the

race in order to ensure that their blood oxygen level does not exceed or fall

™

below their target level.

W gy e

(R R R

The subject’s blood oxygen level can be maintained at a selected level

20 by adjusting the subject’s workload (e.g., slowing down, speeding up, changing
gears on a bike, etc.). Simiiarly, the subject’s level of exertion may also be

modified as needed in order to maintain their blood oxygen level at the selected

level. The subject’s oxygen intake may even be modified in order to maintain

blood oxygen at the selected level. For example, various devices are available

25 for regulating the amount of oxygen which is inhaled by an exercising subject
(such as by restricting air flow to the user’s lungs). A swimmer can also regulate

their oxygen intake by reguiating their breathing. Thus, a swimmer can even

use the monitoring systems of the present invention (particularly an embodiment

having an audible alarm which activates when blood oxygen departs from the
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selected level) to regulate their blood oxygen by aitering breathing patterns. A
subject can also control the depth or volume of their breathing (e.g., deep or
shallow breathing) in order o maintain blood oxygen at the desired level. The
subject’s biood oxygen level can also be maintained at a plurality of selected
levels for one or more predetermined intervals. Thus, interval training can be

performed based upon blood oxygen data.

The subject may also perform initial testing in order to determine
desirable blood oxygen levels or heart rate for subsequent training or
competition. For example, the subject may perform a test routine which
estimates the subject’s lactate threshold (i.e., the subject’s blood oxygen level
or heart rate at their lactate threshold). Thereafter, the subject may perform a
physical activity at a biood oxygen level which is selected on the basis of their
previously determined lactate threshold (“LT”). By way of example, the subject’s
LT may be determined using a plot similar to that of Fig. 16. The subject
performs a physical activity while their blood oxygen level is monitored. The
subject’s workload (e.g., speed) is then incrementally increased at
predetermined intervals (e.g., increase speed by 1% every two minutes) until
exhaustion (or some other selected endpoint). When blood oxygen is plotted
against workload (or even speed), the subject’s LT will generally correspond to
the point of inflection identified at A in Fig. 16.

As yet another alternative, a fitness parameter (such as LT) of a subject
may first be determined. Thereafter, the same fithess parameter may be
meastured on subsequent occasions in order to measure improvements in the

subject’s fitness.

The monitoring system of the present invention described above may
even be programmed to provide for determining a fithess indicator (such as LT).
The subject’'s weight may be inputted into the system, and the subject will then

begin performing the physical activity (e.g., running). The system may
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determine the subject’s speed and altitude changes, which the system then uses
to calculate the subject’s workload. The system may even be programmed fo
signal to the subject when the workload should be increased (such as by
activating an alarm). Once the test protocol has been completed, the system will
calculate the subject’s LT (or other fitness indicator) on the basis of the acquired
workload and blood oxygen data. Alternatively, the system may use heart rate
(rather than biood oxygen data) to compute the fitness indicator (such as LT) by
well-known methods. One such well-known test protocol is the Conconi Test
which employs heart rate measurements with increasing workioad to determine

a subject’'s VO2max.

Blood oxygen data can also be monitored while a subject performs a
physical activity in order to reduce variability in blood oxygen levels. By
stabilizing blood oxygen levels while performing at a constant workioad, the
subject’s performance will be improved. Thus, the monitoring system of the
present invention may be configured to measure the time variability of the
subject's blood oxygen level, particulariy when the workload remains at a
substantially constant level. The time variability may simply be calculated as the
standard deviation of blood oxygen over a predetermined time interval (e.g., the
standard deviation of blood oxygen level over the preceding 5 seconds). The
manner in which the physical activity is performed may then be adjusted in order
to reduce the time variability of blood oxygen level. In fact, the system may even
be configured to activate an alarm if the time variability of the subject's blood
oxygen level exceeds a predetermined limit. By way of example, the subject
may reduce the time variability of blood oxygen by stabilizing their breathing
(e.g., concentrating on deep, rhythmic breathing), or by merely concentrating on

stabilizing their workload or level of exertion.
By way of example, the plot of Fig. 17a depicts a runner’s blood oxygen

level as their pace (in miles per hour) is gradually increased. It will be noted that

the subject’'s blood oxygen level shows significant variability which does not
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correlate with increases in workload. In other words, the subject’s blood oxygen
level shows significant peaks and valleys, rather than gradually decreasing as
would be expected. When blood oxygen level drops and rises rapidly, the
subject’s performance will suffer. For example, lactate levels may begin to rise,
leading to premature muscle failure. Figure 17b is a plot from the same runner,
however the runner concentrated on their breathing (i.e., rhythmic, deep
breathing from their belly, rather than from their chest). The result is that blood
oxygen levels are more stable, even though the workload is increasing. In fact,
the subject’s blood oxygen level in Fig. 17b remained substantially constant at
about 96% when pace was increased from about 6mph to about 9mph. In the
plot of Fig. 17a, however, the subject’s blood oxygen level varied between about
91% and about 98% over this same pace range. Such variability in blood

oxygen level will inevitably lead to decreased performance.
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1. An exercise monitoring system, comprising:
(a) an electronic positioning device;
(b) a physiological monitor; and
(c) a display unit configured for displaying data provided by said

electronic positioning device and said physiological monitor.

2. The exercise monitoring system of claim 1, wherein said electronic
positioning device is configured to receive electromagnetic signals from
three or more sources so that said monitoring system can determine at
ieast one of a subject’s location, altitude, velocity, pace, and distance

traveled.

; 3. The system of claim 2, wherein said electronic positioning device
, comprises a GPS device.

: 4. The system of claim 1, wherein said physiological monitor is chosen from
the group consisting of: an oximeter and a heart rate monitor.

2 5. The system of claim 4, wherein said electronic positioning device
Z comprises a GPS device.

6. The system of claim 3, wherein said GPS device and said physiological
monitor are provided as part of a user-wearable data acquisition unit
which is separate from said display unit.

7. The system of claim 6, wherein said data acquisition unit further
comprises a support member, and said GPS device and said
physiological monitor are provided on said support member.

8. The system of claim 7, wherein said GPS device and said physiological

monitor are removably secured to said support member.
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9. The system of claim 6, wherein said data acquisition unit is configured to

be worn about a human user’'s waist.

10.  The system of claim 6, wherein said data acquisition unit is configured to

be worn about a human user’s chest.

11.  The system of claim 1, wherein said display unit is configured to be worn

about a human user’s wrist.

12. The system of claim 1, wherein said display unit is configured to be

mounted to a bicycle.

4

i
Wi

it

13.  The system of claim 1, wherein said display unit is configured to be worn

NN 1 B oy

about a human user's wrist.
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s e
Photer Bbe

oo 0

P

14. The system of claim 1, wherein said physiological monitor includes a

probe configured for acquiring physiological data from a user.

T e 1]
HULE e He

e

15.  The system of claim 4, wherein said physiological monitor comprises an

"

LA

oximeter.

i

16.  The system of claim 4, wherein said physiological monitor comprises a

heart rate monitor.

17.  The system of claim 1, wherein said system further comprises an alarm
which is activated when data provided by at least one of said electronic
positioning device and said physiological monitor does not meet a

predetermined target.

18.  An exercise monitoring system, comprising:
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19.

20.

21.

22.

(a) an electronic positioning device configured to receive
eiectromagnetic signais from three or more sources so that said
monitoring system can determine a subject’s velocity or pace;

(b) a display unit configured for displaying data provided by said
electronic positioning device; and

(c) an alarm, wherein said alarm is activated when a subject’s velocity

or pace does not meet a predetermined target.

An exercise monitoring system, comprising:

(a) an oximeter configured to determine a subject's blood oxygen
level;

{b) a display unit configured for displaying the subject’s blood oxygen
level; and

(c) an alarm, wherein said alarm is activated when the subject’s blood

oxygen level does not meet a predetermined target.

A method of controlling a subjects physical activity, comprising:

(a) monitoring a subject's blood oxygen level while the subject
performs a physical activity; and

{b) maintaining said blood oxygen level at a selected level while the

subject continues o perform said physical activity.

The method of claim 20, wherein said blood oxygen level is maintained
at said selected level by adjusting the workload of said physical activity

as necessary.
The method of claim 20, wherein said blood oxygen level is maintained

at said selected level by adjusting the subject’s level of exertion as

necessary.
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23. The method of claim 20, wherein said blood oxygen level is maintained
at said selected level by adjusting the subject's oxygen intake as

necessary.

24. The method of claim 20, wherein said physical activity is chosen from the
group consisting of: walking, running, swimming, bicycling, skating,
singing, skiing, boating, climbing, wheelchairing, snowshoeing, scuba

diving, and flying.

25. The method of claim 20, wherein said step of monitoring blood oxygen
levei comprises:
(a) providing an oximeter, said oximeter including a probe for non-

invasively determining blood oxygen level; and

qa o
WOH R

(b} positioning said probe on said subject at a location suitable for

L

detecting the subject’s blood oxygen level.

T

oot |

26. The method of claim 25, wherein said probe is positioned such that said

k

oximeter determines the subject’s systemic blood oxygen level.

e

27. The method of claim 25, wherein said location is chosen from the group

ii..,“ LR LI (O (1)

consisting of the subject’s back, head, arm, leg, chest and torso.

28. The method of claim 26, wherein said location comprises the subject’s

lower back.

29. The method of claim 25, wherein said probe is provided on a support

member worn about the subject’s waist.

30. The method of claim 20, wherein said subject is chosen from the group

consisting of: humans, horses, dogs, camels, and other mammals.
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31. The method of claim 20, wherein said selected level comprises a range.

32. The method of claim 20, further comprising the step of maintaining said

blood oxygen level at a second selected level.

33. The method of claim 20, further comprising the steps of sequentially

maintaining said blood oxygen level at multiple selected levels.

34. The method of claim 33, wherein said blood oxygen level is maintained
at each seiected level:
(a) for a predetermined period of time;

(b) until the subject has advanced a predetermined distance; or

o
W

(d) until the subject has performed a predetermined amount of work.

W R

35. The method of claim 20, wherein said selected level is chosen on the
basis of blood oxygen data previously obtained while said subject

performed a physical activity.

36. The method of claim 20, wherein said selected level is chosen on the

basis of said subject’s lactate threshold.

.. ll'..jl AL fe e

37. The method of claim 20, wherein said selected level is chosen on the

basis of the duration of said physical activity.
38. The method of claim 20, further comprising the .step of providing an
alarm, said alarm configured for indicating when the subject’'s blood

oxygen level is not at said selected level.

39. The method of claim 20, further comprising the step of providing a display

unit configured for displaying the subject’s blood oxygen level.
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40.

41.

42.

43.

44.

45.

46.

47.

The method of claim 39, wherein said subject comprises a human, and
said display unit is positioned so that the blood oxygen level displayed by

said display unit can be viewed by said subject.

The method of ciaim 39, wherein said display unit is positioned so that
the blood oxygen level displayed by said display unit can be viewed by

someone other than said subject.

The method of claim 40, wherein said display unit is worn on the subject’s

wrist.

The method of claim 40, wherein said physical activity comprises
bicycling, and said display unit is attached to the subject’s bicycle so as

to be visible to the subject.

The method of claim 40, wherein said physical activity comprises walking
or running on a treadmili, and said display unit is provided on said

treadmill.

The method of claim 20, further comprising the step of measuring at least

one of the subject’s velocity, pace, or distance traveled.

The method of claim 45, wherein said measuring step comprises:
providing a GPS device operable for measuring at least one of the

subject’s velocity, pace or distance traveled.
The method of claim 45, further comprising the step of providing a display

unit configured for dispiaying the subject’'s blood oxygen level, and at

least one of the subject’s velocity, pace or distance traveled.
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48.

49.

50.

52.

53.

54.

A method of reducing a subject’s blood oxygen level variability while the

subject performs a physical activity, comprising:

(a) periodically measuring a subject’s blood oxygen level while said
subject performs a physical activity; and

{b) adjusting the manner in which said physical activity is performed

in order to reduce blood oxygen level variability.

A method of performing a physical activity, comprising:

(a) monitoring a subject’s blood oxygen level while said subject
performs a physical activity; and

(b) indicating to said subject the time variability of the subject’s blood
oxygen level.

The method of claim 49, wherein said time variability comprises the

standard deviation of the subject’s blood oxygen level.

A method of determining a fitness indicator of a subject, comprising:

(a) recording a subject's blood oxygen level while the subject
performs a physical activity;

(b) varying the subject's workload while continuing to record the
subject’s biood oxygen level; and

(c) determining a fitness indicator of said subject on the basis of the

recorded blood oxygen data.

The method of claim 52, wherein said fitness indicator comprises the

subject’s lactate threshold.

The method of claim 53, wherein said step of varying the subject’s

workioad comprises periodically increasing the subject’s workload.
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55. The method of claim 52, further comprising the steps of providing a GPS
device operable for measuring the subject’s velocity, and determining the
subject’s workload using velocity measurements provided by said GPS

device.

56. The method of claim 55, wherein said GPS device is further operable for
measuring the subject’s altitude, and wherein the subject’s workload is
determined using velocity and altitude measurements provided by said
GPS device.

57. A method of stabilizing blood oxygen levels while exercising, comprising:
(a) monitoring the level of blood oxygen while exercising;
(b)  adjusting breathing while continuing to exercise in order to

stabilize the level of blood oxygen.

58. A method of comparing an individual's physical fitness to their physical
fitness on a previous occasion, comprising:

2 (a) measuring an individual's blood oxygen level while the individual
performs a physical activity at a predetermined workload,; and

(b) measuring said individual's blood oxygen level on a subsequent

occasion while the individual performs said physical activity.

Bl I Pt 3
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ABSTRACT OF THE DISCLOSURE

An exercise monitoring system which includes an electronic positioning
device; a physiological monitor; and a display unit configured for displaying data

provided by said electronic positioning device and said physiological monitor.

0485956.05
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EXERCISE MONITORING SYSTEM AND METHODS
Jack B. Stubbs
Kevin L. Schwieger

BACKGROUND OF THE INVENTION

Field of the Invention.

The present invention relates to a monitoring system for use in a variety
of physical activities, as well as training and analytical methods for physical
activities. The present invention provides monitoring systems having an
electronic positioning device and/or a physiological monitor (such as an oximeter
or a heart rate monitor) in order to provide information concerning a subject

performing a physical activity.

Description of Related Art.

Throughout the world, more and more people are exercising in order to
improve their general health and physical fithess. For the average person,
however, a lack of motivation can significantly hinder their efforts. In addition,
the natural tendency is to try and achieve the greatest results in the shortest
possible time. When typical measurements of physical fithess and progress
such as weight loss are monitored, however, expectations often are not met.
The result can be a lack of motivation, which in turn leads to a cessation of

exercise.
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While athletes of all ages are usually able to overcome motivational
hurdles, athletes often have difficulty in accurately measuring their progress.
Human nature demands instantaneous feedback for motivation and
encouragement. In addition, many athletes also do not know how to train
effectively for maximal improvement. For example, competitive runners may
have difficulty determining whether their pace on a particular day of training is
too fast or too slow. While running on a track or treadmill may allow the runner
to monitor his or her speed, speed alone is often an inadequate way to monitor
optimal training levels.

Currently, there are essentially three methods of providing feedback to
individuals engaged in a physical activity. The first, competition, can provide
feedback concerning the individual's past training efforts in a particular physical
activity. Competition feedback, however, is provided long after the training
regimen has been completed, and therefore only allows for adjustments in
subseduent training. In addition, many individuals are only interested in

improving their general heaith and physical fitness, rather than competing

against others.

Another method of providing feedback to an individual engaged in a
physical activity is heart rate monitoring. Heart rate monitors have become
common place in the exercise industry and entire training programs have been
developed based upon the data provided by these monitors. Typically, an ECG-
type sensor is worn by the individual (such as in a strap which extends about the
individual’s chest), and heart rate (in beats per minute) is displayed on a wrist-
watch type unit. While heart rate monitoring is a useful tool, heart rate data can
be difficult to interpret. In addition, many individuals often resort to standardized
tables in order to determine target heart rate training zones. Such standardized
tables, however, only provide generalized guidelines which may or may not be

appropriate for a particular individual or a particular physical activity.
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The third feedback technique which may be used by individuals
performing a physical activity is lactate monitoring. Lactate is a byproduct of the
anaerobic metabolic process by which energy is produced in the body. The
amount of lactate present in an individual's bloodstream provides an indication
of their level of exertion. While lactate monitoring can be a valuable tool, it
requires drawing blood samples which are analyzed by an expensive, electronic
device. Thus, lactate monitoring is invasive, costly, and generally only useful

for experienced athletes and their coaches.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration of an exercise monitoring system

according to one embodiment of the present invention;

Figure 2 is a schematic illustration of an exercise monitoring system

according to another embodiment of the present invention;

Figure 3 depicts a human subject performing a physical activity using one

- embodiment of a monitoring system of the present invention;

Figure 4 is perspective view of the data acquisition component of the

monitoring system depicted in Fig. 3;

Figure 5 is a schematic illustration of the monitoring system depicted in
Fig. 3;

Figure 6 is an enlarged plan view of a portion of the data acquisition

component of the monitoring system depicted in Fig. 3;

Figure 7 is a view similar to Fig. 6, wherein the modules have been

removed from the support member of the data acquisition component;
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Figure 8 is a perspective view of an oximeter module of the data

acquisition component of the monitoring system depicted in Fig. 3;

Figure 9 is a top plan view of the display component of the exercise

monitoring system depicted in Fig. 3;

Figure 10 is an enlarged top plan view of a portion of the display unit of
Fig. 9;

Figure 11 is a rear plan view of a portion of the data acquiéition

component of Fig. 7;

Figure 12 is a cross-sectional view of the data acquisition component of

Fig. 7, taken along the line 12-12 thereof;

Figure 13 depicts an alternative display unit according to an embodiment
of the exercise monitoring system of the present invention, wherein the display
unit is mounted to a handlebar of a bicycle;

Figure 14 is a side view of the display unit of Fig. 13, wherein the bicycle

handlebar is shown in cross-section;

Figure 15 is a perspective view of an alternative embodiment of a data
acquisition component according to the present invention, wherein the data
acquisition component is configured to be worn about the chest of a human

subject;

Figure 16 is a plot which depicts a runner’s heart rate and blood oxygen

level as the runner’s workload is progressively increased,;
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Figures 17a and 17b are plots depicting a runner's blood oxygen level as

the runner’'s pace is progressively increased,;

Figure 18 is a perspective view of an alternative embodiment of an

oximeter used in a monitoring system according the present invention; and

Figure 19 depicts an alternative display unit of a monitoring system

according to the present invention.
SUMMARY OF THE INVENTION

One embodiment of the present invention is an exercise monitoring
system which comprises:
a. an electronic positioning device;
a physiological monitor; and '
C. a display unit (or component) configured for displaying data
provided by the electronic positioning device and the physiological
monitor.
The electronic positioning device is configured to receive electromagnetic
signals from three or more sources so that the monitoring system can determine
at least one of a subject's location, altitude, velocity, pace, and distance
traveled. In one particular embodiment, the electronic positioning device
comprises a GPS device. The physiological monitor may be chosen from the

group consisting of: an oximeter and a heart rate monitor.

The electronic positioning device and the physiological monitor may be
provided as part of a user-wearable data acquisition unit (or component) which
is separate from the display unit. The data acquisition unit may further include
a support member, wherein the electronic positioning device and the
physiological monitor are provided on the support member. In one embodiment,

the electronic positioning device and the physiological monitor are removably
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secured to the support member. The data acquisition unit may be configured to
be worn by a subject in a variety of locations, such as the subject's waist or
chest. The display unit may likewise be configured in a variety of manners. For
example,Athe display unit may be configured to be worn about a human user’s
wrist, or may be configured to be mounted to a bicycle (e.g., mounted to the
handlebars). The display unit may also comprise an external device to which
the monitoring system of the present invention transmits data. For example, the
monitoring system of the present invention may be configured to display
acquired data on a personal computer (“PC"), and even store the data on the PC
for later retrieval and analysis. The monitoring system may also be configured
to display data on a treadmill display screen so that the monitoring system will

provide blood oxygen data for a subject walking or running on a treadmill.

The physioclogical monitor of the exercise monitoring system may include
a probe (or sensor) conﬁgdred for acquiring physiological data from a user. The
probe may be incorporated into the data acquisition component itself (such as
integrally provided on or in the support member), or may comprise a separate
unit which is in électrical communication with the data acquisition component
(such as by means of a wire or cable, or by means of electromagnetic wave
transmission). The monitoring system may further include at least one audible
or visual alarms which is activated when data provided by at least one of the
electronic positioning device and the physiological monit_or does not meet a
predetermined target (e.g., when the user's speed, blood oxygen level or heart

rate exceeds or falls short of a predetermined target).

Another embodiment of the present invention is an exercise monitoring
system which comprises:

a. an electronic positioning device configured to receive

electromagnetic signals from three or more sources so that the

monitoring system can determine a subject’s velocity or pace;

IPR2018-00294
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b. a display unit configured for displaying data provided by the
electronic positioning device; and
c. an alarm, wherein the alarm is activated when a subject’s velocity
or pace does not meet a predetermined target.
The electronic positioning device in this embodiment may comprise a GPS

device.

Yet another embodiment of the present invention is an exercise

"~ monitoring system which comprises:

a. an oximeter configured to determine a subject’'s blood oxygen
level;
b. a display unit configured for displaying the subject’s blood oxygen
level;, and
C. an alarm, wherein the alarm is activated when the subject’s blood
oxygen level does not meet a predetermined target.
By way of example, the oximeter may comprise an oximetry probe and oximeter
module, which are configured to acquire blood oxygen data by light absorption
techniques. Preferably, the oximeters described herein are configured and
positioned to determine systemic blood oxygen levels, rather than the blood

oxygen level of targeted tissues or regions.

Another embodiment of the present invention is a method of controlling

a subjects physical activity, comprising:

a. monitoring a subject’'s blood oxygen level while the subject
performs a physical activity; and
b. maintaining ‘the blood oxygen level at a selected level while the
subject continues to perform the physical activity.
The subject may be human or animal (particularly horses, dogs, camels, and
other mammals), and the monitoring step may even utilize the exercise
moni'toring systems describéd herein. It should be pointed out, however, that

blood oxygen data may also be acquired using conventional, readily-available
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oximeters. This method of controlling a subject’s physical activity may be
performed solely by the subject, or may involve another (such as a coach or
trainer). In one particular embodiment, the method of controlling a subject’'s
physical activity even provides a training method for athletes and the like using

blood oxygen data.

The subject’s blood oxygen level may be maintained at the selected level
by adjusting the workload of the physical activity as necessary. In fact, the
exercise monitoring systems described above may even be used for this
purpose, since embodiments of the monitoring system can be configured for
computing and displaying the subject’'s workload (based on the subject’s velocity
and weight, and optionally based on elevational changes). The subject’'s blood
oxygen level may also be maintained at the selected level by adjusting the
subject’s level of exertion as necessary. As yet another alternative, the subject’s
blood oxygen level may be maintained at the selected (or predetermined) level
by adjusting the subject’s oxygen intake as necessary (e.g., by altering breathing
patterns or methods, or by restricting or expanding oxygen or air intake). In fact,
by limiting oxygen intake in order to reduce the subject’s blood oxygen level,

athletic training (e.g., running or biking) at high altitude may be simulated.

The method of controlling a subject’s physical activity is suitable for a
variety of activities, including: walking, running, swimming, bicycling, skating,
singing, skiing, boating, climbing, wheelchairing, snowshoeing, scuba diving,
and flying. The step of monitoring blood oxygen level may comprise:

(a) providing an oximeter, the oximeter including a probe for non-
invasively determining blood oxygen level (such as through light
absorption measurements); and

(b) positioning the probe on the subject at a location suitable for
detecting the subject’s blood oxygen level.

Preferably, the probe is positioned such that the oximeter determines the

subject’s systemic blood oxygen level. The probe location may be chosen from

c IPR2018-00294
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the group consisting of the subject’s back (particularly the subject’s lower back),

head, arm, leg, chest and torso.

It should be noted that the selected (or predetermined) blood oxygen level
may comprise a range or a target “setpoint”. In fact, multiple predetermined
blood oxygen levels may be employed, such that the subject’s blood oxygen
level is sequentially maintained at multiple selected levels (i.e., interval training).
The subject’s blood oxygen level may be maintained at each selected level:

(a) for a predetermined period of time;

(b) until the subject has advanced a predetermined distance (e.g., as

measured by a GPS system); or

(d) until the subject has performed a predetermined amount of work

(e.g., as measured by a GPS system).
Each selected (or predetermined) blood oxygen level may be chosen on the
basis of blood oxygen data previously obtained while the subject performed a
physical activity. For example, the subject’s blood oxygen level at a lactate
threshold (“LT”) may be determined. Thereafter, each selected blood oxygen
level may be chosen on the basis of the subject's LT (e.g., at LT, or a
predetermined percentage of LT). Alternatively, each selected level may be
chosen on the basis of the duration of the physical activity. For example, the
selected blood oxygen level may be higher when the duration of the activity is

greater.

In order to facilitate the method of controlling the subject’s performance
of a physical activity, an alarm may be provided. The alarm may be configured
to indicate (i.e., provide an audible and/or visible indicia) when the subject’'s
blood oxygen level is not at the selected level (e.g., outside of a selected range,
or not within a certain percentage of a setpoint). A display unit configured for
displaying the subject’s blood oxygen level may also be provided in order to
facilitate performance of the method of controlling. When the subject is a

human, the display unit may be configured to display blood oxygen data to the

9
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subject or to another (such as a coach or trainer monitoring the subject’s
performance). For animal subjects, the display unit may be configured to
display blood oxygen data to an individual such as a trainer or, in the case of

horses and camels, a jockey.

It will be appreciated that the exercise monitoring systems of the present
invention may be used for the methods of controlling a subject’s performance of
a physical activity described herein. In fact, the subject’'s velocity, pace,
workload, and/or distance traveled may be measured by an electronic

positioning device provided on the exercise monitoring system.

Still another embodiment of the present invention comprises a method of
reducing a subject’s blood oxygen level variability while the subject performs a
physical activity, comprising:

a. periodically measuring a subject's blood oxygen level while the

subject performs a physical activity; and

b. adjusting the manner in which the physical activity is performed in

order to reduce blood oxygen level variability.
The time variability of the subject’s blood oxygen level may also be indicated
(e.g., displayed) to the subject. The time variability of blood oxygen level may
be quantified in a variety of manners, such as the standard deviation of the
subject’s blood oxygen level. The monitoring systems of the present invention
may even be configured to activate an alarm when the time variability exceeds

a predetermined level.

A method of determining a fitness indicator of a subject is also provided,
wherein this method comprises:
(a) recording a subject's blood oxygen level while the subject

performs a physical activity;

10
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(b) varying the subject’'s workload (e.g., periodically increasing
workload) while continuing to record the subject’s blood oxygen
level;, and

(c) determining a f";tness indicator of the subject on the basis of the
recorded blood oxygen data.

The fitness indicator may comprise, for example, the subject’s lactate threshold
or VO2max (the milliliters of oxygen consumed per kilogram of body weight per
minute). The subject’s velocity (and optionally altitude) may be measured by a
GPS device, such that the subject’'s workload may then be determined using

velocity (and optionally altitude) measurements provided by the GPS device.

A method of stabilizing blood oxygen levels while exercising is also
provided, and comprises:

(a) monitoring the level of blood oxygen while exercising;

(b) adjusting breathing while continuing to exercise in order to

stabilize the level of blood oxygen.

- Another embodiment of the present invention comprises a method of
comparing a subject’s physical fitness to their physical fithess on a previous
occasion, comprising: ,

(a) measuring an individual’s blood oxygen level while the individual
performs a physical activity at a predetermined workload, velocity
or pace; and

(b) measuring the individual’'s blood oxygen level on a subsequent
occasion while the individual performs the physical activity
(particularly at the same predetermined workload, velocity or
pace).

For example, if the subject's blood oxygen level (e.g., the subject's average
blood oxygen level) is higher on a subsequent occasion, the subject’s fitness will

have been improved.

11
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides an exercise monitoring system, as well as
training and analytical methods useful for subjects (both human and animal)
performing physical activities. The systems and methods of the present
invention, for example, provide real-time data and feedback useful to individuals
pe\rforming a physical activity (such as athletes). The monitoring system may
include an electronic positioning device (such as a GPS device) and/or a

physiological monitor (such as an oximeter or a heart rate monitor).

The electronic positioning device uses electromagnetic signals from three
or more sources in order to provide data indicative of one or more of the
subject’s location, altitude, velocity, pace and/or distance traveled. By way of
example, the electronic positioning component may comprise a GPS device
which utilizes signals from satellites of the Global Positioning System (i.e.,
“GPS") in order to provide real-time data concerning at least one of the subject’s
location, altitude;heading, velocity, pace and distance traveled, and may

optionally provide a precise time measurement.

The physiological monitor may comprise an oximeter which measures the
subject’s blood oxygen level, and may also measure the subject’'s heart rate.
Alternatively, the physiological monitor may comprise a heart rate monitor which

measures the subject’s heart rate.

One embodiment of the monitoring system of the present invention
includes both an electronic positioning device and a physiological monitor (such
as an oximeter or heart rate monitor) as part of an integrated monitoring system.
Such an integrated monitoring system allows velocity, pace, and/or distance
traveled information provided by the electronic positioning device to be used in

conjunction with data provided by the physiological monitor. In this manner,

12
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exercising subjects can monitor, control and/or analyze their performance while

exercising at any location (e.g., outside of a laboratory).

The present invention also provides analytical and training methods
which utilize data provided by: (a) a bhysiological monitor; (b) an electronic
positioning device (such as a GPS device); or (c) the combination of an
electronic positioning device and a physiological monitor (such as a heart rate
monitor or an oximeter). It should be pointed out that the various analytical and
training methods of the present invention do not require the use of the exercise
monitoring systems of the present invention. However, the exercise monitoring
systems of the present invention may be configured for implementation of the

analytical and training methods described herein.

The monitoring systems, as well as the analytical and training methods,
provided by the present invention may be used on both human and animal
subjects. Hence, the term "subject" is intended to encompass both humans and
animals. By way of example, embodiments of the exercise monitoring systems
of the present invention may be used for the testing and/or training of horses
and other animals typically involvéd in racing sports (including dogs and
camels). Of course, these methods can also be used in the testing and/or
training of other animals not necessarily involved in racing sports (such as
rehabilitating an injured animal by putting the injured animal through a training

programy.

Figure 1 is a schematic illustration of one embodiment of an exercise
monitoring system according to the present invention. The system of Fig. 1
generally comprises an electronic positioning device 5 and a physiological
monitor 6, both of which are in electrical communication with a display unit 7.
Electronic positioning device 5§ is configured to receive electromagnetic éignals
from three or more sources so that the monitoring system can determine (and

display by means of display unit 5) at least one of a subject’s location, altitude,
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heading, velocity, pace, and distance traveled. By way of example, electronic
positioning device 5 may be configured to receive electromagnetic signals, and
process those signals in order to determine at least one of a subject’s location,
altitude, heading, velocity, pace, and distance traveled. The determined data
may then be transmitted to display unit 7 for display to the subject or other
individual monitoring the subject’s performance of a physical activity. Similarly,
physiological monitor 6 is configured to acquire physiological data from the
subject for display by means of display unit 5. By way of example, physiological
monitor 6 may be configured to determine one or more physiological indicia
(such as the subject’'s blood oxygen level or heart rate). The determined
physiological indicia may then be transmitted to display unit 7 for display to the
subject or other individual monitoring the subject’'s performance of a physical

activity.

Figure 2 schematically depicts a more specific embodiment of an exercise
monitoring system according to the present invention. In the embodiment of Fig.
2, electronic positioning device 5 comprises a GPS device which includes a GPS
antenna 80, and a GPS module 30. Physiological monitor 6 comprises an
oximeter which includes a probe 41, and an oximeter module 40. Display unit
7 may comprise any of a variety of structures configured for displaying data. For
example, a simple display unit may include a screen which displays the subject’s
speed (e.g., in miles per hour) and blood oxygen level (e.g., in terms of the
percentage of oxygen saturation). The display unit may optionally be configured
for linking to (e.g., in electrical communication with) a computer 8 (such as a
personal computer of “PC”). Such linking may be provided by a cable, in
infrared link, or other means well-known to those skilled in the art. In this

manner, data may be stored in computer 8 for later retrieval and analysis.
An exercise monitoring system according to the present invention may

comprise a single structure, or may be subdivided into one or more component

structures. Thus, one embodiment of the present invention includes a data
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acquisition component and a separate data display component (i.e., display unit)
which are in electrical communication with each other through a wired link (e.g.,
and electrical cable) or a wireless link (e.g., via radio wave transmission). The
data acquisition component may include at least one of an electronic positioning
device and a physiological monitor, and may be configured to be worn by a

subject performing a physical activity.

A variety of configurations may be provided for the data acquisition
component, depending in part upon the nature of the physical activity to be
performed as well as the type of data to be acquired. For example, a
physiological monitor will often include a sensor or probe which interacts with
the subject to acquire physiological data (such as heart rate and/or blood
oxygen level). The physiological sensor or probe may be incorporated into the
data acquisition component, or may be provided as a separate unit which is in
communication with the data acquisition component. For example, the
physiological sensor or probe may be remote from the data acquisition
component, yet in electrical communication with the data acquisition component
over a wired or wireless connection (see, e.g., Fig. 18). When the sensor or
probe is incorporated into the data acquisition component itself, the data
acquisition component may be configured to ensure proper positioning of the
sensor or probe on the subject (i.e., in a position operable to acquire the desired
physiological data). Of course, the data acquisition component of a monitoring
system according to the present invention may even comprise multiple

structures which are physically separate from each other.

The data display component may likewise be provided in a variety of
configurations, and its configuration may even be chosen based upon the
particular physical activity to be performed. By way of example, the display
component may be worn by the subject, worn by another individual, attached to
an apparatus associated with the physical activity (e.g., mounted on a bicycle),

or provided as a separate, standalone unit.
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Figure 3 depicts a human subject performing a physical activity, namely
running, using a monitoring system according to one embodiment of the present
invention. In the monitoring system depicted in Fig. 3, the data acquisition
component is depicted at 20, and is worn about the subject’'s waist. The data
display component is depicted at 7, and is worn about the subject’'s wrist. While
the system shown in Fig. 3 provides separate data acquisition and data display
components, it will be understood that these two components can be provided
in a single structure. In addition, the configuration of data acquisition
component 20 and data display component 7 in Fig. 3 is merely exemplary of
one embodiment of a monitoring system according to the present invention. The
structural features of the specific embodiment of the monitoring system of Fig.
3 will be further described below, after the electronic configuration has been

described.

As mentioned previously, the data acquisition component of the
monitoring system of the present invention may include an electronic positioning

device and/or a physiological monitor (such as an oximeter or a heart rate

~ monitor). In the schematic illustration of an exemplary monitoring system in Fig.

5, data acquisition component 20 includes both an electronic positioning device
and a physiological monitor. In thé embodiment of Fig. 5, the electronic
positioning device comprises a GPS device which may include a GPS antenna
80 and a GPS processing module 30. As further detailed below, antenna 80
receives GPS satellite signals, and signal output from antenna 80 is processed
by GPS processing module 30 in order to provide an electrical signal which
includes,.fér exan‘iple, data indicative of 'the user’s location. Data from GPS
module 30 is provided to processor/transmitter module 60 where it may be

further processed and then transmitted to display component 7 over link 64.
It should be noted that the electronic positioning device used in

embodiments of the monitoring system of the present invention is not limited to

a GPS device. Thus, the term electronic positioning device is intended to be
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inclusive of devices which receive electromagnetic signals from three or more
sources, and thereafter process those signals in order to provide data indicative
at least one of the subject’s location, altitude, heading, velocity, pace and
distance traveled. For example, an electronic positioning device which detects
radio wave and/or microwave signals from at least three sources may be used,
wherein the received signals are processed in a manner similar to the
processing of GPS signals in order to determine the subject’s location, altitude,
heading, velocity, pace and/or distance traveled. Even signals from cellular
phone towers may be employed. In addition, the term “GPS device” is intended
to include devices which utilize signals received from satellites of the Global
Positioning System developed by the United States Department of Defense, as
well as systems which utilize signalsl received from satellites of the Global
Orbiting Navigation Satellite System (“GLONASS”) developed by the former
Soviet Union (or any other satellite-based positioning system which receives and

processes electromagnetic signals from three or more satellites).

Data acquisition component 20 of Fig. 5 also includes a physiological
monitor; in this case an oximeter which may include an oximetry probe 41 and
an oximeter module 40. Probe 41 acquires data indicative of the subject’s blood
oxygen level (and optionally heart rate), and oximeter module 40 processes data
received from probe 41 in order to provide an electrical signal which includes
data indicative of the subject’s blood oxygen level (and optionally data
indicative of the subject’'s heart rate). Blood oxygen data from oximeter module
30 is provided to processor/transmitter module 60 where it may be further
procéssed and then transmitted to display component 7‘over link 64. Data
acquisition component 20 also includes a power supply 25 which provides
electrical power to GPS module 30, oximeter module 40, probe 41, and
processor/transmitter 60, as needed. GPS antenna 80 may also receive

electrical power from power supply 25 when an active GPS antenna is used.
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It will be understood that the physiological monitor used in embodiments
of the monitoring system of the present invention is not limited to an oximeter.
The physiological monitor may alternatively comprise, for example, a heart rate
monitor which may include a heart rate module and associated sensor or probe
5 for acquiring data indicative of the subject’'s heart rate. The data acquired by a
heart rate monitor sensor or probe is processed in the heart rate module in order
to provide data indicative of the subject's heart rate to processor/ transmitter
module 60 for further processing and transmittal to display component 7 over

link 64.

10 Processor/transmitter module 60 may include a processor 66 which

processes data received from oximeter module 40 and GPS module 30 in

]

accordance with instructions stored in memory 67. The data is thereafter

o]

transmitted to display component 7 by a wired or wireless link 64. Thus,

82

electronic link 64 may merely comprise one or more electrical cables or wires

o

Jo { B T

15 located between processor 66 and display component 7 (see. e.g., Fig. 19).

g

Alternatively, data may be transmitted by a wireless link using, for example,

wgm g g

IR 110 1 7R

radio waves. Thus, in the embodiment of Fig. 5, processor/transmitter module

iy g

60 includes an RF transmitter 65 which transmits data received from processor

66 via radio waves to receiver 76 of display component 7.

20 As mentioned above, display component 7 includes a receiver 76 for
receiving data transmitted by data acquisition component 20. The received data
may include, for example, data indicative of the subject's location, altitude,
heading, velocity, pace, distance traveled, blood oxygen level and/or heart rate,
(and optionally the current time as determined by the GPS device). This data

25 is then provided to processor 75 wherein it may be further processed in
accordance with instructions stored in memory 77. After processing, aéquired
vand/or calculated data is displayed on display screen 52 where it is visible to the
subject or an individual monitoring the subject's performance. Display

component 7 may also include a power supply 78 for supplying power to
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processor 75, receiver 76, and other components, as necessary, within display

component 7.

It should be noted that transmitter 65 and receiver 76 may alternatively
each comprise transceivers so that electrical signals may be transmitted in both
directions (i.e., from data acquisition component 20 to display component 7, and

from display component 7 to data acquisition component 20).

Display component 7 may also include one or more alarms 79, each of
which provides an audible and/or visual alarm in response to a signal received
from processor 75. A plurality of input devices may also be provided on display
component 7 so that the subject or other individual may control the processing
and/or display of acquired data on display screen 52. Such input devices may
comprise, for example, input switches 53-56. Display component 7 may further
include a peripheral interface 85 which allows display component 7 to be linked
to an external device such that data may be transmitted from display component
7 to the external device (such as a PC, as described previously). In this manner,
data concerning the subject's performance of a physical activity may be stored
for further processing, analysis and/or retrieval. Peripheral interface 85 may be
configured in a variety of manners, depending upon the type of connection to the
external device (such as a PC). For example, data may be transmitted from
display component 7 to a PC over a wired link. Thus, peripheral interface 85
may merely comprise an electrical terminal to which one end of a cable may be
attached. The other end of the cable may then be attached to the PC, such as
through a USB port or a serial port. Alternatively, display component 7 may
transmit data by means of a wireless link, sucl;\ as by radio waves or infrared.
Thus, peripheral interface 85 may also include a transmitter capable of
transmitting radio waves or an infrared signal to a PC which is configured to
receive radio waves or an infrared signal. A variety of other structures well-
known to those skilled in the art may also be used for peripheral interfacg 85in

order to transmit data to a PC or other external device.
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Electronic Positioning Device

As mentioned above, one embodiment of the monitoring system of the
present invention includes an electronic positioning device which determines the
subject’s location, altitude, heading, velocity, pace, and/or distance traveled
based upon electromagnetic signals received from three or more sources.
While other positioning devices may be employed, one embodiment of the
monitoring system of the present invention employs a GPS device. In general,
the GPS device receives electromagnetic signals from three or more satellites,
and computes the user's location based upon those signals. In essence, each
satellite signal provides the three-dimensional location of the satellite at a
precise time. The GPS device then computes the time it took for each signal to
reach the GPS device, and this data is then used to compute the user's precise
location (typically in terms of the user's longitude and latitude at the time of

receiving the GPS satellite signals, and optionally the user's altitude).

The GPS device may generally include an antenna (an active or passive

antenna) and a GPS processing module, as previously described. The antenna

‘receives GPS signals from three or more orbiting satellites and transmits the

acquired data to the GPS processing module. Thus, as shown in Fig. 5 which
is a schematic illustration of one embodiment of the present invention, GPS
antenna 80 is in electrical communication with GPS processing module 30, and
therefore transmits data acquired from three or more GPS satellites to GPS
module 30. It should be noted that while GPS antenna 80 and GPS module 30
are depicted as separate units, they may alternatively be combined into a single
structure. GPS processing module 30 then computes the precise location of the
subject, and may provide an electrical signal indicative of this position (e.g., in
terms of latitude, longitude, and altitude) to processor/transmitter module 60 for

further processing.
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While GPS processing module 30 may merely transmit raw data
indicative of the subject's position to processor/transmitter module 60, GPS
module 30 may alternatively process the location data in order to compute, and
provide an electrical signal indicative of the subject's velocity, heading, pace
and/or distance traveled, as well as the current time. The computed data may
then be transmitted to module 60 for further processing and transmittal to display
component 7. Of course, it will be understood that, depending upon the level of
processing provided by GPS module 30, processor/transmitter module 60 may
simply receive data from GPS module 30 and pass the data substantially
unaltered to display component 7 via link 64. Thereafter, the transmitted data
may be further processed within display component 7, as needed, so as to
provide additional data such as average velocity, average pace, workload

(basedvon the subject’s weight) and/or other useful information as desired.

in order to compute the distance traveled, a “start point” must be provided
to the monitoring system. If the distance traveled is computed by GPS module
30 or processor 66 of processor/ transmitter module 60, the subject's location
when data acquisition component 20 is first powered up may be selected as the
start point for purposes of calculating the distance traveled. Alternatively, an
input device may be provided on data acquisition component 20 in order to
commence calculation of the subject's distance traveled. If transmitter 65 of
processor/transmitter module 60 is replaced by a transceiver, data acquisition
component 20 may also receive a start point signal from display component 7.
In this manner, the subject may input a start point (such as by pressing a start
button or switch) provided on display component 7 in order to commence
calculation of the subject's distance traveled. As yet another alternative, the
subject's distance traveled may be computed in processor 75 provided in display
component 7, thus alleviating the need to provide a start point signal to data

acquisition component 20.
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In order to provide the above-described functionality, the GPS device
utilized in embodiments of the present invention may employ conventional,
commercially-available components. As described in U.S. Patent No. 5,627,548
which is incorporated herein by way of reference, an integrated circuit (IC) may
be used in GPS module 30, wherein the IC includes, for example, a low-noise
amplifier for boosting signals received from the GPS antenna, a downconvertor
for translating the amplified signals to a more suitable frequency, and one or
more processors (such as a code-processor and a navigation processor).
Numerous manufacturers provide both GPS antennas, as well as GPS
“receivers”, the latter of which may be incorporated into GPS module 30 of the
present invention. Commercially-available GPS receivers generally comprise
a circuit board having thereon one or more microprocessor units, one or more
custom integrated circuits, software, and other electronic componentry
necessary for performing GPS functions. The GPS antenna (also commercially-
available) is merely operatively connected to the GPS module (such as by way
of a coaxial cable, or other wired or wireless link). A power supply is also
operatively connected to the GPS module. The GPS module will then provide
(such as through a suitable electronic connector) an electrical signal which
includes data indicative of, for example_, the subject’s latitude, longitude, altitude,
velocity and/or heading, as well the current time (the latter based upon the
received satellite signals). Therefore, GPS module 30 may simply comprise a
commerciélly-available GPS receiver, along with suitable connection elements
which allow GPS antenna 80, power supply 25, and processor/transmitter
module 60 to be operatively connected to the GPS receiver portion of GPS

module 30.

One commercially-available GPS receiver which may be used in an
embodiment of the present invention is the GPS-PS1 receiver available from p-
blox AG, of Zurich, Switzerland. Alternatively, the GPS-MS1 receiver (also
available from p-blox AG) may be used. Suitable GPS antennas are also

available from y-blox AG, as well as other sources.
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While some commercially-available GPS systems simply display the
user’s location (typically in terms of longitude and latitude values, and optionally
altitude), as mentioned previously, an embodiment of the present invention
utilizes GPS location data for computing velocity, pace and/or distance traveled.
Thus, the GPS device used in embodiments of the present invention may
acquire location information at predetermined intervals, such as between about
0.1 and about 1.0 seconds. In this manner, the GPS device is capable of
periodically determining the subject’s location (e.g., determining the subject’s
location between about every tenth of a second and about every second). Such
periodic location data can then be further processed (such as in the GPS
module, or alternatively in processor/transmitter module 60, or even in processor
75 of display component 7) in order to compute the subject's velocity (e.g.,
speed in miles per hour), pace (e.g., the user’s speed in terms of the number of
minutes to complete one mile), or distance traveled (e.g., the distance that the
user has traveled since an initial start point). The commercially-available GPS
receivers mentioned above are generally configured for computing velocity, and
may be readily programmed to compute pace and/or distance traveled. In this
manner, these commercially-available GPS receivers may be incorporated into
GPS module 30 such that GPS module 30 will provide a signal which includes
data indicative of the subject's latitude, longitude, altitude, velocity, heading,

pace and/or distance traveled (as well as the current time).

An embodiment of the monitoring system of the present invention which
includes an electronic positioning device is useful even without the inclusion of
a physiological monitor. For example, an individual can use the GPS device of
the monitoring system while running (or performing any other phyéical activity)
in order to determine their velocity at any given moment (e.g., in miles per hour),
their pace at any given moment (e.g., in terms of minutes per mile), and/or the
total distance they have run since an initial start time (e.g., from the moment they

begin running).

23

;/ IPR2018-00294
%pple Inc. EX1003 Page 219



L e )
LRI W TR0

a

-~
()}

ol TR

it i

W g gee ey g

Wl gy g e

LI |11 0 R 18

rt

When the monitoring system includes both an electronic positioning
device (such as a GPS device) and a physiological monitor (such as an oximeter
or heart rate monitor), data provided by the GPS system may be used in
conjunction with the physiological data for performance monitoring, testing
and/or training. By way of example, a heart rate monitor device incorporated
into a monitoring system according to the present invention may display a
subject’s heart rate at any given moment, while a GPS device of the system
simultaneously displays the subject’s velocity and/or pace. In this manner, the
subject (or another individual such as a coach or trainer) can more effectively
monitor the subject’s performance, exertion level and/or progress. By itself, a
runner’s velocity (or pace) is a poor indicator of performance and/or progress
(i.e., improvement). Likewise, heart rate alone is a poor indicator of
performance and/or progress when the subject’s velocity (or pace) is not known.
Simultaneously monitoring velocity (or pace) and heart rate (and/or blood
oxygen level), however, provides the missing link; i.e., the physiological effect
of running at a certain speed. Thus, incorporating an electronic positioning
device and a physiological monitor into an integrated system provides more

meaningful data.
Oximeter

As blood is pumped through the lungs, deoxyhemoglobin i'n the
bloodstream absorbs oxygen to become oxyhemogtobm Thereafter, the
oxygenated blood is delivered throughout the body, where the oxygen is
released in order to support metabolic function. Medical personnel often monitor
a patient’s blood oxygen level as one indicator of the patient’s overall condition.
For example, a patient’s blood oxygen level is typically monitored during surgery
in order to ensure that sufficient oxygen is reaching the patient’s brain and other

vital organs.
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Blood oxygen levels are typically monitored in terms of the oxygen
saturation level, which is defined as the amount of oxyhemoglobin as a
percentage of the total hemoglobin. For example, the typical oxygen saturation
level of a healthy adult at rest is between about 96% and about 98%, which
simply means that between about 96% and about 98% of the hemoglobin in the
arterial blood is oxygenated (i.e., converted to oxyhemoglobin). As used herein,
the term oximeter includes any device capable of determining blood oxygen

level.

Many commercially-available oximeters employ light absorption
measurements to determine blood oxygen levels, as well as heart rate. When
light is directed towards a volume of blood (such blood in an artery), a portion
of the light is absorbed by surrounding tissue as well as the blood. A sensor
may then detect the amount of light which is transmitted through or reflected by
the blood and surrounding tissue (i.e., light which is not absorbed by the blood
or surrounding tissue). During systole, the volume of blood in the artery is
increased, and more light will be absorbed by the blood. During diastole, the
volume of blood in the artery decreases, and in turn the amount of light
absorption decreases. Since light absorption by the surrounding tissue remains
constant, the amount of light absorption will vary as a function of heart rate.
Therefore, the subject’'s heart rate can be readily determined simply by
monitoring the amount of light absorption (e.g., by measuring the length of time
between peak levels of light absorption).

Oxyhemoglobin and deoxyhemoglobin differ in their absorption of light,
and these differences in light absorption properties can be employed to
determine the blood oxygen level. By measuring light absorption at two or more
different wavelengths, blood oxygen level can be readily determined. For
example, deoxyhemoglobin absorbs more red light than does oxyhemoglobin,
while oxyhemoglobin absorbs more infrared light than deoxyhemoglobin. Since

the absorption properties of oxyhemoglobin and deoxyhemoglobin are well-
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known, the ratio of oxyhemoglobin to total hemoglobin can be readily determined
merely by measuring light absorption at a red wavelength and at an infrared
wavelength. The ratio of light absorption at the two freduencies (e.g., red light
absorption divided by infrared light absorption) can be compared to values in a

look-up table in order to provide a measurement of blood oxygen level.

Typically, an oximeter directs light of two different predetermined
wavelengths in alternating fashion towards a volume of blood, and a light sensor
detects light which is transmitted through or reflected by the blood. Data
acquired by the light sensor is then précessed in order to provide a measure of
the oxygen level of the blood. In the embodiment depicted schematically in Fig.
5, a probe 41 may include a pair of light sources forvdirecting light of two
different wavelengths at a volume of blood, as well as a light sensor for
detecting light which is transmitted through or reflected by the blood. By way of
example, the light sources (such as LED's) may be configured to emit red light

(e.g., a wavelength of between about 610 nm and about 650 nm) and infrared

~ light (e.g., a wavelength of between about 810 nm and about 850 nm). Probe

41 is in electronic communication with oximeter module 40 via a wired or
wireless connection, such that probe 41 transmits data indicative of detected
light to module 40. Oximeter module 40 includes a processor and other
electronic componentry Which provides an electrical signal indicative of the
subject's blood oxygen level, and optionally the subject’s heart rate. Oximeter
module 40 is in electrical communication with processor/transmitter module 60,
such that the electrical signal indicative of the subject's blood oxygen level (and

optionally heart rate) is transmitted to processor 66. After processing,

- processor/transmitter module 60 may transmit the resulting oximetry data to

display component 7, as previously described. Alternatively, the oximetry data
from oximeter module 40 may be merely transmitted to display component 7 by

processor/transmitter module 60.
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The oximeter device utilized in embodiments of the present invention may
employ commercially-available components in order to provide the functionality
described above. For example, numerous manufacturers provide both oximeter
probes, as well as oximeter modules which may be used in the present
invention. Commercially-available oximeter modules are provided, for example,
as integrated circuits which may include one or more microprocessors, software,
and other electronic componentry for generating an electrical signal which
includes data indicative of the subject's blood oxygen level and heart rate. The
oximeter probe (also commercially-available) is merely operatively connected
to the oximeter module (such as by way of a wired or wireless connection), and
the oximeter module will then provide an electrical signal which includes data
indicative of the subject’s blood t:)xygen level and heart rate. A commercially-
available oximeter module may be repackaged into an enclosed unit suitable for
attachment to a support member (such as a belt to be worn by the subject) in
electrical communication with the other elements of data acquisition component
20. One commercially-available oximeter module which may be used in an
embodiment of the present invention is the OEM2 Pulse Oximeter Module
available from Nonin Medical, Inc. of Plymouth, Minnesota. Suitable oximeter

probes are also available from Nonin Medical, Inc., as well as other sources.

It should be noted that the monitoring systems of the present invention
preferably determine, and the analytical and training methods preferably utilize,
the subject's systemic blood oxygen level, rather than localized oxygen levels
(such as in or near active muscle tissue). When a subject performs a physical
activity, particularly a strenuous activity, blood oxygen level within and around
working muscles may vary considerably from the subject's systemic blood
oxygen level (i.e., the level of oxygen in the bloodstream as a whole). Thus, the
monitoring systems according to the present invention are preferably configured

*in order to minimize any localized variance in blood oxygen levels as compared

to the subject's systemic blood oxygen level. This may be accomplished, for
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example, by positioning the oximetry probe in a location of minimal muscle

activity, thereby avoiding active muscle tissues or regions.
Heart Rate Monitor

As mentioned previously, the physiological monitor used in certain
embodiments of the present invention may comprise a heart rate monitoring
device which provides data indicative of the subject’s heart rate. By way of
example, oximeter module 40 in Fig. 5 may merely be replaced by a heart rate
module which processes data received from probe 41 in order to provide an
electrical signal which includes data indicative of the subject's heart rate. In fact,
a heart rate module similar in configuration to oximeter module 40 may be
employed, except that the electronic componentry need not be configured for
determining the subject's blood oxygen level. In addition, probe 41 may be used
with a heart rate module, since, as described previously, the light absorption of
blood will vary with the subject's heart rate. During systole, the volume of blood
in an artery increases, thereby resulting in a detectable increase in light
absorption. Thus, the subject's heart rate may be readily determined, for
example, by measuring the period of time between light absorption peaks (i.e.,
peaks corresponding to systole). It should be pointed out, however, that light of
a single wave length is sufficient for monitoring the subject's heart rate.
Therefore, only a single light source is required in probe 41 if oximeter module

40 is replaced by a heart rate module.

As an alternative to employing light absorption measurements for
determining heart rate, electrocardiography ("ECG") may be employed. A
beating heart produces electrical pulses which can be readily measured in a
variety of manners well-known to those skilled in the art. For example, a pair or
electrodes may be positioned against the subject's chest in the region
surrounding the heart, such that the electrodes will detect ECG signals. Thus,
probe 41 may be replaced by an ECG-type probe having a pair of electrodes
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suitable for detecting ECG signals and transmitting data indicative of the
subject’s heart rate to a heart rate module. By way of example, U.S. Patent No.
5,491,474, which is incorporated herein by way of reference, discloses a
telemetric transmitter unit which may be used as a heart rate sensor or probe in
embodiments of the present invention. The telemetric transmitter unit of this
patent is configured to be worn about the subject's chest such that the
electrodes of the transmitter unit are operatively positioned so as to detect ECG
signals. As described in U.S. Patent No. 5,840,039, which is also incorporated
herein by way of reference, data indicative of the subject's heart rate may be
transmitted by the telemetric transmitter unit to a telemetric receiver unit. In the
present invention, the telemetric receiver unit may simply comprise the heart
rate module provided by data acquisition units 20. Alternatively, data from the
telemetric transmitter unit may be transmitted directly to data display component
7 of the present invention, such as by the methods of U.S. Paftent No. 5,840,039.
The transmitted heart rate data may then be further processed by data display
component 7, as desired. Of course, it is also contemplated that instead of the
wireless data transmission described in U.S. Patent No. 5,840,039, the heart
rate probe or sensor (such as the telemetric transmitter unit described
previously) may be in electrical communication with either data acquisition

component 20 or data display component 7 by means of one or more wires.

Data Display C onen

As mentioned above, display component 7 receives an electrical signat
from data acquisition component 20 via a wired or wireless link 64 (see Fig. 5).
This electrical signal will generally include data indicative of one or more of the
following: location, altitude, velocity, pace, distance traveled, heading, blood
oxygen level and heart rate. The electrical signal may be received, for exampvle,
by receiver 76 (which may alternatively comprise a transceiver). The received
electrical signal is then provided to processor 75 where the data may be further
processed in accordance with instructions stored in memory 77. The acquired

data may be processed in processor 75 in a variety of manners, depending
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upon, for example, the type of data which the subject or other individual wishes
to monitor. After processing, the data may then be displayed on display screen
52. The subject, or other individual monitoring the subject's performance, may
even select the type of data to be displayed by, for example, employing switches |
63-56. By way of example, the subject may select one or more predetermined

formats for data display utilizing input switches 53—-56.

Data display component 7 may also include one or more alarms 79 which
provide an audible and/or visible indication to the subject\ or other individual
monitoring the subject's performance. Data display component 7 may be
programmed such that an alarm 79 will be activated if a data value departs from
a predetermined limit or range. For example, the monitoring system of the
present invention may be programmed such that an alarm 79 will be activated
if the subject's velocity, pace, distance traveled, blood oxygen level or heart rate
is outside a predetermined range. In one embodiment, the subject may program
the monitoring system of the present invention, such as by using input switches
53-56, in order to set predetermined levels or ranges for a variety of acquired
data. For example, the subject can input an alarm level or range for blood
oxygen level, such that an.alarm 79 will be activated if the subject's blood
oxygen level falls below the predetermined level or outside of the predetermined
range. Similar alarm set points can be established by the subject or another
individual monitoring the subject's performance for velocity, pace, distance
traveled and/or heart rate. In this manner, the subject's performance of the
physical activity can be precisely controlled. It should be pointed out that alarms
79 may take a variety of configurations, such as a device capable of generating
an audible sound (such as a tone or beep) in response to a signal received from
processor 75, or a device capable of generating a visible signal (e.g., a blinking

light source) in response to a signal received from processor 75.

As further discussed below, data display component 7 may also include

one or more status indicators 57 and 58 (see Fig. 10). Status indicators 57 and
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58 may be operatively connected to processor 75 such that one of said status
indicators is activated when data acquisition component 20 is not operating
properly. For example, the status indicators may merely comprise a portion of
display screen 52 which illuminates in order to alert the subject or other
individual monitoring the .subject's performance that, for example, the GPS
device has not acquired the necessary satellite signals, or the physiological

monitor is not properly acquiring phySiologicaI data from the subject.

Exemplary Embodiment of Exercise Monitoring System

As mentioned previously, Fig. 3 depicts a runner using an exemplary
exercise monitoring system according to one embodiment of the present
invention. In the monitoring system of Fig. 3, data acquisition component 20 is
configured to be worn about the waist of the subject. As more fully described
herein, the data acquisition component can comprise any of a variety of
structures and configurations, and the structure shown in Fig. 3 is merely
exemplary of one embodiment of the present invention. The data display
component in Fig. 3 comprises a data display component 7 worn about the wrist
of the subject. Once again, as more fully described herein, the data display
component can comprise any of a variety of structures and configurations, and

that shown in Fig. 3 is merely exemplary of one embodiment.

Data acquisition component 20 acquires data while a subject wearing
component 20 performs a physical activity. The acquired data is processed and
then displayed by data display component 7. In this manner, data may be
acquired while the subject performs the physical activity at any location, thus
allowing performance testing and monitoring to be performed anywhere. As
shown in the perspective view of Fig. 4, data acquisition component 20 includes
a support member 15 which generally comprises an elongate member sized and

configured to be worn about the user’s waist. Support member 15 may be made
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from any of a variety of suitable materials, particularly flexible materials such as
polyurethane or other plastics which can be manufactured to be both flexible and
soft. Support member 15 may include connector elements at each end thereof
in order to facilitate securing support member 15 about the user’s waist. These
connector elements may comprise any conventional elements used to secure a
belt about a person’s waist, including conventional belt buckle elements, or hook
and loop fastener elements. In the embodiment shown, male and female
connector elements 21 and 22, respectively, are provided at opposite ends of
support member 15. Connector elements 21 and 22 are made from a resilient
plastic, thereby allowing male element 21 to be releasably snapped into female
element 22 in order to secure support member 15 about the user's waist.
Support member 15 may also be adjustable in length to accommodate different

waist sizes, and to allow support member 15 to be adjusted for comfort.

As best seen in the enlarged viewv of Fig. 6, the various modules
described previously are mounted on support member 15 in order to provide the
desired data acquisition functions. The modules are preferably provided on
support member 15 at a side opposite to connector elements 21 and 22 (as
shown in Fig. 4). In this manner, support member 15 may be worn about a
subject's waist, with connector elements 21 and 22 located in front, with the
modules positioned adjécent the subject's lower back. Not only does this
arrangement provide for ease of use (i.e., connecting and disconnecting
connector elements 21 and 22), it also provides a more comfortable
arrangement due to the increased bulk of the modules. In addition, when a
probe or sensor (such as an oximeter probe) is incorporated into support
member 15, the probe or sensor may be operatively positioned against the
subject's lower back. Of course other arrangements may be provided,
particularly whenever it is necessary to orient a probe or sensor at some other

location with respect to the subject's body.
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GPS module 30, oximetry module 40, antenna 80 and processor/
transmitter module 60 may be provided on support member 15. Each may be
removably attached to support member 15 such that they may removed and
attached as needed, or even replaced by other modules which provide different
functionality (such as a heart rate monitor module). Each module generally
includes electronic circuitry suitable for performing the desired data acquisition
and/or processing function, as described above (e.g., acquiﬁng data indicative

of blood oxygen level of a subject wearing support member 15).

While each module may include the necessary circuitry for independently
acquiring, processing and transmitting data, the embodiment of data acquisition
component 20 depicted in Fig. 4 includes circuitry which allows data and other
electrical signals to be passed from one module to another. In this manner, for
example, a single processor/transmitter module 60 may be employed for not only
processing data from GPS module 30 and oximeter module 40, but also for
transmitting such data to display component 7. In addition, one or more power
supplies, such as batteries 125, may providé power to multiple modules
provided on support member 15. In order to provide such electrical integration
of data acquisition component 20 and the various modules attached thereto,
support member 15 may include a plurality of electrical conduits to allow
electrical signals to be exchanged between the various modules, as desired.
Each of the modules (including antenna 80) is configured such that each may
be attached to belt 20 in electrical communication with one or more of the

electrical conduits of belt 20.

Electrical conduits may be provided on support member 15 in a variety
of manners, such as along inner surface 24 or outer surface 23 of support
member 15. Alternatively, a plurality of electrical conduits may be provided
within the interior of support member 15. As best seen in the cross-sectional
view of Fig. 12, a plurality of electrical conduits 63 extend through the interior of

support member 15, and are thus protected and insulated by the material from
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which support member 15 is formed. Individual conduits may be provided within
support member 15 (as shown in Fig. 12), or a flexible electrical strip such as a
membrane circuit may be provided within support member 15. One or more
separate conduits for transmitting electrical power may also be provided in
support member 15. Thus, as seen in Fig. 12, first and second power cables 61
and 62, respectively, extend through the interior of support member 15.
Electrical conduits 63 and power cables 61 and 62 may extend through the
interior of support member 15 in any of a variety of patterns; generally as
necessary to provide the desired electrical connections between the various
modules and power supplies. Of course, it will be understood that conduits for
transmitting electrical power from batteries 25 to the various modules may also
be provided on a flexible electrical strip along with the electrical conduits

described previously.

The various modules and support member 15 are configured such that
each module may be attached to éupport member 15 in electrical communication
with one or more of electrical conduits 63, and optionally one or both of power
cables 61 and 62. As best seen in the top plan view of Fig. 7, wherein the
modules have been removed from support member 15, a plurality of electrical
apertures 29 (also commonly referred to as female connectors or female
electrical terminals) are provided on support member 15. Electrical apertures
29 may be arranged in any desired pattern, and the rectangular grid shown is
merely exemplary of one possible arrangement. The arrangement of electrical
apertures 29, however, should correspond with the arrangement of electrical
connectors provided on each module (as described below). Each aperture 29
is in electrical communication with one of electrical conduits 63. A pair of power
apertures 28 are also provided above and below each grid of electrical
apertures 28, and each power apertures is in electrical communication with one

of first and second power cables 61 and 62.
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Turning to Fig. 8 which depicts GPS module 30, a plurality of electrical
connectors 33 (also commonly referred to as male connectors or male electrical
terminals) extend away from rear surface 34 of GPS module 30. Electrical
connectors 33 may be arranged in the same pattern as electrical apertures 29
on support member 15. Similarly, GPS module 30 includes a pair of power
connectors 32 which extend away from rear surface 34 of module 30, above and
below the grid of electrical connectors 33. In this manner, GPS module 30 may
be attached to support member 15, with each electrical connector 33 engaging
an electrical aperture 29 on support member 15 and each power connector 32
engaging a power aperture 28 on support member 15. Thus, the arrangement
of electrical connectors 33 and power connectors 32 on GPS module 30 should
correspond to an arrangement of electrical apertures 29 and power apertures
28 on support member 15. In the embodiment of Fig. 7, each rectangular grid
of electrical apertures 28 and corresponding pair of power apertures 28 (i.e.,
above and below the rectangular grid) are identical. Thus, GPS module 30 can
be attached to support member 15 at a variety of locations. The other modules
may have an arrangement of electrical connectors 33 and power connectors 32
which is similar to that for GPS module 30 (as shown in Fig. 8). In this manner,
each module can be attached to support member 15 at a variety of locations.
Alternatively, each module may have a unique configuration which allows that
module to be attached to support member 15 only at one or more selected

locations.

In order to further secure GPS module 30 to support member 15, a pair
of mounting tabs 31 may also extend away from rear surface 34 of module 30.
A pair of corresponding mounting apertures 27 are provided on support member
15. Mounting tabs 31 and mounting apertures 27 are arranged such that GPS
module 30 may be attached to support member 15 with each mounting tab 31
engaging a mounting aperture 27 on support member 15. Each mounting tab
31 may be resilient in nature such that the end portion of the mounting tab will

engage a mounting aperture, thereby securely attaching GPS module 30 to
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support member 15. The other modules may each include similar mounting tabs
such each module may be securely attached to support member 15 in the same
manner. In fact, each module may have a shape and configuration similar (or
even identical to) GPS module 30. Of course a variety of alternate
configurations may be employed for each module, particularly if the system is
designed such that each module can be attached to support member 15 only at
a single, predetermined location. It should be pointed out that
processor/transmitter module 60 of the embodiment shown in Fig. 4 is sized
somewhat larger than GPS module 30 and oximeter module 40. Thus, module
60 may include four mounting tabs 31 for attachment to support member 15 at

region P shown in Fig. 7.

While individual power supplies may be provided in each module, one or
more power supplies may be provided on support member 15 in order to provide
electrical power to each module. A variety of sources of electrical power may
be provided, such as rechargeable or non-rechargeable batteries, one or more
solar cells, or a combination of any of the foregoing power sources. In the
embodiment shown in Fig. 4, a pair of batteries 125 are provided on support
member 15 in electrical communication with first and second power cables 61
and 62. Each battery 125 may be removably or permanently secured to support
member 15, and may be located internally or externally of support member 15.
Each battery 125 may provide power to selected modules, or both batteries may
be configured to provide power to all of the modules. A power switch 26 may
also be provided bn support member 15. Power switch 26 is operable for turning
support member 15 on and off (i.e., allowing power to be supplied to the

modules when switch 26 is in its on position).

Fig. 15 depicts an alternative data acquiSition component according to an
embodiment of the present invention. In the embodiment of Fig. 15, the data
acquisition component is configured similar to a bra, and therefore includes a
fabric article 114 configured to be worn about a subject’s chest. A support
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member 115 is incorporated into the fabric article. In fact, support member 115
may be configured identical to support member 15 described above, and
includes the various modules and other components described in conjunction
with the data acquisition component of Fig. 4. Support member 115 may be
secured to fabric article 114 in a variety of manners, such as an adhesive or by
sewing support member 115 directly to fabric article 114. An opening may also
be provided in fabric article 114 in the region of the oximeter probe in order to
allow the probe to be urged against the subject's back, such as below the
subject's shoulder blade. Of course it will be»recognized that support member
115 may be used without fabric article 114, such that support member 115 is
merely secured about the subject’s chest similar to the manner in which the
telemetric transmitter unit of a conventional heart rate monitor is secured about

a user’s chest.

As best seen in Fig's 11 and 12, probe 41 is integrally provided on
support member 15 such that probe 41 extends partially away from inner surface
24 of support member 15. In this manner, support member 15 will urge probe
41 against the subject’s skin in the lower back region in order to acquire blood
oxygen data. An electrical connector 45 (such as a cable or wire) electrically
connects probe 41 to the oximeter module. Probe 41 includes a first light source
42 configured for emitting red visible light, and a second light source 43
configured for emitting infrared light. First and second light sources 42 and 43
may comprise, for example, LED'’s. Probe 41 also includes a light sensor 44.
Thus, probe 41 may acquire blood oxygen and heart rate data in the manner

described previously.

Figure 18 depicts an alternative embodiment of a physiological monitor
for use with the data acquisition component of the monitoring 'system of the
present invention. In the embodiment of Fig. 18, probe 141 is remote from the
support member for the data acquisition component of the monitoring system.

Thus, probe 141 is operatively connected to oximeter module 130 by means of
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a cable 145. Of course another suitable wired or wireless link may be used in
place of cable 145. The configuration of Fig. 18 is advantageous in that probe
141 may be attached to the subject in a variety of locations, such as the
subject’s lower back, torso, beneath the shoulder blade, or even on the subject’s
head (such as on the subject’'s forehead). Therefore, probe 141 may be
positioned in a variety of locations. The embodiment of Fig. 18 is also
advantageous when the monitoring system is used on a non-human subject such
as a horse. Probe 141 may be attached to the horse’s forehead (such as using
adhesive or a suitable harness), while a jockey or trainer riding the horse wears

data acquisition component 20 (such as around their waist).

Display Component

As discussed previously, particularly in conjunction with the description
of the schematic illustration of Fig. 5, the monitoring system of the present
invention includes a display component (or display unit) for displaying data
which has been acquired and processed by the data acquisition component.
The display component of the monitoring system of the present invention may
comprise any of a variety of structures suitable for displaying data and other
information to the subject or an individual monitoring the subject's physical
activity (such as a trainer or a coach). The display component may therefore
comprise a personal computer having a monitor associated therewith, wherein
the personal computer receives data from the data acquisition component via a
wired or wireless connection. Alternatively, the display component may
comprise a display device which is configured for use in a particular physical
activity, such as a display unit which attaches to a bicycle in a location visible

to the rider (e.g. a handlebar-mounted display unit).
The display component may alternatively comprise a "heads-up" type

display unit configufed for displaying data and other information directly to the

subject. As used herein, the term “heads-up display unit” refers to any display
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device which is configured to display data to the subject in front of the subject’s
face. Such a device may be conﬁéured to project data and other information
onto glasses worn by the subject, swimming goggles, a visor worn by the subject
(such as a visor attached to a bicycle helmet), or even onto a display screen
which is physically attached to helmet, visor, hat or other structure positioned on
the subject's head in a position so that data and other information displayed
thereon is directly visible to the subject. Figure 19 depicts an exemplary heads-
up display unit 107 comprising glasses of the type described in patent
application number WO 99/23524 (which is incorporated herein by way of
reference). Such glasses include a display assembly 153 which displays data
onto eyeglass lens 152. A cable (or wire) 154 connects the glasses to
processor/transmitter module 60, through peripheral interface 68 provided on
module 60. Such a display device is available from the MicroOptical
Corporation of Boston, Massachusetts. Alternatively, the display device
described in patent application number WO 99/23525 (which is incorporated
herein by way of reference) may be used. The display device described in this
latter patent application essentially provides a display screen positioned in front
of the subject's eyeglasses (or is otherwise positioned in front of the subject’s
face) so that the subject may view data and other information provided on the
display screen while still being able to see through the glasses. The focal point
of the display screen, however, may be adjusted so as to appear several feet in
front of the subject's glasses. In this manner, the subject may view the data and
other information provided on the display screen, while still being able to use the
glasses in a normal fashion. Other suitable heads-up type display devices are
well-known to those skilled in the art, and may be utilized in the monitoring

system of the present invention.

Figures 9 and 10 depict yet an exemplary display component 7 according
to one embodiment of the present invention. Display component 7 comprises
a wrist watch-type display unit which may be worn about the subject's wrist.

Display unit 7 includes a flexible band 51 by which the display component may
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be secured about a subject's wrist. Display component 7 also inciudes a display
screen 52, which may be configured similar to the display screen of a digital
wrist watch. Thus, display screen 52 is configured so as to display data and
other information to the subject by means of an LCD screen, or other suitable
means well-known to those skilled in the art. Display component 7 further
includes actuators or switches 53-56 which allow the subject to operate and
control the monitoring system of the present invention. Display screen 52 also
may be subdivided into a number of regions which are configured to display
specific information to the subject. For example, first display region 70 may be
configured as a three digit display which provides the subject's blood oxygen
level (as a percentage of saturation) or the subject's heart rate (in beats per
minute). Second display region 71 is similarly configured as a three digit
display, which may be used to display the subject's velocity (in miles per houf
or kilometers per hour) or the subject's pace (e.g., in minutes per mile). A third
display region 72 is also shown, and may be configured to display, for example,

elapsed time.

Display screen 52 aIsb includes first and second status indicators 57 and
58. Status indicators 57 and 58 may be configured such that status indicator 57
will illuminate when the GPS device has acquired the necessary satellite signals
for measurement purposes. Second status indicator 58 may similarly illuminate
when the sensor or probe for the physiological monitor (such as an oximeter or
heart rate monitor) is operable and acquiring physiological data from the subject.
First and second mode indicator 73 and 74 may also be provided on display
screen 52. First mode indicator 73 merely indicates to the subject the current
mode of opération of display component 7. During use, the subject may alter the
mode of operation of display component 7 in order to alter the particular data or
other information displayed on display screen 52. The subject may utilize mode
switch 54 to toggle display screen 52 so as to display one or more of the
following data: blood oxygen level, heart rate, elapsed time ("TM"), average

speed, maximum speed, year-to-date miles or kilometers ("YTD"), or the current
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time (“clock mode” or “CL"). Second mode indicator 74 merely indicates to the

subject whether or not data is being displayed in terms of miles per hour,

kilometers per hour, or minutes per mile.

In order to operate display component 7, a number of actuators or
switches are provided. Thus, as mentioned above, mode switch 54 is used to
toggle display screen 52 between various modes of operation. Start/stop switch
53 may be used to commence data measurement. For example, the subject may
press start/stop switch 53 when they begin performing a physical activity such
that the measurement of elapsed time and distance traveled will begin at that
point. When the start/stop switch 53 is depressed a second time, measurement
of elapsed time and distance traveled will stop, similar to the manner in which
a chronograph is employed. Display component 7 also includes third and fourth
actuators 55 and 56 positioned on either side of display screen 52. Actuators
55 and 56 may be used for a variety of purposes, depending upon the
configuration of the monitoring system. For example, actuator 55 may be used
to toggle first display region 70 between displaying blood oxygen level and heart
rate. Similarly, actuator 56 may be used to toggle second display region 71

between displaying miles per hour, kilometers per hour, or minutes per mile.

Figures 13 and 14 depict an alternative display unit 107 which is
configured to be mounted on a bicycle such that a subject riding the bicycle can
view the data displayed on display unit 107. Display unit 107 includes a main
housing 151 and a clamp member 160 positioned beneath main housing 151.
Main housing 151 and clamp member 160 each include a semi-circular groove
such that when main housing 151 and clamp member 160 are positioned as
shown in Fig. 14, a circular opening is provided therebetween. This circular
opening is sized an configured to accept a handlebar 185 of a bicycle. In this
manner, when clamp member 160 is secured to main housing 151 (such as by
means of screws 161), handlebar 185 is securely held between clamp member
160 and main housing 151 as shown.
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Display unit 107 further includes a display screen 152 which may be
configured in the same manner as display screen 52 of the display unit shown
in Fig. 10. Display unit 107 also includes input switches 153-156, which may be
configured in the same manner as input switches 53-56 on the display unit
shown in Fig. 10. Thus, dispiay unit 107 is essentially the same as display unit
7 of Fig. 10, except that the clamping mechanism described above has replaced
band 51 of the display unit shown in Fig. 7. It should be noted that band 51 of
display unit 7 of Fig. 10 may also be used to secure display unit 7 to the
handlebars of a bicycle, particular if band 51 employs a hook and loop fastening
system.

Analytical and Training Methods

While the monitoring system of the_ present invention may simply display
the exercising subject's location (e.g., in terms of longitude and latitude),
altitude, velocity, pace, heart rate (e.g., in beats per minute), distance traveled,
and/or blood oxygen level (e.g., as a percentage of saturation), the monitoring
system of the present invention may be configured to further process, analyze
or otherwise utilize this data. In this manner, the monitoring systems of the

present invention may be used to monitor, analyze and/or control a subject’s

performance of a physical activity at any location.

By way of example, runners are very interested in monitoring their
velocity, pace and/or total distance run. A simple pedometer may provide a
rough estimate of thé total distance run, however, such devices are inaccurate
and do not provide a direct measurement of velocity or pace. While treadmills
typically provide an accurate measurement of velocity, pace and total distance,
many runners prefer outdoor running. Running on a track or premeasured route
will also provide a measure of total distance run, however, many runners do not

want to be restricted to running round and round on a track or on the same
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course day after day. In addition, the runner will be unable to determine their

instantaneous velocity, pace or total distance traveled.

In order to overcome the above problems, the monitoring systems of the
present invention which include a GPS device may be configured to provide
more than just location information. As described previously, the location data
acquired by the GPS device may be used to compute and display the subject’s
velocity, pace and/or distance traveled. Such information is particularly useful
when the subject is performing a physical activity wherein performance may be
measured in terms of speed, time and/or distance, such as walking, running,
swimming, wheelchairing (e.g., wheel chair racing), bicycling, skating (e.g.,
speed skating on any surface), skiing (e.g., cross-country skiing), or boating
(e.g., rowing, sailing, kayaking, or canoeing), or climbing (e.g., rock climbing).
When the system is worn by a human subject performing a physical activity, he
or she may simply view the display screen at any time in order to obtain their
speed, pace and/or distance traveled. Alternatively, particulariy when the
subject is an animal such as a horse, the display screen may be viewed by
another individual (such as a trainer or even a jockey) in order to monitor the

animal’s speed, pace and/or distance traveled.

A monitoring system according to one embodiment of the present
invention may also be configured (e.g., programmed) to provide a visual and/or
audible alarm which is responsive to data provided by the GPS device and/or a
physiological monitor (when provided). In one embodiment, the system is user-
programmable so that a visible and/or audible alarm is activated when at least
one of the subject’s speed, pace, blood oxygen level and heart rate departs from
a predetermined target, and/or when the subject has traveled a predetermined
target distance. For example, a runner may input a predetermined pace of 6:00
per mile (a pace "set point"). Thereafter, the system alarm will activate
whenever the runner's pace departs from the desired 6:00 per mile pace by

more than a certain amount (e.g., £ 10%). The alarm will remain activated until
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the runner’s pace returns to the desired level. The runner may also input a
predetermined distance. Thereafter, the system alarm will activate when the
runner has traveled this predetermined distance. In this manner, the runner can
precisely control their speed and/or total distance without having to run on a

treadmill or track.

The monitoring system may also be configured such that multiple targets
(or set points) may be established by a user (e.g., the subject performing th.e
physical activity, or a coach or trainer). For example, a runner may wish to
perform interval training wherein they maintain a first predetermined pace for a
first predetermined period of time or distance, and thereafter maintain a second
predetermined pace for a second predetermined period of time or distance.
Thus, the monitoring system of the present invention may be configured to allow
for the input of muiltiple setpoints (or targets) and multiple time or distance
intervals. Thereafter, a system alarm will activate when the runner's pace
departs from a specified setpoint of a particular interval, thereby allowing the

runner to perform interval training at precise speeds and/or distances.

The systems of the present invention may also be configured for
recording speed, pace and/or distance traveled data, and maintaining such data
in memory for later retrieval and/or display. For example, the start button (or
other input device) may be activated in order to commence recording of data
(such as to coincide with beginning performance of the physical activity). The
stop button (or other input device) may thereafter be activated upon completion
of the physical activity. Speed, pace, average speed, average pace, elapsed
time and/or distance traveled data may then be retrieved from memory and

displayed.
When the system of the present invention includes both a GPS device

and a physiological monitor, data provided by the GPS device may be used in

conjunction with data provided by the physiological monitor. While heart rate
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and blood oxygen data is useful, the utility of such data is greatly improved if the
subject’s workload is also known. Thus, embodiments of the monitoring system
of the present invention which includes both a GPS device and a physiological
monitor allow for the monitoring of a physiological parameter (e.g., heart rate or
blood oxygen level) and workload. A user may even input their weight so that
the monitoring system may compute real-time workload based upon the subject’'s
velocity and altitude changes. In this manner, the system even accounts for
elevational changes when determining (and even displaying) the subject’s

workload. Thus, meaningful data can be obtained even when the subject is

exercising at varying altitudes (e.g., running or biking on hilly terrain).

Applicants have also found that monitoring blood oxygen levels while
performing a physical activity provides data which is useful for both training and
analytical purposes. For example, applicants believe that blood oxygen data
provides an indicia of metabolic function, and therefore provides an effective
training parameter which can replace or be used in conjunction with heart rate
monitoring. As further described below, blood oxygen monitoring also allows for
training and analytical techniques which are generally difficult to implement

using conventional physiological monitoring such as heart rate monitoring.

As an individual performs a physical activity, the working muscles
consume oxygen at a rate which is higher than the rate of oxygen consumption
while at rest. The body compensates‘ for the increased oxygen requirements by
increasing oxygen intake and/or blood flow. Oxygen intake may be increased,
for example, by increasing breathing rate and/or the volume of air inhaled in
each breath, while blood flow is increased by an increase in heart rate. At low
levels of physical exertion, the blood oxygen level will remain at or near the
subject’'s normal resting level. Atthese low levels of exertion, energy is primarily
provided by an aerobic metabolic process which consumes oxygen. Since the
cardiovascular system is able to supply sufficient oxygen to meet the body's

demands, blood oxygen level remains at or near the normal resting levels.
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As the level of exertion is increased, however, the cardiovascular system
is unable to supply sufficient oxygen to meet the demands of working muscles.
Thus, the body will begin to supply a portion of the energy requirements by an
anaerobic metabolic process which does not consume oxygen. However, lactic
acid is a byproduct of the anaerobic process, and must be eliminated by the
body in order to prevent muscle failure. When only a small portion of the
subject's energy requirements are provided by the anaerobic process, the body
is generally able to eliminate the lactic acid byproduct. As the level of exertion
is increased, however, the anaerobic process is responsible for more and more
of the body’s energy requirements. Eventually, the body is unable to eliminate
lactic acid at the same rate that it is being produced. At this point (often referred
to as the “lactate threshold” or “LT"), lactic acid will begin to accumulate in the
working muscles, eventually leading to muscle failure. If the subject continues
to perform at a level of exertion above LT, it is only a matter of time until the

working muscles begin to fail and the subject must stop.

Applicants have surprisingly found that blood oxygen data provides an
indirect measurement of the body’s metabolic functioning. For example, as the
level of exertion is progressively increased, the blood oxygen level will
decrease. The plot shown in Fig. 16 depicts a runner’s heart rate and blood
oxygen level as their workload is progressively increased. Workload can easily
be computed on the basis of the subject’s weight and speed (and optionally
altitude changes if running on a hilly course), and the monitoring system of the
present invention can readily compute and display the'éubject’s workload. As
noted from the plot Fig. 16, heart rate increases with workload, while blood
oxygen level decreases. Thus, it is apparent that blood oxygen level
(particularly systemic blood oxygen level) varies with the metabolic functioning
of the body. In fact, Applicants’ discovery that blood oxygen level provides an
indicator of metabolic function is quite useful in that blood oxygen data can now
be used to monitor, analyze and/or control a subject’s performance of a physical

activity. Thus, the present invention provides methods using blood oxygen data
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to perform one or more of these functions. In fact, embodiments of the
monitoring system of the present invention may be configured (e.g.,
programmed) to provide one or more of these functions (such as activating an
alarm when the subject’s blood oxygen level departs from a predetermined
target level or range). It should be pointed out, however, that the methods of the
present invention which utilize blood oxygen data need not be performed using

the exercise monitoring systems of the present invention.

One particular method provided by the present invention is a method of
controlling (i.e., regulating) a subject’'s physical activity by monitoring the
subject’s blood oxygen level, and maintaining the subject’'s blood oxygen level
at a selected level (such as a setpoint or a range) while the subject continues
to perform the physical activity. Such a method can provide an effective training
;tool for athletes in that they (or their coaches) can more effectively control
training sessions, or even monitor their performance during a race. For
example, if a marathoner knows their appropriate blood oxygen level for
completing a marathon, they can monitor their blood oxygen level during the
race in order to ensure that their blood oxygen level does not exceed or fall

below their target level.

The subject's blood oxygen level can be maintained at a selected level
by adjusting the subjeét’s workload (e.g., slowing down, speeding up, changing
gears on a bike, etc.). Similarly, the subject’s level of exertion may also be
modified as needed in order to maintain their blood oxygen level at the selected
level. The subject’s oxygen intake may even be modified in order to maintain
blood oxygen at the selected level. For example, various devices are available
for regulating the amount of oxygen which is inhaled by an exercising subject
(such as by restricting air flow to the user’s lungs). A swimmer can also regulate
their oxygen intake by regulating their breathing. Thus, a swimmer can even
use the monitoring systems of the present invention (particularly an embodiment

having an audible alarm which activates when blood oxygen departs from the
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selected level) to regulate their blood oxygen by altering breathing patterns. A
subject can also control the depth or volume of their breathing (e.g., deep or
shallow breathing) in order io maintain blood oxygen at the desired level. The
subject’s blood oxygen level can also be maintained at a plurality of selected
levels for one or more predetermined intervals. Thus, interval training can be

performed based upon blood oxygen data.

The subject may also perform initial testing in order to determine
desirable blood oxygen levels or heart rate for subsequent training or

competition. For example, the subject may perform a test routine which

- estimates the subject’s lactate threshold (i.e., the subject’s blood oxygen level

or heart rate at their lactate threshold). Thereafter, the subject may perform a |
physical activity at a blood oxygen level which is selected on the basis of their
previously determined lactate threshold (“LT"). By way of example, the subject’s
LT may be determined using a plot similar to that of Fig. 16. The subject
performs a physical activity while their blood oxygen level is monitored. The
subject's workload (e.g., speed) is then incrementally increased at
predetermined intervals (e.g., increase speed by 1% every two minutes) until
exhaustion (or some other selected endpoint). When blood oxygen is plotted
against workload (or even speed), the subject's LT will generally correspond to

the point of inflection identified at A in Fig. 186.

As yet another alternative, a fithess parameter (such as LT) of a subject
may first be determined. Thereafter, the same fitness parameter may be

measured on subsequent occasions in order to measure improvements in the

subject’s fitness.

The monitoring system of the present invention described above may
even be programmed to provide for determining a fitness indicator (such as LT).
The subject’'s weight may be inputted into the system, and the subject will then

begin performing the physical activity (e.g., running). The system may
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determine the subject’s speed and altitude changes, which the system then uses
to calculate the subject’'s workload. The system may evén be programmed to
signal to the subject when the workload should be increased (such as by
activating an alarm). Once the test protocol has been completed, the system will
calculate the subject’s LT (or other fitness indicator) on the basis of the acquired
workload and blood oxygen data. Altel;natively, the system may use heart rate
(rather than blood oxygen data) to compute the fithess indicator (such as LT) by
well-known methods. One such well-known test protocol is the Conconi Test

which employs heart rate measurements with increasing workload to determine

a subject’'s VO2max.

Blood oxygen data can also be monitored while a subject performs a
physical activity in order to reduce variability in blood oxygen levels. By
stabilizing blood oxygen levels while performing at a constant workload, the
subject’'s performance will be improved. Thus, the monitoring system of the
present invention may be configured to measure the time variability of the
subject’'s blood oxygen level, particularly when the workload remains at a
substantially constant level. The time variability may simply be calculated as the
standard deviation of blood oxygen over a predetermined time interval (e.g., the
standard deviation of blood oxygen level over the preceding 5 seconds). The
manner in which the physical activity is performed may then be adjusted in order
to reduce the time variability of blood oxygen level. In fact, the system may even
be configured to activate an alarm if the time variability of the subject’s blood
oxygen level exceeds a predetermined limit. By way of example, the subject
may reduce the time variability of blood oxygen by stabilizing their breathing
(e.g., concentrating on deep, rhythmic breathing), or by merely concentrating on

stabilizing their workload or level of exertion.
By way of example, the plot of Fig. 17a depicts a runner’s blood oxygen

level as their pace (in miles per hour) is gradually increased. 1t will be noted that

the subject’s blood oxygen level shows significant variability which does not
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correlate with increases in workload. In other words, the subject’s blood oxygen
level shows significant peaks and valleys, rather than gradually decreasing as
would be expected. When blood oxygen level drops and rises rapidly, the
subject’s performance will suffer. For example, lactate levels may begin to rise,
leading to premature muscle failure. Figure 17b is a plot from the same runner,
however the runner concentrated on their breathing (i.e., rhythmic, deep
breathing from their belly, rather than from their chest). The result is that blood
oxygen levels are more stable, even though the workload is increasing. In fact,
the subject’s blood oxygen level in Fig. 17b remained substantially constant at
about 96% when pace was increased from about 6mph to about 9mph. In the .
plot of Fig. 17a, however, the subject’s blood oxygen level varied between about
91% and about 98% over this same pace range. Such variability in blood

oxygen level will inevitably lead to decreased performance.
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An exercise monitoring system, comprising:
(a) an electronic positioning device;

(b) a physiological monitor; and

(c) a display/unit configured for displaying data provided by said

,electro?c positioning device and said physiological monitor.

The exercise monitoring system of claim 1, wherein said electronic
positioning device is configured to receive electromagnetic signals from
three or more sources so that said monitoring system can determine at
least one of a subject’s location, altitude, velocity, pace, and distance

traveled.

The sy$tem of claim 2, wherein said electronic positioning device

comprisgs a GPS device.

The system of claim 1, wherein said physiological monitor is chosen from

the group consisting of: an oximeter and a heart rate monitor.

The system of claim 4, wherein said electronic positioning device

comprises a GPS device.

The system of cfaim 3, wherein said GPS device and said physiological
as part of a user-wearable data acquisition unit

which is separate from\said display unit.
The system of claim 6, wherein said data acquisition unit further
comprises a support member, and said GPS device and said

physiologi¢al monitor are provided on said support member.

The system of claim](fwherein said GPS device and said physiological

monitor are removably secured to said support member.
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¢ ¢

The system of claim 6, wherein said data acquisition unit is configured to

be worn about a human user's waist.

The system\of claim 6, wherein said data acquisition unit is configured to

be worn ab rt a human user’s chest.

The system of claim 1, wherein said display unit is configured to be worn

about a human user's wrist.

The system of claim 1, wherein said display unit is configured to be

mounted to a bicycle.

~—

The system of claim 1, display unit is configured to be worn

v

The system of claim 1, wherein said physiological monitor includes a

about a human user'’s

probe configured for acquiring physiological data from a user.

The system of claim 4, wherein said physiological monitor comprises an

oximeter.

The system of claim 4, wherein said physiological monitor comprises a

heart rate monitor.

—

The system of claim 1, wherein said system further comprises an alarm
which is activated when data provided by at least one of said electronic
positioning device and said physiological monitor does not meet a

predetermined target.
An exercisexanitoring system, comprising:
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19.

20.

21.

22.

(a) an electrqnic positioning device configured to receive

electromagnetic signals from three or more sources so that said
monitoring system can determine a subject’s velocity or pace;
(b) a display unit cQnfigured for displaying data provided by said.
electronic positioniyg device; and
(c) an alarm, wherein sald alarm is activated when a subject’s velocity

or pace does not meef\a predetermined target.

An exercise monitorinhg system, comprising:

?

(a) an oximeter donfigured to determine a subject's blood oxygen
level,

(b) a display unit copfigured for displaying the subject’s blood oxygen
level; and

(c) én alarm, wherein, said alarm is activated when the subject’s blood
oxygen level does\not meet a predetermined target.

A method of controlling a-§ubjects physical activity, comprising: '

(a) monitoring a/subject’'s bfopd oxygen level while the subject

(b) maintaining said blo

The method of clai , wheriin said blood oxygen level is maintained
at said selected level by adjusting the workload of said physical activity

as necessary.

The method of claim 20, wherein $aid blood oxygen level is maintained
at said selected level by adjusting the subject’s level of exertion as

necessary.
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23.

24.

25.

26.

27.

28.

29.

30.

. -

The method of clai

20, wherein said blood oxygen level is maintained
at said selected level by adjusting the subject's oxygen intake as

necessary.

The method of claim 2§, wherein said physical activity is chosen from the
group consisting of: Wwalking, running, swimming, bicycling, skating,
singing, skiing, boating, climbing, wheelchairing, snowshoeing, scuba

diving, and flying.

The method of claim 20,

level comprises:

herein said step of monitoring biood oxygen

(a) providing an oximeter, said oximeter including a probe for non-

invasively deter xygen level;, and

(b) positioning aid subject at a location suitable for

detecting the subject’'s\bload oxygen level.

consisting of the subject’s back, head, arm, leg, chest and torso.

The method of claim 26, wherein said location comprises the subject’s

lower back.

The method of claim 25, wherein said probe is provided on a support

member worn about the subject’s waijst.

The method of claim 20, wherein said\subject is chosen from the group

consisting of: humans, horses, dogs, camels, and other mammals.
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31.

32.

33.

34.

35.

36.

37.

38.

39.

The method of claim 2(), wherein said selected level comprises a range.

The method of claim 20, further comprising the step of maintaining said

blood oxygen level at a second selected level.

The method of claim 20\ further comprising the steps of sequentially
maintaining said blood oxygen level at multiple selected levels.

The method of claim 33, wherein said blood oxygen level is maintained
at each selected level:

(a) for a predetermined-period of ti

(b) until the subjec¢t’has advanced a predetermined distance; or

(d) until the subjéct has performed a predetermined amount of work.

The method of claim - said selected level is chosen on the

basis of said subject's lactate thrt\esho!d.

The method of claim 20, wherein !said selected level is chosen on the

basis of the duration of said physical activity.
The method of claim 20, further comprising the.step of providing an
alarm, said alarm configured for indicating when the subject’s blood

oxygen level is not at said selected level.

The method of claim 20, further compriling the step of providing a display

unit configured for displaying the subje\ct’s blood oxygen level.

55

IPR2018-00294
Apple Inc. EX1003 Page 251



W

LI VU

Lk G L |

mpe @ e g gEn
Jivon o | | vt

wyp

L0011 OO0 O B U 1 1

]

o

"

Jroved | I 1

40.

41.

42.

43.

44,

45.

46.

47.

The method of claim 39,\wherein said subject comprises a human, and
said display unit is positioned so that the blood oxygen ievel displayed by

said display unit can be vigwed by said subject.

The method of claim 39, wherein said display unit is positioned so that
the blood oxygen level displayed by said display unit can be viewed by

someone other than said subject.

The method of claim 40, wherein said display unit is worn on the subject’'s
wrist. '

The method of claim/40, wherein said \hysical activity comprises
bicycling, and said digplay unit is attathed to the subject’s bicycle so as
to be visible to the subject.

The method of claim 40, wherei ai I ctivity comprises walking

or running on a treadmill, and said display unit is provided on said

treadmill.

The method of claim 20, further comprising the step of measuring at least
one of the subject’s velocity, pace, or distance traveled.

The method of claim 45, wherein saidimeasuring step comprises:
providing a GPS device operable foff measuring at least one of the

subject’s velocity, pace or distance traveled.
The method of claim 45, further comprisir\g the step of providing a display

unit configured for displaying the subject’s blood oxygen level, and at

least one of the subject’s velocity, pace or distance traveled.
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48.

49.

50.

92.

53.

54.

¢ ®

A method of reducing a siibject’s blood oxygen level variability while the

subject performs a physichl activity, comprising:

(a) periodically measurjng a subject’s blood oxygen level while said
subject performs a physical activity; and

(b) adjusting the manney in which said physical activity is performed

in order to reduce blqod oxygen level variability.

A method of performing a physical activity, comprising:

(a) monitoring a subject’s blood oxygen level while said subject
performs a physical activity;-an

(b) indicating to said subject the time van bility of the subject’s blood

oxygen level

The method of claim 49, wherein sajd time variability comprises the

standard devié/tion of the subjec

performs a physical activity;

(b) varyin jett's workload while continuing to record the
subject’s oxygen level; 1nd

(c) determining a fitness indicator of said subject on the basis of the

recorded blood oxygen data.

The method of claim 52, wherein said ffithess indicator comprises the
subject’s lactate threshold.

The method of claim 53, wherein said step of varying the subject’'s
workload comprises periodically increasing; the subject's workload.
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55.

56.

57.

58.

The method of claim 52, further comprising the steps of providing a GPS
device operable for measurihg the subject’s velocity, and determining the

subject’s workload using velpcity measurements provided by said GPS

device.

The method of claim 55, wher aid_GPS device is further operable for
measuring the subject's altitude, and wherein the subject’s workload is
determined using vejocity and altitude/meagurements provided by said
GPS device.

(a) monitoring
(b) adjusting b

A method of comparing an individual’s physical fitness to tﬁeir physical

fithess on a previous occasion, comprising:

(a) measuring an individual’s blood oxygen level while the individual
performs a physical activity at a predetermined workload; and

(b) measuring said individual's blood dxygen level on a subsequent

occasion while the individual perfo said physical activity.

WS
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ABSTRACT OF THE DISCLOSURE

An exercise monitoring system which includes an electronic positioning
7

device; a physiological monitor; and a display unit configured for displaying data

provided byiéfiyale; ctronic positioning device agn@yéiological monitor.

~—

0485956.05
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“ Expreg’!ail No. EL441565630US

Applicant: Jack B. Stubbs

Serial No. Attorney's Docket No.
Filed: 24278-1

For: EXERCISE MONITORING SYSTEM AND METHODS

VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY
STATUS (37 CFR 1.9(f) and 1.27(c)) - SMALL BUSINESS CONCERN

I hereby declare that I am

[1 the owner of the small business concern identified below:
[X] an official of the small business concern empowered to act on behalf of
the concern identified below:

NAME OF CONCERN Paragon Solutions. LLC
ADDRESS OF CONCERN ___4266 Laura Marie Drive
Wavnesville, Ohio 45068

I hereby declare that the above identified small business concern qualifies as a small business
concern as defined in 13 CFR 121.3-18, and reproduced in 37 CFR 1.9(d), for purposes of paying
reduced fees under Section 41(a) and (b) of Title 35, United States Code, in that the number of
employees of the concern, including those of its affiliates, does not exceed 500 persons. For .
purposes of this statement, (1) the number of employees of the business concern is the average
over the previous fiscal year of the concern of the persons employed on a full-time, part-time or
temporary basis during each of the pay periods of the fiscal year, and (2) concerns are affiliates
of each other when either, directly or indirectly, one concern controls or has the power to control
the other, or a third party or parties controls or has the power to control both.

I hereby declare that rights under contract or law have been conveyed to and remain with the
small business concern identified above with regard to the invention, entitted EXERCISE
MONITORING SYSTEM AND METHODS by inventor(s) Jack B. Stubbs and Kevin L.
Schwieger.

described in:

[X] the specification filed herewith
[ ] application Serial No. , filed

If the rights held by the above identified small business concern are not exclusive, each
individual, concern or organization having rights to the invention is listed below* and no rights
to the invention are held by any person, other than the inventor, who could not qualify as a small
business concern under 37 CFR 1.9(d) or by any concern which would not qualify as a small
business concern under 37 CFR 1.9(d) or a nonprofit organization under 37 CFR 1.9(e).
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*NOTE: Separate verified statements are required from each named person, concern or

organization having rights to the invention averring to their status as small entities. (37
CFR 1.27)

NAME
ADDRESS
[ ]INDIVIDUAL[ ] SMALL BUSINESS CONCERN [ ] NONPROFIT ORGANIZATION

I acknowledge the duty to file, in this application or patent, notification of any change in status
resulting in loss of entitlement to small entity status prior to paying, or at the time of paying, the
earliest of the issue fee or any maintenance fee due after the date on which status as a small entity
is no longer appropriate (37 CFR 1.28(b)).

I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code, and that such willful false statements may jeopardize the validity of the application, any
patent issuing thereon, or any patent to which this verified statement is directed.

NAME OF PERSON SIGNING __ Jack B. Stubbs

TITLE OF PERSON OTHER THAN OWNER _C EO / TeAsuECR

ADDRESS OF PERSON SIGNING 4266 Laurie Marie Drive |
Waynesville, Ohio 45068

SIGNATURE/Q”& 2. Q%é DATE /// 9/ 7
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