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APPLICATION# RECEIPT DATE/ TIME ATTORNEY DOCKET# 

18/927,698 10/25/2024 07:14:44 PM Z ET OMNI0101 PUSA 13 

Title of Invention 

WEARABLE DEVICE FOR DIFFERENTIAL MEASUREMENT ON PULSE RATE AND BLOOD FLOW 

Application Information 

APPLICATION TYPE Utility - Nonprovisional Application 
under 35 USC 111 (a) 

CONFIRMATION# 9133 

PATENT CENTER# 67724752 

CUSTOMER # 1 09543 

CORRESPONDENCE -
ADDRESS 

Documents 

PATENT# -

FILED BY Sharon Kaiser 

FILING DATE -

FIRST NAMED Mohammed N. ISLAM 
INVENTOR 

AUTHORIZED BY Kevin Heinl 

TOTAL DOCUMENTS: 7 

DOCUMENT 

ADS-

PAGES DESCRIPTION 
SIZE 
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aia0014 OMNI0101PUSA13. 
pdf 

Track1-
Request_for_Prioritized_Exa 
mination_aia0424.pdf 

Application_OMNI0101 PUSA 
13-APP.TEXT.docx 

Figures_OMNI0101 PUSA 13. 
pdf 

POA_OMNI0101 PUSA 13.pdf 

Declaration-
Assignment_ OMN I0101 PUS 

12 Application Data Sheet 

2 

132 

100 
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Track One Request 

Application body structured 
text document 

Drawings-only black and white 
line drawings 

Power of Attorney 

Oath or Declaration filed 

1229 KB 
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14472 KB 
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New Applications Under 35 U.S.C. 111 
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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 
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TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PT0/AIA/82B or equivalent) to 
identify the application to which the Power of Attorney is directed, in accordance with 37 CFR 1.5. If the Power of 
Attorney by Applicant form is not accompanied by this transmittal form or an equivalent, the Power of Attorney will not 
be recognized in the application. 

Application Number 

Filing Date 

First Named Inventor MOHAMMED N. ISLAM 

Title WEARABLE DEVICE FOR DIFFERENTIAL MEASUREMENT ON 
PULSE RATE AND BLOOD FLOW 

Art Unit 

Examiner Name 

Attorney Docket Number 
OMNI0101 PUSA 13 

SIGNATURE of A~plicant or Patent Practitioner 
Signature /Kevin J. Hein!/ Date (Optional) 2024-10-25 

~~ame Kevin J. Heinl 
Registration 29,805 
Number 

Title (if Applicant is a 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) 
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NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. 
If more than one appi1cant, use multiple forms. 

~ * Total of J_ forms are submitted. 

This collection of infonnation is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by the pubiic 
which is to fiie (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This 
collection is estimated to take 3 minutes to complete, including gatt1ering, preparing, and submitting tt1e completed application form to the US PTO. 
Tirne wili vary depending upon tt1e individuai case. Any comments on tt1e amount of time you require to complete this form and/or suggestions for 
reducing tllis burden, st1ould be sent to Hie Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Cornmerce, P.O. Box 
1450, Alexandria, VA 22313--1450. DO [\JOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for 
Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

lfyou need ass1stance in completing the/Orm, cat! l-80CL}1 T0-9199 and select opt1on 2. 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OMNI0101PUSA13 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention WEARABLE DEVICE FOR DIFFERENTIAL MEASUREMENT ON PULSE RATE AND BLOOD FLOW 

The application data sheet is part of the provisional or non provisional application for which ii is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 It R~El11:illi ti 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Mohammed N. ISLAM 

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service 

City Ann Arbor I State/Province I Ml I Country of ResidencJ I us 

Mailing Address of Inventor: 

Address 1 1718 Newport Creek Drive 

Address 2 

City I Ann Arbor I State/Provi nee I Ml 

Postal Code I 48103 I Countryi I us 

All Inventors Must Be Listed - Additional Inventor Information blocks may be It ti Ai:id 
generated within this form by selecting the Add button. 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

□ An Address is being provided for the correspondence Information of this application. 

Customer Number 109543 

Email Address I r Aqq i;ffiijil I IR-imit~ 1::m,,ml .. .. 

Application Information: 

Title of the Invention WEARABLE DEVICE FOR DIFFERENTIAL MEASUREMENT ON PULSE RATE AND BLOOD FLOW 

Attorney Docket Number OMNI0101PUSA13 I Small Entity Status Claimed [81 

Application Type Non provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) i 100 I Suggested Figure for Publication (if any) I 82 

EFS Web 2.2.13 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OMNI0101PUSA13 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention WEARABLE DEVICE FOR DIFFERENTIAL MEASUREMENT ON PULSE RATE AND BLOOD FLOW 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

i-
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

□ 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: @ Customer Number I Q US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number 109543 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status Pending IR~®iv~I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

Continuation of 18899012 2024-09-27 

EFS Web 2.2.13 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OMNI0101PUSA13 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention WEARABLE DEVICE FOR DIFFERENTIAL MEASUREMENT ON PULSE RATE AND BLOOD FLOW 

Prior Application Status Pending I RiiWv¥ I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

18899012 Continuation of 18891970 2024-09-20 

Prior Application Status Pending IRiiWWil 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

18891970 Continuation of 18438144 2024-02-09 

Prior Application Status Patented IRgiWvwl 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

18438144 Continuation of 18103408 2023-01-30 11896346 2024-02-13 

Prior Application Status Patented IR~m9¥~tl 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

18103408 Continuation of 17514778 2021-10-29 11564577 2023-01-31 

Prior Application Status Patented IR~@MWI 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

17514778 Continuation of 17078771 2020-10-23 11160455 2021-11-02 

Prior Application Status Patented IR~m9¥~1 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

17078771 Continuation of 16/722188 2019-12-20 10820807 2020-11-03 

Prior Application Status Patented IR~m9¥~1 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

16/722188 Continuation of 16/506885 2019-07-09 10517484 2019-12-31 

Prior Application Status Abandoned IR~®iv~I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

16/506885 Continuation of 16/272069 2019-02-11 

Prior Application Status Patented I R~®ivfl 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

16/272069 Continuation of 16/029611 2018-07-08 10201283 2019-02-12 

Prior Application Status Abandoned l@~@ivfl 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

16/029611 Continuation of 15/888052 2018-02-04 

EFS Web 2.2.13 
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Application Number 

Title of Invention WEARABLE DEVICE FOR DIFFERENTIAL MEASUREMENT ON PULSE RATE AND BLOOD FLOW 

Prior Application Status Abandoned I RiiWv¥ I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

15/888052 Continuation of 15/212549 2016-07-18 

Prior Application Status Patented IRiiWWil 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

15/212549 Continuation of 14/650897 2015-06-10 9494567 2016-11-15 

Prior Application Status Expired I Ri@i#ij I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

14/650897 a 371 of international PCT/US2013/075700 2013-12-17 

Prior Application Status Expired I f{~@9¥WI 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

PCT/US2013/075700 Claims benefit of provisional 61/747472 2012-12-31 

Prior Application Status Patented IR~m9¥~1 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

16/506885 Continuation of 16/004359 2018-06-09 11109761 2021-09-07 

Prior Application Status Patented I RiWivi I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

16/004359 Continuation of 14/109007 2013-12-17 9993159 2018-06-12 

Prior Application Status Expired IR~®iv~I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

14/109007 Claims benefit of provisional 61/747553 2012-12-31 

Prior Application Status Abandoned I R~®ivfl 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

16/506885 Continuation of 16/188194 2018-11-12 

Prior Application Status Patented I Riji#:W# I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

16/188194 Continuation of 16/004154 2018-06-08 10126283 2018-11-13 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OMNI0101PUSA13 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention WEARABLE DEVICE FOR DIFFERENTIAL MEASUREMENT ON PULSE RATE AND BLOOD FLOW 

Prior Application Status Abandoned I RiiWv¥ I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

16/004154 Continuation of 15/855201 2017-12-27 

Prior Application Status Abandoned IRiiWWil 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

15/855201 Continuation of 15/711907 2017-09-21 

Prior Application Status Abandoned IRgiWvwl 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

15/711907 Division of 15/357225 2016-11-21 

Prior Application Status Patented IR~@MWI 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

15/357225 Continuation of 14/650981 2015-06-10 9500634 2016-11-22 

Prior Application Status Expired IR~®i¥~1 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

14/650981 a 371 of international PCT/US2013/07576 2013-12-17 

Prior Application Status Expired IR~®iv~I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

PCT/US2013/075767 Claims benefit of provisional 61/747485 2012-12-31 

Prior Application Status Patented IR~@MLI 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

16/506885 Continuation of 16/241628 2017-01-07 10441176 2019-10-15 

Prior Application Status Abandoned IRij@i@I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

16/241628 Continuation of 16/015737 2018-06-22 

Prior Application Status Abandoned l~ii#i,#I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

16/015737 Continuation of 15/594053 2017-05-12 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OMNI0101PUSA13 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention WEARABLE DEVICE FOR DIFFERENTIAL MEASUREMENT ON PULSE RATE AND BLOOD FLOW 

Prior Application Status Patented I RiiWv¥ I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

15/594053 Continuation of 14/875709 2015-10-06 9651533 2017-05-16 

Prior Application Status Abandoned IRi@Nil 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

14/875709 Continuation of 14/108986 2013-12-17 

Prior Application Status Expired I Ri@)#i I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

14/108986 Claims benefit of provisional 61/747487 2012-12-31 

Prior Application Status Abandoned I f{~@9¥WI 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

16/506885 Continuation of 16/284514 2019-02-25 

Prior Application Status Abandoned IR~m9¥~1 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

16/284514 Continuation of 16/016649 2018-06-24 

Prior Application Status Abandoned IR~®iv~I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

16/016649 Continuation of 15/860065 2018-01-02 

Prior Application Status Abandoned I R~®ivfl 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

15/860065 Continuation of 15/686198 2017-08-25 

Prior Application Status Abandoned I Riji#:W# I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

15/686198 Continuation of 15/357136 2016-11-21 

Prior Application Status Patented I ~ill11:lvi I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

15/357136 Continuation of 14/651367 2015-06-11 9500635 2016-11-22 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OMNI0101PUSA13 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention WEARABLE DEVICE FOR DIFFERENTIAL MEASUREMENT ON PULSE RATE AND BLOOD FLOW 

Prior Application Status Expired I RiiWv¥ I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

14/651367 a 371 of international PCT/US2013/075736 2013-12-17 

Prior Application Status Expired IRiiWWil 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

PCT/US2013/075736 Claims benefit of provisional 61/747477 2012-12-31 

Prior Application Status Expired IRgiWvwl 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

PCT/US2013/075736 Claims benefit of provisional 61/754698 2013-01-21 

Additional Domestic Benefit/National Stage Data may be generated within this form 
It ti Ai:id 

by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1 ). 

IR~m9¥~d 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. It Ai#! ti 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

~ 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 

EFS Web 2.2.13 

IPR2025-01254 Page 00016



PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

OMNI0101PUSA13 Attorney Docket Number 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention WEARABLE DEVICE FOR DIFFERENTIAL MEASUREMENT ON PULSE RATE AND BLOOD FLOW 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph B in subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked, 
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
the instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OMNI0101PUSA13 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention WEARABLE DEVICE FOR DIFFERENTIAL MEASUREMENT ON PULSE RATE AND BLOOD FLOW 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 1 I Rir11ijllij I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1 .45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

l@W@ rl 
@ Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

0 Person to whom the inventor is obligated to assign. 10 Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

I 
Name of the Deceased or Legally Incapacitated Inventor: I 
If the Applicant is an Organization check here. ~ 
Organization Name I OMNI MEDSCI, INC. 

Mailing Address Information For Applicant: 

Address 1 1718 Newport Creek Drive 

Address 2 

City Ann Arbor State/Province Ml 

Country I us Postal Code 48103 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. It AE:@ ti 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OMNI0101PUSA13 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention WEARABLE DEVICE FOR DIFFERENTIAL MEASUREMENT ON PULSE RATE AND BLOOD FLOW 

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I R~rn:i:iv:Ei I 
If the Assignee or Non-Applicant Assignee is an Organization check here. □ 

Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Province 

Countryi I Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. It Add ti 

Signature: 
NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

See 37 CFR 1 .4(d) for the manner of making signatures and certifications. 

Signature /Kevin J. Heinl/ Date (YYYY-MM-DD) 2024-10-25 

First Name Kevin J. I Last Name I Heinl Registration Number 29,805 

Additional Signature may be generated within this form by selecting the Add button. It Ai:id ti 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OMNI0101PUSA13 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention WEARABLE DEVICE FOR DIFFERENTIAL MEASUREMENT ON PULSE RATE AND BLOOD FLOW 

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 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 Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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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: 

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 the Freedom of 
Information Act requires disclosure of these records. 

2. 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. 

3 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. 

4. 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). 

5. 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. 

6. 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)). 

7. 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. 

8. 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 inspections or an issued patent. 

9. 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 US PTO becomes 
aware of a violation or potential violation of law or regulation. 

EFS Web 2.2.13 

IPR2025-01254 Page 00021



11100 

WAVELENGTH (µm) 
2.7 3;33 4.0 5.0 10 

I l 
i I. 
! l 

0.8 
I I 
I t 
.I I' 
i I I 
I l l 
i I I 

~ l ( I 
·~ 0.6 l ! 

l t 1=· ! I 
::.'!:'!: I l 
00 t I 
z l I 

~ 0.4 .I * l l 
l i 
I ! 
{ I 
I I 

0.2 
! * l i 
! I 
l I 
I I 
t I 

3000 2000 1000 
WAVENUMBER (cm-1) 

FIG. 1 

IPR2025-01254 Page 00022



0.0
0 

0.0
5 

0.0
4 

0.0
3 

U
J

 
0 

0.0
2 

I 0 w
 

0,0
1 

~
 

~0.
01 

20
0 \ 

15
11

 
292

 

.
,
 

17
50

 
¾

:.,
 ..

 ~
~

--
-

-
~
~
 

"
to

 

·'.>
i 

~-
• ,

 
:'

(,
 

: J
..

u
M

,\
~

~
-,

 
,~

_1
~,

p,
li,,

,,,
1t

,,.
,,:

f.i
 

,,k
lll1

~ 
I 

• 
I! 

t 

20
3 

\ ~ 

16
00

 
17

00
 

18
00

 
19

00
 

WA
VE

LE
NG

TH
 (n

m)
 

FI
G

. 2
 20

00
 

21
20

~ ~¾
 

.. 
-

,, 
.. 

~
 

.. 
f 

:it 
• 

t 
. 

~-

~- $ 

-~
 ., ·:s 

j j =
 

; •· ~- ·•· '• ~ ~ f ! 

; \ ~
 _;_
 \.~

····
20

2 
$ ~ . ~ ~.

: 1 'i
 

22
70

 

'r.,
't 

-~
~ 

.. ~ 
'-~

\'" 
• 

I 
'\

''
 

I 
,,,~

 
~1

.t 
, 

<'~
 

1~
 

·•
-~

'-
• 

l 
'il

1
,"

. 
' 

~ 
2 1'

\'J
 

l 
V

· 
1 

W
-..

...
,,,

., 
,l,,

 
·""

'ilJ
i, 

:f,!
, 

~ 
,, ,

:: 
,, 

• 
-
~
~
 

i!· 
~

 

21
00

 
22

00
 

23
00

 
240

0 

~
 

~
- 8 

20
1 

IPR2025-01254 Page 00023



L
U

 
u ~
 

~
 

1.0
 

30
0 \ 

/,;
,h

~,
,;"

"\
 

•• :
 

'•<
>,.

 
30

1 
l 

\\ ..
 , 

I 
/ 

\,.
 

. 

l 
~\

, 
-/~

,.,,
 

.p.
,\,,

 

~
 

o~s 

/
~

-
"
 

I 
¥ 

'#
 
,~

0
\ 

0.
8i

! 
\ 

ii,
 

I 
YI

 1 
• 

\ 
I \J

 
i 

f 
':«-

c
a

 
<C

 
C

l Isl
 

<f
 f5 

0,4
 

z 

0.2
 .. 

t ! ; I
 

' 1
 I 

, 
!j 

. 
I 

I 
~t.~ 

l 
I 

I 
...-

<:
: 

t 
t 

-
~

 
....

 !
 

I 
0.0

 
1 15
00

 
16

00
 

17
00

 
18

00
 

19
00

 
20

00
 

21
00

 
22

00
 

23
00

 
24

00
 

25
00

 
WA

VE
LE

NG
TH

 (n
m)

 

FI
G

. 3
A 

~
 

-:
I
. g 

IPR2025-01254 Page 00024



06 • 

05 • 

351 

01 

700 800 900 

41100 

1000 
WAVELENGTH {nm) 

FIG. 38 

1100 

350 

I 

1200 1300 

IPR2025-01254 Page 00025



0.0
0 

0,0
0 

0;
()4

 

u
.J

 
,;:

..>
 

~
 

0.0
2 

~
 
~
 
~
 

0.0
0 

-0.
02

 

' 
//

 
:i

t 
lj 

' 
./,

 
# 

: 
J 

l 
lj
 

... 2
,12

µm
 

~ £ ._...._
"4

!, 

f 
""

",
. 

I 
'"

"'
-,

 
, 

.. 
l 

~
~
 .. .

-..
....

.. 
~
 

# 
.
/
~

.
 

"
',

 ..
..

..
..

. 
-

,,_ . ' 
r1

 
~
 

I 
. 

I 
.....

 ····
··• .

 ., ._
.•···

--. 
~
 

/·.
.,l

 

·>
 

401
 \ 

r=
---

---
-·-

25
 m

glm
l 

• 
SO

 m
g/m

l 
--

--
--

-7
5 m

gtm
l 

~-
~-

---
10

0m
gl

m
l 

-
-
,~

 12
5 m

,glm
l 

J 

""' 1
,M

, um
 
,~

· 
....

. \\.
_ 

. 
' 

'-'"
 

.. 
~
 

s 
"'~-

"., 
-

., 
,.

.;
• 

(/ ,\
 v..
...,

_,,
....

 
,,_

_,.
. 

jl I
 

. .
 

,f
 
i 

~(t
04

 
.
J
·
 

~ 
1 

i 
I 

x 
1 

~ 
, 

1 

21
00

 
220

0. 
23

00
 

24
00

 

WA
VE

LE
NG

TH
 {n

m)
 

FI
G

. 4
A 

(;
.n

 -...... g 

IPR2025-01254 Page 00026



~
 i ; <

 

0,3
0 

0.2
5 

0,2
0 

0.1
5 

0,1
0 

0.0
5 

0.0
0 

! :P«
158

7 n
m 

I I I i I l ! 

.\ 
.,.

,,r
,._

J.
..-

. 

40
2 \ 

-
-
~

,
,
_

 ...
 ___

__.
.,__

_, 

2.5
m~

m!
 

-
5m

glm
! 

-·-
·-2

5m
gJ

m
! 

, ~
"--

--w
~s

om
glm

! 

E, 
--7

5m
glm

! 
.. _

 ,.,.
 1_

00 
mg

/m
l 

-1
25

m
a/

m
l 

\.
,.

..
..

 
l 

,.
..

..
..

_
, 

'~
 

j 
-

I;
; 

I 
' 

i 
: 

'
,
 

-
,.,

.-
--

, 
' -

mo
nm

 
I 

....
.. ••

~..
.....

.... 
' 

_.
-

--~
 

't
-,

 
. ,..

. 
' 

·~--
~ 

--
-

' 
" 

t 
/ 

' 
·
-

-
··

··
-
-
-
..

 
' 

, 
...

. ,
-

~-
' 

.... 
..~

• 
-~ ..

....
. 

. 
.,...

 __
__

_ ...
 __

 
'~

 
/ 

_
_

 ,.
 

' 
...

...
 ~
~
.
 

,,.
,,.

 
I 

-
-
..

..
_

_
_

_
 

,..
, ..

 ,..
, ..

 -
...

. .,
.,,

. 
..,

...
,.-

. _
_

 ..
, 

-,,.
. _

_ ,
_ :

J.
~ 

. 
-
-
i,

 
' 

' 
--.

 
-

,,
, 

,,, 
I 

I 
',

.
.
,
 

,,
,,

,,
,,

-
w

 ~
"
' 

1 
-'
,
 ,

,,. 
\ 

..,,
 

' 
' 

---
---

--
,, 

··
-,

 ..
 
. 

\ 
' 

·
·
·
-
•
 .
.
.
 .
-
-
.
.
.
.
.
.
.
.
.
.
 

• 
-
-
-
-
.
.
 -
·
 

j 
·
-
.
 

' 
. 

V
 

• 
0 

•
•
 

•
•
 

•-
-.

 
• 

,
.
,
 

\ 
.,

 
-
· 

·
·
-
-
-

-
-
-

. 
. 

.✓ 
. 

' 
•
•
•
•
 
'•

.
 

• /
 

' 
·--

---
· 

-
-
-
-
-
-

'·
 ' 

.-
•
..

;,
_

,.
,.

 
S 

I 
.
-

• .
__

 
.-

·~
• 

. 
__

 .,-
'-

>
•-

-~
 

r
·
-

...
.. 

·
-

...
...

 _
_

_
_

_
_

_
 , 

. 
' 
~
 

' 
·
-
1

 
~

"
\
:
 

/ 
I 

.-

-0.
05

 -
L

-
-
-
-
~

~
~

-
-
-
,-

-
-
-
,-

-
-
-
r
-
-
-
..

,.
..

,-
-
t-

-
..

..
.,

.,
.-

-
-
, 

15
00

 
16

00
 

16
50

 

WA
VE

LE
NG

TH
 {n

m)
 

FI
G

. 4
B 

17
00

 
17

50
 

18
00

 

~
 

-
- 8 

IPR2025-01254 Page 00027



50
0 

20
0 

I 

-....... ~ ...
-

10
0 

~ 
0 

i :z
 

0 t,
 

z ~
 

-10
0 

L
U

 

-20
0 

I I 

50
5 

,I
' 

I 
--

..
..

._
 

/ 
,...

., 

50
6 \ \ , ..

.. 
, 

I'
 

' 
,I

' 
' 

' 
/ 

I 

I 
I 

' 
• 

-
-
, 

~ 
I 

.. .
,,

 .
 

I 
'
,
 •

 
/ 

•• .. 
'\ 

I 
--

··
··

··
··

··
··

· 
'I

..
 ..

_
.,

!1
/ 

..
 

X
 

I •
 

..,.
,.. 

"·•
~..

 
I 

, 
..

..
 

. 
--~

 ~ 
• 

,.--
-....

.....
. 

' 
·-.. 

--
-..

-
-·

 .,.
.__

_ 
. 

I 
l 

I 
,..-

_,,
.-

1 
• 

'"'-
.,,,

,. "
-.._

 
50

1 
... 

,,,,,. 
so· a

 
",

 -"J..
.. 

-
-

.. \
 

•• 
,, 

''~-
-

.
/
 

,I
 

-,
, 

/ 
/
':

•
 

\ 
I 

.•
 

50
4 

'-
. 

• 
_,

,,.
 

-, 
. 

I 
...

-,
 

---
.. 

\ 
r 

• 
r
·
-

\ 
'-

. 
. 

• 
I 

;·
 

.50
2 

,,
 

\ 
I' 

0 
• 

' 
•
,
 

I 

I 

' 
• 

/ 
-

• 
I 

'·
"'

<
;-

· 
l 

I 
• 

. 
. 

I 
. 

, 
I 

I 
. 

, 
I 

, 
I 

~~
 

I 
. 

i 
I 

, 2.0
5 

2.1
0 

2;1
5 

2.2
0 

2.2
5 

2.3
0 

2.3
5 

2.4
0 

WA
VE

LE
NG

TH
 (µ

m)
 

FI
G

. 5
 

-.
.I

 -_
,:

I
. 

8 

IPR2025-01254 Page 00028



60
0 \ 

RE
GIO

N O
F I

NT
ER

ES
T 

2~
2.s

µm
 

\. ·.• ~~
::: ~~

:::.~ ~
~iy~

: 
f 

..........
... · 

· 
tmr

 · 
A

L.
....

.. 
·:

,.
 
:>

::
: 

~
-
~
 

,--~
~ /

 -
:.,

: 
t-"

 

£~::
~; ~

~};
i ::;·, 

0.8
 

; 
0,6

 

i 
f 

I 
o.4

 

0.2
 16 

, 
\\ 

I 
\ 

12
 

8 
WA

VE
LE

NG
TH

(µm
) 

FI
G

. 6
 

I 
11 

11
11

 
I 

4 

(»
· 

-
·
 

-'
lo

. 

8 

IPR2025-01254 Page 00029



0
.
0

5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

0,0
4 

0.0
3 

----
-

.....
. 1=

 
E

 - ~ 
0.0

2 
:z

 
.ti§

·· 

I 1
~ 

t 
/ 

' 
\ 

j 
(
0

 
a:

: 
-

0 
-
2

-

0 
Q

)
 

0 
~
 

~.
 

0.0
1 

z M:
! 

U
J

 
L

L
. 

L
L

 
5 

0.0
0 

~
 

-0.
01

 

706
 

-
0

.
0

2
:
-
1

·
:
-
:
-
-
-
-
-
-
-
-
-
-
,
-
-
-
-
-
-
-
-
,
r
-
-
-
-
-
-
-
_

J
 

21
00

 
22

00
 

WA
VE

LE
NG

TH
 (n

m)
 

23
00

. 
24

00
 

Fl
 G

. 7
 

IPR2025-01254 Page 00030



10/100 
800 

( 

-"1 0.002 •·· 
g 

-0.003+----~----""1'--------i: 
2100 2200 2300 2400 

WAVELENGTH (nm) 

-0.006 +·. -----.-----,+,<--"-----i 

2100 2200 2300 2400 
WAVELENGTH (nm) 

FIG. BA 

IPR2025-01254 Page 00031



2n
d C

-H
 

1s
t C

-H
 

... 
... 

... 
.. 

0.9
 7

 
0 

0 

0.8
 -1

 .
, 

....
.., 

'-,
;" 

'-,
;" 

......
.,,, 

......
.,,, 

'O
~

·
 

,l
 

• 
~
 

w
 

_
_

_
_

_
_

_
_

_
_

_
_

 C
H

 

·~
 

0.7
 

I 
C

D
 

0 
a:

:: 
0 e

n
 

~
 

0.6
 

0.5
 

0.4
 

10
00

 
15

00
 

WA
VE

LE
NG

TH
 (n

m)
 

FI
G

. B
B 

82
5 

20
00

 
25

00
 

- - -._
.. 

0 0 

IPR2025-01254 Page 00032



,3 .2 
L

U
 

0 z 

I 
f'\

. 
) 

I 
...

;o
. 

~
 

""" -
u 

~
 

w
 

.Ii
 

0 
..

..
I 

0 
u

..
 

w
 

0:
::

 

.1 .0 

1.1
 

1.3
 

1.5
 

1.7
 

1.9
 

2.1
 

2~3
 

2.5
 

WA
VE

LE
NG

TH
 (µ

m)
 

FI
G.

 B
C 

IPR2025-01254 Page 00033



0.8
 

0.
6"

'\ 

0.
4,

 

i
.
 

••. 
11

· 

u 
• 

w
 

• 
~
 

J. 
~
 ··

02
 .

• 
• 

* 

."'
 

•
•
 
,.,.

 
~
~
·
 

0 

t5
00

 
2,0

00
 

WA
VE

LE
NG

TH
 (n

m)
 

FI
G

. 8
D 

~
8

7
5

 

2,5
00

 

-"
" 

w
 -..

.J
I,

 

8 

IPR2025-01254 Page 00034



141100 

900 

I 

907 

901 
( 

FIG. 9 

IPR2025-01254 Page 00035



10
00

 
12

00
 

14
00

 
16

00
 

18
00

 
20

00
 

22
00

 
24

00
 

26
00

 
10

0 
10

00
-...

....
_ -

I 
' 

1•
 

1
1

 
I 

.
,
 
V

 
~. 

I 
I 

I 
I 

I 
\ 

t 
f 

I 
I 

I' 
I 

\ 
t 

j 
I 

I 
l 

t 
i 

I 
I 

l 
f 

\ 
I 

I 
I 

I 
I 

I 
\ 

t 
j 

~00
· 1

 
I 

I 
I 

. 
I 

I 
I 

I 
I 

I 
I 

i 
f 

I 
.J 

,1 
I 

J 
I 

\,
 

t 
I 

I 
I 

l 
l 

I 
-.

;J
. 

I 
10

05
~._

 I 
l 

j 
\ 

t 
i 

.1. 
,. .

 
, 

. 
.., 

1 
l 

\'
 

l 
, 

\ 
! 

I 
l 

• 
;.f

 

I 
I 

\ 
I 

.'. 
l 

' 
'. ,
t
·
•
 

I 
l 

I 
J 

1. 
f 

:-0
' 

I 
i 

' 
I 

I 
I 

• 
I, 

I 
\ 

I 
I 

J 
I 

• 
I 

! 
I 

t 
I 

' 
I 

I 
l 

j 

I 
1

.?
 i

 
/,

..
 

J
\ 

p
·:

 

/ 
: 

, --~
 

/ 
~

"\
 

.l 

i'7
':':

'/\
 .. ,.'-

, 
I 

1 
: 

''\
 

! 
-\

, 
I 

1 
10 

I 
/I

 
'\

1
 

I 
l 

r,,
,. 

I 
I. 

I 
l,

, 
-

I 
I 

1
,
 

: 
. 

• 
. 

. 
...

.._
 

! 
,·

 
I 

..
 _

 
I 

: 
1

~
u

•
 

l 
t 

1' 

I 
\ 

i I I 

-...__ z w
 g L
L

 
J.U

 
0 u z 0 t:i::

 
cc

: 
0 w

 

"-
~ 

1 
' 

·~ 
·Y 

• 
~ 

, 
....

. _
 

f 
~ 

·1 
: 

t 
{ 

· 
. •

 1
 

i 

-
..

. -
.
.
 ...

. 
• 

" 
' 

' 
I 

•·. 
• 

I 
·_ 

.·• 
' 

" 
:_ 

I
i
 

('
"-

..
,.

.,
..

.,
. 

I 
I 

1 
• 

1 
t 

• 
t 

' 
l 

~ 
I 

I 
l 

:-
! 

.i
 

i 
f 

t 
j 

10
02

 
I 

l 
\ 

• 
' 

l 
1 

q 
I 

t 
• 

• ·
 

• 
1 

\ 
f 

t~ 
t 

: 
·1

,t 
~ 

10
05

 .. "
 I 

• 
I 

\.
 

I 
• \

 
J 

1 
t:

 
i 

--
~

 
I 

I 
•~

, 
l 

\ 
t 

'-ft 
I 

1 
. 

. 
~ 

! 
l 

: 
\~

 
~ 

, 
t 

I 
I 

l 
.'i

 
• 

" 
• 

' 
I 

1·21
·0 
~
 

10
07

~-.
_,: 

1.
 l

 
~ 

/ 
• 
! 

~1.
,1 

: 
'' n

m 
'-

--
y"

i 
I 

I 
~
 

• 
~
~
 t

 
I 

I I I I I I l l I I I I I I I 
: .

 
I 

.I 
l 

! 
f 

I 
· 

• 
i 

I 
I 

/ 
.l 

I 
I I I 

~
 

1 
'

•,
l 

: 
: 

i 
: 

: 
: 

· 
-1

,n
 

ft_
 

I 
j
l
 

l 
i 

I 
" 

' 
I 

I 
• 

t 
I 

f 
I 

:-
-1 

I 
I 

l 
I 

I 
I 

! I I 
f 

1•
1 

• 
. 

t 
I 

• 
i 

I 
•.

 
"" 

t 
I 

t\
 

.~
 

: 
10

09
 ..

... 
, 

J 
'"t

 
! ~

 
!· 

l 
t 

,c
""

'·{
 

\.
 

i '
 

:f
l 

: 
I 

t 
"\

 
. 

t 
·J 

t 
I
~

 
~

1
"
4

.
'
~

1
1

\
 

l 
l 

~ 
...,

, 
\.

 I
. .

 
,·

 
. 

; 
! 

I 
••

•.
. 

f'
•,

. 
10

04
 

t 
I 

\ 
·•1

,; 
• 

~-
l 

l 
\ 

f 
.. ~

., ·
 

t 
~ 

""
 

•·
. 

l 
11

-
•·

• 
• 

• 
l 

l 
'\ 

l'tf
 

; 
I 

I 
t 

I 
'1,

 
i
i
"
' 

: 
1

~
!
 

I 
I 

-.
..

._
, 

. ..
-

.
0 

_ 
••

 
•• 

. 
-

·-
l
.
 

__ 
f 

. 
•••• 

17
20

 nm
 

11
01

0~
 .. 

1 
l 

I 
I 

.,.
.1

 
I 

_..
'{~

•••
_r

 
I 

I 
l 

'.
 

I 
i 

I 
• 

I 
I 

f "
',_

 
10

08
 

! 
I 

l 
··

-
J
 

I 
I 

I 
-

•
. 

t. 
I 

. 
l 

I 
I 

I 
t 

! 

···~
!..,

__
_..

..,,
..,,

..,.
,./~

~. 

i I I I ~ ...
. _1

01
1 

I 

0·
 1 

I 
' 

• 
I 
l 

• 
I 

• 
' 

. 
' 

' 
I 

i 
l 

' 
I 

I 
I I

 
' 

I 
I 

l 
) 

i 
I 

i 
I 

I 
I 

i 
I 

' 

16
00

 
l 18

00
 

20
00

 
i 2

20
0 

: 
! 

24
00

 
10

00
 

12
00

 
14

00
 

I I I 15
87

 

26
00

 
: W

AV
EL

EN
GT

H {
nm

) 
l 

l 
I 

t 
' 

17
50

 
21

20
 

22
70

 23
20

 
FI

G.
 1

0 ~
 

0
,
 

.....
 -0 a 

IPR2025-01254 Page 00036



16/100 

1100 

I 

A-B 

FIG. 11 

IPR2025-01254 Page 00037



17/100 

1200 
I 

1203 

A 

1204 A-B 

B 
1202 

FIG. 12 

IPR2025-01254 Page 00038



1mm 

1mm 

0.5mm 

1304 

18/100 

FIG. 13 

1300 
I 

1302 

1303 

IPR2025-01254 Page 00039



191100 

1400 
( 

FIG. 14 

IPR2025-01254 Page 00040



1511 
\ 

LIGHT 
SOURCE 

1501· 

1502 

20/100 

1500 

\ 

FIG. 15 

1513 
\ 

REFLECTANCE 
SPECTROMETER/ 

RECEIVER I CAMERA 

r1503 

1512 

r -~-
TRANSMISSION 

' • SPECTROMETER/ 
RECEIVER/ CAMERA 

IPR2025-01254 Page 00041



-...-• 
5 -z 

0 
t5 z 

8 

1600 

\ 

180 

100 

140 

120 

100 

80 

00 

40 

20 

ATTENUATION 
COEFFICIENT 
OF ENAMEL 
I 

211100 

1802 
WATER ABSORPTION 

" 
olu.._..;;..~~~~~~....__.__--'-----'---'---"---~ 

000 800 1000 1200 1400 1600 1800 2000 2200 2400 •• 2600 

WAVELENGTH {nm} 

FIG~ 16A 

IPR2025-01254 Page 00042



221100 

1650 

\ 
600 

,,._ 

·~· 

400 

300-----............... - ...... 
1.2 1.6 2.0 2A 

WAVELENGTH {µm) 

FIG. 16B 

IPR2025-01254 Page 00043



w
 

u z .:5
 

u U
J

 
;,

._
J
 

LL
.. 

w
 

a:
: 

17
00

 \ 
<

 
I 

I 
I 

1 
I 

l 
I 

I I 

1 
I 

! 
I 

I 
I 

i 
I 

i 
I 

1 
"
•
"
I
 

! 
I 

! 
• 

·• 
••

••
 

I 
i 

I I 

:I 
I 

J 
I 

1 
I 

I 
I 

I 
I ' 1 I I 

0.5
t 

di/
I?

" 
I I l I I I 

0 
I I I 

I I I I l l I I 

I I I I :I 

0,
4!

-
! 

.
~

 
I 

l 
I 

i 
• 

I 
I 

I 
I 

~
 

I 
I 

·1 
I 

ii,
. 

! 
I 

I 
I 

QI
! 

! 
I 

1 

I 
• 

.• 
J 

l 
I 

! 
• 

1 
I 

! 
I 

\ 
! 

I 
I 

·O 
'.l 

I 
I 

1 
I 

I 
• 

,,J
. 

0 
I 

I 
I 

I 
! 

I◊ 
! 

1 
: 

! 
! 

! 
I 

◊.
 

·• 
. 

i 
I 

:1 
·1 

I 
:1 

· 
I 

.! 
I 

! 
I 

•.
. 

I 
I 

.O
 

I 
! 

l 
17

02
, 

! 
0 

¢ 
l 

! 
l 

I 
! 

0,2
 

I 
I 

I 
0 

I 
• 

.• 
I I i .I I I 

Q
 11

 
' 

' 
~ '

V
' 

' 
I 
"
'
'
 
1

1
 

. .
·
 

.: 
: 

~ 
... :

 
I 

: 
17(

0. 3
 

:.
 '

.-
' 

-J
l'l

l!W
iQ

\. *.·
. lll$

·.1
··. 

. 
.
~

 '
 

J 
I 

• 
J 

I 
• 

· 
"'

 
I 

•• 
: 

1 
! 

,I
) 

I 
i 

O
 

I 
I 

.
~

j
 

I 
0

1
 

.
~

 
. .,

.. 
:1

70
1-

' 
~
 

-
~

-
Q

, 
~

-
~

-

1 
I 

O'
 

I 
! 

l 
! 

I 
! 

"
j
-
·
"
r
:
~

-
-
•
-
·
~

C
"
"
C

-
.
,
.
·
~

c
·
·
~

~
·
 

I 
I 

10
00

 
15

00
 

20
00

 
25

00
 

WA
VE

LE
NG

TH
 (n

m)
 

FI
G

. 1
7 

17
04

 

"I'
\..

:) 
(.

&
) 

-..
.. -0 a 

IPR2025-01254 Page 00044



LIGHT 
INPUT 

1802 

24/100 

FIG. 18A 

DETECTOR 1807 
OUTPUT 

1800 
I 

1801 

IPR2025-01254 Page 00045



1852 

1856 

1857 f: 
¥1 

25/100 

,u 
\. \ 
~ ii 
·~ ~ ...... 

1859 

LIGHT DETECTOR 
INPUT OUTPUT 

FIG. 188 

1850 
I 

1851 

1853 

IPR2025-01254 Page 00046



(l
 

0 0 

100
1 

(c
10

02
 

c::
::>

 ] 
FA

G+
SA

C 
: 

C
 

::> 
SP

AT
IAL

 IN
TE

RL
EA

VIN
G 

OR
 CO

MB
INI

NG
 

MO
DU

LA
R M

UL
Tl~

PU
RP

OS
E L

AS
ER

»H
EA

D 

DI
RE

CT
 D

IO
DE

 
AP

PL
ICA

TIO
N 

CU
ST

OM
 BE

AM
 

SH
AP

IN
G 

MO
DU

LE
 

FI
G

. 1
9 

.ti 
PO

LA
RIZ

AT
IO

N B
EA

M 
CO

MB
IN

IN
G 

I F
IBE

RC
OU

PL
IN

G 
r7

1s
o1

 

19
03

 

19
04

 

19
00

 
I 

N
 m
 -·- 0 0 

IPR2025-01254 Page 00047



200
1 

SE
ED

 LA
SE

R 

D
 

PU
LS

E 
EL

EC
TR

ON
ICS

 

20
00

 
I 

i-
--

--
--

..
.[

• 
FIB

ER
AM

PL
IFI

ER
 

I 
. 

SC
 GE

NE
RA

TIO
N 

/ 
n·

· 
I 

20
02

 

20
03

 

D
 20

05
 

FIG
~ 

20
 

200
7 

..
. 

20
08

 
20

00
 

20
06

 

f'
,;

j 

~
 

~
.
 

0 0
. 

IPR2025-01254 Page 00048



21
00

 
I 

21
05

 
21

12
 

~
 

21
03

 
211

1 

.
~

 
-.

;,
. 

1 
1 ~ 

1 
M

-M
 

c:
 >

 t
::

::
l ~
 

F 
O

,,,,.
. v

 
t::

 
I 

,,..
 

o 
; 

,::
:::

:::
:::

 
;,., 

T-
. ::::::

::::
x~

 
I o

· 
I 

. 
I 

I 

I I 
21

09
 

21
14

 
21

15
 

r 
PR

E'"
AM

P 
) 

f 21
02

 

PO
WE

R-
AM

P 

21
06

 

FI
G.

 2
1 

IPR2025-01254 Page 00049



-a::l ~
 

i:'=
 

U
) 

z U
J

 
I
- z - w
 

>
 

i=
 

:s U
J

 
0

::
 

60
 

§5
 J 

~
 

22
00

 
I 

'' 
~

-
-
-

\ 
50

 1 
I 

\ 
45

 

40
 3
5

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

14
00

 
16

00
 

18
00

 
20

00
 

WA
VE

LE
NG

TH
 (n

m)
 

FI
G

. 2
2 

22
00

 
24

00
 

26
00

 

"' w -~- 0 0 

IPR2025-01254 Page 00050



23
00

 

PU
LS

E 
EL

EC
TR

ON
IC

S 23
01

 \ 

23
50

 

PU
LS

E 
EL

EC
TR

ON
IC

S 

~
 

j 
•••

•• 
-
-
-
-

..
. 

\.
 

235
1 \ 

23
52

 

23
05

 

--
x.

.,
 

-...
....,

, 
--

x.
.,

 

23
06

 
.J 

23
03

 
) 

23
55

 
23

56
 

_
L

 
1 

23
53

 

~
 

~
 

r
x

..
, 

FI
G

. 2
3 

23
07

 
23

08
 

--
x.

.,
 

,,...
...,_

__,
, 

""
")

(.
.,,

 

2:3
57 J 

23
58

 
' 

c:>
 ! 

»
¥
£
✓
 

! 

23
60

 

w
 

a ---..;.>._ 8 

IPR2025-01254 Page 00051



~
 

~
 

I
~

 
J 

. 
24

04
 

_)) J
 

BA
N OR
 

PA
N 

J 

24
00

 
I 

24
07

 

24
08

 
t"

 
-
-
-
-
-

·
,
 

·:
#

"_
,,

#
""

" 

RE
TU

RN
 DA

TA
 

.,..
 .. \,

 
. 

. 
. 

,I
' 

24
05

 

I t J I 

' I ~
 

I 
I 

"' 
~
 

;;
 

,/
' 

·
.
~

~
 

0
1

 
24

06
 

WI
RE

LE
SS

TR
AN

SM
!SS

!O
N 

(E.
G.

 W
iFt

 
CE

LL
UL

AR
 

NE
TW

OR
K) 

~c
LO

Ut
r 

~R
EC

EIV
E 

~B
UF

FE
R/S

TO
RE

 
NP

RO
CE

SS
 

.. S
TO

RE
 RE

SU
LT

S 
-.T

RA
NS

MI
T I 

-
_

 __
_ .

..
..

,.
-

I 

l f .1 1 ' ! I I ~ I l I I I .1 I l I I .f I I , J j J I f 

'I .\ I I I I I I ! l. I l I I i I t l I I I I l ! ! 

24
09

 
/ 

,.,,,
\ 

f 
I 

24
10

 \
 

FIG
K 

24
 

HE
AL

TH
CA

RE
 

PR
OV

IDE
R 

\ 
l 

":-
>'\

._ 
,
'
 

.)
' 

JI
 

\ I ' 
OT

HE
R 

DE
SIG

NA
TE

D 
RE

CIP
IEN

TS
 

.w
 - --~. 0 0 

IPR2025-01254 Page 00052



LIGHT 
SOURCE 

2511 

32/100 

FlG. 25 

-2508 

2509 

2510 

2500 
I 

REFLECTANCE 
SPECTROMETER I 

RECEIVER/ CAMERA 

I 
2513 

,j TRANSMISSION 
• SPECTROMETER I 

RECEIVER J CAMERA 

f 
2512 

IPR2025-01254 Page 00053



180 

180 

140 

\120 
tS 
§.100 
z 

35 80 

60 

40 

20 · 

ATTENUATION 
COEFFICIENT 
OFENAMEL 
I 

33/100 

2602 

WATER ABSORPTION 

~ 

o ·l:::J..~1111111R111111111~~L-J-.....L-...1--L-....,t.,-....JL--L---'---L-..L--J~--i..,..J 

600 800 1000 1200 1400 1000 1800 2000 2200 2400 2600 

WAVELENGTH (nm) 

FIG. 26A 

IPR2025-01254 Page 00054



34/100 

2650 
I 

600 

500 

400 

300--------
1.2 1,6 2,0 2.4 

FIG. 268 

IPR2025-01254 Page 00055



35/100 

g 

11""------,,~f-=::,,-,,,,-d~-p-w._x_m_:_:,:,,-,,,,-,:,:,--t:,:,-:,:,,-,,,:-,:,,,-,,,,-,,,,,-,,,,"'::;:;c--:,:,-,,,,1-1111-11111-lll-tlllll_i" ___ f __ x_ll_i __ -, ______ --j'---_____ --t_--;,ic-l--n..-, ~ 

® 
~ 
("<,,I 

i 
____ \_ 

' \ 
~ 

ciocit.·:""~·i:m:-.~-.~--~---

"""' 'C)-
'I'.-'-, 
'<:"',.I 

I 

' " \ 

I~ 

--ID(:t...j•-·-·•·!D'• .. ·--- ___ ,.,.,,.. ____ ----""'·-------·---------:.:. 

\ 
\ 

-.:--J..a,,-!_.-._.;.._,i-;i,i,.;._ ......... :.....·-·•*·,<K•ll!llloWcio llia.;ia._---~-----·•·~•-·..:i.,,.;.,--.-,_,,._.tmi 

...0 
ci 

~ 
ci 

c:::): 

Eis .,.,... 

lL 

IPR2025-01254 Page 00056



DE
TE

CT
IO

N 
SY

ST
EM

 

20
08

 

~
~
 .. " ., " .. ., .... 

., ... "' ~ .. " .. ,,, '\
 "' ., " . .. "' ~.

 ., ' "' ~
 

28
05

 

28
01

 LIG
HT

 
SO

UR
CE

 

281
1 

FI
G

. 2
8 

28
00

 

28
00

 
; 

28
10

 28
07

 

28
04

 

~ 

DE
TE

CT
IO

N 
SY

ST
EM

! 
RE

CE
IVE

R 

28
12

 

w
 

en
 

-..
. 

-3
,.

 

0 0 

IPR2025-01254 Page 00057



37/100 

9~JUGHT1 2 L~~-r-··--·- .... , DETECTOR 2007 
OUTPUT 

2900 
I 

2901 

FIG. 29 

IPR2025-01254 Page 00058



38/100 

3000 
I 

3001 

3009 

UGHT DETECTOR 
INPUT OUTPUT 

FIG~ 30 

IPR2025-01254 Page 00059



ME
AS

UR
EM

EN
T 

DE
VIC

E 
31

01
 

V
'l'

:C
>C

>f
\O

 

31
03

 

31
02

 

J J
™

 

BA
N 

OR
 

PA
N 

31
00

 
I 

31
07

 

31
08

 
~~ 

~.,
..--

--
~

~
.~

...
-:

'-"
'" 

RE
TU

RN
DA

TA
 

,,,.
,.,,

. 

' ' I ' 

SM
AR

T P
HO

NE
! 

I 

I l 

TA
BL

Eir
 C

EL
LP

HO
NE

J 
PD

AiC
OM

PU
TE

R 

§
: ,. 

.. " 
.;

 

,. 
ii'

 

~
' 

0
1

 
31

06
 

WI
RE

LE
SS

 TR
AN

SM
ISS

IO
N 

(E
.G

. W
lFi

l 
CE

LL
UI

AR
 

NE
TW

OR
K) 

-CL
OU

D~
 

~R
EC

EIV
E 

mB
UF

FE
RJ

ST
OR

E 
-PR

OC
ES

S 
ST

OR
E R

ES
UL

TS
 

-TR
AN

SM
IT 

i ' I I f i ! I ! l I I j ., I 1 l I ; I t I l t , I ./
 

I 

i I I 1. 1 l • i l I I I .I I l l l I I I I t I . ! I I I I .,1
 

11
09

 
: 

,,
~

 
1 

i 
I 

31
10

 ~
 

FI
G.

 3
1 

HE
AL

TH
CA

RE
 

PR
OV

IDE
R 

<; 
' 

" 
l 

"
"

f
 " 

/I
 

i i ' 
OT

HE
R 

DE
SIG

NA
TE

D 
RE

CI
PIE

NT
S 

w
 
~
 

-l
r.

 

0 0 

IPR2025-01254 Page 00060



OH 
fatOVERTONE 

CH 
1st0\IERTONE NH 

COMBlNATiONS 1 s1 OVERTONE 

H20 

ROH 
~ 

FlRST OVERTONE REGION 
SH 

1st OVERTONE 

CH 
1st OVERTONE 

CH 

401100 

3200 

I 

i ~•~ ~ioc 
COMBINATIONS COMBINATIONS COMBIAATIONS 

OH NH+OH 
COMB!NATlONS COMmNAT!ONS 

ROH 
~ 

H20 
0 

CH 

• m m m m • m m s m • 
~ANOMETERS} 

FIG. 32 

IPR2025-01254 Page 00061



411100 
3300 
I 

1.5 
«.) :;to 
.,.... 
:><· 0.5 

3301 
I 

o.o~--.IIIIIIIIL.---------11111111111111!-------------

15-
i 10-->< 05-

0 
1.62 

2.0 

2 4 6 8 

I 
1.84 

10 12 14 16 

I I I 

1.66 1.68 1.70 

3303 
I N 1,5 

~ 1.0 
X 0.5 

0,0.....1-•·••<'"""'l 
I " i'.J' ,, ~~, ~~~~~. 

1.70 1.72 1.74 1.76 1.78 

30 

~. 20 
~ 

>< 10 
O-b~~~~~~~ ~11.!!~~~~U 

2.15 

FIG. 33A 

1.82 1.84 

3304 
I 

IPR2025-01254 Page 00062



421100 

3350 
I 

2.0 
C2H6 t5 ~ 

6 1.0 -
3351 
I 

X 
0.5 
0.0 

2 4 6 10 12 14 16 

6 C2H6 - 3352 
%4 -><:2 I 

0 
1.6 253 2,0 3.0 3.2 

FIG. 338 

IPR2025-01254 Page 00063



43/100 
3400 
I 

IPR2025-01254 Page 00064



44/100 

3500 
l 

3501 3502 
I I 

SURFACE ALTERATIONS 

ALTERATION ALTERATION ALTERATION 

~~~~~;~~·~~~=~:~1-,:cr,:£::;W1F:i{ii[i~e~11i.l1J'
1 

~:-~~ --- ,.~: ,.~8~<:~::~:{~.-:-

OXIDIZING ZONE 

............. , 

REDUCING ZONE 

\ l 

FIG. 35A FIG. 35B 

IPR2025-01254 Page 00065



0.36 

2,0 2>1 

45/100 

2.2 

WAVELENGTH 
(µm) 

FIG. 36A 

3600 
I 

2,3 

IPR2025-01254 Page 00066



to 

0.8 

0.6 w 
::) 

;:i 
> 

OA 

0.2 

0.5 1.0 

46/100 

LIBRARY PLOT 

t5 

WAVELENGTH 

(µm) 

3651 

FIG. 368 

3650 
I 

2.0 2.5 

IPR2025-01254 Page 00067



47/100 

3700 
I 

3703 

OA 

3704 

0,2 

OJ 

FIG. 37 

IPR2025-01254 Page 00068



48/100 

3800 
✓ 

20 / 
/ 

/ 

i.4· --·-'' 0.6 0,8 to t2 1.4 t6 1.8 2.4 
WAVELENGTH (µm) 

FIG. 38 

IPR2025-01254 Page 00069



CHLOROPHYLL CELL STRUCTURE 

1':/, _.._ .... ---., ,-·y_,\, 

\~-~-/ 

491100 

WATER 

3901 

WAVELENGTH 
(µm} 

FIG. 39 

3900 
I 

WATER 

IPR2025-01254 Page 00070



501100 

4000 
I 

02 LN V!S!BLE NEARIR 10 THERMAf.lR 70 
iOO-r1~,~.rl,l"""\<~-~.~.~.~.~:,~,~~·~~~1?"'.'~~~""?Ti~""'.""l~~~~~~="".T'. .... m~-~'."."."""~~~:""'.T' 

,, 
,!'- :.<~: 

:/ 
~ 'I ,; .;,-. ~ 

~·:~~ 
( ~ r' _:t· 4001 

2S 

4002 

400J 

4004 

4005 

4001 

FIG. 40 

IPR2025-01254 Page 00071



51/100 

4100 
I 

4101 

60 

4102 

4106 

4104 

20 -4108 

Q--1------.-------.......... -------.---..---.......... -~ 

1.4 t6 2.0 2.4 

WAVELENGTH frtm) 

FIG. 41 

IPR2025-01254 Page 00072



9000 
3,0 

to 

0000 

52/tOO 

7000 5000 

4200 
I 

4000 

to 

0.0 
3.0 

o,o-"'----------..........------.-.-------...,,_i,...o.o 
0000 8000 7000 6000 4000 

WAVENUMBER(cm~ 1) 
1.11 t25 1.43 l67 

WAVELENGTH (µm) 

FIG. 42 

IPR2025-01254 Page 00073



53/100 

4301 

SC SOURCE 

4300 
I 

4304 

s 
i,....-~-1.i.--------frm _____ .,.._~~ ) 

4305 

4300 

INPUTSUT 
MONOCHROMATOR 

OUTPUTSL!T 
..... 

FIG. 43 

4307 

!nSb DETECTOR+ 
PRE-AMP 

L 
E 

4308 

LOCK~IN 
AMPLIFIER 

IPR2025-01254 Page 00074



CH
! 

~
4

4
0

1
 

er 
o

a
 ..

..,.
.-4

40
2 

o~ 

0
2

N
*
[ 

-.,.·
. •

 ·N<
Yl 

oJ
tt:

.)·
· .. ·J

1o.
 

oJ
±.

 
;&

 
. 

NO
'l 

o-f
ec-

oJ
¼ ~1

1.
i+

.,(
} 

. :"
"""

'44
03

 
0 

. ...-
,· 

~·\r
 

! 
~

44
04

 

'"'0
§ 

'01
<+

 

44
05

 

u 
--

t8
 

~
 .. t

4 
i 1

.2 
o

1
 

U
)
 ~o
.a

 
0.6

 
O
A

I
-

-
-
-
·
 

61'
 ~ 

• 
., 

.. 

·12
00

 
10

00
 

20
00

 
24

00
 

28
00

 
32

{10
 

36
00

 
40

00
 

WA
VE

LE
NG

TH
 (n

m)
 

44
07

 
1

.
8

-
-
-
-
-
-
-
-
-
-
-
-

1.6
 

~
u

 
I 

1.2
 

a::
:.. 

1 
~

·
 

~
 0

.8 {16
 

0 ·
~

o
~

 24
00

 
2ao

o 
32

00
 

sao
o 

40
00

 
WA

VE
LE

NG
TH

 (n
m)

 

44
06

 

ts
 l 

""r
"' 

• 
• 

] 
t6

~ 
32

50
 

~
 t4

 
~
 

2 
a

l 
1 ..

 ·. 
5

1
 

rJ
.)

 
0

0
 
·oa

 
<

.
 o
.s

r
~

 
1 

0
4

~
 1

 
1 

I 
I 

I 

• ·1
20

0 
16

00
 

20
00

 
24

00
 

28
00

 
32

00
 3

60
0 

40
00

 
WA

VE
LE

NG
TH

 (n
m)

 
44

08
 

1.8
 ,-

--
--

.,
--

-,
--

--
,,

--
--

,.
--

--
,-

--
-,

--
..

..
--

-.
 

1,6
 

~
 1

.4 
it

2
 

5
1

 
lf

J
 

·~
 0

,8 0.6
 

0·4
1 ~
 

·12
00

 1
60

0 
20

00
 

24
00

 
28

00
 

32
00

 3
00

0 
40

00
 

WA
VE

LE
NG

TH
 (n

m)
 

FIG
~ 

44
 

44
00

 
I 

.
·
~

 -...... g 

IPR2025-01254 Page 00075



45
01

 

1
0

0
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

--
BO

 
'#

.-
~
 

~
 

60
 

z
.
 

~
 

f:rl
 

40
 

..
..

J
 

I.I
,..

; ~ 
20

· ~2
00

 
16

00
 

20
00

 
24

00
 

28
00

 
32

00
 

36
00

 
40

00
 

WA
VE

LE
NG

TH
 {n

m)
 

45
03

 

1
0

0
-
-
-
-
-
-
..

..
..

..
-
-
-
-
._

_
-

,__
 0

0 
* - w.

 
§E

 
60

 
~
 frl 

.M
l 

...
..J

 
'N

 
u

..
 

w
 

o:
: 

20
 01
 

.;J
. 

-
:Z

:,.
....

....
..:

::r
 

C
:
 

..i.
...-

=:
l 

12
00

 
16

00
 

20
00

 
24

00
 

28
00

 
32

00
 

36
00

 
40

00
 

WA
VE

LE
NG

TH
 (n

m)
 

45
00

 
45

02
 

I 
1

0
0

-
-
-
-
-
-
-
-
-
-
-
-
-
.-

-
-

-
80

 
~
 - LU ~ 6

0 
<

 t,
 

w
 

40
 

...
..I

 
L

L
. 

w
 

er:
: 

20
 0 

. 
12

00
 

16
00

 
20

00
 

24
00

 
28

00
 

32
00

 
36

00
 

40
00

 
WA

VE
LE

NG
TH

 {n
m)

 
45

04
 

1
0

0
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-8
0

 
~

.
 

~
 

U
J.

 
I;

f\
 

O
w

 
z ~
 

&3
 4

0 
..

..
J

 
L

L
, 

w
 

n::
: 

20
 ~
 1

60
0 

20
00

 
24

00
 

28
00

 
32

00
 

36
00

 
40

00
 

WA
VE

LE
NG

TH
 (n

m)
 

FI
G

. 4
5A

 

O
'l 
~
 

;.
..l

l,
; g 

IPR2025-01254 Page 00076



45
51

 

1
0

-
-
-
.-

-
-
-
~

-
~

-
-
-
-
r
-
-
~

 
ao 

~
50

 
w

 
u 

40
 

~
 

ftl
 3

0 
,.

.J
 

~
20

 

10
 r-

-~
~~

--
-~

~-
~ 

1~
00

 
10

00
 

20
00

 
24

00
 

28
00

 
32

00
 

36
00

 
40

00
 

45
53

 
WA

VE
LE

NG
TH

 (n
m)

 

1
0

,.
.,

.-
1

--
,-

--
,,

,-
-.

--
~

.,
,,

,,
,_

,,
.-

-

60
 

~
50

 
w

 
i4

0
 

~
 

&3
 3

0 
...

.J
 

u
.. ~
20

 
10

 ~0
0 

_,
,..

...
...

...
--

.,.
,--

v-
-.-

..,
~-

--
"\

.\ 
.,,

...
.,.

-~
 

, 
V

 
\ 

' 
\ 

i 
-..

..,
_.

, 

10
00

 
20

00
 

24
00

 
20

00
 

32
00

 
36

00
 

40
00

 
WA

VE
LE

NG
TH

 {n
m}

 

45
5~

 
45

50
 

{; 
I 

7
0

-
-
-
-
-
..

..
..

..
.-

-
-
-
,.

-
-
-
-
.-

-
-
-
-
.-

-
. 

60
 •

 ..
 /\

,!
 /

--
-,

r'"
\ 

,.
,.

..
/
 

V
 

"'>
 

§:
50

 
\ 

j¥
i 

~ 
4D

 
\ r

l
 

\ 
-

f,
A

 
~
 

. 
J 

~ 
~
 

5 
30

 
\ 

J 
~
 

! 
/ 

!:b
 

l 
f<

, 
i 

i:
r:

 
20.

 
\ 

{\,
\} 

\.·
.J

·. 
10

 
'4

 
\ 

1~
00

 
16

00
 

20
00

 
24

00
 

28
00

 
32

00
. 

36
00

 
40

00
 

WA
VE

LE
NG

TH
 {n

m}
 

45
54

 
~
 
~
 

70
1 

i 
i 

i 
Y

 
T

 • 
1 

l 
I 

I 
g

 
00

 
~-

so
 

~
'
 

lU
 

~
 40

 
/\

 
5

M
 

f 
~
 

/ 
L

U
 
ov

 
\,.

.rA
,, 

) 
~
 

\ 
I 

, 
l 

~
"'

 
~
 2

0 
'•

.,,
.._

J 
\ 

/ 
, 

10
 

\._,.
,.,_/

"-✓
 

1~
00

 
16

00
 

20
00

 
24

00
 

28
00

 
32

00
 •

 36
00

 
40

00
 

WA
VE

LE
NG

TH
 {n

m}
 

FI
G

. 4
5B

 

IPR2025-01254 Page 00077



l jllll 
,.8

6 
3,3

3 
4,0

 
20 

cn
r1 

35
00

 
30

00
 

25
00

 
20

00
 

16
00

 
10

00
 

50
0 

j 
µm

 
2.8

6 
3.3

3 
4.0

 
5,0

 
6,6

6 
10

 

J 
1

\
.
_

_
p

.
 

_J
 

, 
· 

.·· 
1 

i 
r
'
/
 

• 
•• 

,
_

 
--

-
. ~
f
~
 ·. · .

..
. 

~ 
cm

-
35

00
 

30
00

 
25

00
 

20
00

 
15

00
 

10
00

 
2,8

6 
3,3

3 
4,0

 
. 

I 
.·!J

ID ~ 
~

.
 

j 
I 

~
-
-

i 
' 

• 
...

..,
,..

,. 
J. 

• 
p

=
w

 
a; 

5.0
 

6.6
6 

10
 

cm
-1 

35
00

 
30

00
 

25
00

 
20

00
 

15
00

 
10

00
 

~ µ
m 

2.B
& 

l.3
3 

. 
. 

4.0
 

.· 
. 

.5
.0

··
. j'

 6
.68

 

j 
.
r
-
~

~
~

r
 ~. 

10
 

1
'
~

 

cm
-1 

35
00

 
30

00
 

25
00

 
20

00
 

15
00

 
10

00
 

FI
G

. 4
6 

46
00

 
I 

46
01

 

46
02

 

·46
03

 

46
04

 

0
,
 

~
 

_
.:

 
a 0 

IPR2025-01254 Page 00078



47
02

 

.
~

·
·
·
·
·
·
·
·
·
·
~

,
_

1
·
·
 FI
G

. 4
7A

 

47
00

 
I 47

05
 A
 

0
1

 
co

 - - 8 

IPR2025-01254 Page 00079



/ /
 <r-
-

UG
HT

 
SO

UR
CE

 

z t 

TA
RG

ET
 O

BJ
EC

T 

FI
G

. 4
7B

 

47
50

 
i 

47
57

 • 
t 

-.. ~
J 

.>
;;

~
..

..
..

..
 

• 
• 

~~
:=

i 
~
 

1
/s

 

X
 

U
1 
~
 -0 0 

IPR2025-01254 Page 00080



60/100 

4800 
I 

4804 

\1 ►~ ~ll---
4806 

4008 

4805 

FIG. 48 

COMPUTER 
4807i..-....... ................... 

IPR2025-01254 Page 00081



49
01

 
L 

49
02

 
49

03
 

49
04

 40
05

 

SC
SO

UR
CE

 
MO

NO
CH

RO
MA

TO
R CO

MP
UT

ER
 

49
11

 

FI
G

. 4
9 

49
06

 

SA
MP

LE
 

4.9
07 

RE
FE

RE
NC

E 

LO
CK

-IN
 A

MP
#1

 

LO
CK

-IN
 A

MP
#2

 

49
10

 

49
00

 
I 

40
08

 

SA
MP

LE
 D

ET
EC

TO
R+

 
PR

E-A
MP

 (M
G1

) 

RE
FE

RE
NC

E D
ET

EC
TO

R 
+

 PR
E-A

MP
 (M

CT
} 49

09
 

O
J

 
.;.

.l>
,, -~ 0 0 

IPR2025-01254 Page 00082



90
00

 
00

00
 

70
00

 
60

00
 

50
00

 

50
00

 
.
~

 

40
00

 

3,
0-

, 
BR

UK
ER

 
3,0

 

m
 

t;:
; 

z ::
;:

) 

io
 

to
 

~.
 0

.0 

i 3
.0 

0 <
n

 
co

 
<

 

2,0
 

1.0
 

PO
LY

ET
HY

LE
NE

 

50
01

 

l't 1.
\ 

J 
(: 

ye
 

r 
! 

i~
 

I 
t 

1 
1 

t~
 

;, 
.1 

t 
t 

I~
 

~
fl

 
Il

l 
~ .

t 
t 

\ 
1 et

i 
IH

 
V

 

PO
lY

sT
YR

EN
E 

; 
\.

 
50

02
 

l ~ 
r 

w
 

t 
'>

_
..

 
f 

l 
t 

/ 
',

 
_,

 
,,

. 
' 

' 
' 

' 
--

--
--

--
--

--
--

--
--

-
! 

• 
-

__
__

 ,_ 
' 

',
,'

 
-
-
-
-
-
-
-
-
-
-
-
·
-

-
-
-
-

✓ 
~

-
.
 

, 
-
-
-
-
-
-
-
-
·
 

_
_

_
_

_
_

_
 1

1
 

2,0
 to 0,0
 

-3
.0 2,0

 

'1
.0

 

M
···

 
M

 
90

00
 

80
00

 
70

00
 

60
00

 
5(

)0
0 

40
00

 

WA
VE

NU
MB

ER
 cm

.1 
1.1

1 
1.2

5 
1.4

3 
1.6

7 
2,0

 
2.5

 
MI

CR
ON

S 

FI
G.

 5
0 

Q
) r:e
 -g 

IPR2025-01254 Page 00083



0,5
 

0.4
 .. 

11
 

l 
\ 

f 
i 

l 
t 

/ 
~ 

o.s 
~ 

/ .. ,
 

l 
t''

 
! I 

0,2
 

I \ lj;
,~

 \ 
y 

' 
f 

.....
.....

.. 
/ 

~ 
I' 

\ 
. 

. 
. 

j 
I 

\ 
,,

.,
,,

-.
. _

.,
,,

.,
,.

,-
--

..
 

1
1

\ 

-
. 

\ 
..

,_
,.

,\
 

~ 
I 

-..
,_

 
I 

5 
0.0

 .
P,

. _
_,.

.--
-,. 

,,
_,

 ..
 --

•·
't

 
/ 

'·
' 
L

··
 1!

1'.! 
\ 

:/
'\

 
_.

.,.,
. 

• 
~ \ 

0,1
 

·= -\
 \ 

. \,\
 ,, ~
-
~
 

--0.
1 

-(1
2 

41
3 40

00
 

50
00

 
55

00
 

60
00

 
65

00
 

70
00

 

2.2
2 

2.0
 

1.8
2 

1.6
7 

i5
4

 
I 

~. 
. 

. 
t4

3 

FI
G

. 5
1 

51
00

 
,1

 

ffi - - g 
.. .. ... .. ,...,,

 .
..

. 
_

_
_

 ; 
_

_
 :

...
. 
_

_
_

_
 .
..

..
. 

;J
/'

-.
,;

,,
-,

_
-.

:,
,i

.:
~

<
1

1
1

{
-,

 .. _
 .....

. 
~
 

·.
-•

 .....
.....

. ""
'.""

_:
...

._
_ 

75
00

 
00

00
 

85
00

 
90

00
 

cm
~1 

t3
a 

1.2
5 

U
8 

U
t 

µm
 

IPR2025-01254 Page 00084



1.0
 

0.6
 

0.6
 

0.4
 

6?
 -~ 

0.2
 

{
!)

 
0 d

.,
. 

L
U

 
~
 

0.0
 

~
 

:::,
,;; 

i::
r: 

U
J

 
0 

,-0
,2 

-
0

 
c::

:: 
("

"I
I 

>
 

z 0
0

 
--0

.4 

,-0
,6 

TE
AC

HI
NG

·SE
TA

VE
RA

GE
 

LA
CT

OS
E F

OR
MU

LA
TIO

N 
G4

-10
 m

g 
-0.

8 

~1.
0 

12
00

 
14

00
 

16
00

 
18

00
 

WA
VE

LE
NG

TH
 

{nm
) 

FlG
~ 

52
 I 8 ·, ·/ 1 11

, 
!1.

 
i 

~ 
~ I 

1 
l i; 
./'5

20
2 

s r
--··

 
1<

 
~--~

 
'i

 ' 

20
00

 

. 
i 

~ 
? 

~ 
Y. .. ~)'
 

22
00

 

52
00

 
✓
 

1\
{ 

1
. 

0-
~ ; \i ;, 

:,;,_
 ...

.... 

24
00

 

a
)
 •~· -~ g 

IPR2025-01254 Page 00085



~
 

en
 

z
: 

w
 

f
-
~
 

L
U

 
0 i n:

:: 
0 (
(
)
 

~
 

w
 

>
 :$
 

U
:.

I 
O:

'.:'.
 

53
00

 
r'

 
-A

P
! 

_,._
.,_ 

EX
ClP

IEN
T #

1 

"'-
-~

 E
XC

IP!
EN

T#
2 

-
-

• E
XC

!PI
EN

T#
3 

,\ 
--

--
-.

 
-•5

30
2· 

''
 

' 
--

, 
,._

,_
, •

• ,
 

' . 
, 

' 
, 

, 
·--·

 
' '

 
----

, 
" 

, 
" 

• 
• 

•"
' 

.,.
 

I 
\ 

-
; 

; 
\ 

' 
\. 

' 
,.,

-"
'· 

. 
.-

~-
J· 

I 
~ 

' 
• 

' 
'•

 
,
' 

l 
,'

\ 
/ 

' 
/ 

\ 
/ 

,,J
 \

 1
;-5

30
1

_ 
' 

' 
' 

, 
>

 
••

 
• 

' 
',

 
f •

 
,.

 
, 

f 
,
,
 

I 
" 

'
I
 

..
 

, 
I 

I 
\" 

t 
..

 4 

..
 
,~

 "
'"

"
' 

I 
' 

~
--

-
•• 

_t
:'l

fl_
A

 
, 

l 
'-

,
 

,'
 

I 
' 

v
,,

r
 ""

"' 
t 

, 
, 

...
...

 
,, 

' 
I 

"· 
i 

I 
I 

\ 
.,

 
I 

1 
· 

,_
,.

.,
_

_
 

-
..

 -
..

 
• 

t 

,•
"
 

. 
\•

\ 
--

~-
. 

I 
/i· 

~\
 

t 
,1

' 
-

l 
\ 

,...
., 

,' 
•.

• 
, 

~
--

·
-
-
-

f 
' 

, 
-

•
•
 

, 
' 

.,
,.

_
_

_
 

;,
 

'"'
' 

.. __
 

,,
-

.. --
-

, . .,,., 
.. 

• 
" 

_, 
\ 

/ 
'
.
;
'
 

.,.
_ 

,"
.,

 
,
.
 

·$
 

1· 
.,,._...

 
~ 

,--
-

,,,
 

. 
• 

• 
" 

_,,.
.,,. 

.. 
.,. 

.,
, 

-
-

-
-
·
 

-
-
-

-
-

• 
' 

~
. 

' 
_.

,, 
• 

, 
• 

• 
-

>
'"

 
•.

..
;.

-~
• 

I 
'-

~
-

''
<

;'
 

/ 
• 

• 
-
.
,
~

-
1

' 
..

 ~~
 

/
"
 

• 
.._

c,
,.,

..,
;, 

__ 
~

· 
~6

~-
~-

--,
,--

~ 

·····
· -., 

· E
XC

!P!
EN

T#
4 

--
-

EX
Cf 

PlE
NT

#S
 

.. --
--~

--..
 ~,,.~

 ... ~
-~

 .. ~,,
--..

. --
~,

.-,
..~

-"'
"'~

' 
p.

;1
.6

: 

~;
,.-

li,
~'

"'
::

•-
r.

.,,
;,.

."
'"

""
'-"

""
""

"'
,..

,tf
-.t

'~
 

~
-

.#
:"

6
 

I 
-,

 
i 

' 
.,.

 
. 

-
I 

t"
.lf

\C
 

I
\
 

,
r
~

 
' 

, 
J

~
 

~
·
 

••
• 

-
-

,
-
•
-

• 
-
-
-

r 
'-

-·
-

---
-·-

--
__

 , 
--

--
--

--
·--

--
-

-· 
--

, 
__

_ , 
-
-
,.

..
..

.-
-
-

. 
_

..
,.

--
-

. 
. 

. 
. 

. 
,,,

..,
.. 

• 
~,

,,,
.. 

...
. _

 
• 

• 
_ _._

_ l
:-'

l_
fl.

" 
.
.
 
-
-
-
·
 
-
-
-

. 
. 

• 
••

 
--

,,
.,

. 
~

-
-
-
-
-
-
-
-
~

-
-
-
' 

'-
-
-
-
~

-
~

.
.
.
.
,
,
 

~
-
<

-
0 

12
00

 
14

00
 

16
00

 
18

00
 

W
AV

EL
EN

GT
H 

(nm
} 

20
00

 
22

00
 

24
00

 

FI
G

. 5
3 

0
)
 

<.
n --.:Ii. 0 0 

IPR2025-01254 Page 00086



54
00

 
r 

'·•1
··• 

µm
 

2,8
6 

3.3
3 

4.0
 

5.0
 

~ 
6.6

6 
h 

m
 

20
 

CO
C-A

lNE
HC

! 
U-

54
01

 
? ? ? ? ? 

on
r1 

35
00

 
30

00
 

25
00

 
20

00
 

15
00

 
10

00
 

50
0 

?~
 µ

m
 

2.8
6 

~ • 
ME

TH
AM

PH
ET

AM
INI

E 
3.3

3 
4.0

 
5;0

 
6.6

6 
10

 
A

 IA
-5

40
2 

? 'i ? 
. 

g 
crr

r1 
.35

00
 

30
00

 
25

00
 

20
00

 
~oo

o 
10

00
 

-
I 

.••
 

_
.;

ii
. 

0 

7
j 

µm
 

2.8
6 

3.3
3 

4.0
 

5.0
 

6.6
6 

j 
10

 l
 

54
03

° 

l 
MD

MA
 {E

CS
TA

SY
) 

? ? ? 
crr

r1 
35

00
 

00
00

 
25

00
 

20
00

 
15

00
 

i.1 
µm

 
2.8

6 
3.3

3 
4,0

 
5.0

 
l 

0,
00

 
Au

 w
 

~ 
L.4

-54
04

 
? 

HE
RC

!N
 

7 ? ? 
crr

r1 
35

00
 

30
00

 
25

00
 

20
00

 
45

00
 

10
00

 

FI
G

. 5
4 

IPR2025-01254 Page 00087



AB
S 

55
00

 
( 

t1
 

H
 

l 
~. 

--
--

-t
 --

-
--

1 
--

{},
5 

~
N

H
2

 

V
 

CH
3 

'C
H

3 
l 

l 
; 

I 
l 

l 
l 

I 
I 

I 

-
--

-
· -

t 
v 

-M
A

---
-

"{ 
· 

-
-
..

a
-
-

-
-
-

! 
! 

I 
J I 

AM
PH

ET
AM

INE
 

MO
MA

 
i 

AP
 

55
01

 

i 
l 

l 
I 

l 
~ .

 .--5
50

2 
~.

 
-
-
-
-
-
-
-

--
..

:.
!-

-
-
-
-
.
 -

-
-

•••
 
-
-
.
j
,
o

-
-
-
-
-
-

.• 
• .

 
-

-
~

 
-
-
-

-
-
-
-
-

-
-1

-
-

-
-

. 
•. 
-
-

y 
,
.
}
;
 

• 
• 

-
• 

I 
I 

I 
I 

• 
, 

~•
 

• 
~ 

S
 

~ 
l 

/t
i'9

-"
"J

(~
,/

 
I 

I 
) 

1 
A

 
;~

..
_

 ....
 _
\
 

.i'
 

I 
i 

l 
I 

f\
 

J 
\
t
 

I 
l 

. 
I 

, 
~.

. 
t 

/ 
,,

. 
J 

·5
tl

'!'
) 

I 
I 

I. 
..

..
..

,.
,_

_
_

.,
..

,.
-:

 
I 

{ 
~.

i~
~ 

&
 _

. 
,,

.-
iJ

\i
,)

 
I 

j 
j 

~
--

. 
I 

. 
f 

I 
f'o

• 
I'

. 
• 

t".
" ..

.. .
.,..

'."
"" .

...
. '.'

°"
'"

""
"_

 ..
..

 ..
..

,~
-.

: 
-
-
.
_

_
.
.
.
,
.
_

_
_

_
 

l 
~ 

"~
-

"".'
..,. 

-
'· 

-1
~ 

. 
·t

 
_/

J.
-5

t.
ft

A
 

~ 
I 

.,.
._

v~
--

"'
 

"';,
.,. .

.. .-
-.

i,
""

""
..

..
._

 
r..,

...:.
;" .

. R
.;,,

.-.i
l"'

61
1,;

... 
-, 

:!.-
. 

lt
 ½

,1
.t,

.~
~ 

l. 

·
-
-
►
 -

-
-
-
-

·
-
·
-
-
.
 
,-

--
--

--
--

--
--

-r
--

--
·-

--
--

--
--

.A
,4

.-
-l

iQ
U

A
 -
--

--
-r

--
--

--
-~

-•
 -

-;
fr

 
:;

""
--

• :
--

,.
,.

T
 

<o
l\R

. 
1 

1 
/ 

1 
l.¥1

 •
 IY

!f'I
. 

l 
} 

l. 
~

-"
 

-.
/ 

-.
,.

 
: 

I 
t.

/ 
I 

. 
;\.

.#
\ 

/
,.

 
l 

/
"
"
,
 

• t
 

,· 
_ 

_ 
t 

""
'.,,

,..-
" 

t 
/',.,

;,,,,
._ 

_.
.,w

;P
--"

""
'..

.,,
.~

 
r,_.

 ~
-.

...
--

<
i._

~.
.,.

., 
/ 

.· 
,_ 

, 
--

~
/
 

I 
,.

..
. ..

..
..

 ~~
 ...

 ---
---

-~
~1

---
---

0-
--"

~~
 

l 
~ 

•• -
• 

...,,
 t 

...... r,
..:

 I 
:
0

.:
-
."

!
"
'-

-
:
-
~

-
~

~
-
-
-
~

-
-
-
-
~

-
-

i 
j..

""
-¥

.~
 

( 
-·

~
 

J. 
f 

· 
-;

.,,
,I 

• 
-~

--
-.

..
_

, 
· 

/ 
I 

I 
. 

--
..

..
..

..
 

. 
t 

~•,,
_,..,

..-
]
f
"

/ 
. 

. 
-
,
 

• · 
I 

0 
~

-=
-~

--
-·

--
-·

--
--

... -
·-

;.
r"

'"
-'

"'
""

" .
..

 "
'"

-·
-·

-"
"
"
"
 .
..

 -
-
-
-
.:

:.
.~

 ..
 •
-
-
-
-
-
·
 
-
-
-
-
-
·
-
-
-
-
-
-
-
-
-
"
"
-
.
' -

--
:>

-"
'<

:,
.-

,-
--

-•
-•

·-
--

--
--

--
·-

--
-

.
..

 -
.-

--
.-

.w
-.

1
1

o
:,

 _
 

_.
..

..
..

,.
.,

..
,d

«-
. 

...
 

.. 
. 

-
.
_

o
,
,
 

I 

• 
I 

I 
4 

i 
' 

t 
I 

I 
""

'_
,,.

, 
I 

MD
.A 

f 
. .

 -
l 

---
---

-+
-~

..._
 _ _,

...
.-
✓
 

: 
• 
l 

: 
-
-
-
~

-
-
-
.
 -
-
_

_
,
-.

...
 _

,,
,.

,,
.-

~
 

I 
I 

l 
l 

-0.
2 

I 

10
00

0 
80

00
 

60
00

 
40

00
 

WA
VE

NU
MB

ER
fcm

 .. 1]
 

to
 

1.2
5 

1.8
7 

2.5
µm

 

FI
G

. 5
5 

O
)·

 
--.

.J
 --_

.;
i,

. 

0 0 

IPR2025-01254 Page 00088



o
.
s
o

-
-
.
-
-
~

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

.........
..... 

'x
: 

z ::
::

:)
 

0.5
5 

0,5
0 

0.4
5 

; 
0.4

0 
rd

 
s::

n S2
· 

Q
 ,:i

r 
-

. 
,<J

O 
...

.J
i I ro
 

0-3
0 

0.2
5 

02
0 

M
eC

OO
''' ~·· 

I 

56
03

 

{¾
 

ti
\ 

f I ,,, : / 
/ 

,.,.
 

" 
p.

,.
 .
. 

,~ i\
 

f 
j 

: 
\i"

'\.
 

' 
• 

~ 
: 

~. 
t : J , I I 1 f .j t 

f\
 

I 

l~
 

J 
f 

~ 
..

..
 ,.

 
j 

..
 

I t f I J I 

t 

l 

t 
·' 

i\
tl

 
f 

~
if

\ 
l 

t"
 V

 
~
 

I 
t"

''>
 

l 
.I

 
""

"~
 . .
./

 

,. 1 \
 

.-
0

0
56

01
 

• 
t"

' 
..

. 
I 

~ 

: 
\ 

t~
 

l 
t 

I 
I 

1 
.. At 

I 
I 

·.~~
~i 

A
 \

 \ 'l\.
d I 

ST
AN

DA
RD

 

SA
MP

LE
 

0
.
1

5
-
-
-
-
-
-
-
-
-
-
.
.
.
-
-
.
_

.
.
.
,
.
.
.
-
-
-
-
-
-
-
-
.
.
.
-
-
.
-
-
-
-

10
00

 
12

50
 

15
00

 
17

50
 

20
00

 
22

50
 

25
00

 
FR

EQ
UE

NC
Y [

nm
} 

FI
G

. 5
6 

50
00

 
( 

~ 8 

IPR2025-01254 Page 00089



69/100 

5700 
( 

1.8-------------------

MeCOO 

t6 

1000 1500 2000 
WAVELENGTH (nm) 

FIG& 57 

f 
I 

2500 

IPR2025-01254 Page 00090



TENTATIVE 
FREQUENCIES 

OF HEROIN 
BANDS(nm) 

1160 

1195 

1360 
1395 
1420 
1570 

1685 

1705 

1725 

1765 

1780 

1920 

1950 

1990 

2070 

2090 
2140 

70/100 

ACTUALLY 
MEASURED PEAK 

FREQUENCIES (nm) 

1157 

1190 
1200 
1357 
1391 
1425 
1570 

1004 

1709 

1127 

1767 

1780 

1914 

t936 

2000 

2074 

2100 
2135 

.2144 

5800 
( 

FORMS OF MODES 
OF VIBRATION 
ASSIGNMENT 

~O STRETCH.FOURTH 
OVERTONE 
C,-H SECOND OVERTONE 
C--H SECOND OVERTONE 
C-H COMBINATION 
C-H COMBINATION 
0-H F!RST OVERTONE 
N-H STRETCH FIRST 
OVERTONE 
C-H STRETCH FIRST 
OVERTONE 
C--H STRETCH FIRST 
OVERTONE 
C-H STRETCH FIRST 
OVERTONE 
C--H STRETCH FIRST 
OVERTONE 
C-H STRETCH FIRST 
OVERTONE 
C-0 STRETCH SECOND 
OVERTONE 
C-0 STRETCH SECOND 
OVERTONE 
N,---fi STRETCHJN---H BENO 
COMBINATION 
N ..... H DEFORMATION 
OVERTONE 
C--H COMBINATION 
C-H STRETCH/C--0 
STRETCH COMBINATION OR 
SYM. C-H DEFORMATION 
C-H STRETCH/C-0 
STRETCH COMBINATION OR. 
SYM. C--H DEFORMATION 

----· --~---------r.--............----~--
TOFIG, 58B 

FIGO 58A 

IPR2025-01254 Page 00091



71/100 

FROM FIG .. 58A 
• "J --- . ""'"'"' . "'""'""' 

2170 2172 ASYMMETRIC C-f, 
STRETCH/C-H 
DEFORMATION 
COMBINATION 

2180 2178 N-H BEND SECOND 
OVERTONEORC-H 
STRETCH/C---0 STRETCH 
COMBINATION, OR C--0 
STRETCH C-N.STRETCH; 
N---H IN-PLANE BEND. 

2200 2194 CH.STRETCH/C--OSTRETCH 
COMBINATION 

2280 2284 C-H STRETCH/CH2 
DEFORMATION 

2300 2300 C-H BEND SECOND 
OVERTONE 

2325 2320 CH STRETCH/CH2 
DEFORMATION • 
COMBINATION 

2352 2352 CH2 BEND SECOND 
OVERTONE 

2380 2384 C---H STRETCHIC--C 
STRETCH COMBINATION 

2470 2454 C---HOOMBlNAT!ON OR 
SYM C-N---0 STRETCH 
OVERTONE 

2488 2485 C-H STRETCH/C--C 
STRETCH COMBINATION 

2530 2524 ASYMMETRIC C-N-C 
STRETCH FIRST OVERTONE 

2530 2537 ASYMMETRIC C-N~ 
STRETCH FIRST OVERTONE 

FIG. 588 

IPR2025-01254 Page 00092



721100 
5900 
(' 

3.0 

2.5 

5904 

to 

0.5 

1000 1500 2000 2500 
WAVELENGTH (nm) 

FIG. 59 

IPR2025-01254 Page 00093



00
02

 
60

00
 

~ 
✓ 

II 
Nl

fU
.A

BU
SE

 
ii--

----
-

----
----

--
---

---
-

---
---

---
---

---
---

--►
 

UN
IT 

OP
ER

AT
IO

N 

N!
RI

DT
ES

T&
 

AS
SE

SS
ME

NT
 

N!
RI

D 
OR

 
AS

SA
Y 

NlR
-IN

 P
RO

CE
SS

 
MO

NlT
OR

IN
G 

CO
NT

RO
L 

DR
Y 

CO
MP

AC
TIO

N 

NIR
 M

OI
ST

UR
E, 

DE
NS

!TY
OR

. 
HA

RD
NE

SS
 

N!
R 

LO
D 

NI
RS

LE
ND

 
cu 

Nf
fl 

CH
EM

IC
AL

 
IM

AG
IN

G 

CA
PS

UL
E 

FIL
LIN

G 

N!
RL

OD
 
I I

 
I 

Nl
R 

(IN
~j 

ON
~ 

PO
TE

NC
Y 

LIN
E}

 

NlR
 

HO
MO

GE
NE

ITY
 

NI
R 

AS
SA

Yi 
MO

IST
UR

E! 
HA

RD
NE

SS
 ET

C 

N!
R 

CO
AT

IN
G 

TH
IC

KN
ES

S/ 
AS

SA
Y 

-••
•
 
--

--
-.

--
--

-·-
·--

---
--·

 •• 
-• 

--
--

.
-

•• 
---

---
·--

---
--·

-•
•
 
-·-

---
.--

---
---

--
60

03
 

Fl
G.

 6
0 

.....
.. 
~
 -0 0 

IPR2025-01254 Page 00094



1.2
,-j 
-
-
-
-
-

MA
GN

ES
IUM

 ST
EA

RA
TE

(61
01

J 

·-
--

--
--

--
-

SO
RB

lTO
L(6

10
2) 

·-
--

--
--

--
-

MA
NN

ITO
L (

61
03

) 
1.0

 ~ 
•• _

. _
_

 T
AL

C 
(61

04
) 

LA
CT

OS
E (

61
05

) 

61
00

 
f'

 
! I ~ I i 

, 
t 

61
M

 j
 \

 
: 

.V
t
.

1
t 

l 

\ 
} 

~.
 

" 
' 

~ 
I 

• 
:I\

 ,
.I

 t
 

''IJ
 

l 
I 

#·
 

-
/ 

* 
\ 

I 
I 

1 
I 

! 
I 

l 
I 

f 
t 

! 
1 

I 
"' 

f 

,,.
~1

01
 

sio
o 
r 

i, 
/'~

 
\\

 •. 6
1fl

k 
. 

510
3·. 
~
 

.. :..
 .

 
). l

l 
/ 

'ii 
. 

V
v 

' 
• 

·'
 
~ 

f 
, 

• 
I 

• 
I\

 
i 

6
, 

r,
..~

 
I 

l~
,j•

.;,
.. 

\
~

:
I
 

: 
·f

 
/ 

I 
I 

,.
,.

-,
 

,.
 

i 
l 

• 
~ 

I 

&1
00

 
/ 

\ 
\ 

·-,
, 

\ 
'..

 \
 

,: 
' 

m
 

~:
 0

.8 
--

-.
-.

-
ST

AR
CH

 {8
10

6) 
:::

::i
, 

w
 

u ~
.
 

·:m
 
~
 

--
--

--
MA

LT
OD

EX
TR

IN 
{61

07
} 

--
--

--
--

MI
CR

OC
RY

ST
AL

L!N
E C

EL
LU

LO
SE

(61
08

) 
I 

j 
i 

' 
t 

go
.s 

tt
l 

<
 

61
01

 I·
 

1·
 

. 
\ 

\ 
\ 

.
.
 :

 ·
 ..

. 
\ 

i/
°"

 
\ 

\ 
\ 

61
04

 l
 

,.
; 

'~
 

.-.·\
.. 

\ 
\. 

• ... 
i 

\ 
~ 

•"
'• 

-
• 

' 
I 

. 
1

1
,.

 
l 

.. ~
.t 

",.
._

\ 
. i

 
' 

,,·. 
·. 

II 
~ • 

":
•~

··.
 Li,
...

.. 
. 

1 ,., 
i 

. ~
. 

• 
\ 

,. 
• 

• 
"
"
 

\ 
,
1

 

-
-
-

-
,.

 
•~"

.J 
• 

--
--

, '
 

• 
-
-
-
-
~

-
-
-

,• 
' 

• 
'! 

--
--

,.
 

--
,.,

,.-
--

--
-

, 
·-

' 

0 2
 

~=~:
::IIJ

'I'~
"'.:

::-:
.::-

::-:
.:"'

:.:-
::::

-,·--
•• 

-H~
_,.-

..,..
_,..

.....
.. 

_,,,.,,
. 

.....
 

--.
 

., 
• 

j1
 
•.

,,
-

--
-

-
=

 
-

--
• 

,. 
• 

-
__

__
__

 ,,
. 

-
-

, .
 

• 
-· 

-
1 

1 
-

~
-
.
.
.
.
.
.
.
.
.
.
.
 

::
::

;~
~

-~
=

--
--

-
-

-
• 

, 

. 
\ 

',~
-,¼

--Y
 

fi l
 ~-~ 

tt-
--L

-
1 

" ~
.
.
/
 I V

 ~ ' 
-.

,.
;.

,~
 

-
·
~

-
·
 __ 

_,_
, 

,.,, 
--

.
•
 

,, 
--
--
--
--
-✓
--
-~
,.
_~
.,
,.
. 

OA
 

11
00

0 
10

00
0 

90
00

 
80

00
 

W
AV

EN
UM

BE
R 

cm
·1 

FI
G

. 6
1 

70
00

 
60

00
 

50
00

 
40

00
 -..

,J
 

-1!
',,1

. --A. 0 0 

IPR2025-01254 Page 00095



75/100 

.. 

IPR2025-01254 Page 00096



63
04

 

PR
OC

ES
S 

CO
NT

RO
L l 

PR
OC

ES
S F

EE
D 

63
02

 

63
05

 

CL
OS

ED
 LO

OP
 

CO
NT

RO
L(P

RO
CE

SS
 

PA
RA

ME
TE

RS
 O

NL
Y) 

~
-
·
-
~

-
J
a
<

 • ~ • i t t t l 
..

..
 _

f 

63
06

 

CO
NT

RO
L F

UN
CT

lO
N 

ON
-LI

NE
 M

ON
ITO

RIN
G 

OF
 PR

OC
ES

S 
PA

RA
ME

TE
RS

 

i i e I I jc 
TE

MP
ER

AT
UR

E 
TIM

E 
PR

ES
SU

RE
 

ET
C. 

•• 
---

• 
----

---
---

-• 
-.... 

MA
NU

FA
CT

UR
ING

 
PR

OC
ES

S 

63
01

 

FI
G

. 6
3 

PR
OC

ES
S 

OU
TP

UT
 

63
03

 

63
00

 
✓
 

-..
.J

 
a

, - -0 0 

IPR2025-01254 Page 00097



77/100 

0 ,..__ ______________ _ 
noo 1soo 1 soo 1100 1000 2100 2aao 2soo 

WAVELENGTH1 nm 

FIG. 64A 

6450 

0------------........------' 

800 1200 1600 2000 2400 
WAVELENGTH. (nm) 

FIG. 64B 

IPR2025-01254 Page 00098



65
02

 

SC
AN

 M
IR

RO
RA

ND
 

OT
HE

R O
PT

IC
S 

I 
L!G

HT
FR

OM
 

AS
IN

GL
E 

GR
OU

ND
0 

RE
SO

LU
TIO

N 
CE

 ~
E

E
L

 
:;

lW
-.

l~
W

W
J
 

~
 ,
~
~
 DIS

PE
RS

ING
 

EL
EM

EN
T 

FI
G

. 6
5A

 

IM
AG

ING
 

OP
TIC

S 

65
00

 
I 

A
 

DE
TE

CT
OR

S 
I 65
05

 

.
~

 

~
 

-J
o

. 
0 0 

IPR2025-01254 Page 00099



TU
RN

AB
LE

­
MI

RR
OR

 /
.
 

<
r(

 
UG

HT
 

SO
UR

CE
 

z tFR
ON

TL
EN

S 
65

52
 

TA
RG

ET
 O

BJ
EC

T 

SL
IT 

CO
LL

EC
TO

R L
EN

S 
65

53
 

65
54

 
¥

-
y 

-✓
,n FI

G
. 6

5B
 

HO
LO

GR
AP

HIC
 

GR
AT

IN
G 

WI
 PR

!SM
 

65
55

 

65
50

 
( 

X
 

.....
.. 

92
 
~
 

0 0 

IPR2025-01254 Page 00100



CO
HE

RE
NT

 
llG

HT
SO

UR
CE

 
I 66
01

 

ST
AT

IO
NA

RY
 M

IR
RO

R 

SP
LIT

 BE
AM

 

BE
AM

 
SP

UT
TE

R 
I 66
02

 

SA
MP

LE
 

66
05

 
I 

DE
LA

YE
D 

SP
LlT

BE
AM

 

RE
CO

MB
INE

D 
BE

AM
 X

-6
60

7 

66
09

 

DE
TE

CT
OR

 

FIG
m 

66
 

◄
 

MO
VIN

G 
MI

RR
OR

 

66
00

 

✓
 

66
06

 

0
)
 

d -~ 0 0 

IPR2025-01254 Page 00101



67
01

 
670

2 I 
CH

OP
PE

R 
67

03
 

67
04

 \ PO
L 

SC
 SO

UR
CE

 
MO

NO
CH

RO
MA

TO
R CO

MP
UT

ER
 

67
11

 

Fl
G

. 6
7 

67
00

 

SA
MP

LE
 

67
07

 

RE
FE

RE
NC

E 

LO
CK

-lN
 AM

P#
1 

LO
CK

~IN
 A

MP
 #2

 

67
10

 

67
00

 
✓
 

61
08

 

SA
MP

LE
 D

ET
EC

TO
R+

 
PR

E·A
MP

 {M
CT

) 

0
0

 

I R
EF

ER
EN

CE
 D

ET
EC

TO
R 

11
 

•~
· 

+
 PR

E6

AM
P (

MC
T) 

0 

7 
l 

67
09

 

IPR2025-01254 Page 00102



821100 

6800 

----Hb Sat02.0% 
"' ,, • -HbSato2·100% r''\ \-_/_1. ,...:6801 

i' \ ,1/" -~--PUREWATER 
' \ I. , "'·" 

0,01+--.--+-~-+----r'--i----.----t---.---+-..---il-.--+-......-+-.....--f--..--¾---'· 

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 
WAVELENGTH [nmJ 

FlG. 68 

IPR2025-01254 Page 00103



60
01

 
69

03
 

~
O

N
O

 0\/
ER

TO
NE

RE
GI

ON
 

\ 
CO

MB
INA

TIO
N 

BA
ND

 RE
GI

ON
 

2
'
.
?

?
C

-
mr

n1
11

m1
11

11
rn1

11
m1

11
11

m1
11

11
ll!lll

illlll
llflll

lHl
llll!I

III1
illill

illlil
lliH

llll!l
llilll

 

(;.
;H

 
2n

dO
VE

RT
ON

E 

1s
tO

VE
RT

ON
ES

 O
F 

C~
H C

OM
BIN

AT
IO

NS
 

12
00

 
13

00
 

59
0 

FIR
ST

 O
VE

RT
ON

E R
EG

IO
N 

~
 

o~a
 

. 
-,

 
N~

H+
c~

H 
CO

MB
INA

TIO
NS

 
1s

t O
VE

RT
ON

E 
1s

t O
VE

RT
ON

E 
CO

MB
INA

TIO
NS

 

N~
H 

1s
t O

VE
RT

ON
E 

?2.
1 

i 
-

H
 CO

NH
3 

RN
fi3

 
1 ·

fm
 I 

CO
NH

R 
~

-

CH
 

~
. 

I 
CH

2 

~
 

CH
a 

14
00

 
15

00
 

,,. 
H-

v•
 -

1ts
t O

VE
RT

ON
E 

Ar
Cfi

 
SH

 

17
00

 

~0
+0

-H
 

CO
MB

INA
TIO

NS
 

18
00

 

H2
0i -

R
C

02
L __

__
 

R
-r

R
 

lQ
H 

~-
:\1

, 
. 

~-
CO

NH
3 

10
00

 

FIG
~ 

69
 

N
{i

 
CO

MB
JN

AT
IO

NS
 

20
00

 -ROH 21
00

 
22

00
 

69
00

 
I co

 
w

 -...-... 0 0 

IPR2025-01254 Page 00104



84/100 

FIG. 70 

7000 

I 

THE BREAST: CROSSWSECTION 
SCHEME OF THE MAMMARY GLAND. 
tCHESTWALL 
2. PECTORAi.iS MUSCLES 
3.LOBULES 
4. NIPPLE 
5.AREOLA 
6.MILKDUCT 
7. FATTYT!SSUE 
8. SKIN 

IPR2025-01254 Page 00105



851100 

.snuRCE. EIB.Ell 

LIGHT SOURCES 
RF DETECTION 

I 

rsc~ffiii~ 
ELECTRONICS L._ 

7104 ,, 
~ 

.. ,, 
.;, 

7100/ 7106 7102 

FIG. 71 

7100 

l 

.• RCEPLATE 

7153 

IPR2025-01254 Page 00106



861100 

7200 
I 

FIG~ 72 

IPR2025-01254 Page 00107



73
00

 

I 
73

06
 

11 
t 

\ 
~ 

T
 

i 
1 

1 
1 

1 
1 !t 

1 
1 

,-, 
• \

 
,".

P
 .. ,
t_

_
 

l 
·1 

d.
1 

-~
.·· 
-
-

Hb.
. 

:. 
v 

'~ 
f 

l 
f 

• 
, 

. ~ 
~\

 
·"

' 
M

Q
.l_

 
). 

1
1! 

: :
 -

--
H

b~
 

: 
,I

i 
l,J

,..
, 
Ir

 
11!

 \
~ I

 
: 

! 
. 

V
t,

. 
I 

I 
t 

t/1 
l ! 

i !
· -

-
~-C

AR
OT

EN
E 

/ 
/ 

\ 
. 

0.8
 

~ 1
 1 1 

: 
! -

---
-

H2
0 

;/
 

\ 
i-

-
I i 

~
I 

: 
: 

. 
,
,
 

\ 

En
 

• i
 

111
 

i 
: •

•••
• 

LIP
ID 

'/ 
1 

-
. . .

 
I 

i 
q

l
 

I 
' 

. 
~ 

t 

Et
 0

.7 
I, 

1 
j i 

j 
l --

· C
O

LL
AG

EN
,! 

l 
w

 
\ ·1

 
',I 

' 
..

 
,,

 
• 

,,.
.7

')
{1

,,i
 

0 
... 

. 
_I 

II
 

1 
. 

: 
:!

f i
 

~
/ 

.·"
1V

'f 
u 

0.6
 

1 l 
\! 

~ 
; 

: 
:;,

.: 
~ . 

.\ 
Z

 
J 

! 
: 

:;1
: 

~ 
\ 

0
: 

t 
' 

_, 
••.f

~.•
 

' 
~
 

f 
t-

I 
t, 

9,
t 

~
II

 
\ 

,--
---

t 
• 

--
' 

' 
\ 

a..
. n

 i:: 
. 

11 
1 1 

~-
\ 

~
 v

,i.
l 
t 

H
 

: 
; 

' j
 

~ 
\ 

-C
D

 
I 

i,
 

; 
: 

1·· 
.1 

~ 
\ 

c
o

 
I' 

, 
! 

.:. 
' 

-= 
~-

<
 

t 
, 

' 
,
,
1

 
• 

l 
0 

OA
 

I 
H

 
73

03
 

: 
: 

/ .
: !

 
••. 

l 
w

 
II 

• 
: 

~ 
..

 , 
~ 

' 
~
 

t 
• 

~( 
: 

~-
j 

: 
\. 

\\ 
~
 

• 
• 

/•
t 

• 
·~ 

::e
E 

0.3
 

i'\· 
· . 

..;7
30·

1· 
fr

~
,;

. 
.' 

r .. r
 

\ 
\ 

a::
: 

\ 
I
✓
-

:
' 

: 
I 

:
J
 

.,
 

'',
, 

o
 

.. 
· 

• 
.,

 ........ 
• 

·.·.l
 

\._· 
. 

.·.'
· 

, 
2 

02
 

1 \
 

f, 
\\

 
J 

f: 
\ 

'..
 

• 
• 

;J
 

~
~

-
~

,
!
(
'
 

i: 
, 

\ 
l\

. 
. 

t 
, 

•
f
 

>
. 

I 
\ 

·7
ii

/V
'l

 
# 

' 
'
I
 

•
•
 

•
•
 •
•
•
 

•.• 
-~

:_
uU

i 
1· 

·~ 
::r

 
1 

·· 
I
.
·
·
 

• 
" 

73
05

 
•• 

✓
'
\
 

• 
' 

,.
 

•·
..

 
·-

··
 

• ..... 
~
 ... J

 
' 

, ... 
1

( 
. 

-
~

;
 

·"
""

'-
.:

 
. 

. 
.
,
,
,
,
·
.
"
' 

,r
-
,-

-
~

~
..

 
/ 

..
 \ 

. 
,,

,.
,.

;~
-~

~
 . ._

..
.,

./
t.

 
.,..,.

 __ .,,,
,flf

!".!
 ...
. ~

r
,.

 

\ 
~

-.
,:

;.
.,

~
:-

-.
..

--
~

-'
.'

-"
<

'_
_

_
,.

'b
-

_
_

 l
"

-
~

-
9

1
,
,
~

.
~

~
 

-
·
"
"
"
 .
..

..
 ~ .

.
.
.
 ,

,,
 

-
.
.
 -/

~
~

"'
!"

'·
:,

,.
,,

-.
 .
-
~

.
-
-
-
.
·
-
-
·
-
-
"
' 

-
-

ir
--

._
 ,
_

. 
. 

-.
_

,.
_

i:
.~

.-
,:

;'
1

8
ii

!L
"
o

t.
-.

~
~

~
:-

-.
ii

l .
..

..
..

..
. ~
-
-
-
-

. ...
,: 

~
_

.t
_

 I'
 
-.,

_s
 

-
0 t

_
, 

50
0 

60
0 

70
0 

80
0 

00
0 

10
00

 
11

00
 

12
00

 
13

00
 

14
00

 
15

00
 

16
00

 
WA

VE
LE

NG
TH

 {n
m)

 

FIG
~ 

73
 

0
0

 
-,-

;,I
_ 

-.
.;

;.
 -0 0 

IPR2025-01254 Page 00108



881100 

0.45-......_...,__.......___,___,____.___.__._____.____,_,_.....__._....,____,___.___.__---... 

0,40 
0.35 

0;8 0.9 1.0 t1 t2 l3 t4 1.5 1.6 1.7 ts 1.9 2.0 2.1 2.2 2.3 2:4 2.5 
WAVELENGTH {µm) 

FIG. 74A 
400' _...__.....___........_......_........__.__.........,__..___.........__._ ............. __.__ _ _......... __ ___..._._"""'-'I-

II 
300 

200 

.,, 

a.a o.s to u 1.2 ta t4 1.5 1.6 1.1 11 t9 2.0 2.1 2.2 2.a 2l 2.s 
WAVELENGTH (µm) 

FIG. 74B 

~7400 

~7450 

IPR2025-01254 Page 00109



e
n

 

75
--

50
 

25
 ~

-;
;_

,,
.~

 

~
 

0 
.:

::
:)

 

f2
 

~·
 ~

25 
!::

: 
~
 

<
 

--5
0· 

~
 

-W
O 

75
00

 

I 
CA

NC
ER

 DE
VE

LO
PM

EN
T 

75
04

 

,r;
,..#

'_
-, ..

 -=
::

-"
!:

,,
~

~
 

·--
~7

50
5 

"'-
75

03
 

x1
25

 ·
L

-
-
-
-
-
-
-
-
r
-
-
-
-
-
i
-
-
-
.
,
-
-
-
-
.
.
.
,
,
.
.
.
-
-
-
-
.
.
.
,
.
-
-
-
r
-
-
-
-
-
j
 

1M
D 

1.6
25

 
t65

0 
1.6

75
 

t7
00

 
1J

25
 

1.7
50

 
1.7

75
 

1.0
00

 
WA

VE
LE

NG
TH

 {µ
m}

 

FIG
~ 

75
 

0
0

 
~
 -0 0 

IPR2025-01254 Page 00110



~
 

X
 =
 

""
§,

, 

%
 

.. 
x1

0'·
5 

10
 

• 

,,, 
0 

... 't:
._

 _
_ _

 
\ 

\ I 76
03

 

76
25

 

·
-

CH
OL

ES
TE

RO
L 

-
w

-
-
-

CO
LL

AG
EN

 
---

--B
A

S
TI

N
 

, 
\ 

, 
\ 

; 
I 

I 
\ 

I 
\ 

\ 
l 

~.·~ 
I 

• 
I 

\l
. 

,t
 

76
00

 

I 
76

50
 

'f
"'

~
, 

... 
" ,,
. ...
 ~

 ,,
 ❖
 \ ' 

,,
. 

'
J

 
.
.
•
 ,

 

.. i •.
 •

 
I 

.
'
 
·v

 .. ·.·,<
· 

\ 
ti

 
I 

t 
! 

IJ
 

\ 
I 

t:/
:(1

2 
1

/ 
\ 

.l
 

· 
7r

JU
 

,., 
\.

~
,(

 
If

 
\ 

,
,
 

t 

'>
,..

.,/
' 

76
03

 

3 X
 1Q

~5 

2 1 0 ...;1
 

--
2 -3

 

-4
 

-sL
 

. 
. 

. 
. 
~
 

\J. 
. 

. 
J~s 

11
50

 
11

75
 

12
00

 
12

25
 

12
50

 
12

75
 

13
00

 
16

50
 

16
75

 
17

00
 

17
25

 
17

50
 

17
75

 
10

00
 

WA
VE

LE
NG

TH
 (n

m)
 

FI
G

. 7
6 

·(
0

 
0 - -0 0 

IPR2025-01254 Page 00111



-,.,.-
z
E

 
0

. 
C

l<
 

--
--

' 
~
 l

­
a

.,
 :
z
 

a:
'.:

 U
:.

I 
O

U
 

.
•
✓
,
,
-
-

~
ti

: 
.. 

W
 8 

10
 1 

10
00

 
12

00
 

WA
TE

R 
AD

IPO
SE

 
CO

LL
AG

EN
 

I l l 
,.,.

, 
77

04
-..

.. 
: 

• 
I 

14
00

 77
01

 
I ' 

11
·,

 
I 

f 
~.

 

' 
' 

I 
\ 

j 
\ 

I 
~ 

t 
' 

! 
\ 

! 
\ 

i 
' 

16
00

 

r 
., 

' 
\ 

J. 
'> 

t 
\ 

18
00

 

,
,
-
;
t
i'
 

, ,. 

I , 
" 20

00
 

22
00

 
I; \ 

I 
\ \ 

, $ I ! i ! l I I t 'I /. ' l ·I ! ' 

' ,. \ .. \ 
\ " \ \ 

.,,
,,,

 
J 

,, 
.. "

' .. 
;.J

" 
J\

 
r/

: 
I 

1. 
I 

·\
 

l 

( 
\ 

I\ 
I 

,.,
} 

l 
\ 

I 
I 

I 
\)

 \
 

I 
\
/
 

1. i i l ! I I I I 

j 
" 

1 
~ .

.. 
t 

~
 ....

. 
l I I 

12
10

 nm
 c:

:::>
: 

.. J 
' 

f 
' 

I 
\ 

l 
t I \ ' \ 

,.,
 

! 
, 

f 
1 

I 
I 

I 
I 

I 
i 

l 
I 

l 
I 

I 

: 
rt

l 
. ,

 n
 

I 
I l

 

' 
I\

 
1i

 
I 

.....
. 

f 
I 

\ 
I ! 

l l I I t I I ; I l / 

, I I I ! I( 

~ 0 I 
1t

 

j i
t'i

 
l 

1
1 

! 
l 

f 

/•
 

I 
l 

.'
 

I 
\,,

, 
l. 

I 
I 

._ 
r
,
 

. 
I 

1 
\ 

' 
"'-

.77
03

 
: 

;,
/ 

.
.
 

l l I l ! I<-
-,.;

,_ 

l 
"--

--7
70

5 
i !<::

"=J
 172

0 n
m 

I 

24
00

 

t'
 

~
 

I'-
,, 

,1
 

~ 

'\
 I

I 
¥ 

,,
 1

1 
/ 

...
 

J 
~ 

I 
~ 

J 
t 

1
,,

. 
..

 
~ 

~
--

->
 

~·
· 

;,
, 

.,,,
., 

26
00

 18
 

16
 

14
 

12
 10
 

B
 

l 
' 

' 
I 

I 
j 

16 
OJ

 •
 I ;
 

I 
j 

11 

' 
I 

l 
1 

' 
I 

' 
I 

1 
26

00
 

10
00

 
12

00
 

14
00

 
16

00
 

18
00

 
20

00
 

22
00

 
24

00
 

WA
VE

LE
NG

TH
 nm

 

FI
G

. 7
7 

77
00

 
( 0 o
►
 

l:H
·.E

j 
::!

! 
a 

g 
:;:

o 
~

.:
E

( 
-
t
o

 
·
~

z
 

i::
:: 
~
 

(
0

 
_:

a,
. 

·
­

..
.J

..
. 

0 0 

IPR2025-01254 Page 00112



92/100 

1200 1400 1600 1800 2000 2200 2400 
WAVELENGTH (nm) 

o,s .................................... ......,........ ............ ..,......,.......,......,.. ............. 

0.4 

7800 

I 
0. 76 ·...--,,-.....,,,....,,--,,-.....--,-,-.....--,---.-..---,--.---, 

0.74 

~ 
~ 0.72 
~ 
0 i 0.70 

0
;
66 

1200 1400 1600 1800 2000 2200 2400 
WAVELENGTH (nm) 

0.90 

0;88 

0;82 

0.80 

o,a 1200 1400 1000 1800 2000 2200 2400 1200 1400 1600 1800 2000 2200 2400 

7802 

7804 

'-------W:-~V_E_LE_NG_TH_(n_m)___ _ ___ Wffe._N_EL_EN_GT_H_{nm_) ___ ~· 
-v-

FIG. 78 

IPR2025-01254 Page 00113



79
01

 
FIB

ER
 O

UT
PU

T@
 

90
0/1

21
0/1

70
0 n

m 

79
02

 

BE
AM

 D
IAM

ET
ER

 
d=

 ... 3
mm

 
79

06
 

SA
MP

LE
 

CO
LL

IM
AT

IN
G.

LE
NS

 
70

03
 

FI
G

. 7
9 

79
04

1!N
EA

R 
MO

TO
R 

79
00

 

I 

79
05

 
SA

MP
LE

 HO
LD

ER
 

SC
AN

 DI
RE

CT
IO

N 
(1 

mm
ls) 

w
 
~
 

~
 

0 0 

IPR2025-01254 Page 00114



6 

1 

94/100 

8000 
I 

-0-"'1210 nm 
0001 

-G-,,.1700nm 

-tr"'980nm 

-------------------.-
"'4mm \ 

8006 

· .. - - - --- - .... --- - - - --- - - - .... --- ... z 
... 2mm \ 

8004 

0•~~~~~~~~-=..........-=------~~-............ ;.;.;.;.;.;.;.;---
0 2 4 6 8 10 12 14 16 18 20 22 24 

!NCIDENTPOWER(W) 

FIG. 80 

IPR2025-01254 Page 00115



951100 

8100 

I 
05 

~· 8104 8105 !::: 04 :z \ I :::) 

~ 980 1075 
~ 03 z 
LU 
C 

~ g 
02 I,-- Hb 0..., 

0 

01 

8103 
0 

700 800 900 1000 1100 1200 1300 
WAVELENGTH (nm) 

FIG. 81 

IPR2025-01254 Page 00116



961100 

I 
If 

i 
I 
I 

I 
t 

I 

I 

N 
co 

LL. 

IPR2025-01254 Page 00117



FI
G

. 8
3A

 

83
00

 

I 83
01

 
EN

DO
TH

EL
IUM

 
(""

0.0
5m

m)
 

83
02

ME
DI

A 
(S

MO
OT

H 
MU

SC
LE

 C
EL

LS
) 

("" 
0.7

5 M
M}

 

83
03

 
(AD

VE
NT

JT
JA

 (W
ITH

 
RE

NA
L N

ER
VE

S)
 

("'1
.1 

mm
) 

§ ..
,.

ll,
, 

0 0 

IPR2025-01254 Page 00118



98/100 

' ::: l. .......... ·.········:::: 

L1 

cc 
.~ 

co 

IPR2025-01254 Page 00119



84
12

 
F!B

ER
OU

TP
UT

 
AT

17
08

nm
 

84
13

 ' 
CO

LU
MA

T!N
G 

C:
 C

OO
LIN

G 
SI

DE
OF

 TH
E S

AM
PL

E H
OL

DE
R 

H:
 H

EA
TIN

G 
SJ

DE
 O

F T
HE

 S
AM

PL
E H

OL
DE

R 

WA
RM

-W
AT

ER
..,3

7°C
 

84
06

 

BE
AM

 D
IAM

ET
ER

 
d=

2m
ro 

84
14

 

84
11

 
SA

PP
H!

RE
W

!N
OO

W
 

84
01

 

SK
IN

 SA
MP

LE
 

84
04

 

84
00

 I 
_,

. i/
 __

,c
;-

-
N3

7°C
 
l 

81
 C
 

84
05

 
HE

AT
ER

 
84

03
 

SA
MP

LE
 H

OL
DE

R 

B4
09

UN
EA

R 
MO

TO
R 

~
M

O
O

 SW
ITC

HI
NG

 
..

..
..

 
b

-
..

..
..

. 
, 

,.
..

..
.,

 11
 

VA
LV

E 

!CE
-W

AT
ER

 ... z
t'C

 

84
07

 

Fl
G

. 8
4 

w
 

(
0

 
·..;

;;;;
,,. 

. 
..

.J
..

 

0 0 

IPR2025-01254 Page 00120



85
05

 
\ ~
~
~
~
;
 

FI
G

. 8
5A

 

85
03

 

i~. 
: 

:•:
• 

11
• 

::::-
:::::

_:_
:::•:

•· =
::\

:'./
:i:

:(:
::;

:::
)!{

/:;
~ 

FI
G

. 8
5C

 

85
00

 I 

FI
G

. 8
58

 

FI
G

. 8
5D

 

;
~

 

-
&

 

0 ~
 

0 0 

IPR2025-01254 Page 00121



OMNI0101PUSA13 

WEARABLE DEVICE FOR DIFFERENTIAL MEASUREMENT ON PULSE RATE AND 
BLOOD FLOW 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation of U.S. application Serial No. 18/899,012 filed 

September 27, 2024, which is a continuation of U.S. application Serial No. 18/891,970 filed 

September 20, 2024, which is a continuation of U.S. application Serial No. 18/438,144 filed 

February 9, 2024, which is a continuation of U.S. application Serial No. 18/103,408 filed January 

30, 2023, now U.S. Patent No. 11,896,346, which is a continuation of U.S. application Serial No. 

17/514,778 filed October 29, 2021, now U.S. Patent No. 11,564,577, which is a continuation of 

U.S. application Serial No. 17/078,771 filed October 23, 2020, now U.S. Patent No. 11,160,455, 

which is a continuation of U.S. application Serial No. 16/722188 filed December 20, 2019, now 

U.S. Patent No. 10,820,807, which is a continuation of U.S. application Serial No. 16/506,885 

filed July 9, 2019, now U.S. Patent No. 10,517,484, which is a continuation of U.S. application 

Serial No. 16/272,069 filed February 11, 2019, now abandoned, which is a continuation of U.S. 

application Serial No. 16/029,611 filed July 8, 2018, now U.S. Patent No. 10,201,283, which is a 

continuation of U.S. application Serial No. 15/888,052 filed February 4, 2018 (U.S. Patent No. 

10,136,819), now abandoned, which is a continuation of U.S. application Serial No. 15/212,549 

filed July 18, 2016 (U.S. Patent No. 9,885,698), now abandoned, which is a continuation of U.S. 

application Serial No. 14/650,897 filed June 10, 2015, now U.S. Patent No. 9,494,567, which is a 

U.S. National Phase of PCT/US2013/075700 filed December 17, 2013, which claims the benefit 

of U.S. provisional application Serial No. 61/747,472 filed December 31, 2012, the disclosures of 

all of which are hereby incorporated in their entirety by reference herein. 

[0002J U.S. application Serial No. 16/506,885, now U.S. Patent No. 10,517,484, is also a 

continuation of U.S. application Serial No. 16/004,359 filed June 9, 2018, now U.S. Patent No. 

11,109,761, which is a continuation of U.S. application Serial No. 14/109,007 filed December 17, 

2013 (now U.S. Patent No. 9,993,159), which claims the benefit of U.S. provisional application 

Serial No. 61/747,553 filed December 31, 2012, the disclosures of all of which are hereby 

incorporated in their entirety by reference herein. 
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[0003] U.S. application Serial No. 16/506,885, now U.S. Patent No. 10,517,484, is also a 

continuation of U.S. application Serial No.16/188,194 filed November 12, 2018 (U.S. Patent No. 

10,386,230), now abandoned, which is a continuation of U.S. Application No. 16/004,154 filed 

June 8, 2018 (now U.S. Patent No. 10,126,283), which is a continuation of U.S. Application No. 

15/855,201 filed December 27, 2017 (U.S. Patent No. 9,995,722), now abandoned, which is a 

continuation of U.S. Application No. 15/711,907 filed September 21, 2017 (U.S. Patent No. 

9,897,584), now abandoned, which is a divisional of U.S. Application No. 15/357,225 filed 

November 21, 2016 (U.S. Patent No. 9,797,876), now abandoned, which is a continuation of U.S. 

Application No. 14/650,981 filed June 10, 2015 (now U.S. Patent No. 9,500,634), which is the 

U.S. national phase of PCT Application No. PCT/US2013/075767 filed December 17, 2013, which 

claims the benefit of U.S. provisional application Ser. No. 61/747,485 filed Dec. 31, 2012, the 

disclosures of all of which are hereby incorporated by reference in their entirety. 

[0004J U.S. application Serial No. 16/506,885, now U.S. Patent No. 10,517,484, is also a 

continuation of U.S. application Serial No. 16/241,628 filed January 7, 2019, now U.S. Patent No. 

10,441,176, which is a continuation of U.S. Serial No. 16/015,737 filed June 22, 2018 (U.S. Patent 

No. 10,172,523), now abandoned, which is a continuation of U.S. Serial No. 15/594,053 filed May 

12, 2017 (U.S. Patent No. 10,188,299), now abandoned, which is a continuation of U.S. application 

Serial No. 14/875,709 filed October 6, 2015 (now U.S. Patent No. 9,651,533), which is a 

continuation of U.S. application Serial No. 14/108,986 filed December 17, 2013 (U.S. Patent No. 

9,164,032), now abandoned, which claims the benefit of U.S. provisional application Serial No. 

61/747,487 filed December 31, 2012, the disclosures of all of which are hereby incorporated in 

their entirety by reference herein. 

[OOOSJ U.S. application Serial No. 16/506,885, now U.S. Patent No. 10,517,484, is also a 

continuation of U.S. Application Ser. No. 16/284,514 filed February 25, 2019, now abandoned, 

which is a continuation of U.S. Application Ser. No. 16/016,649 filed June 24, 2018 (U.S. Patent 

No. 10,213,113), now abandoned, which is a continuation of U.S. Application Ser. No. 15/860,065 

filed January 2, 2018 (U.S. Patent No. 10,098,546), now abandoned, which is a continuation of 

U.S. Application Ser. No. 15/686,198 filed August 25, 2017 (U.S. Patent No. 9,861,286), now 

abandoned, which is a continuation of U.S. Application Ser. No. 15/357,136 filed November 21, 

2016 (U.S. Patent. No. 9,757,040), now abandoned, which is a continuation of U.S. Application 
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Ser. No. 14/651,367 filed June 11, 2015 (now U.S. Patent No. 9,500,635), which is the U.S. 

national phase of PCT Application No. PCT/US2013/075736 filed December 17, 2013, which 

claims the benefit of U.S. provisional application Ser. No. 61/747,477 filed Dec. 31, 2012 and U.S. 

provisional application Ser. No. 61/754,698 filed Jan. 21, 2013, the disclosures of all of which are 

hereby incorporated by reference in their entirety. 

[0006] This application is related to U.S. provisional application Serial Nos. 61/747,477 

filed Dec. 31, 2012; Ser. No. 61/747,481 filed Dec. 31, 2012; Ser. No. 61/747,485 filed Dec. 31, 

2012; Ser. No. 61/747,487 filed Dec. 31, 2012; Ser. No. 61/747,492 filed Dec. 31, 2012; Ser. No. 

61/747,553 filed Dec. 31, 2012; and Ser. No. 61/754,698 filed Jan. 21, 2013, the disclosures of all 

of which are hereby incorporated in their entirety by reference herein. 

[0007] This application is also related to International Application PCT/US2013/075736 

entitled Short-Wave Infrared Super-Continuum Lasers For Early Detection Of Dental Caries; U.S. 

Application 14/108,995 filed December 17, 2013 entitled Focused Near-Infrared Lasers For Non­

Invasive Vasectomy And Other Thermal Coagulation Or Occlusion Procedures (U.S. Pat. App. 

Pub. No. US2014/0188092Al); International Application PCT/US2013/075767 entitled Short­

Wave Infrared Super-Continuum Lasers For Natural Gas Leak Detection, Exploration, And Other 

Active Remote Sensing Applications; U.S. Application 14/108,986 filed December 17, 2013 (U.S. 

Patent No. 9,164,032) entitled Short-Wave Infrared Super-Continuum Lasers For Detecting 

Counterfeit Or Illicit Drugs And Pharmaceutical Process Control; U.S. Application 14/108,974 

filed December 17, 2013 entitled Non-Invasive Treatment Of Varicose Veins (U.S. Pat. App. Pub. 

No. US2014/018894Al); and U.S. Application 14/109,007 filed December 17, 2013 entitled Near­

Infrared Super-Continuum Lasers For Early Detection Of Breast And Other Cancers (now U.S. 

Patent No. 9,993,159), the disclosures of all of which are hereby incorporated in their entirety by 

reference herein. 

BACKGROUND 

[0008] With the growing obesity epidemic, the number of individuals with diabetes is also 

increasing dramatically. For example, there are over 200 million people who have diabetes. 

Diabetes control requires monitoring of the glucose level, and most glucose measuring systems 

available commercially require drawing of blood. Depending on the severity of the diabetes, a 
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patient may have to draw blood and measure glucose four to six times a day. This may be 

extremely painful and inconvenient for many people. In addition, for some groups, such as soldiers 

in the battlefield, it may be dangerous to have to measure periodically their glucose level with 

finger pricks. 

[0009] Thus, there is an unmet need for non-invasive glucose monitoring (e.g., monitoring 

glucose without drawing blood). The challenge has been that a non-invasive system requires 

adequate sensitivity and selectivity, along with repeatability of the results. Yet, this is a very large 

market, with an estimated annual market of over $10B in 2011 for self-monitoring of glucose 

levels. 

[0010] One approach to non-invasive monitoring of blood constituents or blood analytes 

is to use near-infrared spectroscopy, such as absorption spectroscopy or near-infrared diffuse 

reflection or transmission spectroscopy. Some attempts have been made to use broadband light 

sources, such as tungsten lamps, to perform the spectroscopy. However, several challenges have 

arisen in these efforts. First, many other constituents in the blood also have signatures in the near­

infrared, so spectroscopy and pattern matching, often called spectral fingerprinting, is required to 

distinguish the glucose with sufficient confidence. Second, the non-invasive procedures have 

often transmitted or reflected light through the skin, but skin has many spectral artifacts in the 

near-infrared that may mask the glucose signatures. Moreover, the skin may have significant water 

and blood content. These difficulties become particularly complicated when a weak light source 

is used, such as a lamp. More light intensity can help to increase the signal levels, and, hence, the 

signal-to-noise ratio. 

[0011] As described in this disclosure, by using brighter light sources, such as fiber-based 

supercontinuum lasers, super-luminescent laser diodes, light-emitting diodes or a number of laser 

diodes, the near-infrared signal level from blood constituents may be increased. By shining light 

through the teeth, which have fewer spectral artifacts than skin in the near-infrared, the blood 

constituents may be measured with less interfering artifacts. Also, by using pattern matching in 

spectral fingerprinting and various software techniques, the signatures from different constituents 

in the blood may be identified. Moreover, value-add services may be provided by wirelessly 

communicating the monitored data to a handheld device such as a smart phone, and then wirelessly 
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communicating the processed data to the cloud for storing, processing, and transmitting to several 

locations. 

[0012J Dental care and the prevention of dental decay or dental caries has changed in the 

United States over the past several decades, due to the introduction of fluoride to drinking water, 

the use of fluoride dentifrices and rinses, application of topical fluoride in the dental office, and 

improved dental hygiene. Despite these advances, dental decay continues to be the leading cause 

of tooth loss. With the improvements over the past several decades, the majority of newly 

discovered carious lesions tend to be localized to the occlusal pits and fissures of the posterior 

dentition and the proximal contact sites. These early carious lesions may be often obscured in the 

complex and convoluted topography of the pits and fissures or may be concealed by debris that 

frequently accumulates in those regions of the posterior teeth. Moreover, such lesions are difficult 

to detect in the early stages of development. 

[0013] Dental caries may be a dynamic disease that is characterized by tooth 

demineralization leading to an increase in the porosity of the enamel surface. Leaving these lesions 

untreated may potentially lead to cavities reaching the dentine and pulp and perhaps eventually 

causing tooth loss. Occlusal surfaces (bite surfaces) and approximal surfaces (between the teeth) 

are among the most susceptible sites of demineralization due to acid attack from bacterial by­

products in the biofilm. Therefore, there is a need for detection of lesions at an early stage, so that 

preventive agents may be used to inhibit or reverse the demineralization. 

[0014] Traditional methods for caries detection include visual examination and tactile 

probing with a sharp dental exploration tool, often assisted by radiographic (x-ray) imaging. 

However, detection using these methods may be somewhat subjective; and, by the time that caries 

are evident under visual and tactile examination, the disease may have already progressed to an 

advanced stage. Also, because of the ionizing nature of x-rays, they are dangerous to use (limited 

use with adults, and even less used with children). Although x-ray methods are suitable for 

approximal surface lesion detection, they offer reduced utility for screening early caries in occlusal 

surfaces due to their lack of sensitivity at very early stages of the disease. 

[0015] Some of the current imaging methods are based on the observation of the changes 

of the light transport within the tooth, namely absorption, scattering, transmission, reflection 
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and/or fluorescence of light. Porous media may scatter light more than uniform media. Taking 

advantage of this effect, the Fiber-optic trans-illumination is a qualitative method used to highlight 

the lesions within teeth by observing the patterns formed when white light, pumped from one side 

of the tooth, is scattered away and/or absorbed by the lesion. This technique may be difficult to 

quantify due to an uneven light distribution inside the tooth. 

[0016] Another method called quantitative light-induced fluorescence - QLF - relies on 

different fluorescence from solid teeth and caries regions when excited with bright light in the 

visible. For example, when excited by relatively high intensity blue light, healthy tooth enamel 

yields a higher intensity of fluorescence than does demineralized enamel that has been damaged 

by caries infection or any other cause. On the other hand, for excitation by relatively high intensity 

of red light, the opposite magnitude change occurs, since this is the region of the spectrum for 

which bacteria and bacterial by-products in carious regions absorb and fluoresce more 

pronouncedly than do healthy areas. However, the image provided by QLF may be difficult to 

assess due to relatively poor contrast between healthy and infected areas. Moreover, QLF may 

have difficulty discriminating between white spots and stains because both produce similar effects. 

Stains on teeth are commonly observed in the occlusal sites of teeth, and this obscures the detection 

of caries using visible light. 

[0017J As described in this disclosure, the near-infrared region of the spectrum offers a 

novel approach to imaging carious regions because scattering is reduced and absorption by stains 

is low. For example, it has been demonstrated that the scattering by enamel tissues reduces in the 

form of l/(wavelength)3, e.g., inversely as the cube of wavelength. By using a broadband light 

source in the short-wave infrared (SWIR) part of the spectrum, which corresponds approximately 

to 1400nm to 2500nm, lesions in the enamel and dentine may be observed. In one embodiment, 

intact teeth have low reflection over the SWIR wavelength range. In the presence of caries, the 

scattering increases, and the scattering is a function of wavelength; hence, the reflected signal 

decreases with increasing wavelength. Moreover, particularly when caries exist in the dentine 

region, water build up may occur, and dips in the SWIR spectrum corresponding to the water 

absorption lines may be observed. The scattering and water absorption as a function of wavelength 

may thus be used for early detection of caries and for quantifying the degree of demineralization. 
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[0018] SWIR light may be generated by light sources such as lamps, light emitting diodes, 

one or more laser diodes, super-luminescent laser diodes, and fiber-based super-continuum 

sources. The SWIR super-continuum light sources advantageously may produce high intensity 

and power, as well as being a nearly transform-limited beam that may also be modulated. Also, 

apparatuses for caries detection may include C-clamps over teeth, a handheld device with light 

input and light detection, which may also be attached to other dental equipment such as drills. 

Alternatively, a mouth-guard type apparatus may be used to simultaneously illuminate one or more 

teeth. Fiber optics may be conveniently used to guide the light to the patient as well as to transport 

the signal back to one or more detectors and receivers. 

[0019] Remote sensing or hyper-spectral imaging often uses the sun for illumination, and 

the short-wave infrared (SWIR) windows of about 1.5-1.8 microns and about 2-2.5 microns may 

be attractive because the atmosphere transmits in these wavelength ranges. Although the sun can 

be a bright and stable light source, its illumination may be affected by the time-of-day variations 

in the sun angle as well as weather conditions. For example, the sun may be advantageously used 

for applications such as hyper-spectral imaging only between about 9am to 3pm, and it may be 

difficult to use the sun during cloudy days or during inclement weather. In one embodiment, the 

hyper-spectral sensors measure the reflected solar signal at hundreds ( e.g., 100 to 200+) contiguous 

and narrow wavelength bands (e.g., bandwidth between 5nm and 10nm). Hyper-spectral images 

may provide spectral information to identify and distinguish between spectrally similar materials, 

providing the ability to make proper distinctions among materials with only subtle signature 

differences. In the SWIR wavelength range, numerous gases, liquids and solids have unique 

chemical signatures, particularly materials comprising hydro-carbon bonds, O-H bonds, N-H 

bonds, etc. Therefore, spectroscopy in the SWIR may be attractive for stand-off or remote sensing 

of materials based on their chemical signature, which may complement other imaging information. 

[0020] A SWIR super-continuum (SC) source may be able to replace at least in part the 

sun as an illumination source for active remote sensing, spectroscopy, or hyper-spectral imaging. 

In one embodiment, reflected light spectroscopy may be implemented using the SWIR light source, 

where the spectral reflectance can be the ratio of reflected energy to incident energy as a function 

of wavelength. Reflectance varies with wavelength for most materials because energy at certain 

wavelengths may be scattered or absorbed to different degrees. Using a SWIR light source may 
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permit 24/7 detection of solids, liquids, or gases based on their chemical signatures. As an 

example, natural gas leak detection and exploration may require the detection of methane and 

ethane, whose primary constituents include hydro-carbons. In the SWIR, for instance, methane 

and ethane exhibit various overtone and combination bands for vibrational and rotational 

resonances of hydro-carbons. In one embodiment, diffuse reflection spectroscopy or absorption 

spectroscopy may be used to detect the presence of natural gas. The detection system may include 

a gas filter correlation radiometer, in a particular embodiment. Also, one embodiment of the SWIR 

light source may be an all-fiber integrated SWIR SC source, which leverages the mature 

technologies from the telecommunications and fiber optics industry. Beyond natural gas, active 

remote sensing in the SWIR may also be used to identify other materials such as vegetation, 

greenhouse gases or environmental pollutants, soils and rocks, plastics, illicit drugs, counterfeit 

drugs, firearms and explosives, paints, and various building materials. 

[0021J Counterfeiting of pharmaceuticals is a significant issue m the healthcare 

community as well as for the pharmaceutical industry worldwide. For example, according to the 

World Health Organization, in 2006 the market for counterfeit drugs worldwide was estimated at 

around $43 Billion. Moreover, the use of counterfeit medicines may result in treatment failure or 

even death. For instance, in 1995 dozens of children in Haiti and Nigeria died after taking 

counterfeit medicinal syrups that contained diethylene glycol, an industrial solvent. As another 

example, in Asia one report estimated that 90% of Viagra sold in Shanghai, China, was counterfeit. 

With more pharmaceuticals being purchased through the internet, the problem of counterfeit drugs 

coming from across the borders into the United States has been growing rapidly. 

[0022] A rapid, non-destructive, non-contact optical method for screening or identification 

of counterfeit pharmaceuticals is needed. Spectroscopy using near-infrared or short-wave infrared 

(SWIR) light may provide such a method, because most pharmaceuticals comprise organic 

compounds that have overtone or combination absorption bands in this wavelength range (e.g., 

between approximately 1-2.5 microns). Moreover, most drug packaging materials are at least 

partially transparent in the near-infrared or SWIR, so that drug compositions may be detected and 

identified through the packaging non-destructively. Also, using a near-infrared or SWIR light 

source with a spatially coherent beam permits screening at stand-off or remote distances. Beyond 

identifying counterfeit drugs, the near-infrared or SWIR spectroscopy may have many other 
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beneficial applications. For example, spectroscopy may be used for rapid screening of illicit drugs 

or to implement process analytical technology in pharmaceutical manufacturing. There are also a 

wide array of applications in assessment of quality in the food industry, including screening of 

fruit, vegetables, grains and meats. 

[00.23] In one embodiment, a near-infrared or SWIR super-continuum (SC) source may be 

used as the light source for spectroscopy, active remote sensing, or hyper-spectral imaging. One 

embodiment of the SWIR light source may be an all-fiber integrated SWIR SC source, which 

leverages the mature technologies from the telecommunications and fiber optics industry. 

Exemplary fiber-based super-continuum sources may emit light in the near-infrared or SWIR 

between approximately 1.4-1.8 microns, 2-2.5 microns, 1.4-2.4 microns, 1-1.8 microns, or any 

number of other bands. In particular embodiments, the detection system may be a dispersive 

spectrometer, a Fourier transform infrared spectrometer, or a hyper-spectral imaging detector or 

camera. In addition, reflection or diffuse reflection light spectroscopy may be implemented using 

the SWIR light source, where the spectral reflectance can be the ratio of reflected energy to 

incident energy as a function of wavelength. 

[0024] Breast cancer is considered to be the most common cancer among women in 

industrialized countries. It is believed that early diagnosis and consequent therapy could 

significantly reduce mortality. Mammography is considered the gold standard among imaging 

techniques in diagnosing breast pathologies. However, the use of ionizing radiation in 

mammography may have adverse effects and lead to other complications. Moreover, screening x­

ray mammography may be limited by false positives and negatives, leading to unnecessary 

physical and psychological morbidity. Although breast cancer is one of the focuses of this 

disclosure, the same techniques may also be applied to other cancer types, including, for example, 

skin, prostate, brain, pancreatic, and colorectal cancer. 

[00.25] Diagnostic methods for assessment and therapy follow-up of breast cancer include 

mammography, ultrasound, and magnetic resonance imaging. The most effective screening 

technique at this time is x-ray mammography, with an overall sensitivity for breast cancer detection 

around 75%, which is even further reduced in women with dense breasts to around 62%. 

Moreover, x-ray mammography has a 22% false positive rate in women under 50, and the method 
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cannot accurately distinguish between benign and malignant tumors. Magnetic resonance imaging 

and ultrasound are sometimes used to augment x-ray mammography, but they have limitations 

such as high cost, low throughput, limited specificity and low sensitivity. Thus, there is a 

continued need to detect cancers earlier for treatment, missed by mammography, and to add 

specificity to the procedures. 

[0026] Optical breast imaging may be an attractive technique for breast cancer to screen 

early, augment with mammography, or use in follow-on treatments. Also, optical breast imaging 

may be performed by intrinsic tissue contrast alone (e.g., hemoglobin, water, collagen, and lipid 

content), or with the use of exogenous fluorescent probes that target specific molecules. For 

example, near-infrared (NIR) light may be used to assess optical properties, where the absorption 

and scattering by the tissue components may change with carcinoma. For most of the studies 

conducted to date, NIR light in the wavelength range of 600-1000nm has been used for sufficient 

tissue penetration; these wavelengths have permitted imaging up to several centimeters deep in 

soft tissue. Optical breast imaging using fluorescent contrast agents may improve lesion contrast 

and may potentially permit detection of changes in breast tissue earlier. In one embodiment, the 

fluorescent probes may either bind specifically to certain targets associated with cancer or may 

non-specifically accumulate at the tumor site. 

[0027J Optical methods of imaging and spectroscopy can be non-invasive using non-

ionizing electromagnetic radiation, and these techniques could be exploited for screening of wide 

populations and for therapy monitoring. "Optical mammography" may be a diffuse optical 

imaging technique that aims at detecting breast cancer, characterizing its physiological and 

pathological state, and possibly monitoring the efficacy of the therapeutic treatment. The main 

constituents of breast tissue may be lipid, collagen, water, blood, and other structural proteins. 

These constituents may exhibit marked and characteristic absorption features in the NIR 

wavelength range. Thus, diffuse optical imaging and spectroscopy in the NIR may be helpful for 

diagnosing and monitoring breast cancer. Another advantage of such imaging is that optical 

instruments tend to be portable and more cost effective as compared to other instrumentation that 

is conventionally used for medical diagnosis. This can be particularly true, if the mature 

technologies for telecommunications and fiber optics are exploited. 
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[0028] Spectroscopy using NIR or short-wave infrared (SWIR) light may be beneficial, 

because most tissue has organic compounds that have overtone or combination absorption bands 

in this wavelength range (e.g., between approximately 0.8-2.5 microns). In one embodiment, a 

NIR or SWIR super-continuum (SC) laser that is an all-fiber integrated source may be used as the 

light source for diagnosing cancerous tissue. Exemplary fiber-based super-continuum sources may 

emit light in the NIR or SWIR between approximately 1.4-1.8 microns, 2-2.5 microns, 1.4-2.4 

microns, 1-1.8 microns, or any number of other bands. In particular embodiments, the detection 

system may be one or more photo-detectors, a dispersive spectrometer, a Fourier transform 

infrared spectrometer, or a hyper-spectral imaging detector or camera. In addition, reflection or 

diffuse reflection light spectroscopy may be implemented using the SWIR light source, where the 

spectral reflectance can be the ratio of reflected energy to incident energy as a function of 

wavelength. 

[0029J For breast cancer, experiments have shown that with growing cancer the collagen 

content increases while the lipid content decreases. Therefore, early breast cancer detection may 

involve the monitoring of absorption or scattering features from collagen and lipids. In addition, 

NIR spectroscopy may be used to determine the concentrations of hemoglobin, water, as well as 

oxygen saturation of hemoglobin and optical scattering properties in normal and cancerous breast 

tissue. For optical imaging to be effective, it may also be desirable to select the wavelength range 

that leads to relatively high penetration depths into the tissue. In one embodiment, it may be 

advantageous to use optical wavelengths in the range of about 1000-1400nm. In another 

embodiment, it may be advantageous to use optical wavelengths in the range of about 1600-

1800nm. Higher optical power densities may be used to increase the signal-to-noise ratio of the 

detected light through the diffuse scattering tissue, and surface cooling or focused light may be 

beneficial for preventing pain or damage to the skin and outer layer surrounding the breast tissue. 

Since optical energy may be non-ionizing, different exposure times may be used without danger 

or harmful radiation. 

SUMMARY 

[0030] According to one aspect of this disclosure, an apparatus is disclosed that is adapted 

to be worn by a user. The apparatus comprises one or more biosensors adapted to be placed on the 
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user, wherein one or more physiological parameters are measured, wherein measuring of the one 

or more physiological parameters comprises a differential measurement, and wherein the one or 

more physiological parameters comprises a pulse rate monitoring and a blood flow measurement. 

The apparatus also comprises a light source comprising a plurality of light emitting diodes that are 

configured to generate an output optical light having one or more optical wavelengths. The 

apparatus also comprises one or more lenses configured to receive at least a portion of the output 

optical light and to deliver a lens output light to tissue comprising skin. The apparatus further 

comprises a detection system configured to receive at least a portion of the lens output light 

reflected from the tissue and to generate an output signal is indicative of the one or more 

physiological parameters that has a signal-to-noise ratio. The detection system is configured to be 

synchronized to the light source, comprises a plurality of detectors that are spatially separated from 

each other, and at least one analog to digital converter is coupled to at least one of the plurality of 

detectors. The apparatus is configured to increase the signal-to-noise ratio by increasing light 

intensity of at least one of the plurality of light emitting diodes from an initial light intensity. The 

detection system further configured to generate a first signal responsive to light received while the 

light emitting diodes are off, generate a second signal responsive to light received while at least 

one of the light emitting diodes is on, and increase the signal-to-noise ratio by comparing the first 

signal and the second signal. The apparatus is at least in part configured to determine, based at 

least in part on the output signal, that the apparatus is being worn by the user. 

[0031] According to another aspect of this disclosure, a wearable device configured to be 

worn by a user. The wearable device comprises a light source configured to be on or off, responsive 

to the light source being on, the light source generates an output light, a lens positioned to direct 

at least a portion of the output light towards a bodily tissue of the user. a detector; and 

[0032] The processor is configured to be responsive to (1) the light source being on and 

the detector receiving at least a portion of the output light that is reflected from the bodily tissue 

of the user, generate a first output signal having a first signal-to-noise ratio; (2) responsive to the 

light source being off and the detector receiving ambient light, generate a second output signal 

having a second signal-to-noise ratio; (3) generate a third output signal using at least a portion of 

the first output signal and at least a portion of the second output signal, the third output signal 

having a third signal-to-noise ratio that is greater than the first signal-to-noise ratio and greater 
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than the second signal-to-noise ratio, the third output signal being associated with a physiological 

parameter of the user; and ( 4) determine, based at least in part on the third output signal, that the 

wearable device is being worn by the user. 

[0033J According to a further aspect of this disclosure, a system is disclosed for a device 

worn by a user. The system comprises a light source comprising a plurality of light emitting diodes 

that are configured to generate an output optical light having one or more optical wavelengths. 

One or more lenses configured to receive at least a portion of the output optical light and to direct 

a lens output light towards a bodily tissue of the user. A detection system configured to receive at 

least a portion of the lens output light reflected from the bodily tissue and to generate an output 

signal having a signal-to-noise ratio. The detection system is configured to be synchronized to the 

light source. The signal-to-noise ratio of the output signal is increased by increasing light intensity 

of at least one of the plurality of light emitting diodes from an initial light intensity. The detection 

system comprises a plurality of detectors that are spatially separated from each other. At least one 

analog to digital converter is coupled to at least one of the plurality of detectors. The output signal 

is associated with one or more physiological parameters. The detection system is configured to 

generate a first signal responsive to light received while the light emitting diodes are off The 

detection system is configured to generate a second signal responsive to light received while at 

least one of the light emitting diodes is on. The detection system is configured to increase the 

signal-to-noise ratio by comparing the first signal and the second signal. The detection system is 

configured to measure the one or more physiological parameters when worn by the user. One or 

more physiological parameters change in response to stretching of a hand of the user, movement 

of a finger of the user, or movement of a thumb of the user, and wherein the device is at least in 

part configured to determine, based at least in part on the output signal, that the device is being 

worn by the user. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] For a more complete understanding of the present disclosure, and for further 

features and advantages thereof, reference is now made to the following description taken in 

conjunction with the accompanying drawings, in which: 
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[0035] FIGURE 1 plots the transmittance versus wavenumber for glucose in the mid-wave 

and long-wave infrared wavelengths between approximately 2.7 to 12 microns. 

[0036J FIGURE 2 illustrates measurements of the absorbance of different blood 

constituents, such as glucose, hemoglobin, and hemoglobin Ale. The measurements are done 

using an FTIR spectrometer in samples with a 1mm path length. 

[0037] FIGURE 3A shows the normalized absorbance of water and glucose (not drawn to 

scale). Water shows transmission windows between about 1500-1850nm and 2050-2500nm. 

[0038] FIGURE 3B illustrates the absorbance of hemoglobin and oxygenated hemoglobin 

overlapped with water. 

[0039] FIGURE 4A shows measured absorbance in different concentrations of glucose 

solution over the wavelength range of about 2000 to 2400nm. This data is collected using a SWIR 

super-continuum laser with the sample path length of about 1.1mm. 

[0040J FIGURE 4B illustrates measured absorbance in different concentrations of glucose 

solution over the wavelength range of about 1550 to 1800nm. The data is collected using a SWIR 

super-continuum laser with a sample path length of about 10mm. 

[0041] FIGURE 5 illustrates the spectrum for different blood constituents m the 

wavelength range of about 2 to 2.45 microns (2000 to 2450nm). 

[0042] FIGURE 6 shows the transmittance versus wavelength in microns for the ketone 3-

hydroxybutyrate. The wavelength range is approximately 2 to 16 microns. 

[0043J FIGURE 7 illustrates the optical absorbance for ketones as well as some other blood 

constituents in the wavelength range of about 2100 to 2400nm. 

[0044J FIGURE 8A shows the first derivative spectra of ketone and protein at 

concentrations of 10g/L (left). In addition, the first derivative spectra of urea, creatinine, and 

glucose are shown on the right at concentrations of 1 0g/L. 

[0045] FIGURE 8B illustrates the near infrared absorbance for triglyceride. 
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[0046] 

[0047] 

FIGURE 8C shows the near-infrared reflectance spectrum for cholesterol. 

FIGURE 8D illustrates the near-infrared reflectance versus wavelength for various 

blood constituents, including cholesterol, glucose, albumin, uric acid, and urea. 

[0048] FIGURE 9 shows a schematic of the human skin. In particular, the dermis may 

comprise significant amounts of collagen, elastin, lipids, and water. 

[0049] FIGURE 10 illustrates the absorption coefficients for water (including scattering), 

adipose, collagen, and elastin. 

[0050] FIGURE 11 shows the dorsal of the hand, where a differential measurement may 

be made to at least partially compensate for or subtract out the skin interference. 

[0051] FIGURE 12 shows the dorsal of the foot, where a differential measurement may be 

made to at least partially compensate for or subtract out the skin interference. 

[0052] 

below it. 

[0053] 

FIGURE 13 illustrates a typical human nail tissue structure and the capillary vessels 

FIGURE 14 shows the attenuation coefficient for seven nail samples that are 

allowed to stand in an environment with a humidity level of 14%. These coefficients are measured 

using an FTIR spectrometer over the near-infrared wavelength range of approximately 1 to 2.5 

microns. Below is also included the spectrum of glucose. 

[0054] FIGURE 15 illustrates the structure of a tooth. 

[0055] FIGURE 16A shows the attenuation coefficient for dental enamel and water versus 

wavelength from approximately 600nm to 2600nm. 

[0056] FIGURE 16B illustrates the absorption spectrum of intact enamel and dentine in 

the wavelength range of approximately 1.2 to 2.4 microns. 

[0057] FIGURE 17 shows the near infrared spectral reflectance over the wavelength range 

of approximately 800nm to 2500nm from an occlusal tooth surface. The black diamonds 
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correspond to the reflectance from a sound, intact tooth section. The asterisks correspond to a 

tooth section with an enamel lesion. The circles correspond to a tooth section with a dentine lesion. 

[0058J FIGURE 18A illustrates a clamp design of a human interface to cap over one or 

more teeth and perform a non-invasive measurement of blood constituents. 

[0059J FIGURE 18B shows a mouth guard design of a human interface to perform a non-

invasive measurement of blood constituents. 

[0060] FIGURE 19 illustrates a block diagram or building blocks for constructing high 

power laser diode assemblies. 

[0061] FIGURE 20 shows a platform architecture for different wavelength ranges for an 

all-fiber-integrated, high powered, super-continuum light source. 

[0062] FIGURE 21 illustrates one embodiment of a short-wave infrared (SWIR) super-

continuum (SC) light source. 

[0063] FIGURE 22 shows the output spectrum from the SWIR SC laser of FIGURE 21 

when~ 10m length of fiber for SC generation is used. This fiber is a single-mode, non-dispersion 

shifted fiber that is optimized for operation near 1550nm. 

[0064] FIGURE 23 illustrates high power SWIR-SC lasers that may generate light between 

approximately 1.4-1.8 microns (top) or approximately 2-2.5 microns (bottom). 

[0065] FIGURE 24 schematically shows that the medical measurement device can be part 

of a personal or body area network that communicates with another device (e.g., smart phone or 

tablet) that communicates with the cloud. The cloud may in turn communicate information with 

the user, healthcare providers, or other designated recipients. 

[0066J FIGURE 25 illustrates the structure of a tooth. 

[0067J FIGURE 26A shows the attenuation coefficient for dental enamel and water versus 

wavelength from approximately 600nm to 2600nm. 
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[0068] FIGURE 26B illustrates the absorption spectrum of intact enamel and dentine in 

the wavelength range of approximately 1.2 to 2.4 microns. 

[0069J FIGURE 27 shows the near infrared spectral reflectance over the wavelength range 

of approximately 800nm to 2500nm from an occlusal tooth surface. The black diamonds 

correspond to the reflectance from a sound, intact tooth section. The asterisks correspond to a 

tooth section with an enamel lesion. The circles correspond to a tooth section with a dentine lesion. 

[0070] FIGURE 28 illustrates a hand-held dental tool design of a human interface that may 

also be coupled with other dental tools. 

[0071] FIGURE 29 illustrates a clamp design of a human interface to cap over one or more 

teeth and perform a non-invasive measurement for dental caries. 

[0072J FIGURE 30 shows a mouth guard design of a human interface to perform a non-

invasive measurement for dental caries. 

[0073J FIGURE 31 schematically shows that the medical measurement device can be part 

of a personal or body area network that communicates with another device (e.g., smart phone or 

tablet) that communicates with the cloud. The cloud may in turn communicate information with 

the user, dental or healthcare providers, or other designated recipients. 

[0074] FIGURE 32 illustrates wavelength bands for different chemical compounds over 

the SWIR wavelength range of approximately 1400nm to 2500nm. Also indicated are whether the 

bands are overtone or combination bands. 

[0075] 

[0076J 

FIGURE 33A shows the absorption spectra for methane. 

FIGURE 33B shows the absorption spectra for ethane. 

[0077J FIGURE 34 illustrates the reflectance spectra for some members of the alkane 

family plus paraffin. 
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[0078] FIGURE 35A depicts that micro-seepages may result from the vertical movement 

of hydro-carbons from their respective reservoirs to the surface. It is assumed that the rock column, 

including the seal rock, comprises interconnected fractures or micro-fracture systems. 

[0079J FIGURE 35B illustrates that surface alterations may occur because leaking hydro-

carbons set up near-surface oxidation and/or reduction zones that favor the development of a 

diverse array of chemical and mineralogical changes. 

[0080] FIGURE 36A shows the reflectance spectra for locations with natural gas fields 

(3601) and locations without natural gas fields (3602). 

[0081] FIGURE 36B illustrates spectra from field tests over regions with natural gas, 

which show two spectral features: one near 1.725 microns and another doublet between about 

2.311 microns and 2.36 microns. 

[0082J FIGURE 37 shows the reflectance spectra of a sample of oil emulsion from the Gulf 

of Mexico 2010 oil spill (different thicknesses of oil). 

[0083] FIGURE 38 illustrates the reflectance spectra of some representative minerals that 

may be major components of rocks and soils. 

[0084] FIGURE 39 shows the reflectance spectra of different types of green vegetation 

compared with dry, yellowed grass. 

[0085] FIGURE 40 illustrates the atmospheric absorption and scattering of greenhouse 

gases at different wavelengths. 

[0086J FIGURE 41 overlays the reflectance for different building materials from the 

ASTER spectra library. 

[0087J 

polystyrene. 

[0088] 

FIGURE 42 shows the absorbance for two common plastics, polyethylene and 

FIGURE 43 shows the experimental set-up for a reflection-spectroscopy based 

stand-off detection system. 
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[0089] FIGURE 44 illustrates the chemical structure and molecular formula for various 

explosives, along with the absorbance spectra obtained using a super-continuum source. 

[0090J FIGURE 45A shows the reflection spectra for gypsum, pine wood, ammonium 

nitrate and urea. 

[0091J FIGURE 45B illustrates the reflection spectra for three commercial automotive 

paints and military grade CARC paint ( chemical agent resistant coating) (reflectance in this case 

are in arbitrary units). 

[0092] FIGURE 46 shows the mid-wave infrared and long-wave infrared absorption 

spectra for various illicit drugs. It is expected that overtone and combination bands should be 

evident in the SWIR and near-infrared wavelength bands. 

[0093J FIGURE 47 A is a schematic diagram of the basic elements of an 1magmg 

spectrometer. 

[0094J FIGURE 47B illustrates one example of a typical imaging spectrometer used in 

hyper-spectral imaging systems. 

[0095] FIGURE 48 shows one example of a gas-filter correlation radiometer, which is a 

detection system that uses a sample of the gas of interest as a spectral filter for the gas. 

[0096] FIGURE 49 exemplifies a dual-beam experimental set-up that may be used to 

subtract out (or at least minimize the adverse effects of) light source fluctuations. 

[0097] 

polystyrene. 

[0098] 

FIGURE 50 shows the absorbance for two common plastics, polyethylene and 

FIGURE 51 illustrates one example of the difference in near-infrared spectrum 

between an authentic tablet and a counterfeit tablet. 

[0099J FIGURE 52 shows the second derivative of the spectral comparison of Prozac and 

a similarly formulated generic. 
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[0100] FIGURE 53 illustrates an example of the near infrared spectra for different pure 

components of a studied drug. 

[0lOlJ FIGURE 54 shows the mid-wave infrared and long-wave infrared absorption 

spectra for various illicit drugs. 

[0l02J FIGURE 55 shows the absorbance versus wavelength in the near-infrared region 

for four classes of illegal drugs. 

[0103] 

samples. 

[0104] 

FIGURE 56 illustrates the diffuse reflectance near-infrared spectrum of heroin 

FIGURE 57 illustrates the diffuse reflectance near-infrared spectra of different 

seized illicit drugs containing heroin of different concentrations, along with the spectrum for pure 

heroin. 

[0105] FIGURE 58A lists possible band assignments for the various spectral features in 

pure heroin. 

[0l06J FIGURES 58B also lists possible band assignments for the various spectral features 

in pure heroin. 

[0107] FIGURE 59 shows the diffuse reflectance near-infrared spectra of different 

compounds that may be frequently employed as cutting agents. 

[0108] FIGURE 60 provides one example of a flow-chart m the process analytical 

technology for the pharmaceutical industry. 

[0109] 

[0110] 

FIGURE 61 illustrates the typical near-infrared spectra of a variety of excipients. 

FIGURE 62 exemplifies the absorbance from the blending process of a 

pharmaceutical compound. 

[0111] FIGURE 63 shows what might be an eventual flow-chart of a smart manufacturing 

process. 
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[0112] 

[0113] 

FIGURE 64A illustrates the near-infrared reflectance spectrum of wheat flour. 

FIGURE 64B shows the near-infrared absorbance spectra obtained in diffusion 

reflectance mode for a series of whole 'Hass' avocado fruit. 

[0114] 

spectrometer. 

[0115] 

FIGURE 65A is a schematic diagram of the basic elements of an 1magmg 

FIGURE 65B illustrates one example of a typical imaging spectrometer used in 

hyper-spectral imaging systems. 

[0116] 

[0117] 

FIGURE 66 shows one example of the Fourier transform infrared spectrometer. 

FIGURE 67 exemplifies a dual-beam experimental set-up that may be used to 

subtract out (or at least minimize the adverse effects of) light source fluctuations. 

[0118] FIGURE 68 illustrates the optical absorption of pure water, hemoglobin without 

oxygen, and hemoglobin saturated with oxygen. 

[0119] FIGURE 69 shows examples of various absorption bands of chemical species in 

the wavelength range between about 1200-2200nm. 

[0120] 

[0121] 

FIGURE 70 depicts the structure of a female breast. 

FIGURE 71 illustrates particular embodiments of imaging systems for optically 

scanning a breast. 

[0122] FIGURE 72 shows the normalized absorption spectra of main tissue absorbers in 

the NIR for breast cancer, between about 600-1100nm. 

[0123] FIGURE 73 illustrates the normalized absorption coefficient in the wavelength 

range between about 500-1600nm for many of the components of breast tissue. 

[0124] FIGURE 74A shows the typical spectra of the cancerous site of a treated rat and 

the corresponding site of a normal rat and illustrates the logarithm of the inverse of reflection 

spectra. 
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[0125] FIGURES 74B shows the typical spectra of the cancerous site of a treated rat and 

the corresponding site of a normal rat and illustrates second derivative spectra. 

[0l26J FIGURE 75 shows the second derivative of spectral changes over several weeks 

between about 1600-1800nm in rats with breast cancer. 

[0l27J 

elastin. 

FIGURE 76 illustrates the second derivative spectra for cholesterol, collagen and 

[0128] FIGURE 77 shows the absorption coefficient as a function of wavelength between 

about 1000nm and 2600nm for water, adipose and collagen. 

[0129] FIGURE 78 illustrates the absorbance for four types of collagen: collagen I, 

collagen II, collagen Ill, and collagen IV. 

[0130] FIGURE 79 shows an experimental set-up for testing chicken breast samples using 

collimated light. In this experiment, the collimated light has a beam diameter of about 3mm. 

[0131] FIGURE 80 plots the measured depth of damage (in millimeters) versus the time-

averaged incident power (in Watts). Data is presented for laser wavelengths near 980nm, 1210nm 

and 1700nm, and lines are drawn corresponding to penetration depths of approximately 2mm, 

3mm, and 4mm. 

[0132] FIGURE 81 illustrates the optical absorption or density as a function of wavelength 

between approximately 700nm and 1300nm for water, hemoglobin and oxygenated hemoglobin. 

[0133] FIGURE 82 shows a set-up used for in vitro damage experiments using focused 

infrared light. After a lens system, the tissue is placed between two microscope slides. 

[0134] FIGURE 83A presents histology of renal arteries comprising endothelium, media 

and adventitia layers and some renal nerves in or below the adventitia and illustrates renal arteries 

with no laser exposure. 
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FIGURE 83B presents histology of renal arteries comprising endothelium, media 

and adventitia layers and some renal nerves in or below the adventitia and illustrates renal arteries 

after focused laser exposure, with the laser light near 1708nm. 

[0l36J FIGURE 84 illustrates the experimental set-up for ex vivo skin laser treatment with 

surface cooling to protect the epidermis and top layer of the dermis. 

[0137] FIGURE 85A shows MTT histo-chemistry of ex vivo human skin treated with 

~ 1708nm laser and cold window (5 seconds precool; 2mm diameter spot exposure for 3 seconds) 

at 725m W corresponding to ~ 70 J/cm2 average fluence. 

FIGURE 85B also shows MTT histo-chemistry of ex vivo human skin treated with 

~ 1708nm laser and cold window (5 seconds precool; 2mm diameter spot exposure for 3 seconds) 

at 725m W corresponding to ~ 70 J/cm2 average fluence. 

[0l39J FIGURE 85C shows MTT histo-chemistry of ex vivo human skin treated with 

~ 1708nm laser and cold window (5 seconds precool; 2mm diameter spot exposure for 3 seconds) 

at 830m W corresponding to ~80 J/cm2 average fluence. 

[0140] FIGURE 85D also shows MTT histo-chemistry of ex vivo human skin treated with 

~ 1708nm laser and cold window (5 seconds precool; 2mm diameter spot exposure for 3 seconds) 

at 830m W corresponding to ~80 J/cm2 average fluence. 

DETAILED DESCRIPTION 

[0141J SECTION 1: NEAR-INFRARED LASERS FOR NON-INVASIVE 

MONITORING OF GLUCOSE, KETONES, HBAlC, AND OTHER BLOOD CONSTITUENTS 

[0l42J As required, detailed embodiments of the present disclosure are described herein; 

however, it is to be understood that the disclosed embodiments are merely exemplary of the 

disclosure that may be embodied in various and alternative forms. The figures are not necessarily 

to scale; some features may be exaggerated or minimized to show details of particular components. 

Therefore, specific structural and functional details disclosed herein are not to be interpreted as 

23 

IPR2025-01254 Page 00144



OMNI0101PUSA13 

limiting, but merely as a representative basis for teaching one skilled in the art to variously employ 

the present disclosure. 

[O 143 J Various ailments or diseases may require measurement of the concentration of one 

or more blood constituents. For example, diabetes may require measurement of the blood glucose 

and HbAlc levels. On the other hand, diseases or disorders characterized by impaired glucose 

metabolism may require the measurement of ketone bodies in the blood. Examples of impaired 

glucose metabolism diseases include Alzheimer's, Parkinson's, Huntington's, and Lou Gehrig's 

or amyotrophic lateral sclerosis (ALS). Techniques related to near-infrared spectroscopy or hyper­

spectral imaging may be particularly advantageous for non-invasive monitoring of some of these 

blood constituents. 

[0144] As used throughout this document, the term "couple" and or "coupled" refers to 

any direct or indirect communication between two or more elements, whether or not those elements 

are physically connected to one another. As used throughout this disclosure, the term 

"spectroscopy" means that a tissue or sample is inspected by comparing different features, such as 

wavelength ( or frequency), spatial location, transmission, absorption, reflectivity, scattering, 

refractive index, or opacity. In one embodiment, "spectroscopy" may mean that the wavelength 

of the light source is varied, and the transmission, absorption or reflectivity of the tissue or sample 

is measured as a function of wavelength. In another embodiment, "spectroscopy" may mean that 

the wavelength dependence of the transmission, absorption or reflectivity is compared between 

different spatial locations on a tissue or sample. As an illustration, the "spectroscopy" may be 

performed by varying the wavelength of the light source, or by using a broadband light source and 

analyzing the signal using a spectrometer, wavemeter, or optical spectrum analyzer. 

[0145] As used throughout this document, the term "fiber laser" refers to a laser or 

oscillator that has as an output light or an optical beam, wherein at least a part of the laser comprises 

an optical fiber. For instance, the fiber in the "fiber laser" may comprise one of or a combination 

of a single mode fiber, a multi-mode fiber, a mid-infrared fiber, a photonic crystal fiber, a doped 

fiber, a gain fiber, or, more generally, an approximately cylindrically shaped waveguide or light­

pipe. In one embodiment, the gain fiber may be doped with rare earth material, such as ytterbium, 

erbium, and/or thulium. In another embodiment, the mid-infrared fiber may comprise one or a 
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combination of fluoride fiber, ZBLAN fiber, chalcogenide fiber, tellurite fiber, or germanium 

doped fiber. In yet another embodiment, the single mode fiber may include standard single-mode 

fiber, dispersion shifted fiber, non-zero dispersion shifted fiber, high-nonlinearity fiber, and small 

core size fibers. 

[0146] As used throughout this disclosure, the term "pump laser" refers to a laser or 

oscillator that has as an output light or an optical beam, wherein the output light or optical beam 

is coupled to a gain medium to excite the gain medium, which in turn may amplify another input 

optical signal or beam. In one particular example, the gain medium may be a doped fiber, such as 

a fiber doped with ytterbium, erbium or thulium. In one embodiment, the "pump laser" may be a 

fiber laser, a solid state laser, a laser involving a nonlinear crystal, an optical parametric oscillator, 

a semiconductor laser, or a plurality of semiconductor lasers that may be multiplexed together. In 

another embodiment, the "pump laser" may be coupled to the gain medium by using a fiber 

coupler, a dichroic mirror, a multiplexer, a wavelength division multiplexer, a grating, or a fused 

fiber coupler. 

[0147] As used throughout this document, the term "super-continuum" and or 

"supercontinuum" and or "SC" refers to a broadband light beam or output that comprises a 

plurality of wavelengths. In a particular example, the plurality of wavelengths may be adjacent to 

one-another, so that the spectrum of the light beam or output appears as a continuous band when 

measured with a spectrometer. In one embodiment, the broadband light beam may have a 

bandwidth of at least 10nm. In another embodiment, the "super-continuum" may be generated 

through nonlinear optical interactions in a medium, such as an optical fiber or nonlinear crystal. 

For example, the "super-continuum" may be generated through one or a combination of nonlinear 

activities such as four-wave mixing, the Raman effect, modulational instability, and self-phase 

modulation. 

[0148] As used throughout this disclosure, the terms "optical light" and or "optical beam" 

and or "light beam" refer to photons or light transmitted to a particular location in space. The 

"optical light" and or "optical beam" and or "light beam" may be modulated or unmodulated, 

which also means that they may or may not contain information. In one embodiment, the "optical 
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light" and or "optical beam" and or "light beam" may originate from a fiber, a fiber laser, a laser, 

a light emitting diode, a lamp, a pump laser, or a light source. 

[0149J SPECTRUM FOR GLUCOSE 

[0150] One molecule of interest is glucose. The glucose molecule has the chemical 

formula C6H12O6, so it has a number of hydro-carbon bonds. An example of the infrared 

transmittance of glucose 100 is illustrated in FIGURE 1. The vibrational spectroscopy shows that 

the strongest lines for bending and stretching modes of C-H and O-H bonds lie in the wavelength 

range of approximately 6-12 microns. However, light sources and detectors are more difficult in 

the mid-wave infrared and long-wave infrared, and there is also strongly increasing water 

absorption in the human body beyond about 2.5 microns. Although weaker, there are also non­

linear combinations of stretching and bending modes between about 2 to 2.5 microns, and first 

overtone of C-H stretching modes between approximately 1.5-1.8 microns. These signatures may 

fall in valleys of water absorption, permitting non-invasive detection through the body. In 

addition, there are yet weaker features from the second overtones and higher-order combinations 

between about 0.8-1.2 microns; in addition to being weaker, these features may also be masked by 

absorption in the hemoglobin. Hence, the short-wave infrared (SWIR) wavelength range of 

approximately 1.4 to 2.5 microns may be an attractive window for near-infrared spectroscopy of 

blood constituents. 

[0151J As an example, measurements of the optical absorbance 200 of hemoglobin, 

glucose and HbAlc have been performed using a Fourier-Transform Infrared Spectrometer -

FTIR. As FIGURE 2 shows, in the SWIR wavelength range hemoglobin is nearly flat in spectrum 

201 (the noise at the edges is due to the weaker light signal in the measurements). On the other 

hand, the glucose absorbance 202 has at least five distinct peaks near 1587nm, 1750nm, 2120nm, 

2270nm and 2320nm. 

[0l52J FIGURE 3A overlaps 300 the normalized absorbance of glucose 301 with the 

absorbance of water 302 (not drawn to scale). It may be seen that water has an absorbance feature 

between approximately 1850nm and 2050nm, but water 302 also has a nice transmission window 

between approximately 1500-1850nm and 2050 to 2500nm. For wavelengths less than about 

1100nm, the absorption of hemoglobin 351 and oxygenated hemoglobin 352 in FIGURE 3B has 
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a number of features 350, which may make it more difficult to measure blood constituents. Also, 

beyond 2500nm the water absorption becomes considerably stronger over a wide wavelength 

range. Therefore, an advantageous window for measuring glucose and other blood constituents 

may be in the SWIR between 1500 and 1850nm and 2050 to 2500nm. These are exemplary 

wavelength ranges, and other ranges can be used that would still fall within the scope of this 

disclosure. 

[0153] One further consideration in choosing the laser wavelength is known as the "eye 

safe" window for wavelengths longer than about 1400nm. In particular, wavelengths in the eye 

safe window may not transmit down to the retina of the eye, and therefore, these wavelengths may 

be less likely to create permanent eye damage. The near-infrared wavelengths have the potential 

to be dangerous, because the eye cannot see the wavelengths (as it can in the visible), yet they can 

penetrate and cause damage to the eye. Even if a practitioner is not looking directly at the laser 

beam, the practitioner's eyes may receive stray light from a reflection or scattering from some 

surface. Hence, it can always be a good practice to use eye protection when working around lasers. 

Since wavelengths longer than about 1400nm are substantially not transmitted to the retina or 

substantially absorbed in the retina, this wavelength range is known as the eye safe window. For 

wavelengths longer than 1400nm, in general only the cornea of the eye may receive or absorb the 

light radiation. 

[0154] Beyond measuring blood constituents such as glucose using FTIR spectrometers, 

measurements have also been conducted in another embodiment using super-continuum lasers, 

which will be described later in this disclosure. In this particular embodiment, some of the 

exemplary preliminary data for glucose absorbance are illustrated in FIGURES 4A and 4B. The 

optical spectra 401 in FIGURE 4A for different levels of glucose concentration in the wavelength 

range between 2000 and 2400nm show the three absorption peaks near 2120nm (2.12µm), 2270nm 

(2.27µm) and 2320nm (2.32µm). Moreover, the optical spectra 402 in FIGURE 4B for different 

levels of glucose concentration in the wavelength range between 1500 and 1800nm show the two 

broader absorption peaks near 1587nm and 1750nm. It should be appreciated that although data 

measured with FTIR spectrometers or super-continuum lasers have been illustrated, other light 

sources can also be used to obtain the data, such as super-luminescent laser diodes, light emitting 
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diodes, a plurality of laser diodes, or even bright lamp sources that generate adequate light in the 

SWIR. 

[0155J Although glucose has a distinctive signature in the SWIR wavelength range, one 

problem of non-invasive glucose monitoring is that many other blood constituents also have hydro­

carbon bonds. Consequently, there can be interfering signals from other constituents in the blood. 

As an example, FIGURE 5 illustrates the spectrum 500 for different blood constituents in the 

wavelength range of 2 to 2.45 microns. The glucose absorption spectrum 501 can be unique with 

its three peaks in this wavelength range. However, other blood constituents such as triacetin 502, 

ascorbate 503, lactate 504, alanine 505, urea 506, and BSA 507 also have spectral features in this 

wavelength range. To distinguish the glucose 501 from these overlapping spectra, it may be 

advantageous to have information at multiple wavelengths. In addition, it may be advantageous 

to use pattern matching algorithms and other software and mathematical methods to identify the 

blood constituents of interest. In one embodiment, the spectrum may be correlated with a library 

of known spectra to determine the overlap integrals, and a threshold function may be used to 

quantify the concentration of different constituents. This is just one way to perform the signal 

processing, and many other techniques, algorithms, and software may be used and would fall 

within the scope of this disclosure. 

[0l56J 

[0157J 

KETONE BODIES MONITORING 

Beyond glucose, there are many other blood constituents that may also be of interest 

for health or disease monitoring. In another embodiment, it may be desirous to monitor the level 

of ketone bodies in the blood stream. Ketone bodies are three water-soluble compounds that are 

produced as by-products when fatty acids are broken down for energy in the liver. Two of the 

three are used as a source of energy in the heart and brain, while the third is a waste product 

excreted from the body. In particular, the three endogenous ketone bodies are acetone, acetoacetic 

acid, and beta-hydroxybutyrate or 3-hydroxybutyrate, and the waste product ketone body is 

acetone. 

[0158] Ketone bodies may be used for energy, where they are transported from the liver to 

other tissues. The brain may utilize ketone bodies when sufficient glucose is not available for 

energy. For instance, this may occur during fasting, strenuous exercise, low carbohydrate, 
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ketogenic diet and in neonates. Unlike most other tissues that have additional energy sources such 

as fatty acids during periods of low blood glucose, the brain cannot break down fatty acids and 

relies instead on ketones. In one embodiment, these ketone bodies are detected. 

[0l59J Ketone bodies may also be used for reducing or eliminating symptoms of diseases 

or disorders characterized by impaired glucose metabolism. For example, diseases associated with 

reduced neuronal metabolism of glucose include Parkinson's disease, Alzheimer's disease, 

amyotrophic lateral sclerosis (ALS, also called Lou Gehrig's disease), Huntington's disease and 

epilepsy. In one embodiment, monitoring of alternate sources of ketone bodies that may be 

administered orally as a dietary supplement or in a nutritional composition to counteract some of 

the glucose metabolism impairments is performed. However, if ketone bodies supplements are 

provided, there is also a need to monitor the ketone level in the blood stream. For instance, if 

elevated levels of ketone bodies are present in the body, this may lead to ketosis; hyperketonemia 

is also an elevated level of ketone bodies in the blood. In addition, both acetoacetic acid and beta­

hydroxybutyric acid are acidic, and, if levels of these ketone bodies are too high, the pH of the 

blood may drop, resulting in ketoacidosis. 

[0160] The general formula for ketones is CnH2n0. In organic chemistry, a ketone is an 

organic compound with the structure RC(=O)R', where Rand R' can be a variety of carbon­

containing substituents. It features a carbonyl group (C=O) bonded to two other carbon atoms. 

Because the ketones contain the hydrocarbon bonds, there might be expected to be features in the 

SWIR, similar in structure to those found for glucose. 

[0161] The infrared spectrum 600 for the ketone 3-hydroxybutyrate is illustrated in 

FIGURE 6. Just as in glucose, there are significant features in the mid- and long-wave infrared 

between 6 to 12 microns, but these may be difficult to observe non-invasively. On the other hand, 

there are some features in the SWIR that may be weaker, but they could potentially be observed 

non-invasively, perhaps through blood and water. 

[0162] The optical spectra 700 for ketones as well as some other blood constituents are 

exemplified in FIGURE 7 in the wavelength range of 2100nm to 2400nm. In this embodiment, 

the absorbance for ketones is 701, while the absorbance for glucose is 702. However, there are 

also features in this wavelength range for other blood constituents, such as urea 703, albumin or 
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blood protein 704, creatinine 705, and nitrite 706. In this wavelength range of 2100 to 2400nm, 

the features for ketone 701 seem more spectrally pronounced than even glucose. 

[0163J Different signal processing techniques can be used to enhance the spectral 

differences between different constituents. In one embodiment, the first or second derivatives of 

the spectra may enable better discrimination between substances. The first derivative may help 

remove any flat offset or background, while the second derivative may help to remove any sloped 

offset or background. In some instances, the first or second derivative may be applied after curve 

fitting or smoothing the reflectance, transmittance, or absorbance. For example, FIGURE 8A 

illustrates the derivative spectra for ketone 801 and glucose 802, which can be distinguished from 

the derivative spectra for protein 803, urea 804 and creatinine 805. Based on FIGURE 8A, it 

appears that ketones 801 may have a more pronounced difference than even glucose 802 in the 

wavelength range between 2100 and 2400nm. Therefore, ketone bodies should also be capable of 

being monitored using a non-invasive optical technique in the SWIR, and a different pattern 

matching library could be used for glucose and ketones. 

[0164] HEMOGLOBIN AlC MONITORING 

[0165] Another blood constituent that may be of interest for monitoring of health or 

diseases is hemoglobin Ale, also known as HbAlc or glycated hemoglobin (glycol-hemoglobin 

or glycosylated hemoglobin). HbAlc is a form of hemoglobin that is measured primarily to 

identify the average plasma glucose concentration over prolonged periods of time. Thus, HbAlc 

may serve as a marker for average blood glucose levels over the previous months prior to the 

measurements. 

[0166] In one embodiment, when a physician suspects that a patient may be diabetic, the 

measurement of HbAlc may be one of the first tests that are conducted. An HbAlc level less than 

approximately 6% may be considered normal. On the other hand, an HbAlc level greater than 

approximately 6.5% may be considered to be diabetic. In diabetes mellitus, higher amounts of 

HbAlc indicate poorer control of blood glucose levels. Thus, monitoring the HbAlc in diabetic 

patients may improve treatment. Current techniques for measuring HbAlc require drawing blood, 
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which may be inconvenient and painful. The point-of-care devices use immunoassay or boronate 

affinity chromatography, as an example. Thus, there is also an unmet need for non-invasive 

monitoring of HbAlc. 

[0l67J FIGURE 2 illustrates the FTIR measurements of HbAlc absorbance 203 over the 

wavelength range between 1500 and 2400nm for a concentration of approximately lmg/ml. 

Whereas the absorbance of hemoglobin 201 over this wavelength range is approximately flat, the 

HbAlc absorbance 203 shows broad features and distinct curvature. Although the HbAlc 

absorbance 203 does not appear to exhibit as pronounced features as glucose 202, the non-invasive 

SWIR measurement should be able to detect HbAlc with appropriate pattern matching algorithms. 

Moreover, the spectrum for HbAlc may be further enhanced by using first or second derivative 

data, as seen for ketones in FIGURE 8A. Beyond absorption, reflectance, or transmission 

spectroscopy, it may also be possible to detect blood constituents such as HbAlc using Raman 

spectroscopy or surface-enhanced Raman spectroscopy. In general, Raman spectroscopy may 

require higher optical power levels. 

[0168] As an illustration, non-invasive measurement of blood constituents such as glucose, 

ketone bodies, and HbAlc has been discussed thus far. However, other blood constituents can 

also be measured using similar techniques, and these are also intended to be covered by this 

disclosure. In other embodiments, blood constituents such as proteins, albumin, urea, creatinine 

or nitrites could also be measured. For instance, the same type of SWIR optical techniques might 

be used, but the pattern matching algorithms and software could use different library features or 

functions for the different constituents. 

[0169] In yet another embodiment, the optical techniques described in this disclosure could 

also be used to measure levels of triglycerides. Triglycerides are bundles of fats that may be found 

in the blood stream, particularly after ingesting meals. The body manufactures triglycerides from 

carbohydrates and fatty foods that are eaten. In other words, triglycerides are the body's storage 

form of fat. Triglycerides are comprised of three fatty acids attached to a glycerol molecule, and 

measuring the level of triglycerides may be important for diabetics. The triglyceride levels or 

concentrations in blood may be rated as follows: desirable or normal may be less than 150 mg/dl; 

borderline high may be 150-199 mg/dl; high may be 200-499 mg/dl; and very high may be 
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500mg/dl or greater. FIGURE 8B illustrates one example of the near-infrared absorbance 825 for 

triglycerides. There are distinct absorbance peaks in the spectrum that should be measurable. The 

characteristic absorption bands may be assigned as follows: (a) the first overtones of C-H 

stretching vibrations (l 600-1900nm); (b) the region of second overtones of C-H stretching 

vibrations (1100-1250nm); and, (c) two regions (2000-2200nm and 1350-1500nm) that comprise 

bands due to combinations of C-H stretching vibrations and other vibrational modes. 

[0170] A further example of blood compositions that can be detected or measured using 

near-infrared light includes cholesterol monitoring. For example, FIGURE 8C shows the near­

infrared reflectance spectrum for cholesterol 850 with wavelength in microns (µm). Distinct 

absorption peaks are observable near 1210nm (1.21 µm), 1720nm (1.72 µm), and between 2300-

2500nm (2.3-2.5µm). Also, there are other features near 1450nm (l.45µm) and 2050nm (2.05µm). 

In FIGURE 8D the near-infrared reflectances 875 are displayed versus wavelength (nm) for 

various blood constituents. The spectrum for cholesterol 876 is overlaid with glucose 877, albumin 

878, uric acid 879, and urea 880. As may be noted from FIGURE 8D, at about 1720nm and 

2300nm, cholesterol 876 reaches approximate reflectance peaks, while some of the other analytes 

are in a more gradual mode. Various signal processing methods may be used to identify and 

quantify the concentration of cholesterol 876 and/or glucose 877, or some of the other blood 

constituents. 

[0171] As illustrated by FIGURES 5 and 7, one of the issues in measuring a particular 

blood constituent is the interfering and overlapping signal from other blood constituents. The 

selection of the constituent of interest may be improved using a number of techniques. For 

example, a higher light level or intensity may improve the signal-to-noise ratio for the 

measurement. Second, mathematical modeling and signal processing methodologies may help to 

reduce the interference, such as multivariate techniques, multiple linear regression, and factor­

based algorithms, for example. For instance, a number of mathematical approaches include 

multiple linear regression, partial least squares, and principal component regression (PCR). Also, 

as illustrated in FIGURE 8A, various mathematical derivatives, including the first and second 

derivatives, may help to accentuate differences between spectra. In addition, by using a wider 

wavelength range and using more sampling wavelengths may improve the ability to discriminate 

one signal from another. These are just examples of some of the methods of improving the ability 
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to discriminate between different constituents, but other techniques may also be used and are 

intended to be covered by this disclosure. 

[Ol 72J INTERFERENCE FROM SKIN 

[O 173] Several proposed non-invasive glucose monitoring techniques rely on transmission, 

absorption, and/or diffuse reflection through the skin to measure blood constituents or blood 

analytes in veins, arteries, capillaries or in the tissue itself. However, on top of the interference 

from other blood constituents or analytes, the skin also introduces significant interference. For 

example, chemical, structural, and physiological variations occur that may produce relatively large 

and nonlinear changes in the optical properties of the tissue sample. In one embodiment, the near­

infrared reflectance or absorbance spectrum may be a complex combination of the tissue scattering 

properties that result from the concentration and characteristics of a multiplicity of tissue 

components including water, fat, protein, collagen, elastin, and/or glucose. Moreover, the optical 

properties of the skin may also change with environmental factors such as humidity, temperature 

and pressure. Physiological variation may also cause changes in the tissue measurement over time 

and may vary based on lifestyle, health, aging, etc. The structure and composition of skin may 

also vary widely among individuals, between different sites within an individual, and over time on 

the same individual. Thus, the skin introduces a dynamic interference signal that may have a wide 

variation due to a number of parameters. 

[0174J FIGURE 9 shows a schematic cross-section of human skin 900,901. The top layer 

of the skin is epidermis 902, followed by a layer of dermis 903 and then subcutaneous fat 904 

below the dermis. The epidermis 902, with a thickness of approximately 10-150 microns, may 

provide a barrier to infection and loss of moisture and other body constituents. The dermis 903 

ranges in thickness from approximately 0.5mm to 4mm ( averages approximately 1.2mm over most 

of the body) and may provide the mechanical strength and elasticity of skin. 

[Ol75J In the dermis 903, water may account for approximately 70% of the volume. The 

next most abundant constituent in the dermis 903 may be collagen 905, a fibrous protein 

comprising 70-75% of the dry weight of the dermis 903. Elastin fibers 906, also a protein, may 

also be plentiful in the dermis 903, although they constitute a smaller portion of the bulk. In 

addition, the dermis 903 may contain a variety of structures (e.g., sweat glands, hair follicles with 
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adipose rich sebaceous glands 907 near their roots, and blood vessels) and other cellular 

constituents. 

[0176J Below the dermis 903 lies the subcutaneous layer 904 comprising mostly adipose 

tissue. The subcutaneous layer 904 may be by volume approximately 10% water and may be 

comprised primarily of cells rich in triglycerides or fat. With this complicated structure of the skin 

900,901, the concentration of glucose may vary in each layer according to a variety of factors 

including the water content, the relative sizes of the fluid compartments, the distribution of 

capillaries, the perfusion of blood, the glucose uptake of cells, the concentration of glucose in 

blood, and the driving forces (e.g., osmotic pressure) behind diffusion. 

[0177] To better understand the interference that the skin introduces when attempting to 

measure glucose, the absorption coefficient for the various skin constituents should be examined. 

For example, FIGURE 10 illustrates 1000 the absorption coefficients for water (including 

scattering) 1001, adipose 1002, collagen 1003 and elastin 1004. Note that the absorption curves 

for water 1001 and adipose 1002 are calibrated, whereas the absorption curves for collagen 1003 

and elastin 1004 are in arbitrary units. Also shown are vertical lines demarcating the wavelengths 

near 1210nm 1005 and 1720nm 1006. In general, the water absorption increases with increasing 

wavelength. With the increasing absorption beyond about 2000nm, it may be difficult to achieve 

deeper penetration into biological tissue in the infrared wavelengths beyond approximately 

2500nm. 

[0178] Although the absorption coefficient may be useful for determining the material in 

which light of a certain infrared wavelength will be absorbed, to determine the penetration depth 

of the light of a certain wavelength may also require the addition of scattering loss to the curves. 

For example, the water curve 1001 includes the scattering loss curve in addition to the water 

absorption. In particular, the scattering loss can be significantly higher at shorter wavelengths. In 

one embodiment, near the wavelength of 1720nm (vertical line 1006 shown in FIGURE 10), the 

adipose absorption 1002 can still be higher than the water plus scattering loss 1001. For tissue that 

contains adipose, collagen and elastin, such as the dermis of the skin, the total absorption can 

exceed the light energy lost to water absorption and light scattering at 1720nm. On the other hand, 

34 

IPR2025-01254 Page 00155



OMNI0101PUSA13 

at 1210nm the adipose absorption 1002 can be considerably lower than the water plus scattering 

loss 1001, particularly since the scattering loss can be dominant at these shorter wavelengths. 

[Ol 79J The interference for glucose lines observed through skin may be illustrated by 

overlaying the glucose lines over the absorption curves 1000 for the skin constituents. For 

example, FIGURE 2 illustrated that the glucose absorption 202 included features centered around 

1587nm, 1750nm, 2120nm, 2270nm and 2320nm. On FIGURE 10 vertical lines have been drawn 

at the glucose line wavelengths of 1587nm 1007, 1750nm 1008, 2120nm 1009, 2270nm 1010 and 

2320nm 1011. In one embodiment, it may be difficult to detect the glucose lines near 1750nm 

1008, 2270nm 1010 and 2320nm 1011 due to significant spectral interference from other skin 

constituents. On the other hand, the glucose line near 1587m 1007 may be more easily detected 

because it peaks while most of the other skin constituents are sloped downward toward an 

absorption valley. Moreover, the glucose line near 2120nm 1009 may also be detectable for similar 

reasons, although adipose may have conflicting behavior due to local absorption minimum and 

maximum nearby in wavelength. 

[0180] Thus, beyond the problem of other blood constituents or analytes having 

overlapping spectral features (e.g., FIGURE 5), it may be difficult to observe glucose spectral 

signatures through the skin and its constituents of water, adipose, collagen and elastin. One 

approach to overcoming this difficulty may be to try to measure the blood constituents in veins 

that are located at relatively shallow distances below the skin. Veins may be more beneficial for 

the measurement than arteries, since arteries tend to be located at deeper levels below the skin. 

Also, in one embodiment it may be advantageous to use a differential measurement to subtract out 

some of the interfering absorption lines from the skin. For example, an instrument head may be 

designed to place one probe above a region of skin over a blood vein, while a second probe may 

be placed at a region of the skin without a noticeable blood vein below it. Then, by differencing 

the signals from the two probes, at least part of the skin interference may be cancelled out. 

[0181] Two representative embodiments for performing such a differential measurement 

are illustrated in FIGURE 11 and FIGURE 12. In one embodiment shown in FIGURE 11, the 

dorsal of the hand 1100 may be used for measuring blood constituents or analytes. The dorsal of 

the hand 1100 may have regions that have distinct veins 1101 as well as regions where the veins 
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are not as shallow or pronounced 1102. By stretching the hand and leaning it backwards, the veins 

1101 may be accentuated in some cases. A near-infrared diffuse reflectance measurement may be 

performed by placing one probe 1103 above the vein-rich region 1101. To tum this into a 

differential measurement, a second probe 1104 may be placed above a region without distinct veins 

1102. Then, the outputs from the two probes may be subtracted 1105 to at least partially cancel 

out the features from the skin. The subtraction may be done preferably in the electrical domain, 

although it can also be performed in the optical domain or digitally/mathematically using sampled 

data based on the electrical and/or optical signals. Although one example of using the dorsal of 

the hand 1100 is shown, many other parts of the hand can be used within the scope of this 

disclosure. For example, alternate methods may use transmission through the webbing between 

the thumb and the fingers 1106, or transmission or diffuse reflection through the tips of the fingers 

1107. 

[0l82J In another embodiment, the dorsal of the foot 1200 may be used instead of the hand. 

One advantage of such a configuration may be that for self-testing by a user, the foot may be easier 

to position the instrument using both hands. One probe 1203 may be placed over regions where 

there are more distinct veins 1201, and a near-infrared diffuse reflectance measurement may be 

made. For a differential measurement, a second probe 1204 may be placed over a region with less 

prominent veins 1202, and then the two probe signals may be subtracted, either electronically or 

optically, or may be digitized/sampled and processed mathematically depending on the particular 

application and implementation. As with the hand, the differential measurements may be intended 

to compensate for or subtract out (at least in part) the interference from the skin. Since two regions 

are used in close proximity on the same body part, this may also aid in removing some variability 

in the skin from environmental effects such as temperature, humidity, or pressure. In addition, it 

may be advantageous to first treat the skin before the measurement, by perhaps wiping with a cloth 

or treated cotton ball, applying some sort of cream, or placing an ice cube or chilled bag over the 

region of interest. 

[0l83J Although two embodiments have been described, many other locations on the body 

may be used using a single or differential probe within the scope of this disclosure. In yet another 

embodiment, the wrist may be advantageously used, particularly where a pulse rate is typically 

monitored. Since the pulse may be easily felt on the wrist, there is underlying the region a distinct 
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blood flow. Other embodiments may use other parts of the body, such as the ear lobes, the tongue, 

the inner lip, the nails, the eye, or the teeth. Some of these embodiments will be further described 

below. The ear lobes or the tip of the tongue may be advantageous because they are thinner skin 

regions, thus permitting transmission rather than diffuse reflection. However, the interference 

from the skin is still a problem in these embodiments. Other regions such as the inner lip or the 

bottom of the tongue may be contemplated because distinct veins are observable, but still the 

interference from the skin may be problematic in these embodiments. The eye may seem as a 

viable alternative because it is more transparent than skin. However, there are still issues with 

scattering in the eye. For example, the anterior chamber of the eye (the space between the cornea 

and the iris) comprises a fluid known as aqueous humor. However, the glucose level in the eye 

chamber may have a significant temporal lag on changes in the glucose level compared to the 

blood glucose level. 

[0l84J Because of the complexity of the interference from skin in non-invasive glucose 

monitoring (e.g., FIGURE 10), other parts of the body without skin above blood vessels or 

capillaries may be alternative candidates for measuring blood constituents. One embodiment may 

involve transmission or reflection through human nails. As an example, FIGURE 13 illustrates a 

typical human nail tissue structure 1300 and the capillary vessels below it. The fingernail 1301 is 

approximately 1mm thick, and below this resides a layer of epidermis 1302 with a thickness of 

approximately 1mm. The dermis 1304 is also shown, and within particularly the top about 0.5mm 

of dermis are a significant number of capillary vessels. To measure the blood constituents, the 

light exposed on the top of the fingernail must penetrate about 2-2.5mm or more, and the reflected 

light (round trip passage) should be sufficiently strong to measure. In one embodiment, the 

distance required to penetrate could be reduced by drilling a hole in the fingernail 1301. 

[0185] In this alternative embodiment using the fingernail, there may still be interference 

from the nail's spectral features. For example, FIGURE 14 illustrates the attenuation coefficient 

1400 for seven nail samples that are allowed to stand in an environment with a humidity level of 

14%. These coefficients are measured using an FTIR spectrometer over the near-infrared 

wavelength range of approximately 1 to 2.5 microns. These spectra are believed to correspond to 

the spectra of keratin contained in the nail plate. The base lines for the different samples are 

believed to differ because of the influence of scattering. Several of the absorption peaks observed 
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correspond to peaks of keratin absorption, while other features may appear from the underlying 

epidermis and dermis. It should also be noted that the attenuation coefficients 1400 also vary 

considerably depending on humidity level or water content as well as temperature and other 

environmental factors. Moreover, the attenuation coefficient may also change in the presence of 

nail polish of various sorts. 

[0186] Similar to skin, the large variations in attenuation coefficient for fingernails also 

may interfere with the absorption peaks of glucose. As an example, in FIGURE 14 below the 

fingernail spectrum is also shown the glucose spectrum 1401 for two different glucose 

concentrations. The vertical lines 1402, 1403, 1404, 1405 and 1406 are drawn to illustrate the 

glucose absorption peaks and where they lie on the fingernail spectra 1400. As is apparent, the 

nail has interfering features that may be similar to skin, particularly since both have spectra that 

vary not only in wavelength but also with environmental factors. In one embodiment, it may be 

possible to see the glucose peaks 1402 and 1404 through the fingernail, but it may be much more 

difficult to observe the glucose peaks near 1403, 1405 and 1406. 

[0187] TRANSMISSION OR REFLECTION THROUGH TEETH 

[0188] Yet another embodiment may observe the transmittance or reflectance through 

teeth to measure blood constituents or analytes. FIGURE 15 illustrates an exemplary structure of 

a tooth 1500. The tooth 1500 has a top layer called the crown 1501 and below that a root 1502 

that reaches well into the gum 1506 and bone 1508 of the mouth. The exterior of the crown 1501 

is an enamel layer 1503, and below the enamel is a layer of dentine 1504 that sits atop a layer of 

cementum 1507. Below the dentine 1504 is a pulp region 1505, which comprises within it blood 

vessels 1509 and nerves 1510. If the light can penetrate the enamel 1503 and dentine 1504, then 

the blood flow and blood constituents can be measured through the blood vessels in the dental pulp 

1505. While it may be true that the amount of blood flow in the dental pulp 1505 may be less 

since it comprises capillaries, the smaller blood flow could still be advantageous if there is less 

interfering spectral features from the tooth. 

[0189] The transmission, absorption and reflection from teeth has been studied in the near 

infrared, and, although there are some features, the enamel and dentine appear to be fairly 

transparent in the near infrared (particularly wavelengths between 1500 and 2500nm). For 
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example, the absorption or extinction ratio for light transmission has been studied. FIGURE 16A 

illustrates the attenuation coefficient 1600 for dental enamel 1601 (filled circles) and the 

absorption coefficient of water 1602 (open circles) versus wavelength. Near-infrared light may 

penetrate much further without scattering through all the tooth enamel, due to the reduced 

scattering coefficient in normal enamel. Scattering in enamel may be fairly strong in the visible, 

but decreases as approximately l/(wavelength)3 [i.e., inverse of the cube of the wavelength] with 

increasing wavelength to a value of only 2-3 cm-1 at 1310nm and 1550nm in the near infrared. 

Therefore, enamel may be virtually transparent in the near infrared with optical attenuation 1-2 

orders of magnitude less than in the visible range. 

[0190] As another example, FIGURE 16B illustrates the absorption spectrum 1650 of 

intact enamel 1651 (dashed line) and dentine 1652 (solid line) in the wavelength range of 

approximately 1.2 to 2.4 microns. In the near infrared there are two absorption bands around 1.5 

and 2 microns. The band with a peak around 1.57 microns may be attributed to the overtone of 

valent vibration of water present in both enamel and dentine. In this band, the absorption is greater 

for dentine than for enamel, which may be related to the large water content in this tissue. In the 

region of 2 microns, dentine may have two absorption bands, and enamel one. The band with a 

maximum near 2.1 microns may belong to the overtone of vibration of PO hydroxyapatite groups, 

which is the main substance of both enamel and dentine. Moreover, the band with a peak near 

1.96 microns in dentine may correspond to water absorption (dentine may contain substantially 

higher water than enamel). 

[0191] In addition to the absorption coefficient, the reflectance from intact teeth and teeth 

with dental caries (e.g., cavities) has been studied. In one embodiment, FIGURE 17 shows the 

near infrared spectral reflectance 1700 over the wavelength range of approximately 800nm to 

2500nm from an occlusal (e.g., top/bottom) tooth surface 1704. The curve with black diamonds 

1701 corresponds to the reflectance from a sound, intact tooth section. The curve with asterisks * 

1702 corresponds to a tooth section with an enamel lesion. The curve with circles 1703 

corresponds to a tooth section with a dentine lesion. Thus, when there is a lesion, more scattering 

occurs and there may be an increase in the reflected light. 
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[0192] For wavelengths shorter than approximately 1400nm, the shapes of the spectra 

remain similar, but the amplitude of the reflection changes with lesions. Between approximately 

1400nm and 2500nm, an intact tooth 1701 has low reflectance (e.g., high transmission), and the 

reflectance appears to be more or less independent of wavelength. On the other hand, in the 

presence of lesions 1702 and 1703, there is increased scattering, and the scattering loss may be 

wavelength dependent. For example, the scattering loss may decrease as l/(wavelength)3 -- so, 

the scattering loss decreases with longer wavelengths. When there is a lesion in the dentine 1703, 

more water can accumulate in the area, so there is also increased water absorption. For example, 

the dips near 1450nm and 1900nm correspond to water absorption, and the reflectance dips are 

particularly pronounced in the dentine lesion 1703. One other benefit of the absorption, 

transmission or reflectance in the near infrared may be that stains and non-calcified plaque are not 

visible in this wavelength range, enabling better discrimination of defects, cracks, and 

demineralized areas. 

[0193] Compared with the interference from skin 1000 in FIGURE 10 or fingernails 1400 

in FIGURE 14, the teeth appear to introduce much less interference for non-invasive monitoring 

of blood constituents. The few features in FIGURES 16B or 17 may be calibrated out of the 

measurement. Also, using an intact tooth 1701 may further minimize any interfering signals. 

Furthermore, since the tooth comprises relatively hard tissue, higher power from the light sources 

in the near infrared may be used without damaging the tissue, such as with skin. 

[0194] HUMAN INTERFACE FOR MEASUREMENT SYSTEM 

[0195] A number of different types of measurements may be used to sample the blood in 

the dental pulp. The basic feature of the measurements should be that the optical properties are 

measured as a function of wavelength at a plurality of wavelengths. As further described below, 

the light source may output a plurality of wavelengths, or a continuous spectrum over a range of 

wavelengths. In a preferred embodiment, the light source may cover some or all of the wavelength 

range between approximately 1400nm and 2500nm. The signal may be received at a receiver, 

which may also comprise a spectrometer or filters to discriminate between different wavelengths. 

The signal may also be received at a camera, which may also comprise filters or a spectrometer. 

In an alternate embodiment, the spectral discrimination using filters or a spectrometer may be 
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placed after the light source rather than at the receiver. The receiver usually comprises one or 

more detectors (optical-to-electrical conversion element) and electrical circuitry. The receiver 

may also be coupled to analog to digital converters, particularly if the signal is to be fed to a digital 

device. 

[0196] Referring to FIGURE 15, one or more light sources 1511 may be used for 

illumination. In one embodiment, a transmission measurement may be performed by directing the 

light source output 1511 to the region near the interface between the gum 1506 and dentine 1504. 

In one embodiment, the light may be directed using a light guide or a fiber optic. The light may 

then propagate through the dental pulp 1505 to the other side, where the light may be incident on 

one or more detectors or another light guide to transport the signal to a spectrometer, receiver or 

camera 1512. In another embodiment, the light source may be directed to one or more locations 

near the interface between the gum 1506 and dentine 1504 (in one example, could be from the two 

sides of the tooth). The transmitted light may then be detected in the occlusal surface above the 

tooth using a spectrometer, receiver, or camera 1512. In yet another embodiment, a reflectance 

measurement may be conducted by directing the light source output 1511 to, for example, the 

occlusal surface of the tooth, and then detecting the reflectance at a spectrometer, receiver or 

camera 1513. Although a few embodiments for measuring the blood constituents through a tooth 

are described, other embodiments and techniques may also be used and are intended to be covered 

by this disclosure. 

[0197] The human interface for the non-invasive measurement of blood constituents may 

be of various forms. In one embodiment, a "clamp" design 1800 may be used to cap over one or 

more teeth, as illustrated in FIGURE 18A. The clamp design may be different for different types 

of teeth, or it may be flexible enough to fit over different types of teeth. For example, different 

types of teeth include the molars (toward the back of the mouth), the premolars, the canine, and 

the incisors (toward the front of the mouth). One embodiment of the clamp-type design is 

illustrated in FIGURE 18A for a molar tooth 1808. The C-clamp 1801 may be made of a plastic 

or rubber material, and it may comprise a light source input 1802 and a detector output 1803 on 

the front or back of the tooth. 
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[0198] The light source input 1802 may comprise a light source directly, or it may have 

light guided to it from an external light source. Also, the light source input 1802 may comprise a 

lens system to collimate or focus the light across the tooth. The detector output 1803 may comprise 

a detector directly, or it may have a light guide to transport the signal to an external detector 

element. The light source input 1802 may be coupled electrically or optically through 1804 to a 

light input 1806. For example, if the light source is external in 1806, then the coupling element 

1804 may be a light guide, such as a fiber optic. Alternately, if the light source is contained in 

1802, then the coupling element 1804 may be electrical wires connecting to a power supply in 

1806. Similarly, the detector output 1803 may be coupled to a detector output unit 1807 with a 

coupling element 1805, which may be one or more electrical wires or a light guide, such as a fiber 

optic. This is just one example of a clamp over one or more teeth, but other embodiments may 

also be used and are intended to be covered by this disclosure. 

[0l99J In yet another embodiment, one or more light source ports and sensor ports may be 

used in a mouth-guard type design. For example, one embodiment of a dental mouth guard 1850 

is illustrated in FIGURE 18B. The structure of the mouth guard 1851 may be similar to mouth 

guards used in sports (e.g., when playing football or boxing) or in dental trays used for applying 

fluoride treatment, and the mouth guard may be made from plastic or rubber materials, for 

example. As an example, the mouth guard may have one or more light source input ports 1852, 

1853 and one or more detector output ports 1854, 1855. Although six input and output ports are 

illustrated, any number of ports may be used. 

[0200] Similar to the clamp design describe above, the light source inputs 1852, 1853 may 

comprise one or more light sources directly, or they may have light guided to them from an external 

light source. Also, the light source inputs 1852, 1853 may comprise lens systems to collimate or 

focus the light across the teeth. The detector outputs 1854, 1855 may comprise one or more 

detectors directly, or they may have one or more light guides to transport the signals to an external 

detector element. The light source inputs 1852, 1853 may be coupled electrically or optically 

through 1856 to a light input 1857. For example, if the light source is external in 1857, then the 

one or more coupling elements 1856 may be one or more light guides, such as a fiber optic. 

Alternately, if the light sources are contained in 1852, 1853, then the coupling element 1856 may 

be one or more electrical wires connecting to a power supply in 1857. Similarly, the detector 
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outputs 1854, 1855 may be coupled to a detector output unit 1859 with one or more coupling 

elements 1858, which may be one or more electrical wires or one or more light guides, such as a 

fiber optic. This is just one example of a mouth guard design covering a plurality of teeth, but 

other embodiments may also be used and are intended to be covered by this disclosure. For 

instance, the position of the light source inputs and detector output ports could be exchanged, or 

some mixture of locations of light source inputs and detector output ports could be used. 

[0201] Other elements may be added to the human interface designs of FIGURE 18 and 

are also intended to be covered by this disclosure. For instance, in one embodiment it may be 

desirable to have replaceable inserts that may be disposable. Particularly in a doctor's office or 

hospital setting, the same instrument may be used with a plurality of patients. Rather than 

disinfecting the human interface after each use, it may be preferable to have disposable inserts that 

can be thrown away after each use. In one embodiment, a thin plastic coating material may enclose 

the clamp design of FIGURE 18A or mouth guard design of FIGURE 18B. The coating material 

may be inserted before each use, and then after the measurement is exercised the coating material 

may be peeled off and replaced. Such a design may save the physician or user considerable time, 

while at the same time provide the business venture with a recurring cost revenue source. Any 

coating material or other disposable device may be constructed of a material having suitable optical 

properties that may be considered during processing of the signals used to detect any anomalies in 

the teeth. 

[0202] 

[0203] 

LIGHT SOURCES FOR NEAR INFRARED 

There are a number of light sources that may be used in the near infrared. To be 

more specific, the discussion below will consider light sources operating in the so-called short 

wave infrared (SWIR), which may cover the wavelength range of approximately 1400nm to 

2500nm. Other wavelength ranges may also be used for the applications described in this 

disclosure, so the discussion below is merely provided for exemplary types of light sources. The 

SWIR wavelength range may be valuable for a number of reasons. First, the SWIR corresponds 

to a transmission window through water and the atmosphere. For example, 302 in FIGURE 3A 

and 1602 in FIGURE 16A illustrate the water transmission windows. Also, through the 

atmosphere, wavelengths in the SWIR have similar transmission windows due to water vapor in 
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the atmosphere. Second, the so-called "eye-safe" wavelengths are wavelengths longer than 

approximately 1400nm. Third, the SWIR covers the wavelength range for nonlinear combinations 

of stretching and bending modes as well as the first overtone of C-H stretching modes. Thus, for 

example, glucose and ketones among other substances may have unique signatures in the SWIR. 

Moreover, many solids have distinct spectral signatures in the SWIR, so particular solids may be 

identified using stand-off detection or remote sensing. For instance, many explosives have unique 

signatures in the SWIR. 

[0204J Different light sources may be selected for the SWIR based on the needs of the 

application. Some of the features for selecting a particular light source include power or intensity, 

wavelength range or bandwidth, spatial or temporal coherence, spatial beam quality for focusing 

or transmission over long distance, and pulse width or pulse repetition rate. Depending on the 

application, lamps, light emitting diodes (LEDs), laser diodes (LD's), tunable LD's, super­

luminescent laser diodes (SLDs), fiber lasers or super-continuum sources (SC) may be 

advantageously used. Also, different fibers may be used for transporting the light, such as fused 

silica fibers, plastic fibers, mid-infrared fibers (e.g., tellurite, chalcogenides, fluorides, ZBLAN, 

etc), or a hybrid of these fibers. 

[0205] Lamps may be used if low power or intensity of light is required in the SWIR, and 

if an incoherent beam is suitable. In one embodiment, in the SWIR an incandescent lamp that can 

be used is based on tungsten and halogen, which have an emission wavelength between 

approximately 500nm to 2500nm. For low intensity applications, it may also be possible to use 

thermal sources, where the SWIR radiation is based on the black body radiation from the hot 

object. Although the thermal and lamp based sources are broadband and have low intensity 

fluctuations, it may be difficult to achieve a high signal-to-noise ratio in a non-invasive blood 

constituent measurement due to the low power levels. Also, the lamp based sources tend to be 

energy inefficient. 

[0206] In another embodiment, LED's can be used that have a higher power level in the 

SWIR wavelength range. LED's also produce an incoherent beam, but the power level can be 

higher than a lamp and with higher energy efficiency. Also, the LED output may more easily be 

modulated, and the LED provides the option of continuous wave or pulsed mode of operation. 
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LED's are solid state components that emit a wavelength band that is of moderate width, typically 

between about 20nm to 40nm. There are also so-called super-luminescent LEDs that may even 

emit over a much wider wavelength range. In another embodiment, a wide band light source may 

be constructed by combining different LEDs that emit in different wavelength bands, some of 

which could preferably overlap in spectrum. One advantage of LEDs as well as other solid state 

components is the compact size that they may be packaged into. 

[0207] In yet another embodiment, various types of laser diodes may be used in the SWIR 

wavelength range. Just as LEDs may be higher in power but narrower in wavelength emission 

than lamps and thermal sources, the LDs may be yet higher in power but yet narrower in 

wavelength emission than LEDs. Different kinds of LDs may be used, including Fabry-Perot LDs, 

distributed feedback (DFB) LDs, distributed Bragg reflector (DBR) LDs. Since the LDs have 

relatively narrow wavelength range (typically under 10nm), in one embodiment a plurality of LDs 

may be used that are at different wavelengths in the SWIR. For example, in a preferred 

embodiment for non-invasive glucose monitoring, it may be advantageous to use LDs having 

emission spectra near some or all of the glucose spectral peaks (e.g., near 1587nm, 1750nm, 

2120nm, 2270nm, and 2320nm). The various LDs may be spatially multiplexed, polarization 

multiplexed, wavelength multiplexed, or a combination of these multiplexing methods. Also, the 

LDs may be fiber pig-tailed or have one or more lenses on the output to collimate or focus the 

light. Another advantage of LDs is that they may be packaged compactly and may have a spatially 

coherent beam output. Moreover, tunable LDs that can tune over a range of wavelengths are also 

available. The tuning may be done by varying the temperature, or electrical current may be used 

in particular structures, such as distributed Bragg reflector LDs. In another embodiment, external 

cavity LDs may be used that have a tuning element, such as a fiber grating or a bulk grating, in the 

external cavity. 

[0208] In another embodiment, super-luminescent laser diodes may provide higher power 

as well as broad bandwidth. An SLD is typically an edge emitting semiconductor light source 

based on super-luminescence (e.g., this could be amplified spontaneous emission). SLDs combine 

the higher power and brightness of LDs with the low coherence of conventional LEDs, and the 

emission band for SLD's may be 5 to 100nm wide, preferably in the 60 to 100nm range. Although 
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currently SLDs are commercially available in the wavelength range of approximately 400nm to 

1700nm, SLDs could and may in the future be made to cover a broader region of the SWIR. 

[0209J In yet another embodiment, high power LDs for either direct excitation or to pump 

fiber lasers and SC light sources may be constructed using one or more laser diode bar stacks. As 

an example, FIGURE 19 shows an example of the block diagram 1900 or building blocks for 

constructing the high power LDs. In this embodiment, one or more diode bar stacks 1901 may be 

used, where the diode bar stack may be an array of several single emitter LDs. Since the fast axis 

(e.g., vertical direction) may be nearly diffraction limited while the slow-axis (e.g., horizontal axis) 

may be far from diffraction limited, different collimators 1902 may be used for the two axes. 

[0210] Then, the brightness may be increased by spatially combining the beams from 

multiple stacks 1903. The combiner may include spatial interleaving, it may include wavelength 

multiplexing, or it may involve a combination of the two. Different spatial interleaving schemes 

may be used, such as using an array of prisms or mirrors with spacers to bend one array of beams 

into the beam path of the other. In another embodiment, segmented mirrors with alternate high­

reflection and anti-reflection coatings may be used. Moreover, the brightness may be increased 

by polarization beam combining 1904 the two orthogonal polarizations, such as by using a 

polarization beam splitter. In one embodiment, the output may then be focused or coupled into a 

large diameter core fiber. As an example, typical dimensions for the large diameter core fiber 

range from approximately 100 microns in diameter to 400 microns or more. Alternatively or in 

addition, a custom beam shaping module 1905 may be used, depending on the particular 

application. For example, the output of the high power LD may be used directly 1906, or it may 

be fiber coupled 1907 to combine, integrate, or transport the high power LD energy. These high 

power LDs may grow in importance because the LD powers can rapidly scale up. For example, 

instead of the power being limited by the power available from a single emitter, the power may 

increase in multiples depending on the number of diodes multiplexed and the size of the large 

diameter fiber. Although FIGURE 19 is shown as one embodiment, some or all of the elements 

may be used in a high power LD, or additional elements may also be used. 

[0211] SWIR SUPER-CONTINUUM LASERS 

46 

IPR2025-01254 Page 00167



OMNI0101PUSA13 

[0212] Each of the light sources described above have particular strengths, but they also 

may have limitations. For example, there is typically a trade-off between wavelength range and 

power output. Also, sources such as lamps, thermal sources, and LEDs produce incoherent beams 

that may be difficult to focus to a small area and may have difficulty propagating for long distances. 

An alternative source that may overcome some of these limitations is an SC light source. Some 

of the advantages of the SC source may include high power and intensity, wide bandwidth, 

spatially coherent beam that can propagate nearly transform limited over long distances, and easy 

compatibility with fiber delivery. 

[0213] Supercontinuum lasers may combine the broadband attributes of lamps with the 

spatial coherence and high brightness of lasers. By exploiting a modulational instability initiated 

supercontinuum (SC) mechanism, an all-fiber-integrated SC laser with no moving parts may be 

built using commercial-off-the-shelf (COTS) components. Moreover, the fiber laser architecture 

may be a platform where SC in the visible, near-infrared/ SWIR, or mid-IR can be generated by 

appropriate selection of the amplifier technology and the SC generation fiber. But until now, SC 

lasers were used primarily in laboratory settings since typically large, table-top, mode-locked 

lasers were used to pump nonlinear media such as optical fibers to generate SC light. However, 

those large pump lasers may now be replaced with diode lasers and fiber amplifiers that gained 

maturity in the telecommunications industry. 

[0214] In one embodiment, an all-fiber-integrated, high-powered SC light source 2000 

may be elegant for its simplicity (FIGURE 20). The light may be first generated from a seed laser 

diode 2001. For example, the seed LD 2001 may be a distributed feedback laser diode with a 

wavelength near 1542 or 1550 nm, with approximately 0.5-2.0 ns pulsed output, and with a pulse 

repetition rate between a kilohertz to about 100MHz or more. The output from the seed laser diode 

may then be amplified in a multiple-stage fiber amplifier 2002 comprising one or more gain fiber 

segments. In one embodiment, the first stage pre-amplifier 2003 may be designed for optimal 

noise performance. For example, the pre-amplifier 2003 may be a standard erbium-doped fiber 

amplifier or an erbium/ytterbium doped cladding pumped fiber amplifier. Between amplifier 

stages 2003 and 2006, it may be advantageous to use band-pass filters 2004 to block amplified 

spontaneous emission and isolators 2005 to prevent spurious reflections. Then, the power 

amplifier stage 2006 may use a cladding-pumped fiber amplifier that may be optimized to 
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minimize nonlinear distortion. The power amplifier fiber 2006 may also be an erbium-doped fiber 

amplifier, if only low or moderate power levels are to be generated. 

[0215J The SC generation 2007 may occur in the relatively short lengths of fiber that 

follow the pump laser. In one exemplary embodiment, the SC fiber length may range from a few 

millimeters to 100m or more. In one embodiment, the SC generation may occur in a first fiber 

2008 where the modulational-instability initiated pulse break-up primarily occurs, followed by a 

second fiber 2009 where the SC generation and spectral broadening primarily occurs. 

[0216] In one embodiment, one or two meters of standard single-mode fiber (SMF) after 

the power amplifier stage may be followed by several meters of SC generation fiber. For this 

example, in the SMF the peak power may be several kilowatts and the pump light may fall in the 

anomalous group-velocity dispersion regime-often called the soliton regime. For high peak 

powers in the dispersion regime, the nanosecond pulses may be unstable due to a phenomenon 

known as modulational instability, which is basically parametric amplification in which the fiber 

nonlinearity helps to phase match the pulses. As a consequence, the nanosecond pump pulses may 

be broken into many shorter pulses as the modulational instability tries to form soliton pulses from 

the quasi-continuous-wave background. Although the laser diode and amplification process starts 

with approximately nanosecond-long pulses, modulational instability in the short length of SMF 

fiber may form approximately 0.5 ps to several-picosecond-long pulses with high intensity. Thus, 

the few meters of SMF fiber may result in an output similar to that produced by mode-locked 

lasers, except in a much simpler and cost-effective manner. 

[0217] The short pulses created through modulational instability may then be coupled into 

a nonlinear fiber for SC generation. The nonlinear mechanisms leading to broadband SC may 

include four-wave mixing or self-phase modulation along with the optical Raman effect. Since 

the Raman effect is self-phase-matched and shifts light to longer wavelengths by emission of 

optical photons, the SC may spread to longer wavelengths very efficiently. The short-wavelength 

edge may arise from four-wave mixing, and often times the short wavelength edge may be limited 

by increasing group-velocity dispersion in the fiber. In many instances, if the particular fiber used 

has sufficient peak power and SC fiber length, the SC generation process may fill the long­

wavelength edge up to the transmission window. 
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[0218] Mature fiber amplifiers for the power amplifier stage 2006 include ytterbium-doped 

fibers (near 1060 nm), erbium-doped fibers (near 1550nm), erbium/ytterbium-doped fibers (near 

1550 nm), or thulium-doped fibers (near 2000 nm). In various embodiments, candidates for SC 

fiber 2009 include fused silica fibers (for generating SC between 0.8-2.7 µm), mid-IR fibers such 

as fluorides, chalcogenides, or tellurites (for generating SC out to 4.5 µm or longer), photonic 

crystal fibers (for generating SC between 0.4 and 1.7 µm), or combinations of these fibers. 

Therefore, by selecting the appropriate fiber-amplifier doping for 2006 and nonlinear fiber 2009, 

SC may be generated in the visible, near-IR/ SWIR, or mid-IR wavelength region. 

[0219] The configuration 2000 of FIGURE 20 is just one particular example, and other 

configurations can be used and are intended to be covered by this disclosure. For example, further 

gain stages may be used, and different types of lossy elements or fiber taps may be used between 

the amplifier stages. In another embodiment, the SC generation may occur partially in the 

amplifier fiber and in the pig-tails from the pump combiner or other elements. In yet another 

embodiment, polarization maintaining fibers may be used, and a polarizer may also be used to 

enhance the polarization contrast between amplifier stages. Also, not discussed in detail are many 

accessories that may accompany this set-up, such as driver electronics, pump laser diodes, safety 

shut-offs, and thermal management and packaging. 

[0220J One example of an SC laser that operates in the SWIR used in one embodiment is 

illustrated in FIGURE 21. This SWIR SC source 2100 produces an output of up to approximately 

5W over a spectral range of about 1.5 to 2.4 microns, and this particular laser is made out of 

polarization maintaining components. The seed laser 2101 is a distributed feedback (DFB) laser 

operating near 1542nm producing approximately 0.5nanosecond (ns) pulses at an about 8MHz 

repetition rate. The pre-amplifier 2102 is forward pumped and uses about 2m length of 

erbium/ytterbium cladding pumped fiber 2103 ( often also called dual-core fiber) with an inner core 

diameter of 12 microns and outer core diameter of 130 microns. The pre-amplifier gain fiber 2103 

is pumped using a lOW 940nm laser diode 2105 that is coupled in using a fiber combiner 2104. 

[0221] In this particular 5W unit, the mid-stage between amplifier stages 2102 and 2106 

comprises an isolator 2107, a band-pass filter 2108, a polarizer 2109 and a fiber tap 2110. The 

power amplifier 2106 uses a 4m length of the 12/130 micron erbium/ytterbium doped fiber 2111 
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that is counter-propagating pumped using one or more 30W 940nm laser diodes 2112 coupled in 

through a combiner 2113. An approximately 1-2 meter length of the combiner pig-tail helps to 

initiate the SC process, and then a length of PM-1550 fiber 2115 (polarization maintaining, single­

mode, fused silica fiber optimized for 1550nm) is spliced 2114 to the combiner output. 

[0222] If an output fiber of about 10m in length is used, then the resulting output spectrum 

2200 is shown in FIGURE 22. The details of the output spectrum 2200 depend on the peak power 

into the fiber, the fiber length, and properties of the fiber such as length and core size, as well as 

the zero dispersion wavelength and the dispersion properties. For example, if a shorter length of 

fiber is used, then the spectrum actually reaches to longer wavelengths (e.g., a 2m length of SC 

fiber broadens the spectrum to ~2500nm). Also, if extra-dry fibers are used with less 0-H content, 

then the wavelength edge may also reach to a longer wavelength. To generate more spectrum 

toward the shorter wavelengths, the pump wavelength (in this case~ 1542nm) should be close to 

the zero dispersion wavelength in the fiber. For example, by using a dispersion shifted fiber or so­

called non-zero dispersion shifted fiber, the short wavelength edge may shift to shorter 

wavelengths. 

[0223] Although one particular example of a 5W SWIR-SC has been described, different 

components, different fibers, and different configurations may also be used consistent with this 

disclosure. For instance, another embodiment of the similar configuration 2100 in FIGURE 21 

may be used to generate high powered SC between approximately 1060 and 1800nm. For this 

embodiment, the seed laser 2101 may be a 1064nm distributed feedback (DFB) laser diode, the 

pre-amplifier gain fiber 2103 may be a ytterbium-doped fiber amplifier with 10/125 microns 

dimensions, and the pump laser 2105 may be a lOW 915nm laser diode. In the mid-stage, a mode 

field adapter may be included in addition to the isolator 2107, band pass filter 2108, polarizer 2109 

and tap 2110. The gain fiber 2111 in the power amplifier may be a 20m length of ytterbium-doped 

fiber with 25/400 microns dimension for example. The pump 2112 for the power amplifier may 

be up to six pump diodes providing 30W each near 915nm, for example. For this much pump 

power, the output power in the SC may be as high as 50W or more. 

[0224] In another embodiment, it may be desirous to generate high power SWIR SC over 

1.4-1.8 microns and separately 2-2.5 microns (the window between 1.8 and 2 microns may be less 
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important due to the strong water and atmospheric absorption). For example, the top SC source 

of FIGURE 23 can lead to bandwidths ranging from about 1400nm to 1800nm or broader, while 

the lower SC source of FIGURE 23 can lead to bandwidths ranging from about 1900nm to 2500nm 

or broader. Since these wavelength ranges are shorter than about 2500nm, the SC fiber can be 

based on fused silica fiber. Exemplary SC fibers include standard single-mode fiber SMF, high­

nonlinearity fiber, high-NA fiber, dispersion shifted fiber, dispersion compensating fiber, and 

photonic crystal fibers. Non-fused-silica fibers can also be used for SC generation, including 

chalcogenides, fluorides, ZBLAN, tellurites, and germanium oxide fibers. 

[0225] In one embodiment, the top of FIGURE 23 illustrates a block diagram for an SC 

source 2300 capable of generating light between approximately 1400 and 1800nm or broader. As 

an example, a pump fiber laser similar to FIGURE 21 can be used as the input to a SC fiber 2309. 

The seed laser diode 2301 can comprise a DFB laser that generates, for example, several milliwatts 

of power around 1542 or 1553nm. The fiber pre-amplifier 2302 can comprise an erbium-doped 

fiber amplifier or an erbium/ytterbium doped double clad fiber. In this example a mid-stage 

amplifier 2303 can be used, which can comprise an erbium/ytterbium doped double-clad fiber. A 

bandpass filter 2305 and isolator 2306 may be used between the pre-amplifier 2302 and mid-stage 

amplifier 2303. The power amplifier stage 2304 can comprise a larger core size erbium/ytterbium 

doped double-clad fiber, and another bandpass filter 2307 and isolator 2308 can be used before the 

power amplifier 2304. The output of the power amplifier can be coupled to the SC fiber 2309 to 

generate the SC output 2310. This is just one exemplary configuration for an SC source, and other 

configurations or elements may be used consistent with this disclosure. 

[0226] In yet another embodiment, the bottom of FIGURE 23 illustrates a block diagram 

for an SC source 2350 capable of generating light between approximately 1900 and 2500nm or 

broader. As an example, the seed laser diode 2351 can comprise a DFB or DBR laser that 

generates, for example, several milliwatts of power around 1542 or 1553nm. The fiber pre­

amplifier 2352 can comprise an erbium-doped fiber amplifier or an erbium/ytterbium doped 

double-clad fiber. In this example a mid-stage amplifier 2353 can be used, which can comprise 

an erbium/ytterbium doped double-clad fiber. A bandpass filter 2355 and isolator 2356 may be 

used between the pre-amplifier 2352 and mid-stage amplifier 2353. The power amplifier stage 

2354 can comprise a thulium doped double-clad fiber, and another isolator 2357 can be used before 
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the power amplifier 2354. Note that the output of the mid-stage amplifier 2353 can be 

approximately near 1550nm, while the thulium-doped fiber amplifier 2354 can amplify 

wavelengths longer than approximately 1900nm and out to about 2100nm. Therefore, for this 

configuration wavelength shifting may be required between 2353 and 2354. In one embodiment, 

the wavelength shifting can be accomplished using a length of standard single-mode fiber 2358, 

which can have a length between approximately 5 and 50 meters, for example. The output of the 

power amplifier 2354 can be coupled to the SC fiber 2359 to generate the SC output 2360. This 

is just one exemplary configuration for an SC source, and other configurations or elements can be 

used consistent with this disclosure. For example, the various amplifier stages can comprise 

different amplifier types, such as erbium doped fibers, ytterbium doped fibers, erbium/ytterbium 

co-doped fibers and thulium doped fibers. One advantage of the SC lasers illustrated in FIGURES 

20-23 are that they may use all-fiber components, so that the SC laser can be all-fiber, 

monolithically integrated with no moving parts. The all-integrated configuration can consequently 

be robust and reliable. 

[0227] FIGURES 20-23 are examples of SC light sources that may be advantageously used 

for SWIR light generation in various medical diagnostic and therapeutic applications. However, 

many other versions of the SC light sources may also be made that are intended to also be covered 

by this disclosure. For example, the SC generation fiber could be pumped by a mode-locked laser, 

a gain-switched semiconductor laser, an optically pumped semiconductor laser, a solid state laser, 

other fiber lasers, or a combination of these types of lasers. Also, rather than using a fiber for SC 

generation, either a liquid or a gas cell might be used as the nonlinear medium in which the 

spectrum is to be broadened. 

[0228J Even within the all-fiber versions illustrated such as in FIGURE 21, different 

configurations could be used consistent with the disclosure. In an alternate embodiment, it may 

be desirous to have a lower cost version of the SWIR SC laser of FIGURE 21. One way to lower 

the cost could be to use a single stage of optical amplification, rather than two stages, which may 

be feasible if lower output power is required or the gain fiber is optimized. For example, the pre­

amplifier stage 2102 might be removed, along with at least some of the mid-stage elements. In 

yet another embodiment, the gain fiber could be double passed to emulate a two stage amplifier. 

In this example, the pre-amplifier stage 2102 might be removed, and perhaps also some of the mid-
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stage elements. A mirror or fiber grating reflector could be placed after the power amplifier stage 

2106 that may preferentially reflect light near the wavelength of the seed laser 2101. If the mirror 

or fiber grating reflector can transmit the pump light near 940nm, then this could also be used 

instead of the pump combiner 2113 to bring in the pump light 2112. The SC fiber 2115 could be 

placed between the seed laser 2101 and the power amplifier stage 2106 (SC is only generated after 

the second pass through the amplifier, since the power level may be sufficiently high at that time). 

In addition, an output coupler may be placed between the seed laser diode 2101 and the SC fiber, 

which now may be in front of the power amplifier 2106. In a particular embodiment, the output 

coupler could be a power coupler or divider, a dichroic coupler ( e.g., passing seed laser wavelength 

but outputting the SC wavelengths), or a wavelength division multiplexer coupler. This is just one 

further example, but a myriad of other combinations of components and architectures could also 

be used for SC light sources to generate SWIR light that are intended to be covered by this 

disclosure. 

[0229] WIRELESS LINK TO THE CLOUD 

[0230] The non-invasive blood constituent or analytes measurement device may also 

benefit from communicating the data output to the "cloud" ( e.g., data servers and processors in the 

web remotely connected) via wired and/or wireless communication strategies. The non-invasive 

devices may be part of a series of biosensors applied to the patient, and collectively these devices 

form what might be called a body area network or a personal area network. The biosensors and 

non-invasive devices may communicate to a smart phone, tablet, personal data assistant, computer, 

and/or other microprocessor-based device, which may in turn wirelessly or over wire and/or fiber 

optically transmit some or all of the signal or processed data to the internet or cloud. The cloud or 

internet may in turn send the data to doctors or health care providers as well as the patients 

themselves. Thus, it may be possible to have a panoramic, high-definition, relatively 

comprehensive view of a patient that doctors can use to assess and manage disease, and that 

patients can use to help maintain their health and direct their own care. 

[0231] In a particular embodiment 2400, the physiological measurement device or non -

mvas1ve blood constituent measurement device 2401 may comprise a transmitter 2403 to 

communicate over a first communication link 2404 in the body area network or personal area 

53 

IPR2025-01254 Page 00174



OMNI0101PUSA13 

network to a receiver in a smart phone, tablet cell phone, PDA, or computer 2405. For the 

measurement device 2401, it may also be advantageous to have a processor 2402 to process some 

of the physiological data, since with processing the amount of data to transmit may be less (hence, 

more energy efficient). The first communication link 2404 may operate through the use of one of 

many wireless technologies such as Bluetooth, Zigbee, WiFi, IrDA (infrared data association), 

wireless USB, or Z-wave, to name a few. Alternatively, the communication link 2404 may occur 

in the wireless medical band between 2360 and 2390MHz, which the FCC allocated for medical 

body area network devices, or in other designated medical device or WMTS bands. These are 

examples of devices that can be used in the body area network and surroundings, but other devices 

could also be used and are included in the scope of this disclosure. 

[0232] The personal device 2405 may store, process, display, and transmit some of the data 

from the measurement device 2401. The device 2405 may comprise a receiver, transmitter, 

display, voice control and speakers, and one or more control buttons or knobs and a touch screen. 

Examples of the device 2405 include smart phones such as the Apple iPhones® or phones 

operating on the Android or Microsoft systems. In one embodiment, the device 2405 may have 

an application, software program, or firmware to receive and process the data from the 

measurement device 2401. The device 2405 may then transmit some or all of the data or the 

processed data over a second communication link 2406 to the internet or "cloud" 2407. The second 

communication link 2406 may advantageously comprise at least one segment of a wireless 

transmission link, which may operate using WiFi or the cellular network. The second 

communication link 2406 may additionally comprise lengths of fiber optic and/or communication 

over copper wires or cables. 

[0233J The internet or cloud 2407 may add value to the measurement device 2401 by 

providing services that augment the physiological data collected. In a particular embodiment, 

some of the functions performed by the cloud include: (a) receive at least a fraction of the data 

from the device 2405; (b) buffer or store the data received; (c) process the data using software 

stored on the cloud; (d) store the resulting processed data; and (e) transmit some or all of the data 

either upon request or based on an alarm. As an example, the data or processed data may be 

transmitted 2408 back to the originator (e.g., patient or user), it may be transmitted 2409 to a health 

care provider or doctor, or it may be transmitted 2410 to other designated recipients. 
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[0234] The cloud 2407 may provide a number of value-add services. For example, the 

cloud application may store and process the physiological data for future reference or during a visit 

with the healthcare provider. If a patient has some sort of medical mishap or emergency, the 

physician can obtain the history of the physiological parameters over a specified period of time. 

In another embodiment, if the physiological parameters fall out of acceptable range, alarms may 

be delivered to the user 2408, the healthcare provider 2409, or other designated recipients 2410. 

These are just some of the features that may be offered, but many others may be possible and are 

intended to be covered by this disclosure. As an example, the device 2405 may also have a GPS 

sensor, so the cloud 2407 may be able to provide time, data and position along with the 

physiological parameters. Thus, if there is a medical emergency, the cloud 2407 could provide the 

location of the patient to the healthcare provider 2409 or other designated recipients 2410. 

Moreover, the digitized data in the cloud 2407 may help to move toward what is often called 

"personalized medicine." Based on the physiological parameter data history, medication or 

medical therapies may be prescribed that are customized to the particular patient. 

[0235] Beyond the above benefits, the cloud application 2407 and application on the device 

2405 may also have financial value for companies developing measurement devices 2401 such as 

a non-invasive blood constituent monitor. In the case of glucose monitors, the companies make 

the majority of their revenue on the measurement strips. However, with a non-invasive monitor, 

there is no need for strips, so there is less of an opportunity for recurring costs (e.g., the razor/razor 

blade model does not work for non-invasive devices). On the other hand, people may be willing 

to pay a periodic fee for the value-add services provided on the cloud 2407. Diabetic patients, for 

example, would probably be willing to pay a periodic fee for monitoring their glucose levels, 

storing the history of the glucose levels, and having alarm warnings when the glucose level falls 

out of range. Similarly, patients taking ketone bodies supplement for treatment of disorders 

characterized by impaired glucose metabolism (e.g., Alzheimer's, Parkinson's, Huntington's or 

ALS) may need to monitor their ketone bodies level. These patients would also probably be 

willing to pay a periodic fee for the value-add services provided on the cloud 2407. Thus, by 

leveraging the advances in wireless connectivity and the widespread use of handheld devices such 

as smart phones that can wirelessly connect to the cloud, businesses can build a recurring cost 

business model even using non-invasive measurement devices. 

55 

IPR2025-01254 Page 00176



OMNI0101PUSA13 

[0236] Described herein are just some examples of the beneficial use of near-infrared or 

SWIR lasers for non-invasive monitoring of glucose, ketones, HbAlc and other blood constituents. 

However, many other medical procedures can use the near-infrared or SWIR light consistent with 

this disclosure and are intended to be covered by the disclosure. 

[0237] SECTION 2: SHORT-WAVE INFRARED SUPER-CONTINUUM LASERS 

FOR EARLY DETECTION OF DENTAL CARIES 

[0238] Near-infrared (NIR) and SWIR light may be preferred for caries detection 

compared to visible light imaging because the NIR/SWIR wavelengths generally have lower 

absorption by stains and deeper penetration into teeth. Hence, NIR/SWIR light may provide a 

caries detection method that can be non-invasive, non-contact and relatively stain insensitive. 

Broadband light may provide further advantages because carious regions may demonstrate spectral 

signatures from water absorption and the wavelength dependence of porosity in the scattering of 

light. 

[0239] In general, the near-infrared region of the electromagnetic spectrum covers between 

approximately 0.7 microns (700nm) to about 2.5 microns (2500nm). However, it may also be 

advantageous to use just the short-wave infrared between approximately 1.4 microns (1400nm) 

and about 2.5 microns (2500nm). One reason for preferring the SWIR over the entire NIR may be 

to operate in the so-called "eye safe" window, which corresponds to wavelengths longer than about 

1400nm. Therefore, for the remainder of the disclosure the SWIR will be used for illustrative 

purposes. However, it should be clear that the discussion that follows could also apply to using 

the NIR wavelength range, or other wavelength bands. 

[0240] In particular, wavelengths in the eye safe window may not transmit down to the 

retina of the eye, and therefore, these wavelengths may be less likely to create permanent eye 

damage from inadvertent exposure. The near-infrared wavelengths have the potential to be 

dangerous, because the eye cannot see the wavelengths (as it can in the visible), yet they can 

penetrate and cause damage to the eye. Even if a practitioner is not looking directly at the laser 

beam, the practitioner's eyes may receive stray light from a reflection or scattering from some 

surface. Hence, it can always be a good practice to use eye protection when working around lasers. 

Since wavelengths longer than about 1400nm are substantially not transmitted to the retina or 
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substantially absorbed in the retina, this wavelength range is known as the eye safe window. For 

wavelengths longer than 1400nm, in general only the cornea of the eye may receive or absorb the 

light radiation. 

[0241 J FIGURE 25 illustrates the structure of an exemplary cross-section of a tooth 2500. 

The tooth 2500 has a top layer called the crown 2501 and below that a root 2502 that reaches well 

into the gum 2506 and bone 2508 of the mouth. The exterior of the crown 2501 is an enamel layer 

2503, and below the enamel is a layer of dentine 2504 that sits atop a layer of cementum 2507. 

Below the dentine 2504 is a pulp region 2505, which comprises within it blood vessels 2509 and 

nerves 2510. If the light can penetrate the enamel 2503 and dentine 2504, then the blood flow and 

blood constituents may be measured through the blood vessels in the dental pulp 2505. While the 

amount of blood flow in the capillaries of the dental pulp 2505 may be less than an artery or vein, 

the smaller blood flow could still be advantageous for detecting or measuring blood constituents 

as compared to detection through the skin if there is less interfering spectral features from the 

tooth. 

[0242] As used throughout this document, the term "couple" and or "coupled" refers to 

any direct or indirect communication between two or more elements, whether or not those elements 

are physically connected to one another. As used throughout this disclosure, the term 

"spectroscopy" means that a tissue or sample is inspected by comparing different features, such as 

wavelength (or frequency), spatial location, transmission, absorption, reflectivity, scattering, 

refractive index, or opacity. In one embodiment, "spectroscopy" may mean that the wavelength 

of the light source is varied, and the transmission, absorption, or reflectivity of the tissue or sample 

is measured as a function of wavelength. In another embodiment, "spectroscopy" may mean that 

the wavelength dependence of the transmission, absorption or reflectivity is compared between 

different spatial locations on a tissue or sample. As an illustration, the "spectroscopy" may be 

performed by varying the wavelength of the light source, or by using a broadband light source and 

analyzing the signal using a spectrometer, wavemeter, or optical spectrum analyzer. 

[0243] As used throughout this disclosure, the term "fiber laser" refers to a laser or 

oscillator that has as an output light or an optical beam, wherein at least a part of the laser comprises 

an optical fiber. For instance, the fiber in the "fiber laser" may comprise one of or a combination 
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of a single mode fiber, a multi-mode fiber, a mid-infrared fiber, a photonic crystal fiber, a doped 

fiber, a gain fiber, or, more generally, an approximately cylindrically shaped waveguide or light­

pipe. In one embodiment, the gain fiber may be doped with rare earth material, such as ytterbium, 

erbium, and/or thulium, for example. In another embodiment, the mid-infrared fiber may comprise 

one or a combination of fluoride fiber, ZBLAN fiber, chalcogenide fiber, tellurite fiber, or 

germanium doped fiber. In yet another embodiment, the single mode fiber may include standard 

single-mode fiber, dispersion shifted fiber, non-zero dispersion shifted fiber, high-nonlinearity 

fiber, and small core size fibers. 

[0244] As used throughout this disclosure, the term "pump laser" refers to a laser or 

oscillator that has as an output light or an optical beam, wherein the output light or optical beam 

is coupled to a gain medium to excite the gain medium, which in turn may amplify another input 

optical signal or beam. In one particular example, the gain medium may be a doped fiber, such as 

a fiber doped with ytterbium, erbium, and/or thulium. In one embodiment, the "pump laser" may 

be a fiber laser, a solid state laser, a laser involving a nonlinear crystal, an optical parametric 

oscillator, a semiconductor laser, or a plurality of semiconductor lasers that may be multiplexed 

together. In another embodiment, the "pump laser" may be coupled to the gain medium by using 

a fiber coupler, a dichroic mirror, a multiplexer, a wavelength division multiplexer, a grating, or a 

fused fiber coupler. 

[0245] As used throughout this document, the term "super-continuum" and or 

"supercontinuum" and or "SC" refers to a broadband light beam or output that comprises a 

plurality of wavelengths. In a particular example, the plurality of wavelengths may be adjacent to 

one-another, so that the spectrum of the light beam or output appears as a continuous band when 

measured with a spectrometer. In one embodiment, the broadband light beam may have a 

bandwidth or at least 10nm. In another embodiment, the "super-continuum" may be generated 

through nonlinear optical interactions in a medium, such as an optical fiber or nonlinear crystal. 

For example, the "super-continuum" may be generated through one or a combination of nonlinear 

activities such as four-wave mixing, the Raman effect, modulational instability, and self-phase 

modulation. 
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[0246] As used throughout this disclosure, the terms "optical light" and or "optical beam" 

and or "light beam" refer to photons or light transmitted to a particular location in space. The 

"optical light" and or "optical beam" and or "light beam" may be modulated or unmodulated, 

which also means that they may or may not contain information. In one embodiment, the "optical 

light" and or "optical beam" and or "light beam" may originate from a fiber, a fiber laser, a laser, 

a light emitting diode, a lamp, a pump laser, or a light source. 

[0247] TRANSMISSION OR REFLECTION THROUGH TEETH 

[0248] The transmission, absorption and reflection from teeth has been studied in the near 

infrared, and, although there are some features, the enamel and dentine appear to be fairly 

transparent in the near infrared (particularly SWIR wavelengths between about 1400 and 2500nm). 

For example, the absorption or extinction ratio for light transmission has been studied. FIGURE 

26A illustrates the attenuation coefficient 2600 for dental enamel 2601 (filled circles) and the 

absorption coefficient of water 2602 (open circles) versus wavelength. Near-infrared light may 

penetrate much further without scattering through all the tooth enamel, due to the reduced 

scattering coefficient in normal enamel. Scattering in enamel may be fairly strong in the visible, 

but decreases as approximately l/(wavelength)3 [i.e., inverse of the cube of the wavelength] with 

increasing wavelength to a value of only 2-3 cm-1 at 1310nm and 1550nm in the near infrared. 

Therefore, enamel may be virtually transparent in the near infrared with optical attenuation 1-2 

orders of magnitude less than in the visible range. 

[0249] As another example, FIGURE 26B illustrates the absorption spectrum 2650 of 

intact enamel 2651 (dashed line) and dentine 2652 (solid line) in the wavelength range of 

approximately 1.2 to 2.4 microns. In the near infrared there are two absorption bands in the areas 

of about 1.5 and 2 microns. The band with a peak around 1.57 microns may be attributed to the 

overtone of valent vibration of water present in both enamel and dentine. In this band, the 

absorption is greater for dentine than for enamel, which may be related to the large water content 

in this tissue. In the region of 2 microns, dentine may have two absorption bands, and enamel one. 

The band with a maximum near 2.1 microns may belong to the overtone of vibration of PO 

hydroxyapatite groups, which is the main substance of both enamel and dentine. Moreover, the 
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band with a peak near 1.96 microns in dentine may correspond to water absorption (dentine may 

contain substantially higher water than enamel). 

[0250J In addition to the absorption coefficient, the reflectance from intact teeth and teeth 

with dental caries (e.g., cavities) has been studied. In one embodiment, FIGURE 27 shows the 

near infrared spectral reflectance 2700 over the wavelength range of approximately 800nm to 

2500nm from an occlusal (e.g., top) tooth surface 2704. The curve with black diamonds 2701 

corresponds to the reflectance from a sound, intact tooth section. The curve with asterisks (*) 2702 

corresponds to a tooth section with an enamel lesion. The curve with circles 2703 corresponds to 

a tooth section with a dentine lesion. Thus, when there is a lesion, more scattering occurs and 

there may be an increase in the reflected light. 

[0251] For wavelengths shorter than approximately 1400nm, the shapes of the spectra 

remain similar, but the amplitude of the reflection changes with lesions. Between approximately 

1400nm and 2500nm, an intact tooth 2701 has low reflectance (e.g., high transmission), and the 

reflectance appears to be more or less independent of wavelength. On the other hand, in the 

presence of lesions 2702 and 2703, there is increased scattering, and the scattering loss may be 

wavelength dependent. For example, the scattering loss may decrease as the inverse of some 

power of wavelength, such as l/(wavelength)3 -- so, the scattering loss decreases with longer 

wavelengths. When there is a lesion in the dentine 2703, more water can accumulate in the area, 

so there is also increased water absorption. For example, the dips near 1450nm and 1900nm may 

correspond to water absorption, and the reflectance dips are particularly pronounced in the dentine 

lesion 2703. 

[0252] FIGURE 27 may point to several novel techniques for early detection and 

quantification of carious regions. One method may be to use a relatively narrow wavelength range 

(for example, from a laser diode or super-luminescent laser diode) in the wavelength window 

below 1400nm. In one embodiment, wavelengths in the vicinity of 1310nm may be used, which 

is a standard telecommunications wavelength where appropriate light sources are available. Also, 

it may be advantageous to use a super-luminescent laser diode rather than a laser diode, because 

the broader bandwidth may avoid the production of laser speckle that can produce interference 

patterns due to light's scattering after striking irregular surfaces. As FIGURE 27 shows, the 
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amplitude of the reflected light (which may also be proportional to the inverse of the transmission) 

may increase with dental caries. Hence, comparing the reflected light from a known intact region 

with a suspect region may help identify carious regions. However, one difficulty with using a 

relatively narrow wavelength range and relying on amplitude changes may be the calibration of 

the measurement. For example, the amplitude of the reflected light may depend on many factors, 

such as irregularities in the dental surface, placement of the light source and detector, distance of 

the measurement instrument from the tooth, etc. 

[0253J In one embodiment, use of a plurality of wavelengths can help to better calibrate 

the dental caries measurement. For example, a plurality oflaser diodes or super-luminescent laser 

diodes may be used at different center wavelengths. Alternately, a lamp or alternate broadband 

light source may be used followed by appropriate filters, which may be placed after the light source 

or before the detectors. In one example, wavelengths near 1090nm, 1440nm and 1610nm may be 

employed. The reflection from the tooth 2705 appears to reach a local maximum near 1090nm in 

the representative embodiment illustrated. Also, the reflectance near 1440nm 2706 is higher for 

dental caries, with a distinct dip particularly for dentine caries 2703. Near 1610nm 2707, the 

reflection is also higher for carious regions. By using a plurality of wavelengths, the values at 

different wavelengths may help quantify a caries score. In one embodiment, the degree of enamel 

lesions may be proportional to the ratio of the reflectance near 1610nm divided by the reflectance 

near 1090nm. Also, the degree of dentine lesion may be proportional to the difference between 

the reflectance near 1610nm and 1440nm, with the difference then divided by the reflectance near 

1090nm. Although one set of wavelengths has been described, other wavelengths may also be 

used and are intended to be covered by this disclosure. 

[0254J In yet another embodiment, it may be further advantageous to use all of some 

fraction of the SWIR between approximately 1400 and 2500nm. For example, a SWIR super­

continuum light source could be used, or a lamp source could be used. On the receiver side, a 

spectrometer and/or dispersive element could be used to discriminate the various wavelengths. As 

FIGURE 27 shows, an intact tooth 2701 has a relatively low and featureless reflectance over the 

SWIR. On the other hand, with a carious region there is more scattering, so the reflectance 2702, 

2703 increases in amplitude. Since the scattering is inversely proportional to wavelength or some 

power of wavelength, the carious region reflectance 2702, 2703 also decreases with increasing 
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wavelength. Moreover, the carious region may contain more water, so there are dips in the 

reflectance near the water absorption lines 2706 and 2708. The degree of caries or caries score 

may be quantified by the shape of the spectrum over the SWIR, taking ratios of different parts of 

the spectrum, or some combination of this and other spectral processing methods. 

[0255] Although several methods of early caries detection using spectral reflectance have 

been described, other techniques could also be used and are intended to be covered by this 

disclosure. For example, transmittance may be used rather than reflectance, or a combination of 

the two could be used. Moreover, the transmittance, reflectance and/or absorbance could also be 

combined with other techniques, such as quantitative light-induced fluorescence or fiber-optic 

trans-illumination. Also, the SWIR could be advantageous, but other parts of the infrared, near­

infrared or visible wavelengths may also be used consistent with this disclosure. 

[0256] One other benefit of the absorption, transmission or reflectance in the near infrared 

and SWIR may be that stains and non-calcified plaque are not visible in this wavelength range, 

enabling better discrimination of defects, cracks, and demineralized areas. For example, dental 

calculus, accumulated plaque, and organic stains and debris may interfere significantly with visual 

diagnosis and fluorescence-based caries detection schemes in occlusal surfaces. In the case of 

using quantitative light-induced fluorescence, such confounding factors typically may need to be 

removed by prophylaxis (abrasive cleaning) before reliable measurements can be taken. Surface 

staining at visible wavelengths may further complicate the problem, and it may be difficult to 

determine whether pits and fissures are simply stained or demineralized. On the other hand, 

staining and pigmentation generally interfere less with NIR or SWIR imaging. For example, NIR 

and SWIR light may not be absorbed by melanin and porphyrins produced by bacteria and those 

found in food dyes that accumulate in dental plaque and are responsible for the pigmentation. 

[0257J 

[0258J 

HUMAN INTERFACE FOR MEASUREMENT SYSTEM 

A number of different types of measurements may be used to image for dental 

caries, particularly early detection of dental caries. A basic feature of the measurements may be 

that the optical properties are measured as a function of wavelength at a plurality of wavelengths. 

As further described below, the light source may output a plurality of wavelengths, or a continuous 

spectrum over a range of wavelengths. In one embodiment, the light source may cover some or 
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all of the wavelength range between approximately 1400nm and 2500nm. The signal may be 

received at a receiver, which may also comprise a spectrometer or filters to discriminate between 

different wavelengths. The signal may also be received at a camera, which may also comprise 

filters or a spectrometer. In one embodiment, the spectral discrimination using filters or a 

spectrometer may be placed after the light source rather than at the receiver. The receiver usually 

comprises one or more detectors (optical-to-electrical conversion element) and electrical circuitry. 

The receiver may also be coupled to analog to digital converters, particularly if the signal is to be 

fed to a digital device. 

[0259] Referring to FIGURE 25, one or more light sources 2511 may be used for 

illumination. In one embodiment, a transmission measurement may be performed by directing the 

light source output 2511 to the region near the interface between the gum 2506 and dentine 2504. 

In one embodiment, the light may be directed using a light guide or a fiber optic. The light may 

then propagate through the dental pulp 2505 to the other side, where the light may be incident on 

one or more detectors or another light guide to transport the signal to 2512 a spectrometer, receiver, 

and/or camera, for example. In one embodiment, the light source may be directed to one or more 

locations near the interface between the gum 2506 and dentine 2504 (in one example, could be 

from the two sides of the tooth). The transmitted light may then be detected in the occlusal surface 

above the tooth using a 2512 spectrometer, receiver, or camera, for example. In another 

embodiment, a reflectance measurement may be conducted by directing the light source output 

2511 to, for example, the occlusal surface of the tooth, and then detecting the reflectance at a 2513 

spectrometer, receiver or camera. Although a few embodiments for imaging the tooth are 

described, other embodiments and techniques may also be used and are intended to be covered by 

this disclosure. These optical techniques may measure optical properties such as reflectance, 

transmittance, absorption, or luminescence. 

[0260] In one embodiment, FIGURE 28 shows that the light source and/or detection 

system may be integrated with a dental hand-piece 2800. The hand-piece 2800 may also include 

other dental equipment, such as a drill, pick, air spray or water cooling stream. The dental hand­

piece 2800 may include a housing 2801 and a motor housing 2802 (in some embodiments such as 

with a drill, a motor may be placed in this section). The end of hand-piece 2803 that interfaces 

with the tooth may be detachable, and it may also have the light input and output end. The dental 
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hand-piece 2800 may also have an umbilical cord 2804 for connecting to power supplies, 

diagnostics, or other equipment, for example. 

[0261J A light guide 2805 may be integrated with the hand-piece 2800, either inside the 

housing 2801, 2802 or adjacent to the housing. In one embodiment, a light source 2810 may be 

contained within the housing 2801, 2802. In an alternative embodiment, the hand-piece 2800 may 

have a coupler 2810 to couple to an external light source 2811 and/or detection system or receiver 

2812. The light source 2811 may be coupled to the hand-piece 2800 using a light guide or fiber 

optic cable 2806. In addition, the detection system or receiver 2812 may be coupled to the hand­

piece 2800 using one or more light guides, fiber optic cable or a bundle of fibers 2807. 

[0262] The light incident on the tooth may exit the hand-piece 2800 through the end 2803. 

The end 2803 may also have a lens system or curved mirror system to collimate or focus the light. 

In one embodiment, if the light source is integrated with a tool such as a drill, then the light may 

reach the tooth at the same point as the tip of the drill. The reflected or transmitted light from the 

tooth may then be observed externally and/or guided back through the light guide 405 in the hand­

piece 2800. If observed externally, there may be a lens system 408 for collecting the light and a 

detection system 2809 that may have one or more detectors and electronics. If the light is to be 

guided back through the hand-piece 2800, then the reflected light may transmit through the light 

guide 2805 back to the detection system or receiver 2812. In one embodiment, the incident light 

may be guided by a fiber optic through the light guide 2805, and the reflected light may be captured 

by a series of fibers forming a bundle adjacent to or surrounding the incident light fiber. 

[0263] In another embodiment, a "clamp" design 2900 may be used as a cap over one or 

more teeth, as illustrated in FIGURE 29. The clamp design may be different for different types of 

teeth, or it may be flexible enough to fit over different types of teeth. For example, different types 

of teeth include the molars (toward the back of the mouth), the premolars, the canine, and the 

incisors (toward the front of the mouth). One embodiment of the clamp-type design is illustrated 

in FIGURE 29 for a molar tooth 2908. The C-clamp 2901 may be made of a plastic or rubber 

material, and it may comprise a light source input 2902 and a detector output 2903 on the front or 

back of the tooth, for example. 
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[0264] The light source input 2902 may comprise a light source directly, or it may have 

light guided to it from an external light source. Also, the light source input 2902 may comprise a 

lens system to collimate or focus the light across the tooth. The detector output 2903 may comprise 

a detector directly, or it may have a light guide to transport the signal to an external detector 

element. The light source input 2902 may be coupled electrically or optically through 2904 to a 

light input 2906. For example, if the light source is external in 2906, then the coupling element 

2904 may be a light guide, such as a fiber optic. Alternately, if the light source is contained in 

2902, then the coupling element 2904 may be electrical wires connecting to a power supply in 

2906. Similarly, the detector output 2903 may be coupled to a detector output unit 2907 with a 

coupling element 2905, which may be one or more electrical wires or a light guide, such as a fiber 

optic. This is just one example of a clamp over one or more teeth, but other embodiments may 

also be used and are intended to be covered by this disclosure. For example, if reflectance from 

the teeth is to be used in the measurement, then the light input 2902 and detected light input 2903 

may be on the same side of the tooth. 

[0265] In yet another embodiment, one or more light source ports and sensor ports may be 

used in a mouth-guard type design. For example, one embodiment of a dental mouth guard 3000 

is illustrated in FIGURE 30. The structure of the mouth guard 3001 may be similar to mouth 

guards used in sports (e.g., when playing football or boxing) or in dental trays used for applying 

fluoride treatment, and the mouth guard may be made from plastic, rubber, or any other suitable 

materials. As an example, the mouth guard may have one or more light source input ports 3002, 

3003 and one or more detector output ports 3004, 3005. Although six input and output ports are 

illustrated, any number of ports may be used. 

[0266J Similar to the clamp design described above, the light source inputs 3002, 3003 

may comprise one or more light sources directly, or they may have light guided to them from an 

external light source. Also, the light source inputs 3002, 3003 may comprise lens systems to 

collimate or focus the light across the teeth. The detector outputs 3004, 3005 may comprise one 

or more detectors directly, or they may have one or more light guides to transport the signals to an 

external detector element. The light source inputs 3002, 3003 may be coupled electrically or 

optically through 3006 to a light input 3007. For example, if the light source is external in 3007, 

then the one or more coupling elements 3006 may be one or more light guides, such as a fiber 
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optic. Alternately, if the light sources are contained in 3002, 3003, then the coupling element 3006 

may be one or more electrical wires connecting to a power supply in 3007. Similarly, the detector 

outputs 3004, 3005 may be coupled to a detector output unit 3009 with one or more coupling 

elements 3008, which may be one or more electrical wires or one or more light guides, such as a 

fiber optic. This is just one example of a mouth guard design covering a plurality of teeth, but 

other embodiments may also be used and are intended to be covered by this disclosure. For 

instance, the position of the light source inputs and detector output ports could be exchanged, or 

some mixture of locations of light source inputs and detector output ports could be used. Also, if 

reflectance from the teeth is to be measured, then the light sources and detectors may be on the 

same side of the tooth. Moreover, it may be advantageous to pulse the light source with a particular 

pulse width and pulse repetition rate, and then the detection system can measure the pulsed light 

returned from or transmitted through the tooth. Using a lock-in type technique (e.g., detecting at 

the same frequency as the pulsed light source and also possibly phase locked to the same signal), 

the detection system may be able to reject background or spurious signals and increase the signal­

to-noise ratio of the measurement. 

[0267] Other elements may be added to the human interface designs of FIGURES 28-30 

and are also intended to be covered by this disclosure. For instance, in one embodiment it may be 

desirable to have replaceable inserts that may be disposable. Particularly in a dentist's or doctor's 

office or hospital setting, the same instrument may be used with a plurality of patients. Rather 

than disinfecting the human interface after each use, it may be preferable to have disposable inserts 

that can be thrown away after each use. In one embodiment, a thin plastic coating material may 

enclose the clamp design of FIGURE 29 or mouth guard design of FIGURE 30. The coating 

material may be inserted before each use, and then after the measurement is exercised the coating 

material may be peeled off and replaced. The coating or covering material may be selected based 

on suitable optical properties that do not affect the measurement, or known optical properties that 

can be calibrated or compensated for during measurement. Such a design may save the dentist or 

physician or user considerable time, while at the same time provide the business venture with a 

recurring cost revenue source. 

[0268] WIRELESS LINK TO THE CLOUD 
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[0269] The non-mvas1ve dental canes measurement device may also benefit from 

communicating the data output to the "cloud" ( e.g., data servers and processors in the web remotely 

connected) via wireless means. The non-invasive devices may be part of a series of biosensors 

applied to the patient, and collectively these devices form what might be called a body area 

network or a personal area network. The biosensors and non-invasive devices may communicate 

to a smart phone, tablet, personal data assistant, computer and/or other microprocessor-based 

device, which may in tum wirelessly or over wire and/or fiber optic transmit some or all of the 

signal or processed data to the internet or cloud. The cloud or internet may in tum send the data 

to dentists, doctors or health care providers as well as the patients themselves. Thus, it may be 

possible to have a panoramic, high-definition, relatively comprehensive view of a patient that 

doctors and dentists can use to assess and manage disease, and that patients can use to help 

maintain their health and direct their own care. 

[0270J In a particular embodiment 3100, the non-invasive measurement device 3101 may 

comprise a transmitter 3103 to communicate over a first communication link 3104 in the body area 

network or personal area network to a receiver in a smart phone, tablet, cell phone, PDA, and/or 

computer 3105, for example. For the measurement device 3101, it may also be advantageous to 

have a processor 3102 to process some of the measured data, since with processing the amount of 

data to transmit may be less (hence, more energy efficient). The first communication link 3104 

may operate through the use of one of many wireless technologies such as Bluetooth, Zigbee, 

WiFi, IrDA (infrared data association), wireless USB, or Z-wave, to name a few. Alternatively, 

the communication link 3104 may occur in the wireless medical band between 2360MHz and 

2390MHz, which the FCC allocated for medical body area network devices, or in other designated 

medical device or WMTS bands. These are examples of devices that can be used in the body area 

network and surroundings, but other devices could also be used and are included in the scope of 

this disclosure. 

[0271] The personal device 3105 may store, process, display, and transmit some of the data 

from the measurement device 3101. The device 3105 may comprise a receiver, transmitter, 

display, voice control and speakers, and one or more control buttons or knobs and a touch screen. 

Examples of the device 3105 include smart phones such as the Apple iPhones® or phones 

operating on the Android or Microsoft systems. In one embodiment, the device 3105 may have 
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an application, software program, or firmware to receive and process the data from the 

measurement device 3101. The device 3105 may then transmit some or all of the data or the 

processed data over a second communication link 3106 to the internet or "cloud" 3107. The second 

communication link 3106 may advantageously comprise at least one segment of a wireless 

transmission link, which may operate using WiFi or the cellular network. The second 

communication link 3106 may additionally comprise lengths of fiber optic and/or communication 

over copper wires or cables. 

[0272J The internet or cloud 3107 may add value to the measurement device 3101 by 

providing services that augment the measured data collected. In a particular embodiment, some 

of the functions performed by the cloud include: ( a) receive at least a fraction of the data from the 

device 3105; (b) buffer or store the data received; ( c) process the data using software stored on the 

cloud; (d) store the resulting processed data; and (e) transmit some or all of the data either upon 

request or based on an alarm. As an example, the data or processed data may be transmitted 3108 

back to the originator (e.g., patient or user), it may be transmitted 3109 to a health care provider 

or doctor or dentist, or it may be transmitted 3110 to other designated recipients. 

[0273] Service providers coupled to the cloud 3107 may provide a number of value-add 

services. For example, the cloud application may store and process the dental data for future 

reference or during a visit with the dentist or healthcare provider. If a patient has some sort of 

medical mishap or emergency, the physician can obtain the history of the dental or physiological 

parameters over a specified period of time. In another embodiment, alarms, warnings or reminders 

may be delivered to the user 3108, the healthcare provider 3109, or other designated recipients 

3110. These are just some of the features that may be offered, but many others may be possible 

and are intended to be covered by this disclosure. As an example, the device 3105 may also have 

a GPS sensor, so the cloud 3107 may be able to provide time, date, and position along with the 

dental or physiological parameters. Thus, if there is a medical or dental emergency, the cloud 

3107 could provide the location of the patient to the dental or healthcare provider 3109 or other 

designated recipients 3110. Moreover, the digitized data in the cloud 3107 may help to move 

toward what is often called "personalized medicine." Based on the dental or physiological 

parameter data history, medication or medical/dental therapies may be prescribed that are 

customized to the particular patient. Another advantage for commercial entities may be that by 
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leveraging the advances in wireless connectivity and the widespread use of handheld devices such 

as smart phones that can wirelessly connect to the cloud, businesses can build a recurring cost 

business model even using non-invasive measurement devices. 

[0274J Described herein are just some examples of the beneficial use of near-infrared or 

SWIR lasers for non-invasive measurements of dental caries and early detection of carious regions. 

However, many other dental or medical procedures can use the near-infrared or SWIR light 

consistent with this disclosure and are intended to be covered by the disclosure. 

[0275] SECTION 3: SHORT-WAVE INFRARED SUPER-CONTINUUM LASERS 

FOR NATURAL GAS LEAK DETECTION, EXPLORATION, AND OTHER ACTIVE 

REMOTE SENSING APPLICATIONS 

[0276] One advantage of optical systems is that they can perform non-contact, stand-off or 

remote sensing distance spectroscopy of various materials. For remote sensing particularly, it may 

also be necessary to operate in atmospheric transmission windows. For example, two windows in 

the SWIR that transmit through the atmosphere are approximately 1.4-1.8 microns and 2-2.5 

microns. In general, the near-infrared region of the electromagnetic spectrum covers between 

approximately 0.7 microns (700nm) to about 2.5 microns (2500nm). However, it may also be 

advantageous to use just the short-wave infrared between approximately 1.4 microns (1400nm) 

and about 2.5 microns (2500nm). One reason for preferring the SWIR over the entire NIR may be 

to operate in the so-called "eye safe" window, which corresponds to wavelengths longer than about 

1400nm. Therefore, for the remainder of the disclosure the SWIR will be used for illustrative 

purposes. However, it should be clear that the discussion that follows could also apply to using 

the NIR wavelength range, or other wavelength bands. 

l0277J In particular, wavelengths in the eye safe window may not transmit down to the 

retina of the eye, and therefore, these wavelengths may be less likely to create permanent eye 

damage from inadvertent exposure. The near-infrared wavelengths have the potential to be 

dangerous, because the eye cannot see the wavelengths (as it can in the visible), yet they can 

penetrate and cause damage to the eye. Even if a practitioner is not looking directly at the laser 

beam, the practitioner's eyes may receive stray light from a reflection or scattering from some 

surface. Hence, it can always be a good practice to use eye protection when working around lasers. 
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Since wavelengths longer than about 1400nm are substantially not transmitted to the retina or 

substantially absorbed in the retina, this wavelength range is known as the eye safe window. For 

wavelengths longer than 1400nm, in general only the cornea of the eye may receive or absorb the 

light radiation. 

[0278] The SWIR wavelength range may be particularly valuable for identifying materials 

based on their chemical composition because the wavelength range comprises overtones and 

combination bands for numerous chemical bonds. As an example, FIGURE 32 illustrates some of 

the wavelength bands for different chemical compositions. In 100 is plotted wavelength ranges in 

the SWIR (between 1400 and 2500nm) for different chemical compounds that have vibrational or 

rotational resonances, along with whether the bands are overtone or combination bands. Numerous 

hydro-carbons are represented, along with oxygen-hydrogen and carbon-oxygen bonds. Thus, 

gases, liquids and solids that comprise these chemical compounds may exhibit spectral features in 

the SWIR wavelength range. In a particular embodiment, the spectra of organic compounds may 

be dominated by the C-H stretch. The C-H stretch fundamental occurs near 3.4 microns, the first 

overtone is near 1.7 microns, and a combination band occurs near 2.3 microns. 

[0279] One embodiment of remote sensing that is used to identify and classify various 

materials is so-called "hyper-spectral imaging." Hyper-spectral sensors may collect information 

as a set of images, where each image represents a range of wavelengths over a spectral band. 

Hyper-spectral imaging may deal with imaging narrow spectral bands over an approximately 

continuous spectral range. As an example, in hyper-spectral imaging the sun may be used as the 

illumination source, and the daytime illumination may comprise direct solar illumination as well 

as scattered solar (skylight), which is caused by the presence of the atmosphere. However, the sun 

illumination changes with time of day, clouds or inclement weather may block the sun light, and 

the sun light is not accessible in the night time. Therefore, it would be advantageous to have a 

broadband light source covering the SWIR that may be used in place of the sun to identify or 

classify materials in remote sensing or stand-off detection applications. 

[0280] As used throughout this document, the term "couple" and or "coupled" refers to 

any direct or indirect communication between two or more elements, whether or not those elements 

are physically connected to one another. As used throughout this disclosure, the term 
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"spectroscopy" means that a tissue or sample is inspected by comparing different features, such as 

wavelength (or frequency), spatial location, transmission, absorption, reflectivity, scattering, 

refractive index, or opacity. In one embodiment, "spectroscopy" may mean that the wavelength 

of the light source is varied, and the transmission, absorption or reflectivity of the tissue or sample 

is measured as a function of wavelength. In another embodiment, "spectroscopy" may mean that 

the wavelength dependence of the transmission, absorption or reflectivity is compared between 

different spatial locations on a tissue or sample. As an illustration, the "spectroscopy" may be 

performed by varying the wavelength of the light source, or by using a broadband light source and 

analyzing the signal using a spectrometer, wavemeter, or optical spectrum analyzer. 

[0281] As used throughout this document, the term "fiber laser" refers to a laser or 

oscillator that has as an output light or an optical beam, wherein at least a part of the laser comprises 

an optical fiber. For instance, the fiber in the "fiber laser" may comprise one of or a combination 

of a single mode fiber, a multi-mode fiber, a mid-infrared fiber, a photonic crystal fiber, a doped 

fiber, a gain fiber, or, more generally, an approximately cylindrically shaped waveguide or light­

pipe. In one embodiment, the gain fiber may be doped with rare earth material, such as ytterbium, 

erbium, and/or thulium. In another embodiment, the mid-infrared fiber may comprise one or a 

combination of fluoride fiber, ZBLAN fiber, chalcogenide fiber, tellurite fiber, or germanium 

doped fiber. In yet another embodiment, the single mode fiber may include standard single-mode 

fiber, dispersion shifted fiber, non-zero dispersion shifted fiber, high-nonlinearity fiber, and small 

core size fibers. 

[0282] As used throughout this disclosure, the term "pump laser" refers to a laser or 

oscillator that has as an output light or an optical beam, wherein the output light or optical beam 

is coupled to a gain medium to excite the gain medium, which in turn may amplify another input 

optical signal or beam. In one particular example, the gain medium may be a doped fiber, such as 

a fiber doped with ytterbium, erbium and/or thulium. In one embodiment, the "pump laser" may 

be a fiber laser, a solid state laser, a laser involving a nonlinear crystal, an optical parametric 

oscillator, a semiconductor laser, or a plurality of semiconductor lasers that may be multiplexed 

together. In another embodiment, the "pump laser" may be coupled to the gain medium by using 

a fiber coupler, a dichroic mirror, a multiplexer, a wavelength division multiplexer, a grating, or a 

fused fiber coupler. 
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[0283] As used throughout this document, the term "super-continuum" and or 

"supercontinuum" and or "SC" refers to a broadband light beam or output that comprises a 

plurality of wavelengths. In a particular example, the plurality of wavelengths may be adjacent to 

one-another, so that the spectrum of the light beam or output appears as a continuous band when 

measured with a spectrometer. In one embodiment, the broadband light beam may have a 

bandwidth of at least 10nm. In another embodiment, the "super-continuum" may be generated 

through nonlinear optical interactions in a medium, such as an optical fiber or nonlinear crystal. 

For example, the "super-continuum" may be generated through one or a combination of nonlinear 

activities such as four-wave mixing, parametric amplification, the Raman effect, modulational 

instability, and self-phase modulation. 

[0284] As used throughout this disclosure, the terms "optical light" and or "optical beam" 

and or "light beam" refer to photons or light transmitted to a particular location in space. The 

"optical light" and or "optical beam" and or "light beam" may be modulated or unmodulated, 

which also means that they may or may not contain information. In one embodiment, the "optical 

light" and or "optical beam" and or "light beam" may originate from a fiber, a fiber laser, a laser, 

a light emitting diode, a lamp, a pump laser, or a light source. 

[0285] As used throughout this disclosure, the term "remote sensing" may include the 

measuring of properties of an object from a distance, without physically sampling the object, for 

example by detection of the interactions of the object with an electromagnetic field. In one 

embodiment, the electromagnetic field may be in the optical wavelength range, including the 

infrared or SWIR. One particular form of remote sensing may be stand-off detection, which may 

range from non-contact up to hundreds of meters away, for example. 

[0286] 

[0287] 

REMOTE SENSING OF NATURAL GAS LEAKS 

Natural gas may be a hydro-carbon gas mixture comprising primarily methane, with 

other hydro-carbons, carbon dioxide, nitrogen and hydrogen sulfide. Natural gas is important 

because it is an important energy source to provide heating and electricity. Moreover, it may also 

be used as fuel for vehicles and as a chemical feedstock in the manufacture of plastics and other 

commercially important organic chemicals. Although methane is the primary component of 

natural gas, to uniquely identify natural gas through spectroscopy requires monitoring of both 
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methane and ethane. If only methane is used, then areas like cow pastures could be mistaken for 

natural gas fields or leaks. More specifically, the typical composition of natural gas is as follows: 

[0288] 

~-··································· 

• Component 

• Methane 
• Ethane 
• Propane 
• !so-butane 
• Normal-butane 
• Iso-pentane 
• Normal-pentane 
• Hexanes plus 
• Nitrogen 
• Carbon dioxide 
• Oxygen 

•... ~Y<i.r.?g~~··· 

Range (mole % ) 

87.0-96.0 
1.5-5.1 
0.1-1.5 
0.01-0.3 
0.01-0.3 
Trace-0.14 
Trace-0.04 
Trace-0.06 
0.7-5.6 
0.1-1.0 
0.01-0.1 
Trace-0.02 

As one example of remote sensing of natural gas, a helicopter or aircraft may be 

flown at some elevation. The light source for remote sensing may direct the light beam toward the 

ground, and the diffuse reflected light may then be measured using a detection system on the 

aircraft. Thus, the helicopter or aircraft may be sampling a column area below it for natural gas, 

or whatever the material of interest is. In yet another embodiment, the column may sense aerosols 

of various sorts, as an example. Various kinds of SWIR light sources will be discussed later in 

this disclosure. The detection system may comprise, in one embodiment, a spectrometer followed 

by one or more detectors. In another embodiment, the detection system may be a dispersive 

element (examples include prisms, gratings, or other wavelength separators) followed by one or 

more detectors or detector arrays. In yet another embodiment, the detection system may comprise 

a gas-filter correlation radiometer. These are merely specific examples of the detection system, 

but combinations of these or other detection systems may also be used and are contemplated within 

the scope of this disclosure. Also, the use of aircraft is one particular example of a remote sensing 

system, but other system configurations may also be used and are included in the scope of this 

disclosure. For example, the light source and detection system may be placed in a fixed location, 

and for reflection the light source and detectors may be close to one another, while for transmission 

the light source and detectors may be at different locations. In yet another embodiment, the system 
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could be placed on a vehicle such as an automobile or a truck, or the light source could be placed 

on one vehicle, while the detection system is on another vehicle. If the light source and detection 

system are compact and lightweight, they might even be carried by a person in the field, either in 

their hands or in a backpack. 

[0289] Both methane and ethane are hydro-carbons with unique spectral signatures. For 

example, ethane is C2H6, while methane is CH4. Also, methane and ethane have infrared 

absorption bands near 1.6 microns, 2.4 microns, 3.3 microns and 7 microns. It should be noted 

that the approximately 7 micron lines cannot be observed generally due to atmospheric absorption. 

Although the fundamental lines near 3.3 microns are stronger absorption features, the light sources 

and detectors in the mid-infrared may be more difficult to implement. Hence, the focus here is on 

observing the SWIR lines that fall in atmospheric transparency windows. 

[0290] FIGURE 33 illustrates the absorption spectra for methane (FIGURE 33A) and 

ethane (FIGURE 33B) (from http://vpl.astro.washington.edu/spectra). The curves 3300 plot on a 

linear scale the absorption cross-section versus wavelength (in microns) for various methane lines. 

The curve 3301 covers the wavelength range between approximately 1.5-16 microns, while the 

curves below provide blown-up views of different wavelength ranges (3302 for approximately 

1.62-1.7 microns, 3303 for approximately 1.7-1.84 microns, 3304 for approximately 2.15-2.45 

microns, and 3305 for approximately 2.45-2.65 microns). The curves 3302 and 3303 fall within 

about the first SWIR atmospheric transmission window between approximately 1.4-1.8 microns, 

while the curves 3304 and 3305 fall within the second SWIR atmospheric transmission window 

between approximately 2-2.5 microns. As can be seen, there are numerous spectral features for 

identifying methane in the SWIR. In addition, there are even stronger features near 3.4-3.6 

microns and around 7-8 microns, although these require different light sources and detection 

systems. 

[0291] FIGURE 33B illustrates the absorption spectra for ethane. The curves 3350 plot on 

a linear scale the absorption cross-section versus wavelength (in microns) for various ethane lines. 

The curve 3351 covers the wavelength range between approximately 1.5-16 microns, while the 

curve 3352 expands the scale between about 1.6-3.2 microns. The features 3353 fall within about 

the first SWIR atmospheric transmission window between approximately 1.4-1.8 microns, while 
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the features 3354 and 3355 fall within the second SWIR atmospheric transmission window 

between approximately 2-2.5 microns. There are distinct spectral features for identifying ethane 

as well in the SWIR. In addition, there are even stronger features near 3.4-3.6 microns and around 

7 microns. 

[0292] For detecting natural gas leaks, a SWIR light source and a detection system could 

be used in transmission or reflection. The area surrounding the source or natural gas pipeline may 

be surveyed, and the detection system may monitor the methane and ethane concentration, or even 

the presence of these two gases. The region may be scanned to cover an area larger than the laser 

beam. Also, if a certain quantity of natural gas is detected, an alarm may be set-off to alert the 

operator or people nearby. This is just one example of the natural gas leak detection, but other 

configurations and techniques may be used and are intended to be covered by this disclosure. 

[0293] Natural gas leak detection is one example where active remote sensing or hyper-

spectral imaging can be used to detect hydro-carbons or organic compounds. However, there are 

many other examples where the technique may be used to perform reflectance spectroscopy of 

organic compounds, and these are also intended to be covered by this disclosure. In one particular 

embodiment, alkanes may be detected, where alkanes are hydro-carbon molecules comprising 

single carbon-carbon bonds. Alkanes have the general formula CnH2n+2 and are open chain, 

aliphatic or non-cyclic molecules. Below are examples of some of the alkanes, which include 

methane and ethane, as well as more complicated compounds. 
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[0294] FIGURE 34 illustrates the reflectance spectra 3400 for some members of the alkane 

family plus paraffin. The vertical lines indicate positions of constant wavelength and are aligned 

with apparent absorptions in the methane spectrum at 1.19, 1.67, 2.32, 3.1, 4.23 and 4.99 microns. 

The spectra ore offset to enable easier viewing, and the offsets are of the following amounts: 3401 

methane 4.1; 3402 ethane 3.6; 3403 propane 3.3; 3404 butane 2.8; 3405 pentane 2.3; 3406 hexane 

2.0; 3407 heptane 1.5; 3408 octane 1.2; 3409 nonane 0.85; 3410 decane 0.4; and 3411 paraffin 

0.05. The reflectance of alkanes in the near-infrared may be dominated by absorptions due to 

combinations and overtones of bands at longer wavelengths. Although this wavelength range is 

mostly unexplored by organic spectroscopists, the near-infrared may be valuable for terrestrial and 

planetary remote sensing studies. Alkanes may have the fundamental absorptions due to a variety 

of C-H stretches between approximately 3.3-3.5 microns. The first overtone may be a relatively 

deep triplet near 1.7 microns. This triplet appears in most of the series, but the exact wavelength 

position may move. Another absorption band may be present near 1.2 microns, and this is likely 

the second overtone of the C-H stretch. The third C-H stretch overtone is near 0.9 microns. There 

is yet another near-infrared feature near 1.396 microns, which may correspond to the combinations 
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of the first overtone of the C-H stretch with each of the two C-H band positions at approximately 

1.35 microns and 1.37 microns. Moreover, there may be complex absorptions between 2.2-2.5 

microns. For example, there may be a number of narrow individual absorption bands atop an 

overall absorption suite about 0.3 microns wide. A few absorption lines retain their location for 

most of the series 300, notably the 2.311 micron and 2.355 micron absorptions. This wavelength 

window may have multiple combinations and overtones, including contributions from the C-H 

stretch, CH3 asymmetric bend combination, and C-H stretch/CH3 symmetric bend combination. 

[0295] REMOTE SENSING FOR NATURAL GAS EXPLORATION 

[0296] In addition to remote sensing to detect natural gas leaks, the same or similar system 

could also be used to explore for natural gas fields, whether under land or under water. Whereas 

a natural gas leak from a pipeline or building may be above the ground or only a few meters below 

the ground, natural gas exploration may occur for gas and oil that are much further below the 

ground, or under the water in a bay, lake, sea or ocean. For example, the exploration for natural 

gas and oil may be performed by determining the reflectance spectra of surface anomalies. The 

surface manifestations of oil and gas reservoirs may be used to map the petroleum potential of an 

area, particularly related to the seepage of oil and gas to the surface along faults or imperfect 

reservoir seals. The visible products of such seepage (e.g., oil and tar deposits) are generally 

referred to as macro-seeps, whereas the invisible gaseous products may be referred to as micro­

seeps. 

[0297] As illustrated by 3500 in FIGURE 35, micro-seepages may result from the vertical 

movement of hydrocarbons 3501 from their respective reservoirs to the surface. These 

hydrocarbon micro-seepages involve buoyant, relatively rapid, vertical ascent of ultra-small 

bubbles of light hydrocarbons (primarily methane through the butanes) through a network of 

interconnected, groundwater-filled joints and bedding planes (3501). One of the assumptions 

required for micro-seepage to occur is that a rock column, including the seal rock, comprises 

extensive interconnected fractures or micro-fracture systems. 

[0298] Direct detection methods may involve measurements of hydrocarbons, either in the 

form of oil accumulations or concentrations of escaping vapors, such as methane through butane. 

In addition, there are also indirect methods that may involve the measurement of secondary 
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alternations that arise from the seepage of the hydrocarbons. For instance, hydrocarbon-induced 

alterations may include microbial anomalies, mineralogical changes, bleaching of red beds, clay 

mineral alterations, and electrochemical changes. These alterations occur because leaking 

hydrocarbons set up near-surface oxidation and/or reduction zones that favor the development of 

a diverse array of chemical and mineralogical changes, c.f. 3502 in FIGURE 35. Such alterations 

3502 may be distinct from adjacent rocks and, thus, may in some instance be detectable by various 

remote sensing techniques. 

[0299] The diagnostic spectral features of methane and crude oil may comprise four 

distinct hydrocarbon absorption bands. For example, two bands near 1.18 microns and 1.38 

microns may be narrow and sharply defined, although they may also be fairly weak. The other 

two spectral features may be near 1.68-1.72 microns and 2.3-2.45 microns; these bands may be 

broader, but they are also stronger than the previous two bands. The bands near 1.7 microns and 

2.3 microns are spectral overtones or combinations of C-H vibrational modes. Moreover, 

hydrocarbon induced alterations associated with indirect detection may express themselves in a 

variety of spectral changes, such as mineralogical changes ( calcium carbonate mineralization, near 

2.35 microns), bleaching of red beds (near 1 micron), and clay minerals alterations (near 2.2 

microns), among other changes. 

[0300] Various field tests have been conducted that verify the spectral signatures 

associated with natural gas fields, either land-based or water-based (e.g., in bays). In one example 

shown in FIGURE 36A, the reflectance spectra 3600 was collected for different locations between 

approximately 2 microns and 2.4 microns. In 3601 the reflectance is plotted versus wavelength 

for locations with gas fields, while in 3602 the reflectance is plotted for locations without gas 

fields. The macroscopic features of the reflectance spectra of surface soils show two broad 

absorption bands near 2.2 microns and 2.33 microns with complex shapes. The slightly positive 

slope in the region of 2.3-2.4 microns with natural gas suggests that hydrocarbons are overriding 

the spectral signature of clays in this region. 

[0301] In yet another embodiment, field tests were conducted over a wider spectra range 

from approximately 0.5 microns to 2.5 microns (FIGURE 36B). As the curve 3650 illustrates, two 

absorption features are found for the hydrocarbon spectral reflectance curve: one near 1.725 
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microns 3651 and a double absorption at approximately 2.311-2.36 microns 3652. Thus, in these 

two field trial examples, oil-gas reservoir areas were identifiable using feature bands of 1650-

1750nm and 2000-2400nm. In addition, the remote sensing method may be used for off-shore oil 

and gas exploration and marine pollution investigation, to name just a few examples. 

[0302] 

IMAGING 

[0303] 

OTHER USES OF ACTIVE REMOTE SENSING OR HYPERSPECTRAL 

Active and/or hyper-spectral remote sensing may be used in a wide array of 

applications. Although originally developed for mining and geology (the ability of spectral 

imaging to identify various minerals may be ideal for the mining and oil industries, where it can 

be used to look for ore and oil), hyper-spectral remote sensing has spread to fields as diverse as 

ecology and surveillance. The table below illustrates some of the applications that can benefit 

from hyper-spectral remote sensing. 

Atmosphere Water vapor, cloud properties, aerosols 

Ecology Chlorophyll, leaf water, cellulose, pigments, lignin 

Geology Mineral and soil types 

Coastal Waters Chlorophyll, phytoplankton, dissolved organic materials, suspended 

sediments 

Snow I Ice Snow cover fraction, grainsize, melting 

Biomass Burning Subpixel temperatures, smoke 

Commercial Mineral (oil) exploration, agriculture and forest production 

[0304] In one embodiment, near-infrared imaging spectroscopy data may be used to create 

qualitative images of thick oil or oil spills on water. This may provide a rapid remote sensing 

method to map the locations of thick parts of an oil spill. While color imagery may show locations 
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of thick oil, it is difficult to assess relative thickness or volume with just color imagery. As an 

example, FIGURE 37 illustrates the reflectance spectra 3700 of a sample of oil emulsion from the 

Gulf of Mexico 2010 oil spill. Curve 3701 is a 4mm thickness of oil, while curve 3702 is a 0.5mm 

thickness. Whereas the data in the visible hardly changes with oil thickness, in the near-infrared 

the change in reflectance spectra is much more dependent on the oil thickness. The data shows, 

for example, the C-H features near 1.2 microns 3703, 1.73 microns 3704, and 2.3 microns 3705. 

Thus, in the infrared wavelengths, both the reflectance levels and absorption features due to 

organic compounds may vary in strength with oil thickness. 

[0305] Remote sensing may also be used for geology and mineralogy mappmg or 

inspection. FIGURE 38 shows the reflectance spectra 3800 for some representative minerals that 

are major components of rocks and soils. In inorganic materials such as minerals, chemical 

composition and crystalline structure may control the shape of the spectral curve and the locations 

of absorption bands. Wavelength-specific absorption may arise from particular chemical elements 

or ions and the geometry of chemical bonds between elements, which is related to the crystal 

structure. In hematite 3801, the strong absorption in the visible may be caused by ferric iron. In 

calcite 3805, the carbonate ion may be responsible for the series of absorption bands between 1.8 

and 2.4 microns. Kaolinite 3804 and montmorillonite 3802 are clay minerals common in soils. 

The strong absorption near 1.4 microns in both spectra, along with a weak 1.9 micron band in 

kaolinite arise from the hydroxide ions, while the stronger 1.9 micron band in montmorillonite 

may be caused by bound water molecules in the hydrous clay. In contrast to these spectra, 

orthoclase feldspar 3803, a dominant mineral in granite, shows very little absorption features in 

the visible or infrared. 

[0306J Remote sensing or hyper-spectral imaging may also be used for agriculture as well 

as vegetation monitoring. For example, hyper-spectral data may be used to detect the chemical 

composition of plants, which can be used to detect the nutrient and water status of crops. FIGURE 

39 illustrates the reflectance spectra 3900 of different types of green vegetation compared with 

dry, yellowed grass. In the visible spectra, the shape may be determined by absorption effects 

from chlorophyll and other leaf pigments. The reflectance rises rapidly across the boundary 

between red and infrared wavelengths, which may be due to interactions with the internal cellular 

structure of leaves. Leaf structure may vary significantly between plant species, as well as from 
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plant stress. Beyond 1.3 microns the reflectance decreases with increasing wavelength, except for 

two water absorption bands near 1.4 microns and 1.9 microns. Illustrated in FIGURE 39 are the 

reflectance for green grass 3901, walnut tree canopy 3902, fir tree 3903 and senescent 3904, which 

is dry, yellowed grass. 

[0307] Active remote sensing may also be used to measure or monitor gases in the earth's 

atmosphere, including greenhouse gases, environmental pollutants and aerosols. For instance, 

greenhouse gases are those that can absorb and emit infrared radiation: In order, the most abundant 

greenhouse gasses in the Earth's atmosphere are: water vapor (H2O), carbon dioxide (CO2), 

methane (CH4), nitrous oxide (N2O) and ozone (03). FIGURE 40 shows the atmospheric 

absorption and scattering of greenhouse gases 4000 at different wavelengths. Included in this 

figure are the total absorption and scattering 4001, along with the breakdown by major 

components: water vapor 4002, carbon dioxide 4003, oxygen and ozone 4004, methane 4005, and 

nitrous oxide 4006. Also shown is the Rayleigh scattering 4007 through the atmosphere, which 

dominates at shorter wavelengths, particularly wavelengths shorter than about 1 micron. In one 

embodiment, environmental concerns of climate change have led to the need to monitor the level 

of carbon dioxide in the atmosphere, and this may be achieved, for example, by performing 

spectroscopy in the vicinity of 1.6 microns and 2 microns. 

[0308] In yet another embodiment, different building materials may be identified and 

distinguished from surrounding vegetation and forestry. FIGURE 41 overlays different reflectance 

data 4100 for samples cataloged in the ASTER spectra library (http://speclib.jpl.nasa.gov). This 

library has been made available by NASA as part of the Advanced Spacebome Thermal Emission 

and Reflection Radiometer, ASTER, imaging instrumentation program. Included in this and other 

libraries are reflection spectra of natural and man-made materials, including minerals, rocks, soils, 

water and snow. In FIGURE 41 several spectra are included over the SWIR atmospheric 

transmission bands, and the water absorption between approximately 1.8 and 2 microns has been 

blocked out (features in there are either due to water or would be masked by the atmospheric 

moisture). Included in the graph are the spectra for silver metallic paint 4101, light brown loamy 

sand 4102, construction concrete- I 4103, construction concrete-cement 4104, gypsum 4105, 

asphaltic concrete 4106, construction concrete-bridges 4107, grass 4108 and conifer trees 4109. 

As an example, active remote sensing can be used to distinguish different concrete structures, 
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including roadways, buildings, and reinforced structures such as bridges. Also, building materials 

such as gypsum, painted structures, plywood, and concrete of various sorts, may be distinguished 

from plant life, soil and trees. Thus, beyond three dimensional imaging, this can add a fourth 

dimension - namely, identification of objects based on their chemical signature. 

[0309] In a further embodiment, remote sensing or hyper-spectral imaging might be used 

for process control in a factory or manufacturing setting, particularly when the measurements are 

to be made at some stand-off or remote distance. As an example, plastics show distinct signatures 

in the SWIR, and process control may be used for monitoring the manufacture of plastics. 

Alternately, SWIR light could be used to see through plastics, since the signature for plastics can 

be subtracted off and there are large wavelength windows where the plastics are transparent. 

FIGURE 42 illustrates the absorbance 4200 for two common plastics: polyethylene 4201 and 

polystyrene 4202. Because of the hydro-carbon bonds, there are absorption features near 1.7 

microns and 2.2-2.5 microns (c.f., discussion on alkanes). In general, the absorption bands in the 

near infrared are due to overtones and combination bands for various functional group vibrations, 

including signals from C-H, O-H, C=O, N-H, -COOH, and aromatic C-H groups. It may be 

difficult to assign an absorption band to a specific functional group due to overlapping of several 

combinations and overtones. However, with advancements in computational power and 

chemometrics or multivariate analysis methods, complex systems may be better analyzed. In one 

embodiment, using software analysis tools the absorption spectrum may be converted to its second 

derivative equivalent. The spectral differences may permit a fast, accurate, non-destructive and 

reliable identification of materials. Although particular derivatives are discussed, other 

mathematical manipulations may be used in the analysis, and these other techniques are also 

intended to be covered by this disclosure. 

[0310] In another specific embodiment, experiments have been performed for stand-off 

detection of solid targets with diffuse reflection spectroscopy using a fiber-based super-continuum 

source (further described herein). In particular, the diffuse reflection spectrum of solid samples 

such as explosives (TNT, RDX, PETN), fertilizers (ammonium nitrate, urea), and paints 

(automotive and military grade) have been measured at stand-off distances of 5m. Although the 

measurements were done at 5m, calculations show that the distance could be anywhere from a few 

meters to over 150m. These are specific samples that have been tested, but more generally other 

82 

IPR2025-01254 Page 00203



OMNI0101PUSA13 

materials (particularly comprising hydro-carbons) could also be tested and identified using similar 

methods. The experimental set-up 4300 for the reflection-spectroscopy-based stand-off detection 

system is shown in FIGURE 43, while details of the SC source 4301 are described later in this 

disclosure (c.f. FIGURES 20,21, and 23). First, the diverging SC output is collimated to a 1 cm 

diameter beam using a 25 mm focal length, 90 degrees off-axis, gold coated, parabolic mirror 

4302. To reduce the effects of chromatic aberration, refractive optics are avoided in the setup. All 

focusing and collimation is done using metallic mirrors that have almost constant reflectivity and 

focal length over the entire SC output spectrum. The sample 4304 is kept at a distance of 5m from 

the collimating mirror 4302, which corresponds to a total round trip path length of 10m before 

reaching the collection optics 4305. A 12cm diameter silver coated concave mirror 4305 with a 

7 5cm focal length is kept 20cm to the side of the collimation mirror 4302. The mirror 4305 is used 

to collect a fraction of the diffusely reflected light from the sample, and focus it into the input slit 

of a monochromator 4306. Thus, the beam is incident normally on the sample 4304, but detected 

at a reflection angle of tan-1(0.2/5) or about 2.3 degrees. Appropriate long wavelength pass filters 

mounted in a motorized rotating filter wheel are placed in the beam path before the input slit 4306 

to avoid contribution from higher wavelength orders from the grating (300 grooves/mm, 2µm 

blaze). The output slit width is set to 2mm corresponding to a spectral resolution of 10.8nm, and 

the light is detected by a 2mm x 2mm liquid nitrogen cooled (77K) indium antimonide (InSb) 

detector 4307. The detected output is amplified using a trans-impedance pre-amplifier 4307 with 

a gain of about 105V/A and connected to a lock-in amplifier 4308 setup for high sensitivity 

detection. The chopper frequency is 400Hz, and the lock-in time constant is set to lO0ms 

corresponding to a noise bandwidth of about lHz. These are exemplary elements and parameter 

values, but other or different optical elements may be used consistent with this disclosure. 

[0311] Three sets of solid samples are chosen to demonstrate the stand-off diffuse 

reflection spectra measurement in the laboratory. The first set comprises 'Non-hazardous 

Explosives for Security Training and Testing' (NESTT) manufactured by the XM Division of 

VanAken International. These samples contain small amounts of explosives deposited on an inert 

fused silica powder substrate. The experiments are conduced with the following samples -

trinitrotoluene (TNT), research department explosive (RDX), Pentaerythritol tetranitrate (PETN), 
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and potassium nitrate. The TNT, RDX and potassium nitrate NESTT samples have 8% (by weight) 

explosives, while the PETN sample has 4%. 

[0312] The second sample set consists of ammonium nitrate, urea, gypsum, and pinewood. 

Ammonium nitrate and urea are common fertilizers, but are also often used as explosives. These 

samples are ground to a fine powder in a mortar and pestle, and filled to a depth of about 5mm in 

a shallow glass container. We also measure the reflection spectrum of a 10cm diameter x 0.5cm 

thick Gypsum (CaSO4.2H2O) disk and a 5cm x 5cm x 0.5m piece of pine wood, since these 

samples are relevant for the remote sensing community (minerals and vegetation). 

[0313] The final set of samples is selected to distinguish between commercial automotive 

and military vehicle paints based on their reflection signatures. Red, black, and green acrylic based 

spray paints are obtained from an auto supply store and sprayed 3 coats on different areas of a 

sanded Aluminum block to make the automotive paint samples. The sample of the military paint 

consisted of an Aluminum block coated with a chemical agent resistant coating (CARC) green 

paint. 

[0314J The chemical structure and molecular formula of the 4 NESTT samples are shown 

in FIGURE 44 (4401, 4402, 4403, 4404), while the absorbance spectra obtained using the SC 

source are shown below in the same figure (4405, 4406, 4407, 4408). For each sample, the 

positions of the strongest/unique peaks have been labeled for clarity. TNT 4401, 4405 belongs to 

a class of compounds known as nitro-aromatics, in which the carbon directly attached to the nitro 

(NO2) group is part of an aromatic ring. The strongest peaks in the spectrum observed at 3230nm 

and 3270nm are due to the fundamental C-H stretching vibrations in the aromatic ring. There are 

also features between 2200-2600nm, which may arise from the combination between the C-H 

stretch and C-H bend vibrations. RDX 4402, 4406 belongs to the nitramines class containing the 

N-NO2 bond and also has multiple features in the 3200-3500nm band due to the C-H stretch 

vibrations. This spectrum also contains the C-H combination bands from 2200-2600nm. PETN 

4403, 4407 is classified as a nitrate ester containing the C-O-NO2 bond, and its reflection spectrum 

is characterized by a triplet of peaks at 3310nm, 3350nm and 3440nm due to the C-H stretch 

vibration from the aliphatic groups. The C-H combination band is also present from 2200-2600nm. 

Potassium nitrate 4404, 4408 being an inorganic compound does not contain any absorption 
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features due to the C-H bond present in the other three samples. Instead, the unique spectral feature 

for this sample is a pair of peaks at 3590nm and 3650nm, which arise due to the first overtone of 

the asymmetric N-O stretching vibration of the nitrate ion (NO3-). 

[0315J FIGURE 45A illustrates the reflection spectra 4500 for gypsum 4501, pinewood 

4502, ammonium nitrate 4503 and urea 4504. The predominant spectral features in the gypsum 

4501 (CaSO4.2H2O) reflectance occur due to the fundamental as well as combination bands of 

the water molecule near 1450nm, 1750nm, 1940nm and 2860nm. In addition, small dips in the 

spectrum at 2220, 2260 and 2480nm which arise due to the first overtone of the S-O bending 

vibration. Moreover, the valley at 3970nm occurs due to the first overtone of the -O-S-O stretching 

vibration of the sulfate (SO42-) ion. The pine wood spectrum 4502 comprises of bands due to its 

main constituents - cellulose, lignin and water. The valleys at 1450nm, 1920nm and 2860nm are 

attributed to water. The dip at 2100nm is due to the first overtone of the C-O asymmetric stretch, 

the one at 2270 nm due to the combination band of O-H and C-H, and the one at 2490nm due to 

combination band of C-H and C-O. Finally, the broad feature around 3450nm is due to the C-H 

stretching vibration. The ammonium nitrate (NH4NO3) spectrum 4503 has three prominent 

features in the near-IR region. The dip at 1270nm is due to the combination of N-H stretching and 

N-H bending vibrations, while the dip at 1570nm is due to the first overtone of N-H stretch. The 

doublet at 2050nm and 2140nm is possibly due to the second overtone of the N-H bending 

vibrations, while the fundamental N-H stretch appears as a broad feature around 3000 nm. Urea 

(NH2)2CO 4504 has two amide (-NH2) groups joined by a carbonyl (C=O) functional group. The 

absorption line at 1490nm occurs due to the third overtone of the C=O stretching vibration while 

the line at 1990nm is due to the second overtone of the same. 

[0316J FIGURE 45B shows the reflection spectra 4550 for three commercial automotive 

paints 4551, 4552, 4553 and military grade CARC (chemical agent resistant coating) paint 4554. 

The paints consist of a complex mixture of many different chemicals, and, hence, it is very difficult 

to identify individual absorption lines. Since all four paints contain a variety of organic 

compounds, features are observed between 3200-3500nm from the C-H stretch and from 2200-

2600nm due to the C-H stretch and C-H bond combination band. However, the primary difference 

between the automotive 45451, 4552, 4553 and CARC paint 4554 is the presence of a strong dip 
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between 1200-1850nm in the latter, which might be attributed to the absorption from Cobalt 

chromite - a green pigment found in CARC-green. 

[0317] Thus, FIGURES 44 and 45 show that various materials, including explosives, 

fertilizers, vegetation, and paints have features in the near-infrared and SWIR that can be used to 

identify the various samples. Although stronger features are found in the mid-infrared, the near­

infrared may be easier to measure due to higher quality detection systems, more mature fiber optics 

and light sources, and transmission through atmospheric transmission windows. Because of these 

distinct spectral signatures, these materials could also be detected using active remote sensing or 

hyper-spectral imaging, as described in this disclosure. These are just particular samples that have 

been tested at stand-off distances, but other materials and samples may also be identified using the 

SWIR remote sensing or hyper-spectral imaging methods, and these samples are also intended to 

be covered within this disclosure. As just another example, illicit drugs may be detectable using 

remote sensing or hyper-spectral imaging. FIGURE 46 shows the mid-wave infrared and long­

wave infrared absorption spectra 1500 for various illicit drugs. The absorbance for cocaine 4601, 

methamphetamine 4602, MDMA (ecstasy) 4603, and heroin 4604 are plotted versus wavelength 

from approximately 2.5-20 microns. Although the fundamental resonances for these drugs may 

lie in the longer wavelength regions, there are corresponding overtones and combination bands in 

the SWIR and near-infrared wavelength range. Therefore, the active remote sensing or hyper­

spectral imaging techniques described herein may also be applicable to detecting illicit drugs from 

aircraft, vehicles, or hand held devices. 

[0318] 

[0319] 

DETECTION SYSTEMS 

As discussed earlier, the active remote sensing system or hyper-spectral imaging 

system may be on an airborne platform, mounted on a vehicle, a stationary transmission or 

reflection set-up, or even held by a human for a compact system. For such a system, there are 

fundamentally two hardware parts: the transmitter or light source and the detection system. 

Between the two, perhaps in a transmission or reflection setting, may be the sample being tested 

or measured. Moreover, the output from the detection system may go to a computational system, 

comprising computers or other processing equipment. The output from the computational system 

may be displayed graphically as well as with numerical tables and perhaps an identification of the 
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material composition. These are just some of the parts of the systems, but other elements may be 

added or be eliminated, and these modified configurations are also intended to be covered by this 

disclosure. 

[0320J By use of an active illuminator, a number of advantages may be achieved. First, 

the variations due to sunlight and time-of-day may be factored out. The effects of the weather, 

such as clouds and rain, might also be reduced. Also, higher signal-to-noise ratios may be 

achieved. For example, one way to improve the signal-to-noise ratio would be to use modulation 

and lock-in techniques. In one embodiment, the light source may be modulated, and then the 

detection system would be synchronized with the light source. In a particular embodiment, the 

techniques from lock-in detection may be used, where narrow band filtering around the modulation 

frequency may be used to reject noise outside the modulation frequency. In an alternate 

embodiment, change detection schemes may be used, where the detection system captures the 

signal with the light source on and with the light source off. Again, for this system the light source 

may be modulated. Then, the signal with and without the light source is differenced. This may 

enable the sun light changes to be subtracted out. In addition, change detection may help to 

identify objects that change in the field of view. In the following some exemplary detection 

systems are described. 

[0321] In one embodiment, a SWIR camera or infrared camera system may be used to 

capture the images. The camera may include one or more lenses on the input, which may be 

adjustable. The focal plane assemblies may be made from mercury cadmium telluride material 

(HgCdTe), and the detectors may also include thermo-electric coolers. Alternately, the image 

sensors may be made from indium gallium arsenide (InGaAs), and CMOS transistors may be 

connected to each pixel of the InGaAs photodiode array. The camera may interface wirelessly or 

with a cable (e.g., USB, Ethernet cable, or fiber optics cable) to a computer or tablet or smart 

phone, where the images may be captured and processed. These are a few examples of infrared 

cameras, but other SWIR or infrared cameras may be used and are intended to be covered by this 

disclosure. 

[0322] In another embodiment, an imaging spectrometer may be used to detect the light 

received from the sample. For example, FIGURE 47 A shows a schematic diagram 4700 of the 
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basic elements of an imaging spectrometer. The input light 4701 from the sample may first be 

directed by a scanning mirror and/or other optics 4702. An optical dispersing element 4703, such 

as a grating or prism, in the spectrometer may split the light into many narrow, adjacent wavelength 

bands, which may then be passed through imaging optics 4704 onto one or more detectors or 

detector arrays 4705. Some sensors may use multiple detector arrays to measure hundreds of 

narrow wavelength bands. 

[0323] An example of a typical imaging spectrometer 4750 used in hyper-spectral imaging 

systems is illustrated in FIGURE 47B. In this particular embodiment, the input light may be 

directed first by a tunable mirror 4751. A front lens 4752 may be placed before the entrance slit 

4753 and the collector lens 4754. In this embodiment, the dispersing element is a holographic 

grating with a prism 4755, which separates the different wavelength bands. Then, a camera lens 

4756 may be used to image the wavelengths onto a detector or camera 4757. 

[0324] FIGURES 47 A and 47B provide particular examples, but some of the elements may 

not be used, or other elements may be added, and these embodiments are also intended to be 

covered by this disclosure. For instance, a scanning spectrometer may be used before the detector, 

where a grating or dispersive element is scanned to vary the wavelength being measured by the 

detector. In yet another embodiment, filters may be used before one or more detectors to select 

the wavelengths or wavelength bands to be measured. This may be particularly useful if only a 

few bands or wavelengths are to be measured. The filters may be dielectric filters, Fabry-Perot 

filters, absorption or reflection filters, fiber gratings, or any other wavelength selective filter. In 

an alternate embodiment, a wavelength division multiplexer, WDM, may be used followed by one 

or more detectors or detector arrays. One example of a planar wavelength division multiplexer 

may be a waveguide grating router or an arrayed waveguide grating. The WDM may be fiber 

coupled, and detectors may be placed directly at the output or the detectors may be coupled through 

fibers to the WDM. Some of these components may also be combined with the configurations in 

FIGURES 47A and 47B. 

[0325] While the above detection systems could be categorized as single path detection 

systems, it may be advantageous in some cases to use multi-path detection systems. In one 

embodiment, when the aim is to measure particular gases or material (rather than identify out of a 
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library of materials), it may be advantageous to use gas-filter correlation radiometry (GFCR), such 

as 4800 in FIGURE 48. A GFCR is a detection system that uses a sample of the gas of interest as 

a spectral filter for the gas. As shown in FIGURE 48, the incoming radiation 4801 may first be 

passed through a narrow band pass filter 4802. The beam may then be split by a beam splitter 

4803 along two paths; one path comprising a gas cell filled with the gas of interest 4804 (known 

as the correlation cell) and the other path comprising no gas 4805. The light from each path may 

then be measured using two detectors 4806, 4807, and the signals may then be analyzed 4808. The 

difference in the transmission along the two paths may correspond primarily to the absorption of 

the gas along the correlation cell path. This GFCR configuration may be advantageous, for 

example, in the detection of natural gas. Since the goal is to measure methane and ethane, the 

correlation cells may contain these gases, either in combination or separately. Although a 

particular configuration for the GFCR has been described, variations of this configuration as well 

as addition of other components may also be used and are intended to be covered by this disclosure. 

For example, collection optics and lenses may be used with this configuration, and various 

modulation techniques may also be used to increase the signal to noise ratio. 

[0326] In yet another example of multi-beam detection systems, a dual-beam set-up 4900 

such as in FIGURE 49 may be used to subtract out ( or at least minimize the adverse effects of) 

light source fluctuations. In one embodiment, the output from an SC source 4901 may be 

collimated using a calcium fluoride (CaF2) lens 4902 and then focused into the entrance slit of the 

monochromator 4903. At the exit slit, light at the selected wavelength is collimated again and may 

be passed through a polarizer 4904 before being incident on a calcium fluoride beam splitter 4905. 

After passing through the beam splitter 4905, the light is split into a sample 4906 and reference 

4907 arm to enable ratiometric detection that may cancel out effects of intensity fluctuations in the 

SC source 4901. The light in the sample arm 4906 passes through the sample of interest and is 

then focused onto a HgCdTe detector 4908 connected to a pre-amp. A chopper 4902 and lock-in 

amplifier 4910 setup enable low noise detection of the sample arm signal. The light in the reference 

arm 4907 passes through an empty container (cuvette, gas cell etc.) of the same kind as used in the 

sample arm. A substantially identical detector 4909, pre-amp and lock-in amplifier 4910 is used 

for detection of the reference arm signal. The signal may then be analyzed using a computer 

system 4911. This is one particular example of a method to remove fluctuations from the light 
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source, but other components may be added and other configurations may be used, and these are 

also intended to be covered by this disclosure. 

[0327] Although particular examples of detection systems have been described, 

combinations of these systems or other systems may also be used, and these are also within the 

scope of this disclosure. As one example, environmental fluctuations ( such as turbulence or winds) 

may lead to fluctuations in the beam for active remote sensing or hyper-spectral imaging. A 

configuration such as illustrated in the representative embodiment of FIGURE 49 may be able to 

remove the effect of environmental fluctuations. Yet another technique may be to "wobble" the 

light beam after the light source using a vibrating mirror. The motion may lead to the beam moving 

enough to wash out spatial fluctuations within the beam waist at the sample or detection system. 

If the vibrating mirror is scanned faster than the integration time of the detectors, then the spatial 

fluctuations in the beam may be integrated out. Alternately, some sort of synchronous detection 

system may be used, where the detection is synchronized to the vibrating frequency. 

[0328J Described herein are just some examples of the beneficial use of near-infrared or 

SWIR lasers for active remote sensing or hyper-spectral imaging. However, many other 

spectroscopy and identification procedures can use the near-infrared or SWIR light consistent with 

this disclosure and are intended to be covered by the disclosure. As one example, the fiber-based 

super-continuum lasers may have a pulsed output with pulse durations of approximately 0.5-2nsec 

and pulse repetition rates of several Megahertz. Therefore, the active remote sensing or hyper­

spectral imaging applications may also be combined with LIDAR-type applications. Namely, the 

distance or time axis can be added to the information based on time-of-flight measurements. For 

this type of information to be used, the detection system would also have to be time-gated to be 

able to measure the time difference between the pulses sent and the pulses received. By calculating 

the round-trip time for the signal, the distance of the object may be judged. In another embodiment, 

GPS (global positioning system) information may be added, so the active remote sensing or hyper­

spectral imagery would also have a location tag on the data. Moreover, the active remote sensing 

or hyper-spectral imaging information could also be combined with two-dimensional or three­

dimensional images to provide a physical picture as well as a chemical composition identification 

of the materials. These are just some modifications of the active remote sensing or hyper-spectral 

imaging system described in this disclosure, but other techniques may also be added or 
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combinations of these techniques may be added, and these are also intended to be covered by this 

disclosure. 

[0329] SECTION 4: SHORT-WAVE INFRARED SUPER-CONTINUUM LASERS 

FOR DETECTING COUNTERFEIT OR ILLICIT DRUGS AND PHARMACEUTICAL 

PROCESS CONTROL 

[0330] One advantage of optical systems is that they can perform non-contact, stand-off or 

remote sensing distance spectroscopy of various materials. As an example, optical systems can be 

used for identification of counterfeit drugs, detection of illicit drugs, or process control in the 

pharmaceutical industry, especially when the sensing is to be done at remote or stand-off distances 

in a non-contact, rapid manner. In general, the near-infrared region of the electromagnetic 

spectrum covers between approximately 0.7 microns (700nm) to about 2.5 microns (2500nm). 

However, it may also be advantageous to use just the short-wave infrared (SWIR) between 

approximately 1.4 microns (1400nm) and about 2.5 microns (2500nm). One reason for preferring 

the SWIR over the entire NIR may be to operate in the so-called "eye safe" window, which 

corresponds to wavelengths longer than about 1400nm. Therefore, for the remainder of the 

disclosure the SWIR will be used for illustrative purposes. However, it should be clear that the 

discussion that follows could also apply to using the near infrared - NIR -- wavelength range, or 

other wavelength bands. 

[0331] In particular, wavelengths in the eye safe window may not transmit down to the 

retina of the eye, and therefore, these wavelengths may be less likely to create permanent eye 

damage from inadvertent exposure. The near-infrared wavelengths have the potential to be 

dangerous, because the eye cannot see the wavelengths (as it can in the visible), yet they can 

penetrate and cause damage to the eye. Even if a practitioner is not looking directly at the laser 

beam, the practitioner's eyes may receive stray light from a reflection or scattering some surface. 

Hence, it can always be a good practice to use eye protection when working around lasers. Since 

wavelengths longer than about 1400nm are substantially not transmitted to the retina or 

substantially absorbed in the retina, this wavelength range is known as the eye safe window. For 

wavelengths longer than 1400nm, in general only the cornea of the eye may receive or absorb the 

light radiation. 
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[0332] The SWIR wavelength range may be particularly valuable for identifying materials 

based on their chemical composition because the wavelength range comprises overtones and 

combination bands for numerous chemical bonds. For example, in the SWIR numerous hydro­

carbon chemical compounds have overtone and combinational bands, along with oxygen­

hydrogen and carbon-oxygen compounds. Thus, gases, liquids and solids that comprise these 

chemical compounds may exhibit spectral features in the SWIR wavelength range. In a particular 

embodiment, the spectra of organic compounds may be dominated by the C-H stretch. The C-H 

stretch fundamental occurs near 3.4 microns, the first overtone is near 1.7 microns, and a 

combination band occurs near 2.3 microns. 

[0333] One embodiment of remote sensing that is used to identify and classify various 

materials is so-called "hyper-spectral imaging." Hyper-spectral sensors may collect information 

as a set of images, where each image represents a range of wavelengths over a spectral band. 

Hyper-spectral imaging may deal with imaging narrow spectral bands over an approximately 

continuous spectral range. As an example, in hyper-spectral imaging a lamp may be used as the 

light source. However, the incoherent light from a lamp may spatially diffract rapidly, thereby 

making it difficult to perform spectroscopy at stand-off distances or remote distances. Therefore, 

it would be advantageous to have a broadband light source covering the SWIR that may be used 

in place of a lamp to identify or classify materials in remote sensing or stand-off detection 

applications. 

[0334] As used throughout this document, the term "couple" and or "coupled" refers to 

any direct or indirect communication between two or more elements, whether or not those elements 

are physically connected to one another. As used throughout this disclosure, the term 

"spectroscopy" means that a tissue or sample is inspected by comparing different features, such as 

wavelength (or frequency), spatial location, transmission, absorption, reflectivity, scattering, 

fluorescence, refractive index, or opacity. In one embodiment, "spectroscopy" may mean that the 

wavelength of the light source is varied, and the transmission, absorption, fluorescence, or 

reflectivity of the tissue or sample is measured as a function of wavelength. In another 

embodiment, "spectroscopy" may mean that the wavelength dependence of the transmission, 

absorption, fluorescence or reflectivity is compared between different spatial locations on a tissue 

or sample. As an illustration, the "spectroscopy" may be performed by varying the wavelength of 
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the light source, or by using a broadband light source and analyzing the signal using a spectrometer, 

wavemeter, or optical spectrum analyzer. 

[0335] As used throughout this document, the term "fiber laser" refers to a laser or 

oscillator that has as an output light or an optical beam, wherein at least a part of the laser comprises 

an optical fiber. For instance, the fiber in the "fiber laser" may comprise one of or a combination 

of a single mode fiber, a multi-mode fiber, a mid-infrared fiber, a photonic crystal fiber, a doped 

fiber, a gain fiber, or, more generally, an approximately cylindrically shaped waveguide or light­

pipe. In one embodiment, the gain fiber may be doped with rare earth material, such as ytterbium, 

erbium, and/or thulium. In another embodiment, the mid-infrared fiber may comprise one or a 

combination of fluoride fiber, ZBLAN fiber, chalcogenide fiber, tellurite fiber, or germanium 

doped fiber. In yet another embodiment, the single mode fiber may include standard single-mode 

fiber, dispersion shifted fiber, non-zero dispersion shifted fiber, high-nonlinearity fiber, and small 

core size fibers. 

[0336J As used throughout this disclosure, the term "pump laser" refers to a laser or 

oscillator that has as an output light or an optical beam, wherein the output light or optical beam 

is coupled to a gain medium to excite the gain medium, which in turn may amplify another input 

optical signal or beam. In one particular example, the gain medium may be a doped fiber, such as 

a fiber doped with ytterbium, erbium and/or thulium. In one embodiment, the "pump laser" may 

be a fiber laser, a solid state laser, a laser involving a nonlinear crystal, an optical parametric 

oscillator, a semiconductor laser, or a plurality of semiconductor lasers that may be multiplexed 

together. In another embodiment, the "pump laser" may be coupled to the gain medium by using 

a fiber coupler, a dichroic mirror, a multiplexer, a wavelength division multiplexer, a grating, or a 

fused fiber coupler. 

[0337] As used throughout this document, the term "super-continuum" and or 

"supercontinuum" and or "SC" refers to a broadband light beam or output that comprises a 

plurality of wavelengths. In a particular example, the plurality of wavelengths may be adjacent to 

one-another, so that the spectrum of the light beam or output appears as a continuous band when 

measured with a spectrometer. In one embodiment, the broadband light beam may have a 

bandwidth of at least 10nm. In another embodiment, the "super-continuum" may be generated 
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through nonlinear optical interactions in a medium, such as an optical fiber or nonlinear crystal. 

For example, the "super-continuum" may be generated through one or a combination of nonlinear 

activities such as four-wave mixing, parametric amplification, the Raman effect, modulational 

instability, and self-phase modulation. 

[0338] As used throughout this disclosure, the terms "optical light" and or "optical beam" 

and or "light beam" refer to photons or light transmitted to a particular location in space. The 

"optical light" and or "optical beam" and or "light beam" may be modulated or unmodulated, 

which also means that they may or may not contain information. In one embodiment, the "optical 

light" and or "optical beam" and or "light beam" may originate from a fiber, a fiber laser, a laser, 

a light emitting diode, a lamp, a pump laser, or a light source. 

[0339] As used throughout this disclosure, the term "remote sensing" may include the 

measuring of properties of an object from a distance, without physically sampling the object, for 

example by detection of the interactions of the object with an electromagnetic field. In one 

embodiment, the electromagnetic field may be in the optical wavelength range, including the 

infrared or SWIR. One particular form of remote sensing may be stand-off detection, which may 

range exemplary from non-contact up to hundreds of meters away. 

[0340] 

[0341] 

IDENTIFICATION OF COUNTERFEIT DRUGS 

Pharmaceutical counterfeiting is a growing and significant issue for the healthcare 

community as well as the pharmaceutical industry worldwide. As a result of counterfeiting, users 

may be threatened by substandard drug quality or harmful ingredients, and legitimate companies 

may lose significant revenues. The definition for "counterfeit drug" by the World Health 

Organization was as follows: "A counterfeit medicine is one which is deliberately and fraudulently 

mislabeled with respect to identity and/or source. Counterfeiting can apply to both branded and 

generic products and counterfeit products may include products with the correct ingredients or 

with the wrong ingredients, without active ingredients, with insufficient active ingredient or with 

fake packaging." Later this definition was slightly modified, "Counterfeiting in relation to 

medicinal products means the deliberate and fraudulent mislabeling with respect to the identity, 

composition and/or source of a finished medicinal product, or ingredient for the preparation of a 

medicinal product." 
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[0342] A rapid screening technique such as near-infrared or SWIR spectroscopy could aid 

in the search for and identification of counterfeit drugs. In particular, using a non-lamp based light 

source could lead to contact-free control and analysis of drugs. In a particular embodiment, remote 

sensing, stand-off detection, or hyper-spectral imaging may be used for process control or 

counterfeit drug identification in a factory or manufacturing setting, or in a retail, wholesale, or 

warehouse setting. In one embodiment, the light source for remote sensing may direct the light 

beam toward the region of interest (e.g., conveyor belt, stocking shelves, boxes or cartons, etc), 

and the diffuse reflected light may then be measured using a detection system. Various kinds of 

SWIR light sources will be discussed later in this disclosure. The detection system may comprise, 

in one embodiment, a spectrometer followed by one or more detectors. In another embodiment, 

the detection system may be a dispersive element (examples include prisms, gratings, or other 

wavelength separators) followed by one or more detectors or detector arrays. In yet another 

embodiment, the detection system may comprise a Fourier transform infrared spectrometer. These 

are merely specific examples of the detection system, but combinations of these or other detection 

systems may also be used and are contemplated within the scope of this disclosure. 

[0343] For monitoring drugs, the SWIR light source and the detection system could be 

used in transmission, reflection, fluorescence, or diffuse reflection. Also, different system 

configurations may also be used and are included in the scope of this disclosure. For example, the 

light source and detection system may be placed in a fixed location, and for reflection the light 

source and detectors may be close to one another, while for transmission the light source and 

detectors may be at different locations. The region of interest may be surveyed, and the light beam 

may also be scanned to cover an area larger than the light source beam. In yet another embodiment, 

the system could be placed on a vehicle such as an automobile or a truck, or the light source could 

be placed on one vehicle, while the detection system is on another vehicle. If the light source and 

detection system are compact and lightweight, they might even be carried by a person in the field, 

either in their hands or in a backpack. 

[0344] Another advantage of using the near-infrared or SWIR is that most drug packaging 

materials are at least partially transparent in this wavelength range, so that drug compositions may 

be detected and identified through the packaging non-destructively. As an example, SWIR light 

could be used to see through plastics, since the signature for plastics can be subtracted off and 
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there are large wavelength windows where the plastics are transparent. FIGURE 50 illustrates the 

absorbance 5000 for two common plastics: polyethylene 5001 and polystyrene 5002. Because of 

the hydro-carbon bonds, there are absorption features near 1.7 microns and 2.2-2.5 microns. In 

general, the absorption bands in the near infrared are due to overtones and combination bands for 

various functional group vibrations, including signals from C-H, O-H, C=O, N-H, -COOH, and 

aromatic C-H groups. It may be difficult to assign an absorption band to a specific functional 

group due to overlapping of several combinations and overtones. However, with advancements in 

computational power and chemometrics or multivariate analysis methods, complex systems may 

be better analyzed. In one embodiment, using software analysis tools the absorption spectrum may 

be converted to its second derivative equivalent. The spectral differences may permit a fast, 

accurate, non-destructive and reliable identification of materials. Although particular derivatives 

are discussed, other mathematical manipulations may be used in the analysis, and these other 

techniques are also intended to be covered by this disclosure. 

[0345] Spectroscopy in the near-infrared or SWIR may be sensitive to both the chemical 

and physical nature of the sample composition and may be performed rapidly with minimal sample 

preparation. For example, near-infrared or SWIR spectroscopy may be used to study the 

homogeneity of powder samples, particle size determinations, product composition, the 

determination of the concentrations and distribution of components in solid tablets and content 

uniformity, among other applications. In yet other embodiments, applications include tablet 

identification, determination of moisture, residual solvents, active ingredient potency, the study of 

blending operations, and the detection of capsule tampering. 

[0346] FIGURE 51 illustrates one example of the difference in near-infrared spectrum 

5100 between an authentic tablet and a counterfeit tablet. Two grades of film coated tablets 

comprising drugs were investigated: curve 5101 is the genuine drug, while 5102 is a counterfeit 

drug. These two grades of capsules have noticeably different contents, and the differences are 

apparent in the near-infrared or SWIR spectra. In some cases the differences may not be as distinct. 

For these cases, more signal processing may be necessary to distinguish between samples. 

[0347] In another embodiment, it may be advantageous to take a first, second or higher 

order derivative to elucidate the difference between real and counterfeit drugs. For example, 

96 

IPR2025-01254 Page 00217



OMNI0101PUSA13 

FIGURE 52 shows the second derivative 5200 of the spectral comparison of Prozac 5201 and a 

similarly formulated generic 5202, which had a fluoxetine hydrochloride (10mg). Although the 

reflectance curves from the two samples are close and, therefore, difficult to distinguish, the second 

derivative of the data helps to bring out the differences more clearly. Although a second derivative 

is used in this example, any number of signal processing algorithms and methods may be used, 

and these are also intended to be covered by this disclosure. For example, partial least square 

algorithms, multivariate data analysis, principal component analysis, or chemometric software 

may be implemented without departing from the scope of this disclosure. 

[0348] In yet another embodiment, near-infrared or SWIR spectroscopy may be used to 

measure and calibrate various pharmaceutical formulations based on the active pharmaceutical 

ingredients and excipients. An excipient may be a pharmacologically inactive substance used as 

a carrier for the active ingredients of a medication. In some cases, the active substance may not 

be easily administered and/or absorbed by the human body; in such cases the active ingredient may 

be dissolved into or mixed with an excipient. Also, excipients are also sometimes used to bulk up 

formulations that contain very potent active ingredients, to allow for convenient and accurate 

dosage. In addition to their use in the single-dosage quantity, excipients can be used in the 

manufacturing process to aid in the handling of the active substance concerned. 

[0349] FIGURE 53 shows an example of the near-infrared spectra 5300 for different pure 

components of a studied drug. The spectrum for the active pharmaceutical ingredient (API) 5301 

is plotted, along with the spectra for five different excipients 5302, 5303, 5304, 5305 and 5306. 

Each spectrum has been baseline shifted to avoid overlapping. The near-infrared spectra have 

been obtained by averaging the spectra of each pixel of an area of a hyper-spectral image. As 

FIGURE 53 shows, each of the chemical compositions have a distinct spectrum, and the 

composition of a drug may be decomposed into its constitutive ingredients. These are just some 

examples of how near-infrared or SWIR spectroscopy may be applied to counterfeit drug 

detection, but other methods and analysis techniques may also be used without departing from the 

scope of this disclosure. As one other example, once the active pharmaceutical ingredient and the 

excipients spectral distribution of a drug formulation are understood, feedback may be provided 

of this information to the drug development stages. 
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[0350] 

[0351] 

RAPID SCREENING FOR ILLICIT DRUGS 

Thus, FIGURES 51-53 show that near-infrared or SWIR spectroscopy may be used 

to identify counterfeit drugs. More generally, various materials including illicit drugs, explosives, 

fertilizers, vegetation, and paints have features in the near-infrared and SWIR that can be used to 

identify the various samples, and these applications are also intended to be within the scope of this 

disclosure. Although stronger features may be found in the mid-infrared, the near-infrared may 

be easier to measure due to higher quality detection systems, more mature fiber optics and light 

sources, and transmission through atmospheric transmission windows. Because of these distinct 

spectral signatures, these materials could also be detected using active remote sensing, hyper­

spectral imaging, or near-infrared or SWIR spectroscopy. As just another example, illicit drugs 

may be detectable using remote sensing, hyper-spectral imaging, or near-infrared spectroscopy. 

FIGURE 54 shows the mid-wave infrared and long-wave infrared absorption spectra 5400 for 

various illicit drugs. The absorbance for cocaine 5401, methamphetamine 5402, MDMA (ecstasy) 

5403, and heroin 5404 are plotted versus wavelength from approximately 2.5-20 microns. 

Although the fundamental resonances for these drugs may lie in the longer wavelength regions, 

there are corresponding overtones and combination bands in the SWIR and near-infrared 

wavelength range. Therefore, the active remote sensing, hyper-spectral imaging, or near-infrared 

or SWIR spectroscopy techniques described herein may also be applicable to detecting illicit drugs 

from aircraft, vehicles, or hand held devices. 

[0352] The diffuse reflectance technique may be useful with near-infrared or SWIR 

spectroscopy for rapid identification of illegal drugs due to simple handling and simple use of a 

search data library created using near-infrared diffuse reflectance. For instance, FIGURE 55 

illustrates the absorbance 5500 versus wavelength in the near-infrared region for four classes of 

illegal drugs. In particular, the spectra are shown for methamphetamine (MA) 5501, amphetamine 

(AP) 5502, MDMA (street name: ecstasy) 5503, and MDA (street name: the love drug) 5504. 

Each of the illegal drugs have unique spectral features in the near-infrared and SWIR. Also, 

comparing the mid-infrared spectrum for MDMA (5403 in FIGURE 54) with the near-infrared 

spectrum for MDMA (5503 in FIGURE 55), it seems clear that the near-infrared region shows 

overtones and combination bands that should be discernible. Referring to FIGURE 55, sample 
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identification may be accomplished by using the region (indicated by the arrows) where the 

spectral absorptions may provide specific peaks depending on the drug component. 

[0353] In another embodiment, FIGURE 56 shows the diffuse reflectance near-infrared 

spectrum 5600 of heroin samples. Heroin, the 3,6-diacetyl derivative of morphine (hence diacetyl­

morphine) is an opiate drug synthesized from morphine, which is usually a naturally occurring 

substance extracted from the seedpod of certain varieties of poppy plants. In particular, 5601 is 

the near-infrared spectrum for an illicit street drug sample, while 5602 is the spectra for a pure 

heroin standard. The difference between the spectra may arise at least in part from cutting agents. 

The inset 5603 shows the molecular structure for heroin. As in the other examples, the absorption 

in the near-infrared range is caused by overtone and combination vibrations of O-H, C-H, N-H and 

C=O groups, which exhibit their fundamental molecular stretching and bending absorption in the 

mid-infrared range (c.f., the mid-infrared spectrum for heroin is shown 5404 in FIGURE 54). 

These overtone and combination bands do not behave in a simple way, making the near-infrared 

spectra complex and harder to directly interpret. Also, although the near-infrared signatures may 

be weaker in magnitude, they are probably easier to detect in the near-infrared, and the sample 

preparation may also be much simpler in the near-infrared. Moreover, for remote sensing, the 

near-infrared may be preferable because of atmospheric transmission windows between 

approximately 1.4-1.8 microns and 2-2.5 microns. 

[0354] Pure heroin may be a white powder with a bitter taste that is rarely sold on the 

streets, while illicit heroin may be a powder varying in color from white to dark brown due to 

impurities left from the manufacturing process or the presence of additives. The purity of street 

heroin may also vary widely, as the drug can be mixed with other white powders. The impurity 

of the drug may often make it difficult to gauge the strength of the dosage, which runs the risk of 

overdose. One nice feature of near-infrared or SWIR spectroscopy is that the technique may be 

used in a non-destructive, non-contact manner to determine rapidly the concentration of 

compounds present in complex samples at percentage levels with very little sample preparation. 

In a particular embodiment, FIGURE 57 illustrates the diffuse reflectance near-infrared spectra 

5700 of different seized illicit drugs containing heroin (between 10.7 and 21.8%) compared with 

the spectrum of pure heroin 5701. Curve 5702 is for 21.8% by weight, curve 5703 is 13.2% by 
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weight, curve 5704 is 17% by weight, and curve 5705 is 10.7% by weight of heroin. The spectra 

have been shifted along the vertical axis to better illustrate the differences. 

[0355] Although quite complex in the near-infrared, it may be possible to identify from the 

pure heroin near-infrared spectrum (5701 in FIGURE 57 or 5602 in FIGURE 56) the main 

wavelengths related to the most common functional groups in heroin. For example, FIGURE 58 

lists possible band assignments 5800 for the various spectral features in pure heroin. As can be 

seen from FIGURE 58, the absorption in the near-infrared may be mainly due to overtone and 

combination bands associated with O-H, C-H, N-H and C=O groups. 

[0356] As can be appreciated from FIGURE 57, there may be significant differences 

between the spectrum of pure heroin and sample spectra. These differences may be due to the 

presence of different compounds used as cutting agents, which can affect the shape and intensity 

of the near-infrared signals. FIGURE 59 illustrates the diffuse reflectance near-infrared spectra 

5900 of different compounds that may be frequently employed as cutting agents. In the bottom of 

FIGURE 59 are shown the spectra 5908 for pure heroin and the spectra 5907 for a seized illicit 

street drug sample comprising 21.8% of heroin. The spectra for various cutting agents include: 

5901 for flour, 5902 for talcum powder, 5903 for chalk, 5904 for acetylsalicylic acid, 5905 for 

caffeine, and 5906 for paracetamol. Thus, near-infrared or SWIR spectroscopy may be used to 

work back to the composition of an unknown drug. Although particular examples of counterfeit 

and illicit drugs have been described, the near-infrared or SWIR spectroscopy (including diffuse 

reflectance, reflectance, fluorescence or transmission) may also be applied to the identification of 

other drugs and substances without departing from the scope of this disclosure. This spectroscopy 

may be used non-destructively and non-contact over stand-off distances or in remote sensing 

distances, whether from an airborne, vehicle, hand-held, or stationary platform. 

[0357] 

[0358] 

PROCESS ANALYTICAL TECHNOLOGY (PAT) 

One definition of process analytical technology, PAT, is "a system for designing, 

analyzing and controlling manufacturing through timely evaluations (i.e., during processing) of 

significant quality and performance attributes of raw and in-process materials and processes, with 
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the goal of ensuring final product quality." Near-infrared or SWIR spectroscopy may have 

applications in the PAT of the pharmaceutical industry by providing, for example, quantitative 

analysis of multiple components in a sample and in pack quantification of drugs in formulation, as 

well as quality of a drug and quality control of complex excipients used in formulation. The PAT 

process may benefit from near-infrared or SWIR spectroscopy for some steps, such as: raw 

material identification, active pharmaceutical ingredient applications, drying, granulation, blend 

uniformity and content uniformity. Some of the strengths of near-infrared or SWIR spectroscopy 

include: radiation has good penetration properties, and, thus, minimal sample preparation may be 

required; measurement results may be obtained rapidly, and simultaneous measurements may be 

obtained for several parameters; non-destructive methods with little or no chemical waste; and 

organic chemicals that comprise most pharmaceutical products have unique spectra in the near­

infrared and SWIR ranges, for example. 

[0359J FIGURE 60 shows one example of a flow-chart 6000 in the PAT for the 

pharmaceutical industry. While the center shows the steps of the manufacturing process 6001, the 

top and bottom sides show where near-infrared spectroscopy could be applicable for lab use 6002 

(top) or in process monitoring control 6003 (bottom). Indeed, near-infrared or SWIR spectroscopy 

has the potential to benefit almost every step in the manufacturing process. Just to provide a few 

examples of using near-infrared or SWIR spectroscopy in the PAT process, the raw material testing 

and blending process will be examined briefly. 

[0360] At the commencement of manufacture of a drug product, it may be required to 

identify the correct material and grade of the pharmaceutical excipients to be used in the 

formulation. FIGURE 61 illustrates the typical near-infrared spectra 6100 for a variety of 

excipients. Included in the graph 6100 are spectra for: magnesium stearate 6101, sorbitol 6102, 

mannitol 6103, talc 6104, lactose 6105, starch 6106, maltodextrin 6107, and microcrystalline 

cellulose 6108. A suitable spectral database may be used to rapidly identify and qualify excipients. 

One nice aspect of the spectroscopy is that the near-infrared and SWIR are sensitive to both the 

physical and chemical characteristics of the samples. 

[0361] One of the next steps in the manufacture of a dosage form is the blending together 

of the active component with the excipients to produce a homogeneous blend. In one embodiment, 
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the near-infrared or SWIR spectroscopy apparatus may comprise a fiber-optic probe, which may, 

for example, interface with the blending vessel. For such a fiber-optic probe, near infrared or 

SWIR spectra may be collected in real-time from a blending process. FIGURE 62 exemplifies the 

absorbance 6200 from the blending process. Although the initial spectra 6201 shows differences 

from the eventual spectra, as the process continues the blend converges to the final spectra 6202 

and continues to overlap that spectra. Similar converging or overlapping spectra may also be used 

to check the product uniformity at the end of the process. The near-infrared spectra may be 

acquired in real-time; and, using appropriate data pre-processing and chemometric analysis, blend 

homogeneity plots may be derived, such as 6200. 

[0362] One goal of the manufacturing process and PAT may be the concept of a "smart" 

manufacturing process, which may be a system or manufacturing operation responding to 

analytical data generated in real-time. Such a system may also have an in-built "artificial 

intelligence" as decisions may be made whether to continue a manufacturing operation. For 

example, with respect to the raw materials, integration of the quality measurement into smart 

manufacturing processes could be used to improve manufacturing operations by ensuring that the 

correct materials of the appropriate quality are used in the manufacture. Similarly, a smart blender 

would be under software control and would respond to the real-time spectral data collected. 

[0363] FIGURE 63 illustrates what might be an eventual flow-chart 6300 of a smart 

manufacturing process. The manufacturing process 6301 may have as input the process feed 6302 

and result in a process output 6303. A process controller 6304 may at least partially control the 

manufacturing process 6301, and the controller 6304 may receive inputs from the closed loop 

control (process parameters) 6305 as well as the on-line monitoring of process parameters 6306. 

The feedback loops in the process could refine the manufacturing process 6301 and improve the 

quality of the process output 6303. These are particular embodiments of the use of near-infrared 

or SWIR spectroscopy in the PAT of the pharmaceutical industry, but other variations, 

combinations, and methods may also be used and are intended to be covered by this disclosure. 

[0364] The discussion thus far has centered on use of near-infrared or SWIR spectroscopy 

in applications such as identification of counterfeit drugs, detection of illicit drugs, and 

pharmaceutical process control. Although drugs and pharmaceuticals are one example, many other 
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fields and applications may also benefit from the use of near infrared or SWIR spectroscopy, and 

these may also be implemented without departing from the scope of this disclosure. As just another 

example, near-infrared or SWIR spectroscopy may also be used as an analytic tool for food quality 

and safety control. Applications in food safety and quality assessment include contaminant 

detection, defect identification, constituent analysis, and quality evaluation. The techniques 

described in this disclosure are particularly valuable when non-destructive testing is desired at 

stand-off or remote distances. 

[0365] In one example, near-infrared or SWIR spectroscopy may be used in cereal 

breeding. The breeding purposes may require knowledge on both composition and functional 

properties of grain, while the functionality of wheat grain is an issue for wheat breeders. Most of 

the wheat functionality parameters depend on the protein-proteinase complex of wheat grain, as 

well as the condition of the carbohydrate complex. FIGURE 64A illustrates the near-infrared 

reflectance spectrum 6400 of wheat flour. Since these samples are complex in composition, 

several organic bonds involving hydrogen vibrate to produce overlapped spectral bands. Thus, the 

resulting spectrum 6400 appears like a wavy line without clearly defined features. Analytical 

methods based on this type of spectroscopy may have the potential to improve the quality of final 

cereal products by testing the products through the entire production process in the processing 

industry. 

[0366] In yet another embodiment, near-infrared or SWIR spectroscopy may be used for 

the assessment of fruit and vegetable quality. Most commercial quality classification systems for 

fruit and vegetables are based on external features of the product, such as shape, color, size, weight 

and blemishes. However, the external appearance of most fruit is generally not an accurate guide 

to the internal eating quality of the fruit. As an example, for avocado fruit the external color is not 

a maturity characteristic, and its smell is too weak and appears later in its maturity stage. Analysis 

of the near-infrared or SWIR absorption spectra may provide qualitative and quantitative 

determination of many constituents and properties of horticulture produce, including oil, water, 

protein, pH, acidity, firmness, and soluble solids content or total soluble solids of fresh fruits. 

FIGURE 64B shows the near-infrared absorbance spectra 6450 obtained in diffusion reflectance 

mode for a series of whole 'Hass' avocado fruit. Four oil absorption bands are near 2200-2400nm 

(CH2 stretch bend and combinations), with weaker absorption around 750nm, 1200nm, and 900-
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930nm ranges. On the other hand, near 1300-1750nm range may be useful for determining the 

protein and oil content. The 900-920nm absorbance band may be useful for sugar determination. 

Although described in the context of grains, fruits, and vegetables, the near-infrared or SWIR 

spectroscopy may also be valuable for other food quality control and assessment, such as 

measuring the properties of meats. These and other applications also fall within the scope of this 

disclosure. 

[0367] 

[0368] 

DETECTION SYSTEMS 

The near-infrared or SWIR spectroscopy system, remote sensing system or hyper-

spectral imaging system may be on an airborne platform, mounted on a vehicle, a stationary 

transmission or reflection set-up, or even held by a human for a compact system. For such a 

system, there are fundamentally two hardware parts: the transmitter or light source and the 

detection system. Between the two, perhaps in a transmission or reflection setting, may be the 

sample being tested or measured. Moreover, the output from the detection system may go to a 

computational system, comprising computers or other processing equipment. The output from the 

computational system may be displayed graphically as well as with numerical tables and perhaps 

an identification of the material composition. These are just some of the parts of the systems, but 

other elements may be added or be eliminated, and these modified configurations are also intended 

to be covered by this disclosure. 

[0369] By use of an active illuminator, a number of advantages may be achieved. First, 

stand-off or remote distances may be achieved if a non-lamp system is used- i.e., if the beam does 

not rapidly diffract. Also, higher signal-to-noise ratios may be achieved. For example, one way 

to improve the signal-to-noise ratio would be to use modulation and lock-in techniques. In one 

embodiment, the light source may be modulated, and then the detection system would be 

synchronized with the light source. In a particular embodiment, the techniques from lock-in 

detection may be used, where narrow band filtering around the modulation frequency may be used 

to reject noise outside the modulation frequency. In another embodiment, change detection 

schemes may be used, where the detection system captures the signal with the light source on and 

with the light source off. Again, for this system the light source may be modulated. Then, the 

signal with and without the light source is differenced. Change detection may help to identify 
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objects that change in the field of view. In the following some exemplary detection systems are 

described. 

[0370] In one embodiment, a SWIR camera or infrared camera system may be used to 

capture the images. The camera may include one or more lenses on the input, which may be 

adjustable. The focal plane assemblies may be made from mercury cadmium telluride material 

(HgCdTe), and the detectors may also include thermo-electric coolers. Alternately, the image 

sensors may be made from indium gallium arsenide (InGaAs), and CMOS transistors may be 

connected to each pixel of the InGaAs photodiode array. The camera may interface wirelessly or 

with a cable (e.g., USB, Ethernet cable, or fiber optics cable) to a computer or tablet or smart 

phone, where the images may be captured and processed. These are a few examples of infrared 

cameras, but other SWIR or infrared cameras may be used and are intended to be covered by this 

disclosure. 

[0371] In another embodiment, an imaging spectrometer may be used to detect the light 

received from the sample. For example, FIGURE 65A shows a schematic diagram 6500 of the 

basic elements of an imaging spectrometer. The input light 6501 from the sample may first be 

directed by a scanning mirror and/or other optics 6502. An optical dispersing element 6503, such 

as a grating or prism, in the spectrometer may split the light into many narrow, adjacent wavelength 

bands, which may then be passed through imaging optics 6504 onto one or more detectors or 

detector arrays 6505. Some sensors may use multiple detector arrays to measure hundreds of 

narrow wavelength bands. 

[0372] An example of a typical imaging spectrometer 6550 used in hyper-spectral imaging 

systems is illustrated in FIGURE 65B. In this particular embodiment, the input light may be 

directed first by a tunable mirror 6551. A front lens 6552 may be placed before the entrance slit 

6553 and the collector lens 6554. In this embodiment, the dispersing element is a holographic 

grating with a prism 6555, which separates the different wavelength bands. Then, a camera lens 

6556 may be used to image the wavelengths onto a detector or camera 6557. 

[0373] FIGURES 65 provide particular examples, but some of the elements may not be 

used, or other elements may be added, and these are also intended to be covered by this disclosure. 

For instance, a scanning spectrometer may be used before the detector, where a grating or 
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dispersive element is scanned to vary the wavelength being measured by the detector. In yet 

another embodiment, filters may be used before one or more detectors to select the wavelengths 

or wavelength bands to be measured. This may be particularly useful if only a few bands or 

wavelengths are to be measured. The filters may be dielectric filters, Fabry-Perot filters, 

absorption or reflection filters, fiber gratings, or any other wavelength selective filter. In one 

embodiment, a wavelength division multiplexer, WDM, may be used followed by one or more 

detectors or detector arrays. One example of a planar wavelength division multiplexer may be a 

waveguide grating router or an arrayed waveguide grating. The WDM may be fiber coupled, and 

detectors may be placed directly at the output or the detectors may be coupled through fibers to 

the WDM. Some of these components may also be combined with the configurations in FIGURE 

65. 

[0374] While the above detection systems could be categorized as single path detection 

systems, it may be advantageous in some cases to use multi-path detection systems. In one 

embodiment, a detection system from a Fourier transform infrared spectrometer, FTIR, may be 

used. The received light may be incident on a particular configuration of mirrors, called a 

Michelson interferometer, that allows some wavelengths to pass through but blocks others due to 

wave interference. The beam may be modified for each new data point by moving one of the 

mirrors, which changes the set of wavelengths that pass through. This collected data is called an 

interferogram. The interferogram is then processed, typically on a computing system, using an 

algorithm called the Fourier transform. One advantageous feature of FTIR is that it may 

simultaneously collect spectral data in a wide spectral range. 

[0375] FIGURE 66 illustrates one example of the FTIR spectrometer 6600. Light from 

the near-infrared or SWIR light source 6601 may be collimated and directed to a beam splitter 

6602. In one embodiment, the beam splitter 6602 may be a 50:50 beam splitter. One portion of 

the beam 6603 may be reflected toward a stationary mirror 6604, while the other portion of the 

beam 6605 may be transmitted towards a moving mirror 6606. Light may be reflected from the 

two mirrors 6604, 6606 back to the beam splitter 6602, and then a portion of the recombined beam 

6607 may be directed toward the sample 6608. The recombined beam 6607 may be focused onto 

the sample 6608, in one embodiment. On leaving the sample 6608, the light may be refocused or 

at least collected at a detector 6609. A background interferogram may be obtained by using the 
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set-up 6600 without a sample in the chamber 6608. When a sample is inserted into 6608, the 

background interferogram may be modulated by the presence of absorption bands in the sample. 

The FTIR spectrometer may have several advantages compared to a scanning (dispersive) 

spectrometer. Since all the wavelengths may be collected simultaneously, the FTIR may result in 

a higher signal-to-noise ratio for a given scan time or a shorter scan time for a given resolution. 

Moreover, unlike a spectrometer where a slit may limit the amount of the beam detected, the FTIR 

may accommodate the entire diameter of the beam coming from the light source 6601. The 

configuration 6600 is one example of an FTIR, but other configurations may also be used, and 

these are also intended to be covered by this disclosure. 

[0376] In yet another example of multi-beam detection systems, a dual-beam set-up 6700 

such as in FIGURE 67 may be used to subtract out ( or at least minimize the adverse effects of) 

light source fluctuations. In one embodiment, the output from an SC source 6701 may be 

collimated using a CaF2 lens 6702 and then focused into the entrance slit of the monochromator 

6703. At the exit slit, light at the selected wavelength is collimated again and may be passed 

through a polarizer 6704 before being incident on a calcium fluoride beam splitter 6705. After 

passing through the beam splitter 6705, the light is split into a sample 6706 and reference 6707 

arm to enable ratiometric detection that may cancel out effects of intensity fluctuations in the SC 

source 6701. The light in the sample arm 6706 passes through the sample of interest and is then 

focused onto a HgCdTe detector 6708 connected to a pre-amp. A chopper 6702 and lock-in 

amplifier 6710 setup enable low noise detection of the sample arm signal. The light in the reference 

arm 6707 passes through an empty container ( cuvette, gas cell etc.) of the same kind as used in the 

sample arm. A substantially identical detector 6709, pre-amp and lock-in amplifier 6710 is used 

for detection of the reference arm signal. The signal may then be analyzed using a computer 

system 6711. This is one particular example of a method to remove fluctuations from the light 

source, but other components may be added and other configurations may be used, and these are 

also intended to be covered by this disclosure. 

[0377] Although particular examples of detection systems have been described, 

combinations of these systems or other systems may also be used, and these are also within the 

scope of this disclosure. As one example, environmental fluctuations ( such as turbulence or winds) 

may lead to fluctuations in the beam for active remote sensing or hyper-spectral imaging. A 
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configuration such as FIGURE 67 may be able to remove the effect of environmental fluctuations. 

Yet another technique may be to "wobble" the light beam after the light source using a vibrating 

mirror. The motion may lead to the beam moving enough to wash out spatial fluctuations within 

the beam waist at the sample or detection system. If the vibrating mirror is scanned faster than the 

integration time of the detectors, then the spatial fluctuations in the beam may be integrated out. 

Alternately, some sort of synchronous detection system may be used, where the detection is 

synchronized to the vibrating frequency. 

[0378] Described herein are just some examples of the beneficial use of near-infrared or 

SWIR lasers for spectroscopy, active remote sensing or hyper-spectral imaging. However, many 

other spectroscopy and identification procedures can use the near-infrared or SWIR light 

consistent with this disclosure and are intended to be covered by the disclosure. As one example, 

the fiber-based super-continuum lasers may have a pulsed output with pulse durations of 

approximately 0.5-2nsec and pulse repetition rates of several Megahertz. Therefore, the near­

infrared or SWIR spectroscopy, active remote sensing or hyper-spectral imaging applications may 

also be combined with LIDAR-type applications. Namely, the distance or time axis can be added 

to the information based on time-of-flight measurements. For this type of information to be used, 

the detection system would also have to be time-gated to be able to measure the time difference 

between the pulses sent and the pulses received. By calculating the round-trip time for the signal, 

the distance of the object may be judged. In another embodiment, GPS (global positioning system) 

information may be added, so the near-infrared or SWIR spectroscopy, active remote sensing or 

hyper-spectral imagery would also have a location tag on the data. Moreover, the near-infrared or 

SWIR spectroscopy, active remote sensing or hyper-spectral imaging information could also be 

combined with two-dimensional or three-dimensional images to provide a physical picture as well 

as a chemical composition identification of the materials. These are just some modifications of 

the near-infrared or SWIR spectroscopy, active remote sensing or hyper-spectral imaging system 

described in this disclosure, but other techniques may also be added or combinations of these 

techniques may be added, and these are also intended to be covered by this disclosure. 

[0379J SECTION 5: NEAR-INFRARED SUPER-CONTINUUM LASERS FOR EARLY 

DETECTION OF BREAST AND OTHER CANCERS 
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[0380] To perform non-invasive optical mammography, one desired attribute is that the 

light may penetrate as far as possible into the breast tissue. In diffuse reflection spectroscopy, a 

broadband light spectrum may be emitted into the tissue, and the spectrum of the reflected or 

transmitted light may depend on the absorption and scattering interactions within the target tissue. 

Since breast tissue has significant water and hemoglobin content, it is valuable to examine the 

wavelength range over which deep penetration of light is possible. FIGURE 68 illustrates the 

optical absorption 6800 of pure water (dotted line) 6801, hemoglobin without oxygen (thinner 

solid line) 6802, and hemoglobin saturated with oxygen (thicker solid line) 6803. It can be noted 

that above about 1100nm, the absorption of hemoglobin is almost the same as water absorption. 

The penetration depth may be proportional to the inverse of the optical absorption. Therefore, the 

highest penetration depth will be at the absorption valley, approximately in the wavelength range 

between about 900nm and about 1300nm. Although not as low in absorption compared to the first 

window, another absorption valley lies between about 1600nm and 1800nm. Thus, non-invasive 

imaging preferably should use wavelengths that fall in one of these two absorption valleys. 

[0381] FIGURE 69 shows examples of various absorption bands of chemical species 6900 

in the wavelength range between about 1200nm and 2200nm. Although the fundamental 

absorptions usually lie in the mid-infrared (e.g., wavelengths longer than about 3 microns), there 

are many absorption lines in the NIR corresponding to the second overtone region 6901 between 

about 1000nm and 1700nm, the first overtone region 6902 between about 1500nm and 2050nm, 

and the combination band region 6903 between about 1900nm and 2300nm. As an example, 

hydrocarbon bonds common in many biological substances have their fundamental absorption in 

the mid-IR near 3300-3600nm, but they also have many combination band lines between 2000-

2500nm, and other lines at shorter wavelengths corresponding to the first and second overtones. 

Fortunately, there are spectral features of Figure 69 that overlap with the absorption valleys in 

Figure 68. These are likely to be the wavelengths of interest for spectroscopic analysis of 

cancerous regions. 

[0382] In women, the breasts (FIGURE 70) 7000 overlay the pectoralis major muscles 

7002 and cover much of the chest area and the chest walls 7001. The breast is an apocrine gland 

that produces milk to feed an infant child; the nipple 7004 of the breast is surrounded by an areola 

7005, which has many sebaceous glands. The basic units of the breast are the terminal duct lobules 
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7003, which produce the fatty breast milk. They give the breast its function as a mammary gland. 

The lobules 7003 feed through the milk ducts 7006, and in tum these ducts drain to the nipple 

7004. The superficial tissue layer (superficial fascia) may be separated from the skin 7008 by 

about 0.5-2.5cm of adipose of fatty tissue 7007. 

[0383] Breast cancer is a type of cancer originating from breast tissue, most commonly 

from the inner lining of milk ducts 7006, the lobules 7003 that supply the ducts with milk, and/or 

the connective tissue between the lobules. Cancers originating from ducts 7006 are known as 

ductal carcinomas, while those originating from lobules 7003 or their connective tissue are known 

as lobular carcinomas. While the overwhelming majority of human cases occur in women, male 

breast cancer may also occur. 

[0384] Several particular embodiments of imaging systems 7100, 7150 for optically 

scanning a breast are illustrated in FIG URE 71. In these particular embodiments, the patient 7101, 

7151 may lie in a prone position with her breasts inside a box 7102, 7152 with probably a 

transparent window on the detector side. A compression plate 7103, 7153 may hold the breast in 

place against the viewing window by mildly compressing the breast to a thickness between about 

5.5 and 7.5cm. The box 7102, 7152 may then be filled with a matching fluid with optical properties 

similar to human breast. In one instance, the matching fluid may comprise water, india ink for 

absorption, and a fat emulsion for scattering. The embodiments in FIGURE 71 may also have one 

or more detectors 7104, 7155, one or more light sources 7104, 7154, various electronics, and even 

an imaging system based on charge coupled devices 7105. As illustrated in FIGURE 71, the light 

sources 7104, 7154 and detectors 7104, 7155 may be coupled to the box 7102, 7152 through one 

or more fibers 7106, 7156. Also, the imaging may be in reflection mode (top of FIGURE 71), 

transmission mode (bottom of FIGURE 71), or some combination. 

[0385] Beyond the geometry and apparatus of FIGURE 71, the optical imaging system 

may use one or more of three different illumination methods: continuous wave, time-domain 

photon migration, and frequency-domain photon migration. In one embodiment, continuous-wave 

systems emit light at approximately constant intensity or modulated at low frequencies, such as 

0.1-1 00kHz. In another embodiment, the time-domain photon migration technique uses relatively 

short, such as 50-400psec, light pulses to assess the temporal distribution of photons. Since 
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scattering may increase the times of flight spent by photons migrating in tissues, the photons that 

arrive earliest at the detector probably encountered the fewest scattering events. In yet another 

embodiment, the frequency-domain photon migration devices modulate the amplitude of the light 

that may be continuously transmitted at relatively high frequencies, such as 10MHz to 1GHz. For 

example, by measuring the phase shift and amplitude decay of photons as compared to a reference 

signal, information may be acquired on the optical properties of tissue, and scattering and 

absorption may be distinguished. Beyond these three methods, other techniques or combinations 

of these methods may be used, and these other methods are also intended to fall within the scope 

of this disclosure. 

[0386] Although particular embodiments of imaging architectures are illustrated in 

FIGURE 71, other system architectures may also be used and are also intended to be covered by 

this disclosure. For example, in one embodiment several couples of optical fibers for light delivery 

and collection may be arranged along one or more rings placed at different distances from the 

nipple 7004. In an alternate embodiment a "cap" with fiber leads for light sources and detectors 

may be used that fits over the breast. In yet another embodiment, imaging optics and light sources 

and detectors may surround the nipple 7004 and areola 7005 regions of the breast. As yet another 

alternative, a minimally invasive procedure may involve inserting needles with fiber enclosure (to 

light sources and detectors or receivers) into the breast, so as to probe regions such as the lobules 

7003 and connective tissue. Both non-invasive and minimally invasive optical imaging methods 

are intended to be covered by this disclosure. 

[0387] OPTICAL WAVELENGTH RANGES FOR CANCER DETECTION 

[0388] Many of the diffuse optical tomography studies previously conducted have relied 

on using NIR in the wavelength range of about 600- lO00nm, where light absorption at these 

wavelengths may be minimal, allowing for sufficient tissue penetration (up to 15cm). In these 

wavelength ranges, it has been claimed that concentrations of oxy- and deoxy-hemoglobin, water, 

and lipids can be determined. For example, FIGURE 72 shows the normalized absorption spectra 

7200 of main tissue absorbers in the NIR between about 600nm and 1100nm: deoxy-hemoglobin, 

Hb, 7201, oxy-hemoglobin, HbO2, 7202, water 7203, lipids 7204 and collagen 7205. It is 

speculated that in a malignant tumor, hemoglobin concentration may be directly related to 
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angiogenesis, one of the main factors required for tumor growth and metastases. Moreover, the 

proportions of oxy- and deoxy-hemoglobin in a tumor may change due to its metabolism. Thus, 

by measuring concentrations of the breast components, discrimination of benign and malignant 

tumors may be possible with diffuse optical imaging. Experiment evidence suggests that 

cancerous tissue is associated with higher hemoglobin and water concentrations, and a lower lipid 

concentration with respect to normal breast tissue. 

[0389] Based on FIGURE 68 and the dynamics of carcinoma, it may be advantageous to 

perform spectroscopy in longer wavelengths, such as windows between 1000-1400nm or 1600-

1800nm. For example, looking at the absorption curves 6800 in FIGURE 68, the absorption 

between approximately 1000-1300nm may be comparable to the 600- lO00nm window described 

in FIGURE 72. However, the loss through the soft tissue medium (penetration depth may be 

inversely related to the loss) will be due to absorption and scattering. In fact, the scattering 

properties of tissue may also contain valuable information for lesion diagnosis. Since the 

scattering is inversely proportional to some power of wavelength (for example, in some tissue 

scattering is inversely proportional to the wavelength cubed), the scattering contribution to the loss 

may decrease at longer wavelengths. Moreover, these longer wavelength windows may contain 

diagnostic information on content of collagen and adipose, both of which may be significant 

indicators for breast cancer. 

[0390] Breast cancer spectroscopy may benefit from the use of wavelengths longer than 

about 1000nm for a number of reasons. As one example, the main absorbers in soft tissues of the 

visible spectrum of light may be oxy- and deoxygenated hemoglobin and beta-carotene. On the 

other hand, primary absorbers in the near-infrared spectrum of light may be water, adipose tissue 

and collagen. Particularly adipose and collagen content may be valuable for early detection of 

cancers. In one embodiment, increased levels of collagen in breast malignancies are thought to be 

due to increased vascularity of the tumors. Collagen type I may be an important component of 

artery walls. FIGURE 73 illustrates the normalized absorption coefficient 7300 in the wavelength 

range between about 500nm and 1600nm for Hb 7301, HbO2 7302, beta-carotene 7303, water 

7304, lipid 7305 and collagen 7306. 

[0391] COLLAGEN AND ADIPOSE SIGNATURES IN NEAR-IR 
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[0392] Examining the collagen content may be a valuable indicator for breast cancer 

detection. Collagen is one of the important extracellular matrix proteins, and fibrillar collagens 

help to determine stromal architecture. In turn, changes in the stromal architecture and 

composition are one of the aspects of both benign and malignant pathologies, and, therefore, may 

play an initial role in breast carcinogenesis. For example, collagen seems to be related to cancer 

development, because high mammographic density may be recognized as a risk factor for breast 

cancer. Moreover, collagen type in high-risk dense breasts may appear to be different from 

collagen in low-density breasts. 

[0393] Experimental data also shows that malignant mammary gland tissues of animals 

and humans show a decrease in lipids when compared to normal tissues. The reduced amounts of 

lipids in the cancerous sites may be caused by a high metabolic demand of lipids in the malignant 

tumors. For example, due to the rapid proliferation of cancerous cells, there may be reduced lipid 

content in cancerous tissues. Thus, in addition to collagen, another valuable marker for breast 

cancer may be the lipid spectral features. It may also be possible to combine the markers from 

oxy- and deoxygenated hemoglobin and water with lipid and collagen lines to improve the 

diagnostics and/or therapeutics of optical imaging and/or treatment for breast and other types of 

cancer. Although specific examples of tissue constituents are discussed, other tissue constituents 

and related markers may also be associated with breast cancer and other cancers, and these other 

constituents are also intended to be covered by this disclosure. 

[0394] As an example of the types of spectral signatures that may exist, m vivo 

investigations of progressive changes in rat mammary gland tumors were conducted using near­

infrared spectroscopy with a Fourier-transform infrared spectrometer. In one embodiment, 

FIGURE 7 4 shows the typical spectra of the cancerous site of the treated rat and the corresponding 

site of the normal rat. FIGURE 7 4A shows the logarithm of the inverse of reflection spectra 7 400, 

while FIGURE 74B shows their second derivative spectra 7450. The curves 7401, 7451 

correspond to the spectra of the cancerous sites, while 7 402, 7 452 correspond to the spectra of the 

normal sites. Since the second derivative techniques may be useful in the analyses of NIR spectra 

to minimize baseline offsets and to resolve overlapping absorption without compromising signal­

to-noise, FIGURE 74B may be used for interpretation of the spectral changes. 
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[0395] In FIGURE 74B identification may be made of several of the spectral features. In 

particular, there are DNA bands near 1471nm and 1911nm, while there are water bands near 

967nm, 1154nm, 1402nm, and 1888nm. Moreover, there are lipid bands near 1209nm, 1721nm 

and 1764nm, and there are protein bands near 2055nm, 2172nm and 2347nm. The NIR spectra of 

FIGURE 74 show that the DNA and water contents in the cancerous tissue may be higher than 

those in normal tissues. On the other hand, the lipid content in the cancerous tissue may be less 

than the lipid content in normal tissues. With protein contents, however, little difference may be 

found between the normal and cancerous tissue. 

[0396] These experiments on rats with breast cancer were also used to observe the temporal 

progression of the cancer. In this embodiment, as the cancer grew, the lipid band intensity 

decreased, and this band also shifted to higher wavelengths, and collagen peaks appeared in the 

tissues. In FIGURE 75, the second derivative spectral changes 7500 were investigated in the 

1600nm to 1800nm wavelength range over several weeks. An early cancer was detected in the 5th 

week, and then it grew rapidly from the 6th 7501 to the 7th 7502 week. The cancer's temporal 

progression through the 8th 7503, 9th 7504, 10th 7505 and 11th 7506 week are shown in the 

various curves in FIGURE 75. With the cancer growth, the intensity of the lipid band in the 

vicinity of 1721nm decreased, and this band shifted to higher wavelengths by 7nm at the 11th 

week 7506 compared to the wavelength band at the 5th week. The higher wavelength shift may 

indicate that an order parameter of the lipids increases with progressive cancer growth. 

[0397] Moreover, in the data of FIGURE 75 is seen that a new peak appeared as the cancer 

grew around 1690nm, which may be assigned to be a collagen absorption by comparison with the 

absorptions of standard collagen (c.f., FIGURE 78). The higher wavelength shift may be 

attributable to the formation of elastic fibers in the lipid layer with collagen induced in the cancer 

tissues, thus leading to an increased order parameter of the lipids. Thus, it can be seen that 

significant information about breast cancer tissue compared with normal tissue may be obtained 

by spectroscopy at the longer wavelengths in the near-infrared. 

[0398] The second derivative spectra may also be insightful for observing and monitoring 

changes in tissue as well as characterizing tissue in the near-infrared wavelength range. As an 

example, FIGURE 76 illustrates the second derivative spectra 7600 for cholesterol (similar to one 
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embodiment of lipids) 7601, collagen 7602, and elastin 7603. The left curve 7625 shows the 

second derivative data over the wavelength range of about 1150nm to 1300nm, while the right 

curve 7650 shows the second derivative data over the wavelength range of about 1600nm to 

1850nm. These wavelengths show numerous features for cholesterol/lipid 7601, collagen 7602, 

and elastin 7603, which again emphasizes the added value of using wavelengths longer than about 

1000nm for cancer diagnostics. 

[0399] To further illustrate the value of using longer wavelengths in the NIR or SWIR for 

observing changes in breast cancer and other cancer markers, the spectra of in water, lipids/adipose 

and collagen of different varieties may be studied. As one embodiment, the absorption coefficients 

7700 are shown in FIGURE 77 as a function of wavelength between about 1000nm and 2600nm. 

FIGURE 77 overlaps the absorption coefficient for water 7701, adipose 7702 (forms of adipose 

include fatty tissue and acids, lipids, and cholesterol), and collagen type I 7703. One may note 

that particular absorption peaks for adipose 7702 and collagen type I 7703 align at wavelengths 

near 1210nm 7704 and 1720nm 7705, which also correspond to local minima in water absorption. 

[0400] Moreover, the NIR spectra for collagen also depend on the type of collagen. As an 

example, FIGURE 78 illustrates the absorbance 7800 for four types of collagen: collagen I 7801, 

collagen II 7802, collagen III 7803, and collagen IV 7804. Collagen I, for instance, may be a 

major constituent of stroma. Also, collagen I and collagen III may be the principal collagens of 

the aorta. Since the spectra of the four collagens are distinctive, multicomponent analysis of 

collagens may possibly be used to distinguish the type of collagen involved. 

[0401] The experimental results discussed thus far indicate that breast cancer detection 

may benefit from spectroscopy in the NIR and SWIR, particularly wavelengths between 

approximately 1000-1400nm and 1600-1800nm. These are wavelength windows that may have 

deep penetration into soft tissue, while still falling within lower absorption valleys of water. 

Moreover, the longer wavelengths lead to less scattering in tissue and water, again permitting 

deeper penetration of the light. In the NIR and SWIR wavelength range, the spectra of standard 

samples of cholesterol, protein, collagen, elastin and DNA were measured to obtain information 

on their characteristic bands in the spectra of mammary gland tissues. Absorption peaks in the 

standard samples occur at the following exemplary wavelengths: 
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Collagen: 1182nm, 1360nm, 1426nm, 1496nm, 1569nm, 1690nm, 1732nm; 

Lipids: 1157nm, 1209nm, 1404nm, 1721nm, 1764nm; 

Cholesterol: 918nm, 1195nm, 1376nm, 1585nm, 1711nm, 1757nm; 

Protein: 910nm, 1143nm, 1186nm, 1279nm, 1420nm, 1503nm, 1579nm, 1690nm, 1739nm, 

1799nm; and 

DNA: 1414nm, 1471nm, 1626nm, 1728nm. 

[0402] Comparing these absorption features with the data in FIGURES 73-78 shows that 

there are absorption features or signatures in the second derivatives that can be used to monitor 

changes in, for example, collagen and lipids. By using broadband light and performing 

spectroscopy in at least some part of the wavelength windows between about 1000-1400nm and/or 

1600-1800nm, the collagen and lipid changes, or other constituent changes, may be monitored. In 

one embodiment, for breast cancer the decrease in lipid content, increase in collagen content, and 

possible shift in collagen peaks may be observed by performing broadband light spectroscopy and 

comparing normal regions to cancerous regions as well as the absorption strength as a function of 

wavelength. The spectroscopy may be in transmission, reflection, diffuse reflection, diffuse 

optical tomography, or some combination. Also, this spectroscopy may be augmented by 

fluorescence data, if particular tags or markers are added. Beyond looking at the absorbance, the 

data processing may involve also observing the first, second, or higher order derivatives. 

[0403] Broadband spectroscopy is one example of the optical data that can be collected to 

study breast cancer and other types of cancer. However, other types of spectral analysis may also 

be performed to compare the collagen and lipid features between different wavelengths and 

different tissue regions (e.g., comparing normal regions to cancerous regions), and these methods 

also fall within the scope of this disclosure. For example, in one embodiment just a few discrete 

wavelengths may be monitored to see changes in lipid and collagen contents. In a particular 

embodiment, wavelengths near 1200nm may be monitored in the second derivative data of 

FIGURE 76 to measure the cholesterol/lipid peak below 1200nm in 7601 versus the collagen peak 

above 1200nm in 7602. In yet another embodiment, the absorption features in FIGURE 73 may 
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be relied upon to monitor the lipid content 7305 by measuring near 1200nm and the collagen 

content 7306 by measuring near 1300nm. Although these embodiments use only two wavelengths, 

any number of wavelengths may be used and are intended to be covered by this disclosure. 

[0404J Thus, a breast cancer monitoring system, or a system to monitor different types of 

cancers, may comprise broadband light sources and detectors to permit spectroscopy in 

transmission, reflection, diffuse optical tomography, or some combination. In one particular 

embodiment, high signal-to-noise ratio may be achieved using a fiber-based super-continuum light 

source (described further herein). Other light sources may also be used, including a plurality of 

laser diodes, super-luminescent laser diodes, or fiber lasers. 

[0405] Wavelength ranges that may be advantageous for cancer detection include the NIR 

and SWIR windows ( or some part of these windows) between about 1000-1400nm and 1600-

1800nm. These longer wavelengths fall within local minima of water absorption, and the 

scattering loss decreases with increasing wavelength. Thus, these wavelength windows may 

permit relatively high penetration depths. Moreover, these wavelength ranges contain information 

on the overtone and combination bands for various chemical bonds of interest, such as 

hydrocarbons. 

[0406] These longer wavelength ranges may also permit monitoring levels and changes in 

levels of important cancer tissue constituents, such as lipids and collagen. Breast cancer tissue 

may be characterized by decreases in lipid content and increases in collagen content, possibly with 

a shift in the collagen peak wavelengths. The changes in collagen and lipids may also be 

augmented by monitoring the levels of oxy- and deoxy-hemoglobin and water, which are more 

traditionally monitored between 600-1000nm. Other optical techniques may also be used, such as 

fluorescent microscopy. 

[0407] To permit higher signal-to-noise levels and higher penetration depths, higher 

intensity or brightness of light sources may be used. With the higher intensities and brightness, 

there may be a higher risk of pain or skin damage. At least some of these risks may be mitigated 

by using surface cooling and focused infrared light, as further described herein. 
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[0408] 

COOLING 

[0409] 

LASER EXPERIMENTS: PENETRATION DEPTH, FOCUSING, SKIN 

Some preliminary experiments show the feasibility of using focused infrared light 

for non-invasive procedures, or other procedures where relatively shallow vessels below the skin 

are to be thermally coagulated or occluded with minimum damage to the skin upper layers. In one 

embodiment, the penetration depth and optically induced thermal damage has been studied in 

chicken breast samples. Chicken breast may be a reasonable optical model for smooth muscle 

tissue, comprising water, collagen and proteins. Commercially available chicken breast samples 

were kept in a warm bath (~32 degree Celsius) for about an hour, and then about half an hour at 

room temperature in preparation for the measurements. 

[041 OJ An exemplary set-up 7900 for testing chicken breast samples using collimated light 

is illustrated in FIGURE 79. The laser light 7901 near 980nm, 1210nm, or 1700nm may be 

provided from one or more laser diodes or fiber lasers, as described further below. In this instance, 

laser diodes were used, which comprise a plurality of laser diode emitters that are combined using 

one or more multiplexers (particularly spatial multiplexers), and then the combined beam is 

coupled into a multi-mode fiber (typically 100 microns to 400 microns in diameter). The output 

from the laser diode fiber was then collimated using one or more lenses 7902. The resulting beam 

7903 was approximately round with a beam diameter of about 3mm. The beam diameter was 

verified by blade measurements (i.e., translating a blade across the beam). Also, the time-averaged 

power was measured in the nearly collimated section after the lens using a large power meter. The 

chicken breast samples 7906 were mounted in a sample holder 7905, and the sampler holder 7905 

was mounted in tum on a translation stage 7904 with a linear motor that could move perpendicular 

to the incoming laser beam. Although particular details of the experiment are described, other 

elements may be added or eliminated, and these alternate embodiments are also intended to be 

covered by this disclosure. 

[04ll] For these particular experiments, the measured depth of damage (in millimeters) 

versus the incident laser power (in Watts) is shown 8000 in FIGURE 80. In this embodiment, 

laser diodes were used at wavelengths near 980nm, 1210nm and 1700nm. The curve 8001 

corresponds to about 980nm, the curve 8002 corresponds to about 1210nm, and the curve 8003 
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corresponds to about 1700nm. It may be noted that there is a threshold power, above which the 

damage depth increases relatively rapidly. For example, the threshold power for wavelengths 

around 980nm may be about 8W, the threshold power for wavelengths around 1210nm may be 

3W, and the threshold power for wavelengths around 1700nm may be about 1 W. The threshold 

powers may be different at the different wavelengths because of the difference in water absorption 

(e.g., 7701 in FIGURE 77). Part of the difference in threshold powers may also arise from the 

absorption of proteins such as collagen (e.g., 7703 in FIGURE 77). After a certain power level, 

the damage depth appears to saturate: i.e., the slope flattens out as a function of increasing pump 

power. 

[0412] In one embodiment, if the penetration depth is defined as the depth where damage 

begins to approximately saturate, then for wavelengths of about 980nm 8001 the penetration depth 

8006 may be defined as approximately 4mm, for wavelengths of about 1210nm 8002 the 

penetration depth 8005 may be defined as approximately 3mm, and for wavelengths of about 

1700nm 8003 the penetration depth 8004 may be defined as approximately 2mm. These are only 

approximate values, and other values and criteria may be used to define the penetration depth. It 

may also be noted that the level of damage at the highest power points differs at the different 

wavelengths. For example, at the highest power point of 8003 near 1700nm, much more damage 

is observed, showing evidence of even boiling and cavitation. This may be due to the higher 

absorption level near 1700nm (e.g., 7701 in FIGURE 77). On the other hand, at the highest power 

point 8001 near 980nm, the damage is not as catastrophic, but the spot size appears larger. The 

larger spot size may be due to the increased scattering at the shorter wavelengths (e.g., 7701 in 

FIGURE 77). Based on data 8000 such as in FIGURE 80, it may be possible to select the particular 

wavelength for the laser beam to be used in the non-invasive procedure. 

[0413] Even near wavelengths such as described in FIGURE 80, the particular wavelength 

selected may be more specifically defined based on the target tissue of interest. In one particular 

embodiment, the vessel lumen may be modeled as water, and for this example assume that 

wavelengths in the vicinity of 980nm are being selected to create thermal coagulation or occlusion. 

FIGURE 81 shows the optical absorption or density as a function of wavelength 8100 between 

approximately 700nm and 1300nm. Curves are shown for the water absorption 8101, hemoglobin 

Hb absorption 8102, and oxygenated hemoglobin HbO2 8103. In this example, two particular 
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wavelengths are compared: 980nm 8104 and 1075nm 8105. For instance, 980nm may be 

generated using one or more laser diodes, while 1075nm may be generated using an ytterbium­

doped fiber laser. If maximizing the penetration depth is the significant problem, then 1075nm 

8105 may be preferred, since it falls near a local minimum in water 8101, hemoglobin 8102, and 

oxygenated hemoglobin 8103 absorption. On the other hand, if the penetration depth at 980nm 

8104 is adequate and the problem is to generate heat through water absorption, then 980nm 8104 

may be a preferred wavelength for the light source because of the higher water absorption. This 

wavelength range is only meant to be exemplary, but other wavelength ranges and particular 

criteria for selecting the wavelength may be used and are intended to be covered by this disclosure. 

[0414] In another embodiment, focused infrared light has been used to preserve the top 

layer of a tissue while damaging nerves at a deeper level. For instance, FIGURE 82 illustrates the 

set-up 8200 used for the focused infrared experiments. In this embodiment, a lens 8201 is used to 

focus the light. Although a single lens is shown, either multiple lenses, GRIN (gradient index) 

lenses, curved mirrors, or a combination of lenses and mirrors may be used. In this particular 

example, the tissue 8204 is placed between two microscope slides 8202 and 8203 for in vitro 

experiments. The tissue 8204 is renal artery wall either from porcine or bovine animals (about 

1.2mm thick sample) - i.e., this is the artery leading to the kidneys, and it is the artery where 

typically renal denervation may be performed to treat hypertension. For this example, the 

minimum beam waist 8205 falls behind the tissue, and the intensity contrast from the front of the 

tissue ( closest to the lens) to the back of the tissue (furthest from the lens) is about 4: 1. These are 

particular ranges used for this experiment, but other values and locations of minimum beam waist 

may also be used and intended to be covered by this disclosure. 

[0415J For a particular embodiment, histology of the renal artery is shown in FIGURE 83A 

for no laser exposure 8300 and shown in FIGURE 83B with focused infrared laser exposure 8350. 

In this experiment, the beam diameter incident on the lens was about 4mm, and the distance from 

the edge of the flat side of lens to the minimum beam waist was about 3. 7 5mm. The beam diameter 

on the front side of the renal artery (i.e., the endothelium side) was about 1.6mm, and the beam 

diameter on the back side of the renal artery was about 0.8mm. In FIGURE 83A with no laser 

exposure, the layers of the artery wall may be identified: top layer of endothelium 8301 that is 

about 0.05mm thick, the media comprising smooth muscle cells or tissue 8302 that is about 
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0.75mm thick, and the adventitia 8303 comprising some of the renal nerves 8304 that is about 

1.1mm thick. These are particular values for this experiment, and other layers and thicknesses 

may also be used and are intended to be covered by this disclosure. 

[0416J The histology with focused infrared light exposure 8350 is illustrated in FIGURE 

83B. The laser light used is near 1708nm from a cascaded Raman oscillator (described in greater 

detail herein), and the power incident on the tissue is about 0.8W and the beam is scanned across 

the tissue at a rate of approximately 0.4mm/sec. The various layers are still observable: the 

endothelium 8351, the media 8352, and the adventitia 8353. With this type of histology, the non­

damaged regions remain darker (similar to FIGURE 83A), while the laser induced damaged 

regions turn lighter in color. In this example, the endothelium 8351 and top layer of the media 

8352 remain undamaged - i.e., the top approximately 0.5mm is the undamaged region 8356. The 

laser damaged region 8357 extends for about 1mm, and it includes the bottom layer of the media 

8352 and much of the adventitia 8353. The renal nerves 8354 that fall within the damage region 

8357 are also damaged (i.e., lighter colored). On the other hand, the renal nerves beyond this 

depth, such as 8355, may remain undamaged. 

[0417] Thus, by using focused infrared light near 1708nm in this example, the top 

approximately 0.5mm of the renal artery is spared from laser damage. It should be noted that when 

the same experiment is conducted with a collimated laser beam, the entire approximately 1.5mm 

is damaged (i.e., including regions 8356 and 8357). Therefore, the cone of light with the lower 

intensity at the top and the higher intensity toward the bottom may, in fact, help preserve the top 

layer from damage. There should be a Beer's Law attenuation of the light intensity as the light 

propagates into the tissue. For example, the light intensity should reduce exponentially at a rate 

determined by the absorption coefficient. In these experiments it appears that the focused light is 

able to overcome the Beer's law attenuation and still provide contrast in intensity between the front 

and back surfaces. 

[0418] In another embodiment, experiments have also been conducted on dermatology 

samples with surface cooling, and surface cooling is shown to preserve the top layer of the skin 

during laser exposure. In this particular example, the experimental set-up 8400 is illustrated in 

FIGURE 84. The skin sample 8404, or more generally sample under test, is placed in a sample 
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holder 8403. The sample holder 8403 has a cooling side 8401 and a heating side 8402. The heating 

side 8402 comprises a heater 8405, which may be adjusted to operate around 37 degrees Celsius -

i.e., close to body temperature. The cooling side 8401 is coupled to an ice-water bath 8407 (around 

2 degrees Celsius) and a warm-water bath 8406 (around 37 degrees Celsius) through a switching 

valve 8408. The entire sample holder 8403 is mounted on a linear motor 8409, so the sample can 

be moved perpendicular 8410 to the incoming light beam. 

[0419] In this embodiment, the light is incident on the sample 8404 through a sapphire 

window 8411. The sapphire material 8411 is selected because it is transparent to the infrared 

wavelengths, while also being a good thermal conductor. Thus, the top layer of the sample 8404 

may be cooled by being approximately in contact with the sapphire window 8411. The laser light 

8412 used is near 1708nm from a cascaded Raman oscillator (described in greater detail herein), 

and one or more collimating lenses 8413 are used to create a beam with a diameter 8414 of 

approximately 2mm. This is one particular embodiment of the sample surface cooling 

arrangement, but other apparatuses and methods may be used and are intended to be covered by 

this disclosure. 

[0420] Experimental results obtained using the set-up of FIGURE 84 are included in 

FIGURE 18. In this example, FIGURE 85 shows the MTT histochemistry of human skin 8500 

treated with~ 1708 nm laser (5 seconds pre-cool; 2mm diameter spot exposure for 3 seconds) at 

725 mW (A 8501, B 8502) corresponding to about 70 J/cm2 average fluence, and 830 mW (C 

8503, D 8504) corresponding to about 80 J/cm2 average fluence. The images in FIGURE 85 show 

that the application of a cold window was effective in protecting the epidermis 8505 (darker top 

layer) and the top approximately 0.4 or 0.5mm of the dermis 8506. As before, the darker regions 

of the histology correspond to undamaged regions, while the lighter regions correspond to 

damaged regions. In contrast, when no surface cooling is applied, then thermal damage to the 

dermis occurs in the epidermis and dermis where the laser exposure occurs, and the thermal 

damage extends to about 1.3 or 1.4 mm or more from the skin surface. Thus, surface cooling 

applied to the skin may help to reduce or eliminate damage to the top layer of the skin under laser 

exposure. 
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[0421] In summary, experiments verify that infrared light, such as near 980nm, 1210nm, 

or 1700nm, may achieve penetration depths between approximately 2mm to 4mm or more. The 

top layer of skin or tissue may be spared damage under laser exposure by focusing the light beyond 

the top layer, applying surface cooling, or some combination of the two. These are particular 

experimental results, but other wavelengths, methods and apparatuses may be used for achieving 

the penetration and minimizing damage to the top layer and are intended to be covered by this 

disclosure. In an alternate embodiment, it may be beneficial to use wavelengths near 1310nm if 

the absorption from skin constituents (FIGURE 77), such as collagen 7703, adipose 7702 and 

elastin 7704, are to be minimized. The water absorption 7701 near 1310nm may still permit a 

penetration depth of approximately 1cm, or perhaps less. In yet another embodiment, wavelengths 

near 1210nm may be beneficial, if penetration depths on the order of 3mm are adequate and less 

scattering loss (e.g. 7701 in FIGURE 77) is desired. Any of FIGURES 68, 73, 75, 77, or 78 may 

be used to select these or other wavelengths to achieve the desired penetration depth and to also 

perhaps target particular tissue of interest, and these alternate embodiments are also intended to be 

covered by this disclosure. 

[0422] LASER SYSTEMS FOR THERAPEUTICS OR DIAGNOSTICS 

[0423] Infrared light sources can be used for diagnostics and therapeutics in a number of 

medical applications. For example, broadband light sources can advantageously be used for 

diagnostics, while narrower band light sources can advantageously be used for therapeutics. In 

one embodiment, selective absorption or damage can be achieved by choosing the laser 

wavelength to lie approximately at an absorption peak of particular tissue types. Also, by using 

infrared wavelengths that minimize water absorption peaks and longer wavelengths that have 

lower tissue scattering, larger penetration depths into the biological tissue can be obtained. In this 

disclosure, infrared wavelengths include wavelengths in the range of approximately 0.9 microns 

to 10 microns, with wavelengths between about 0.98 microns and 2.5 microns more suitable for 

certain applications. 

[0424] As used throughout this document, the term "couple" and or "coupled" refers to 

any direct or indirect communication between two or more elements, whether or not those elements 

are physically connected to one another. In this disclosure, the term "damage" refers to affecting 
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a tissue or sample so as to render the tissue or sample inoperable. For instance, if a particular 

tissue normally emits certain signaling chemicals, then by "damaging" the tissue is meant that the 

tissue reduces or no longer emits that certain signaling chemical. The term "damage" and or 

"damaged" may include ablation, melting, charring, killing, or simply incapacitating the chemical 

emissions from the particular tissue or sample. In one embodiment, histology or histochemical 

analysis may be used to determine whether a tissue or sample has been damaged. 

[0425] As used throughout this disclosure, the term "spectroscopy" means that a tissue or 

sample is inspected by comparing different features, such as wavelength (or frequency), spatial 

location, transmission, absorption, reflectivity, scattering, refractive index, or opacity. In one 

embodiment, "spectroscopy" may mean that the wavelength of the light source is varied, and the 

transmission, absorption or reflectivity of the tissue or sample is measured as a function of 

wavelength. In another embodiment, "spectroscopy" may mean that the wavelength dependence 

of the transmission, absorption or reflectivity is compared between different spatial locations on a 

tissue or sample. As an illustration, the "spectroscopy" may be performed by varying the 

wavelength of the light source, or by using a broadband light source and analyzing the signal using 

a spectrometer, wavemeter, or optical spectrum analyzer. 

[0426] As used throughout this document, the term "fiber laser" refers to a laser or 

oscillator that has as an output light or an optical beam, wherein at least a part of the laser comprises 

an optical fiber. For instance, the fiber in the "fiber laser" may comprise one of or a combination 

of a single mode fiber, a multi-mode fiber, a mid-infrared fiber, a photonic crystal fiber, a doped 

fiber, a gain fiber, or, more generally, an approximately cylindrically shaped waveguide or light­

pipe. In one embodiment, the gain fiber may be doped with rare earth material, such as ytterbium, 

erbium, and/or thulium. In another embodiment, the infrared fiber may comprise one or a 

combination of fluoride fiber, ZBLAN fiber, chalcogenide fiber, tellurite fiber, or germanium 

doped fiber. In yet another embodiment, the single mode fiber may include standard single-mode 

fiber, dispersion shifted fiber, non-zero dispersion shifted fiber, high-nonlinearity fiber, and small 

core size fibers. 

[0427] As used throughout this disclosure, the term "pump laser" refers to a laser or 

oscillator that has as an output light or an optical beam, wherein the output light or optical beam 
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may be coupled to a gain medium to excite the gain medium, which in turn may amplify another 

input optical signal or beam. In one particular example, the gain medium may be a doped fiber, 

such as a fiber doped with ytterbium, erbium, and/or thulium. In another embodiment, the gain 

medium may be a fused silica fiber or a fiber with a Raman effect from the glass. In one 

embodiment, the "pump laser" may be a fiber laser, a solid state laser, a laser involving a nonlinear 

crystal, an optical parametric oscillator, a semiconductor laser, or a plurality of semiconductor 

lasers that may be multiplexed together. In another embodiment, the "pump laser" may be coupled 

to the gain medium by using a fiber coupler, a dichroic mirror, a multiplexer, a wavelength division 

multiplexer, a grating, or a fused fiber coupler. 

[0428] As used throughout this document, the term "super-continuum" and/or 

"supercontinuum" and/or "SC" refers to a broadband light beam or output that comprises a 

plurality of wavelengths. In a particular example, the plurality of wavelengths may be adjacent to 

one-another, so that the spectrum of the light beam or output appears as a continuous band when 

measured with a spectrometer. In one embodiment, the broadband light beam may have a 

bandwidth of at least 10nm. In another embodiment, the "super-continuum" may be generated 

through nonlinear optical interactions in a medium, such as an optical fiber or nonlinear crystal. 

For example, the "super-continuum" may be generated through one or a combination of nonlinear 

activities such as four-wave mixing, the Raman effect, modulational instability, and self-phase 

modulation. 

[0429] As used throughout this disclosure, the terms "optical light" and/or "optical beam" 

and or "light beam" refer to photons or light transmitted to a particular location in space. The 

"optical light" and or "optical beam" and/or "light beam" may be modulated or unmodulated, 

which also means that they may or may not contain information. In one embodiment, the "optical 

light" and/or "optical beam" and/or "light beam" may originate from a fiber, a fiber laser, a laser, 

a light emitting diode, a lamp, a pump laser, or a light source. 

[0430] As used throughout this document, the terms "near" or "about" or the symbol "-" 

refer to one or more wavelengths of light with wavelengths around the stated wavelength to 

accomplish the function described. For example, "near 1720nm" may include wavelengths of 

between about 1680nm and 1760nm. In one embodiment, the term "near 1720nm" refers to one 
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or more wavelengths of light with a wavelength value anywhere between approximately 1700nm 

and 1740nm. Similarly, as used throughout this document, the term "near 1210nm" refers to one 

or wavelengths of light with a wavelength value anywhere between approximately 1170nm and 

1250nm. In one embodiment, the term "near 1210nm" refers to one or more wavelengths of light 

with a wavelength value anywhere between approximately 1190nm and 1230nm. 

[0431] While exemplary embodiments are described above, it is not intended that these 

embodiments describe all possible forms of the disclosure. Rather, the words used in the 

specification are words of description rather than limitation, and it is understood that various 

changes may be made without departing from the spirit and scope of the disclosure. Additionally, 

the features of various implementing embodiments may be combined to form further embodiments 

of the disclosure. While various embodiments may have been described as providing advantages 

or being preferred over other embodiments with respect to one or more desired characteristics, as 

one skilled in the art is aware, one or more characteristics may be compromised to achieve desired 

system attributes, which depend on the specific application and implementation. These attributes 

include, but are not limited to: cost, strength, durability, life cycle cost, marketability, appearance, 

packaging, size, serviceability, weight, manufacturability, ease of assembly, etc. The 

embodiments described herein that are described as less desirable than other embodiments or prior 

art implementations with respect to one or more characteristics are not outside the scope of the 

disclosure and may be desirable for particular applications. 

126 

IPR2025-01254 Page 00247



OMNI0101PUSA13 

WHAT IS CLAIMED IS: 

1. An apparatus adapted to be worn by a user comprising: 

one or more biosensors adapted to be placed on the user, wherein one or more 

physiological parameters are measured, wherein measuring of the one or more physiological 

parameters comprises a differential measurement, and wherein the one or more physiological 

parameters comprises a pulse rate monitoring and a blood flow measurement; 

a light source comprising a plurality of light emitting diodes that are configured to 

generate an output optical light having one or more optical wavelengths; 

one or more lenses configured to receive at least a portion of the output optical light 

and to deliver a lens output light to tissue comprising skin; 

a detection system configured to receive at least a portion of the lens output light 

reflected from the tissue and to generate an output signal having a signal-to-noise ratio, wherein 

the detection system is configured to be synchronized to the light source, wherein the detection 

system comprises a plurality of detectors that are spatially separated from each other, and wherein 

at least one analog to digital converter is coupled to at least one of the plurality of detectors; 

wherein the output signal is indicative of the one or more physiological parameters; 

the apparatus being configured to increase the signal-to-noise ratio by increasing 

light intensity of at least one of the plurality of light emitting diodes from an initial light intensity; 

and 

the detection system further configured to: 

generate a first signal responsive to light received while the light emitting 

diodes are off, 

generate a second signal responsive to light received while at least one of 

the light emitting diodes is on, and 

increase the signal-to-noise ratio by comparing the first signal and the 

second signal; and 

wherein the apparatus is at least in part configured to determine, based at least in 

part on the output signal, that the apparatus is being worn by the user. 
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2. The apparatus of Claim 1, wherein the tissue further comprises blood vessels and 

the one or more physiological parameters are related to hypertension, and wherein the blood flow 

measurement is affected by a temporal lag between different parts of the user. 

3. The apparatus of Claim 1, wherein the tissue further comprises blood vessels and 

the one or more physiological parameters are related to hypertension, and wherein the differential 

measurement comprises a comparison of at least two separate spatial locations on the user. 

4. The apparatus of Claim 1, wherein the one or more physiological parameters is 

configured to change in response to stretching of a hand of the user, movement of a finger of the 

user, or movement of a thumb of the user, and wherein the apparatus is further configured to 

combine at least a part of the output signal with data from at least some other of the one of more 

biosensors. 

5. The apparatus of claim 1, wherein the apparatus further comprises a processor 

configured to be coupled to a non-transitory computer readable medium, and wherein the apparatus 

including the processor is configured to use artificial intelligence in making decisions associated 

with at least a portion of the output signal. 

6. The apparatus of claim 1, wherein the plurality of light emitting diodes comprises 

six light emitting diodes, and wherein the detection system comprises the plurality of detectors 

arranged along an arc. 

7. The apparatus of claim 6, wherein the apparatus is further configured to 

communicate with a smart phone or a tablet, the smart phone or the tablet comprising a wireless 

receiver, a wireless transmitter, a display, a speaker, a voice input module, one or more buttons or 

knobs, a microprocessor, and a touch screen. 

8. A wearable device configured to be worn by a user, the wearable device 

compnsmg: 

a light source configured to be on or off, responsive to the light source being on, the light 

source generates an output light; 
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a lens positioned to direct at least a portion of the output light towards a bodily tissue of 

the user; 

a detector; and 

a processor configured to: 

(i) responsive to the light source being on and the detector receiving at least a 

portion of the output light that is reflected from the bodily tissue of the user, generate a 

first output signal having a first signal-to-noise ratio; and 

(ii) responsive to the light source being off and the detector receiving ambient light, 

generate a second output signal having a second signal-to-noise ratio; 

(iii) generate a third output signal using at least a portion of the first output signal 

and at least a portion of the second output signal, the third output signal having a third 

signal-to-noise ratio that is greater than the first signal-to-noise ratio and greater than the 

second signal-to-noise ratio, the third output signal being associated with a physiological 

parameter of the user; and 

(iv) determine, based at least in part on the third output signal, that the wearable 

device is being worn by the user. 

9. The wearable device of claim 8, wherein the generation of the third output signal is 

in response to movement of a thumb and a finger of the user. 

10. The wearable device of claim 8, wherein the physiological parameter of the user 

changes in response to movement of a thumb and a finger of the user. 

11. The wearable device of claim 8, wherein at least a portion of the output light has an 

optical wavelength between about 700 nanometers and about 2500 nanometers. 

12. The wearable device of claim 8, wherein the physiological parameter of the user is 

associated with a blood constituent or a blood flow of the user. 

13. The wearable device of claim 8, wherein the processor is further configured to 

modulate the light source with a modulation frequency. 
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14. The wearable device of claim 13, wherein the processor is further configured to 

cause the detector to apply narrow band filtering to the at least a portion of the output light that is 

reflected from the bodily tissue of the user around the modulation frequency. 

15. A system for a device worn by a user comprising: 

a light source comprising a plurality of light emitting diodes that are configured to generate 

an output optical light having one or more optical wavelengths; 

one or more lenses configured to receive at least a portion of the output optical light and to 

direct a lens output light towards a bodily tissue of the user; and 

a detection system configured to receive at least a portion of the lens output light reflected 

from the bodily tissue and to generate an output signal having a signal-to-noise ratio, wherein the 

detection system is configured to be synchronized to the light source, wherein the signal-to-noise 

ratio of the output signal is increased by increasing light intensity of at least one of the plurality of 

light emitting diodes from an initial light intensity, wherein the detection system comprises a 

plurality of detectors that are spatially separated from each other, and wherein at least one analog 

to digital converter is coupled to at least one of the plurality of detectors; 

wherein the output signal is associated with one or more physiological parameters; and 

wherein the detection system configured to: 

generate a first signal responsive to light received while the light emitting diodes 

are off, 

generate a second signal responsive to light received while at least one of the light 

emitting diodes is on, and 

increase the signal-to-noise ratio by comparing the first signal and the second 

signal; and 

measuring the one or more physiological parameters when worn by the user, wherein the 

one or more physiological parameters change in response to stretching of a hand of the user, 

movement of a finger of the user, or movement of a thumb of the user, and wherein the device is 

at least in part configured to determine, based at least in part on the output signal, that the device 

is being worn by the user. 
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16. The system of claim 15, wherein the plurality of light emitting diodes comprises 

six light emitting diodes, and wherein the detection system comprises the plurality of detectors 

arranged along an arc. 

17. The system of claim 16, wherein the device is configured to use artificial 

intelligence in making decisions associated with at least a portion of the output signal. 

18. The system of claim 17, wherein the device is further configured to combine at least 

a part of the output signal with data from other non-invasive devices or biosensors adapted to be 

placed on the user. 

19. The system of claim 18, wherein the device is further configured to communicate 

with a smart phone or a tablet, the smart phone or the tablet comprising a wireless receiver, a 

wireless transmitter, a display, a speaker, a voice input module, a microprocessor, and a touch 

screen. 

20. The system of claim 19, the device further configured to be coupled to an imaging 

system configured to remotely sense the user, the imaging system comprising: 

a laser diode configured to be pulsed and to generate laser light having a laser wavelength, 

wherein the laser wavelength is a near-infrared wavelength between 700 nanometers and 2500 

nanometers, and wherein the laser diode comprises one or more Bragg reflectors; 

a beam splitter configured to receive at least part of received laser light from the laser diode 

and to split the received laser light into a sample arm light and a reference arm light, at least a 

portion of the sample arm light configured to be directed to the user; 

the imaging system further comprising a second plurality of detectors; and 

at least one of the second plurality of detectors configured to receive at least a portion of 

the reference arm light and configured to generate a reference detector output, and at least another 

of the second plurality of detectors configured to receive from the user at least a portion of reflected 

sample arm light and configured to generate a sample detector output; and 

wherein the imaging system is configured to measure time-of-flight based at least in part 

on the sample detector output. 
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ABSTRACT 

A wearable device to measure a user's physiological parameters comprising one or more 

biosensors, as well as a light source comprising light emitting diodes, lenses for directing light 

towards tissue of the user comprising blood vessels, and a detection system receiving reflected 

tissue light. The physiological parameters, for example hypertension, are measured with a 

differential measurement. For example, the physiological parameters may be associated with pulse 

rate and blood flow. The output signal is associated with the physiological parameters, and 

artificial intelligence may be used in making decisions regarding the output signal. Signal-to-noise 

ratio of the output signal may be improved by synchronizing the detection system to the light 

source, increasing light intensity, and detecting a change. The wearable device is configured to 

determine that is being worn by the user and may be configured to communicate with a smartphone 

or tablet. 
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for inspection of records. 
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NUMBER 

18/927,698 

109543 

UNITED STATES PATENT AND TRADEMARK 0FFIGE 

FILING or 
371(c)DATE 

10/25/2024 

GRPART 
UNIT FIL FEE REC'D 

1000 

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

P.O. Box 1450 
Alexandria, Vrrginia 22313-1450 
www.uspto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

OMNI0101PUSA13 20 3 
CONFIRMATION NO. 9133 

FILING RECEIPT 
Brooks, Kushman P.C./Cheetah Omni MedSci 
150 W 2nd St., Suite 400N 
RoyalOak,Ml48067 

1111111111111111111111111111~~~~~~~[~[1!1~~~~~~111111111111111111111111111 

Date Mailed: 11/06/2024 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

lnventor(s) 
Mohammed N. ISLAM, Ann Arbor, Ml; 

Applicant( s) 
OMNI MEDSCI, INC., Ann Arbor, Ml; 

Power of Attorney: The patent practitioners associated with Customer Number 109543 

Domestic Priority data as claimed by applicant 
This application is a CON of 18/899,012 09/27/2024 

which is a CON of 18/891,970 09/20/2024 
which is a CON of 18/438, 144 02/09/2024 
which is a CON of 18/103,408 01/30/2023 PAT 11,896,346 
which is a CON of 17/514,778 10/29/2021 PAT 11,564,577 
which is a CON of 17/078,771 10/23/2020 PAT 11,160,455 
which is a CON of 16/722,188 12/20/2019 PAT 10,820,807 
which is a CON of 16/506,885 07/09/2019 PAT 10,517,484 
which is a CON of 16/272,069 02/11/2019 ABN 
which is a CON of 16/029,611 07/08/2018 PAT 10,201,283 
which is a CON of 15/888,052 02/04/2018 PAT 10,136,819 
which is a CON of 15/212,549 07/18/2016 PAT 9,885,698 
which is a CON of 14/650,897 06/10/2015 PAT 9,494,567 
which is a 371 of PCT/US2013/075700 12/17/2013 
which claims benefit of 61/747,472 12/31/2012 

and said 16/506,885 07/09/2019 is a CON of 16/004,359 06/09/2018 PAT 11,109,761 
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which is a CON of 14/109,007 12/17/2013 PAT 9,993,159 
which claims benefit of 61/747,553 12/31/2012 

and said 16/506,885 07/09/2019 is a CON of 16/188, 194 11/12/2018 PAT 10,386,230 
which is a CON of 16/004,154 06/08/2018 PAT 10,126,283 
which is a CON of 15/855,201 12/27/2017 PAT 9,995,722 
which is a CON of 15/711,907 09/21/2017 PAT 9,897,584 
which is a DIV of 15/357,225 11/21/2016 PAT 9,797,876 
which is a CON of 14/650,981 06/10/2015 PAT 9,500,634 

and said 16/506,885 07/09/2019 is a CON of 16/241,628 01/07/2019 PAT 10,441,176 
which is a CON of 16/015,737 06/22/2018 PAT 10,172,523 
which is a CON of 15/594,053 05/12/2017 PAT 10,188,299 
which is a CON of 14/875,709 10/06/2015 PAT 9,651,533 
which is a CON of 14/108,986 12/17/2013 PAT 9,164,032 
which claims benefit of 61/747,487 12/31/2012 

and said 16/506,885 07/09/2019 is a CON of 16/284,514 02/25/2019 ABN 
which is a CON of 16/016,649 06/24/2018 PAT 10,213,113 
which is a CON of 15/860,065 01/02/2018 PAT 10,098,546 
which is a CON of 15/686, 198 08/25/2017 PAT 9,861,286 
which is a CON of 15/357,136 11/21/2016 PAT 9,757,040 
which is a CON of 14/651,367 06/11/2015 PAT 9,500,635 
which is a 371 of PCT/US2013/075736 12/17/2013 
which claims benefit of 61/747,477 12/31/2012 

and claims benefit of 61 /754,698 01/21/2013 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent 
Prosecution Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 11/05/2024 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 18/927 ,698 
Projected Publication Date: 02/13/2025 
Non-Publication Request: No 
Early Publication Request: No 
** SMALL ENTITY ** 
Title 

WEARABLE DEVICE FOR DIFFERENTIAL MEASUREMENT ON PULSE RATE AND BLOOD 
FLOW 

Preliminary Class 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: Yes 
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PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

page 3 of 4 

IPR2025-01254 Page 00259



This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

SelectUSA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 

page 4 of 4 

IPR2025-01254 Page 00260



PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PT0-875 18/927,698 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A 64 N/A 
(37 CFR 1.16(a), (b), or (c)) 
SEARCH FEE N/A N/A N/A 280 N/A 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A 320 N/A 
(37 CFR 1.16(0), (p), or (q)) 
TOTAL CLAIMS 20 minus 20 = 0 X = 0 OR 
(37 CFR 1.16(i)) 

INDEPENDENT CLAIMS 3 minus 3 = X = 0 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $310 ($155 for small entity) for each additional 336 
(37CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16U)) 0 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 1000 TOTAL 

APPLICATION AS AMENDED - PART II 

OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 
CLAIMS HIGHEST 

REMAINING NUMBER PRESENT RATE($) ADDITIONAL RATE($) ADDITIONAL 
<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR :::::: (37 CFR 1.16(i)) X = X = 

0 Independent Minus 
... = z X = OR X = w (37 CFR 1.16(h)) 

:::::: Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 
TOTAL OR TOTAL 

ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 
CLAIMS HIGHEST 

REMAINING NUMBER PRESENT RATE($) ADDITIONAL RATE($) ADDITIONAL 
(() AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = 
:::::: (37 CFR 1.16(i)) 

OR X = 

0 Independent Minus ... = z X = OR X = w (37 CFR 1.16(h)) 

:::::: Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
Tho" 1;_1,.. •-~ r,.1 1 ,-1.-.-~ n~- , 1c,h p.,,;,-1 r-~" /Tnto::,I nr " ic, tho 1,..;_1,.. ·-~ fn, ,nr-l in tho 1.-.-, in ·- 1• ·-- 1 
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United States Patent and Trademark Office 
Under Secretary of Commerce for I ntelfectua/ Property and 

Director of the United States Patent and Trademark Office 

WELCOME TO THE UNITED STATES PATENT AND TRADEMARK OFFICE (USPTO) 

Congratulations on taking the first step to protect your invention. You can now advertise or mark any products 

covered by this application for your invention as "Patent Peru:Jingn for as long as this application is pending! 

We are here to help you on the rest of your journey. 

New to the process? The Patent Basics page will take you from 

"What is a patent?" to assistance with the appiication process. 

• www.uspto.gov/PatentBasics 

Consider cost savings. You might qualify for small entity or 

micro entity status, which means a discount on most US PTO 

patent fees. 

• www.uspto.gov/EntityStatus 

Become a registered electronic filer (eFiler). You'li gain access 

to the full capabilities of Patent Center. As a registered eFiler, 

you can electronically view your subrnission, track the progress 

of your application, and respond to US PTO correspondence. 

• www.uspto.gov/NewPatentFi!ers 

learn how to identify which of your creative ideas might be 

intellectual property assets and how to protect them by using 

the USPTO intellectual Property (IP) Identifier. 

• ipidentifier.uspto.gov 

We also provide Pm Se Assistance, support specifically 

geared for independent inventors without an attorney or 

agent. Follow the link below, cail us at 866-767-3848, or email 

proseassistancecenter@uspto.gov. 

• www.uspto.gov/ProSePatents 

Need help near you? We have regional offices across the 

country, as well as Patent and Trademark Resource Centers in 

libraries in neariy every state, with specialists standing by to 

help you at no cost. 

• www.uspto.gov/locations 

• www.uspto.gov/ptrc 

Kathi Vida! 

Under Secretary of Commerce for Intellectual Prope,·ty and 

Di1·ecto1· of the United States Patent and Trademark Office 

Contact us: 

• General information: USPTO Contact Center 

- www.uspto.gov/help 

• Patent Center: 

Patent Electronic Business Center 

- www.uspto.gov/EBC 

• Pre or post-examination: Application Assistance Unit 

- www.uspto.gov/PatentAssistance 

Want to learn morn? 

• Access our free services all in one spot. Find all of our 

contact centers, nationwide services, events, education, 

and training. 

- www.uspto.gov/FreeServkes 

• Connect with us on lnstagrarn, Linked In, Twitter, 

Facebook, and YouTube. 

• Hear about resources for startups, inventors, and 

entrepreneurs, as well as our initiatives engaging women, 

the military community, and others. These programs offer 

helpful tips and tricks on identifying and rnanaging your i~1
, 

finding options for funding, and expanding your network to 

support your business. 

- www.uspto.gov/startups 

- www.uspto.gov/inventors 

www.uspto.gov/initiatives 

• We hope you connect with us by subscribing to receive 

important notifications by emaiL 

- www.uspto.gov/subscribe 

Derrick Brent 

Deputy Under Secretary of Co1,1r,1er-c:e for Intellectual Property and 

Deputy Director of the United States Patent and T,·ademark Office 
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UNITED STATES PATENT AND TRADEMARK 0FFIGE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Vrrginia 22313-1450 
www.uspto.gov 

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

18/927,698 10/25/2024 

109543 

Mohammed N. ISLAM OMNI0101PUSA13 
CONFIRMATION NO. 9133 

IMPROPER CFR REQUEST 
Brooks, Kushman P.C./Cheetah Omni MedSci 
150 W 2nd St., Suite 400N 
RoyalOak,Ml48067 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
*OC000000080283542* 

Date Mailed: 11/06/2024 

RESPONSE TO REQUEST FOR CORRECTED FILING RECEIPT 
Continuity, Priority Claims, Petitions, and Non-Publication Requests 

In response to your request for a corrected Filing Receipt, the Office is unable to comply with your request 
because: 

• The international (PCT) application number may only contain either a four-digit year with a six-digit 
sequence number (recommended) or a two-digit year with a five-digit sequence number. 

/ptnguyen/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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Doc code: I OS 
Doc description: Information Disclosure Statement (IDS) Filed 

PTO/SB/08a (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 18927698 

Filing Date 2024-10-25 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMNI0101 PUSA 13 

U.S.PATENTS I Rijffi§yij I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 5408409 1995-04-18 Glassman et al. 

2 5774213 1998-06-30 Trebino et al. 

3 5957854 1999-09-28 Besson et al. 

4 5970457 1999-10-19 Brant et al. 

5 6044283 2000-03-28 Fein et al. 

6 6278975 2001-08-21 Brant et al. 

7 6289238 2001-09-11 Besson et al. 

8 6441747 2002-08-27 Khair et al. 
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Application Number 18927698 

Filing Date 2024-10-25 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMNI0101 PUSA 13 

9 6549702 2003-04-15 Islam et al. 

10 6603910 2003-08-05 Islam et al. 

11 6898451 2005-05-24 Wuori 

12 7060061 2006-06-13 Altshuler et al. 

13 7167300 2007-01-23 Fermann et al. 

14 7263288 2007-08-28 Islam 

15 7278966 2007-10-09 Hjelt et al. 

16 7318909 2008-01-15 Lehmann et al. 

17 7433116 2008-10-07 Islam 

18 7519253 2009-04-14 Islam 

19 7787924 2010-08-31 Acosta et al. 
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Application Number 18927698 

Filing Date 2024-10-25 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMNI0101 PUSA 13 

20 8198589 2012-06-12 Talton et al. 

21 8463576 2013-06-11 Yuen et al. 

22 8472108 2013-06-25 Islam 

23 8948832 2015-02-03 Hong et al. 

24 9142117 2015-09-22 Muhsin et al. 

25 9326712 2016-05-03 Kiani 

26 9596990 2017-03-21 Park et al. 

27 9757040 2017-09-12 Islam 

28 9861286 2018-01-09 Islam 

29 9885698 2018-02-06 Islam 

30 6505133 2003-01-07 Hanna et al. 
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Application Number 18927698 

Filing Date 2024-10-25 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMNI0101 PUSA 13 

If you wish to add additional U.S. Patent citation information please click the Add button. I A<:1¢1 JI 
U.S.PATENT APPLICATION PUBLICATIONS I ijijfilqfij I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add buttonJ ,4-gg )I 
FOREIGN PATENT DOCUMENTS IRim@vil 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2j Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 □ 

If you wish to add additional Foreign Patent Document citation information please click the Add button I ,4-gg )I 
NON-PATENT LITERATURE DOCUMENTS IRim@vil 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 □ 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 

EXAMINER SIGNATURE 

Examiner Signature I I Date Considered 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i1 
English language translation is attached. 
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Application Number 18927698 

Filing Date 2024-10-25 

INFORMATION DISCLOSURE First Named Inventor I Mohammed N. ISLAM 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number OMNI0101 PUSA 13 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e)(1). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

D See attached certification statement. 

D The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

~ A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Kevin J. Heinl/ Date (YYYY-MM-DD) 2024-12-12 

Name/Print Kevin J. Heinl Registration Number 29805 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
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 Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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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 
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process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
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The information provided by you in this form will be subject to the following routine uses: 
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court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. 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. 

4. 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). 

5. 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. 

6. 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)). 

7. 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. 

8. 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 inspections or an issued patent. 

9. 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. 
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(57) Abstract: The invention relates to a device for moving 
an X-ray apparatus in a controlled manner. The inventive 
apparatus is embodied as a C-bow (9) that can be displaced 
in para11el in relation to at least two axes (18; 19) and is 
mounted on a pedestal (31) in a rotatable manner in relation 
to three axes (I 8; 19; 21 ). Said pedestal comprises rollers 
(3) which can be driven by a motor. The direction of said 
rollers can be control1ed. Each movement of the C-bow (9) 
is carried out in relation to a system of co-ordinates (29) and 
by means of controllable drive devices (6; 7; 37; 38). Said 
system is stationary in relation to the room. The drive de­
vices (6; 7; 37; 38) are controlled by means of a computer 
(23) or a control device (39; 48) which can be controlled 
by means of a sterile control console or is voice-controlled. 
Adjusted positions or projections of the C-bow (9) can be 
stored in the computer (23) in such a way that a desired po­
sition or projection can be reproduced. The C-bow (9) can 
be combined with a surgical navigation system which com­
prises a position detection device (27). By measuring a ref-

. erence base (51) that is provide~ with optical markers (28) 
and is applied to a patient (12) changes in the position of 
the patient (12) can thus be considered in such a way that 
an adjusted position and projection of the C-bow (9) can be 
reproduced after the patient ( 12) has changed position. 

(57) Zusammenfassung: Vorrichtung zur kontrollierten 
Bewegung eines als C-Bogen (9) ausgefiihrten Rontgenge­
rates, wobei der C-Bogen (9) parallel bezilglich mindestens 
zweier Achsen (18; 19) verschiebbar und bezilglich dreier 
Achsen (18; 19; 21) rotierbar auf einem Sockel (31) mit 
motorisch antreibbaren und bezilglich ihrer Richtung 
steuerbaren 

[Fortsetzung auf der niichsten Seite J 
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Verliffentlicbt: 
mit internationalem Recherchenbericht 
mit geanderten Anspriichen 

Zur Erkliirung der Zweibuchstaben-Codes, und der anderen 
Abkurzungen wird auf die Erkliirungen ("Guidance Notes on 
Codes and Abbreviations'') am Anfangjeder reguliirenAusgabe 
der PCT-Gazette verwiesen. 

Radern (3) montiert ist, wobei jede Bewegung des C-Bogens (9) relativ zu einem raumfesten Koordinatensystem (29) fiber steuer­
bare Antriebsvorrichtungen (6; 7; 37; 38) erfolgt. Die Steuerung dieser Antriebsvorrichtungen (6; 7; 37; 38) erfolgt entweder Uber 
eine Steuervorrichtung (39; 48), welche fiber eine sterile Steuerkonsole oder voice-controlled bedienbar ist, oder Uber einen Com­
puter (23). Im Computer (23) sind einmal eingestellte Positionen und Projektionen des C-Bogens (9) speicherbar, so dass eine 
gewilnschte Position und Projektion wieder reproduzierbar ist. Bei einer Kombination des C-Bogens (9) mit einem chirurgischen 
Navigationssystem, welches eine Positionserfassungsvorrichtung (27) umfasst, konnen mittels Vermessen einer an einem Patienten 
(12) angebrachten, mit optischen Markem (28) versehenen Referenzbasis (51) auch Lageanderungen des Patienten (12) so berilck­
sichtigt werden, dass eine einmal eingestellte Position und Projektion des C-Bogens (9) auch nach einer Lageanderung des Patienten 
(12) wiederherstellbar ist. 
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Vorrichtung zur kontrollierten Bewegung eines medizinischen Gerats 

Die Erfindung betrifft eine Vorrichtung zur kontrollierten Bewegung eines 

medizinischen Gerats gemass dem Oberbegriff des Patentanspruchs 1 und ein 

Verfahren zur kontrollierten Bewegung eines medizinischen Gerates gemass dem 

Oberbegriff des Patentanspruchs 25. 

R6ntgengerate, insbesondere solche, die auf einem C-fdrmigen Bogen an einem 

Ende eine Rontgenstrahlenquelle und am anderen Ende einen Rontgenstrahlen­

empfanger (im folgenden kurz "C-Bogen" genannt) aufweisen, gehoren zur 

Standardausstattung im unfallchirurgischen Operationssaal. Solche Gerate dienen 

der intraoperativen Bildgebung, um Repositionsmanover bei den zu behandelnden 

Frakturen zu steuern und um das Einbringen von lmplantaten fur die Stabilisierung 

der Fraktur zu kontroliieren. Bei Anwendung des C-Bogens mit modernen 

chirurgischen Navigationssystemen werden intraoperativ erzeugte, in einem 

Computer speicherbare Fluoroskopiebilder benutzt, um eine kontinuierliche 

Visualisierung des chirurgischen Verfahrens zu erlauben. 

Da bei dem oben beschriebenen Vorgehen mit R6ntgenstrahlen in Anwesenheit von 

Personen - Patient und OP Personal - gearbeitet wird, sollte die Positionierung des 

Rontgengerates ohne lange Durchleuchtungszeit erfolgen und schon beim ersten 

Versuch richtig sein. Bislang wird aber der C-Bogen im Operationssaal nicht vom 

Operateur selbst, sondern durch einen OP Pfleger bewegt. Schon die Kommunikation 

zwischen dem Operateur und dem OP Pfleger Ober eine gewunschte, 

auszufuhrende Bewegung des Gerates relativ zum Patienten beinhaltet zahlreiche 

Fehlerm6glichkeiten. Oft wird der C-Bogen nach einem Operationsschritt benutzt, um 

den Erfolg des Eingriffes zu kontrollieren und zu dokumentieren. Falls eine Korrektur 

des vorlaufigen Ergebnisses erforderlich ist, muss der C-Bogen aus der muhsam 

gefundenen richtigen Position wieder entfernt werden, da das Gerat den Operateur 

sonst bei der Durchfuhrung der Korrektur am lmplantat oder am Knochenbruch 

behindert. For die anschliessend notwendige Kontrolle muss der C-Bogen wiederum an 

die zuvor gefundene ,,richtige" Position dirigiert werden. Die Falge davon ist, dass oft 

lange Durchleuchtungszeiten entstehen, bis der Bildverstarker das richtige Bild 

Bestatigungskopie 
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liefert. Ein C-Bogen mit ,,Gedachtnis" fur eine einmal gefundene korrekte Einstellung 

wurde eine deutliche Verbesserung bedeuten. 

Hier will die Erfindung Abhilfe schaffen. Der Erfindung liegt die Aufgabe zugrunde, 

eine Vorrichtung zur kontrollierten Bewegung eines medizinischen Gerats, 

insbesondere eines Rontgengerates zu schaffen. 

Die Erfindung lost die gestellte Aufgabe mit einer Vorrichtung zur kontrollierten 

Bewegung eines medizinischen Gerats, insbesondere eines Rontgengerates, welche 

die Merkmale des Anspruchs 1 aufweist, sowie mit einem Verfahren zur kontrollierten 

Bewegung eines medizinischen Gerates, welches die Merkmale des Anspruchs 25 

aufweist. 

Variante ohne chirurgisches Navigationssystem (Basisversion) 

Damit ist der Vorteil erzielbar, dass die Bewegung des R6ntgengerates durch 

den Operateur selbst erfolgt. Die vom Operateur gegebenen und in seinem eigenen 

Koordinatensystem gedachten Anweisungen mussen dann nicht mehr van einer 

zweiten Person interpretiert und umgesetzt werden. 

Die erfindungsgemasse Vorrichtung zur kontrollierten Bewegung eines medizinischen 

Gerats dient zur steuerbaren Positionierung insbesondere eines Rontgengerates in 

den zwei Dimensionen (x/y) einer Ebene, insbesondere einer parallel zum Boden 

eines Operationssaals liegenden Ebene. Die Vorrichtung umfasst mindestens drei, 

motorisch antreibbare Rader, welche Ober eine erste, zur Ebene parallel verlaufende, 

das Zentrum des Rades durchstossende Drehachse und eine zweite, senkrecht zur 

Ebene verlaufende, in der Ebene des Rades oder parallel zu dieser liegende 

Drehachse verfugen. Die Rader sind relativ zueinander fest positioniert. Jedes der 

Rader verfugt Ober eine erste Antriebsvorrichtung, mit welcher das Rad um die erste 

Drehachse rotierbar ist und Ober eine zweite Antriebsvorrichtung, mit welcher das Rad 

um die zweite Drehachse zur Anderung seiner Laufrichtung drehbar ist. 

Die Rader konnen Ober ihre zweite Drehachse direkt am medizinischen Gerat 

befestigt sein, oder Ober ihre zweite Drehachse an einem als Plattform fur das 
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medizinische Gerat bestimmten Rahmen befestigt sein. Die Ausfuhrung mit Plattform 

eignet sich besonders zur Nachrustung bereits existierender Gerate, wahrend die 

Ausfuhrung mit direkt am Gerat befestigten Radern eher fur Neugerate in Betracht zu 

ziehen ist. 

Als erste und zweite Antriebsvorrichtungen sind Schrittmotoren, insbesondere 

elektronisch steuerbare Schrittmotoren einsetzbar. Ebenfalls sind Schrittmotoren auf 

der Basis der digitalen Antriebstechnik mdglich. Weiterfuhrende Angaben zu solchen 

Schrittmotoren konnen beispielsweise aus 

Dubbel; Taschenbuch fur den Maschinenbau; Hrsg. W. Beitz und K.-H. Grote; Springer 

Verlag, 19. Auflage, 1997; Seiten: T9 und V29 

entnommen werden. 

Das erfindungsgemasse Rontgengerat ist vorzugsweise in Form eines C-Bogen mit 

einem Sockel auf der erfindungsgemassen Vorrichtung montiert. Bei C-Bogen kommen 

ublicherweise neben den oben erwahnten zwei Verfahrrichtungen in der Ebene parallel 

zum Boden des Operationsraumes weitere Bewegungsachsen fur den C-Bogen relativ 

zum fahrbaren Sockel, welcher lediglich die Bewegungen des Gerates parallel zum 

Boden ausfuhrt, hinzu. Zur Handhabung des C-Bogens ist mindestens eine lineare 

Bewegung des C-Bogens parallel zu einer senkrecht auf dem Boden des 

Operationsraumes stehenden Achse (z-Achse) sowie Rotationbewegungen um 

mindestens zwei weitere Achsen notwendig. Auch diese Bewegungen des C-Bogens 

werden motorisiert ausgefuhrt. Der Antrieb dieser Bewegungen kann, wie vorangehend 

fur die Rader der erfindungsgemassen Vorrichtung beschrieben, ebenfalls mittels 

Schrittmotoren erfolgen. Fur lineare Bewegungen sind Linearmotoren, wie sie 

beispielsweise in 

Dubbel; Taschenbuch fur den Maschinenbau; Hrsg. W. Beitz und K.-H. Grote; Springer 

Verlag, 19. Auflage, 1997; Seiten: T9 und V31 

ausfuhrlich beschrieben werden, geeignet. 
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Die Steuerung aller oben erwahnten Antriebe kann einerseits durch den Operateur 

unter direkter visueller Kontrolle oder durch Aufrufen van gespeicherten Oaten 

bezuglich einer zuvor eingenommenen Position und Projektion erfolgen: 

1. Die erste Positionierung des C-Bogens erfolgt in dieser Ausfuhrungsform des 

erfindungsgemassen Rontgengerates durch den Operateur unter direkter Sichtkontrolle 

mittels: 

a) Nutzen einer sterilisierbaren, vorzugsweise drahtlos arbeitenden Steuerkonsole; 

oder 

b) Voice controlled (z.B. mit den Befehlen: vor, zuruck, rechts, links, schnell, 

langsam, schwenke um Achse A,B,C). 

2. Zur Positionierung des C-Bogens durch Aufrufen van gespeicherten Oaten umfasst 

das erfindungsgemasse R6ntgengerat zusatzlich einen Computer mit mindestens 

einem Datenspeicher, einem Bildschirm und einer Tastatur. Zur Vviederholung einer 

zuvor eingenommenen Projektion ergibt sich somit die Moglichkeit in Kombination mit 

dem Computer die bei der ersten Positionierung durchfahrenen Wege in ihrer zeitlichen 

Abfolge und Lange im Datenspeicher zu speichern und durch Aufruf einer im Computer 

gespeicherten Steuerfunktion zu reproduzieren. Der Aufruf dieser Steuerfunktion kann 

wiederum mittels einer Steuerkonsole oder ,,voice-controlled" (z.B. mit den Befehlen: 

Position 1, Position 2) erfolgen. 

Mit dem erfindungsgemassen Rontgengerat ist der Vorteil erzielbar, dass vom C­

Bogen eingenommene Positionen und Projektionen speicherbar sind und durch 

Abrufen der gespeicherten Oaten automatisch aus einer beliebigen Position wieder 

eingenommen werden konnen. Dies ist beispielsweise fur Kontrollen nach Korrekturen 

an einem lmplantat oder Knochenbruch, wozu der C-Bogen zwecks Nichtbehinderung 

des Operateurs aus seiner Position entfernt wird, gunstig. Die Steuerung des C-Bogens 

erhalt somit eine ,,Gedachtnisfunktion" bezuglich vorgangig eingestellter Projektionen. 

lntraoperativ bestimmte Positionen und Projektionen des C-Bogens bezuglich des 

Patienten lassen sich daher vom Operateur nach Durchfuhrung weiterer 

Operationsschritte beliebig oft wieder reproduzieren, ohne dass erneute 

Durchleuchtungskontrollen fur die Positionierung notwendig sind. Die 

computergesteuerte Ausfuhrungsform ermoglicht zudem eine Visualisierung des 
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geplanten Verfahrweges des C-Bogens auf dem Bildschirm des Computers, wodurch 

Kollisionen mit Gegenstanden im Operationsraum beim automatischen Positionieren 

vermeidbar werden. 

C-Bogen mit kombiniertem chirurgischen Navigationssystem 

In einer weiteren Ausfuhrungsform des erfindungsgemassen Rontgengerates wird 

dieses kombiniert mit einem chirurgischen Navigationssystem betrieben. Solche 

chirurgische Navigationssysteme umfassen mindestens einen Computer mit 

Datenspeicher und entsprechenden Bedienungselementen sowie eine vorzugsweise 

optoelektronische Positionserfassungsvorrichtung zur Ermittlung der Lage van 

optischen Markern innerhalb eines drei-dimensionalen Koordinatensystem im 

Operationsraum. Als chirurgisches Navigationssystem kann beispielsweise ein auf dem 

Markt erhaltliches Gerat .,Surgigate", welches von der Firma MEDIVISION, Oberdorf, 

Schweiz vertrieben wird, eingesetzt werden. Haufig werden solche 

Navigationssysteme mit einer optoelektronischen Positionserfassungsvorrichtung, 

beispielsweise einem im Handel erhaltlichen Gerat Optotrak 3020 (three-dimensional 

motion measurement system) van Northern Digital, Ontario, Canada betrieben. Die 

Aufgabe des Steuerungscomputers fur die Antriebsvorrichtungen des C-Bogens kann 

hier durch den im Navigationssystem integrierten Computer 0bernommen werden. Zur 

Erfassung der Position und Projektion des C-Bogens sind am C-Bogen mindestens drei 

nicht kollinear angeordnete, optische Marker, vorzugsweise LED (Light Emitting 

Dioden) oder lnfrarot-LED angebracht. Die Lage der optischen Marker innerhalb des 

dreidimensionalen Koordinatensystems im Operationsraum wird durch die 

optoelektronische Positionserfassungsvorrichtung vermessen und die sich daraus 

ergebenden Koordinaten im Datenspeicher des Computers abgespeichert. Aus der 

Lage aller Marker kann dann durch den Computer die Position und Projektion des C­

Bogens im Operationsraum berechnet werden. 

Um den C-Bogen erstma!s in eine gewunschte Position zu bringen, kann neben der 

Steuerung durch den Computer eine weitere Steuerung (ahnlich zur Ausfuhrungsform 

ohne Kombination mit einem chirurgischen Navigationssystem) fur die jeweils erste 

Primarpositionierung des C-Bogens in das System integriert sein. Als Optionen fur 

diese weitere Steuerung ergeben sich: 
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a) Steuerung des C-Bogens durch Spracheingabe mittels der Stimme; 

b} Steuerung des C-Bogens Ober eine sterile Steuerkonsole (Virtual Keyboard), welche 

im chirurgischen Navigationssystem integrierbar ist; und 

c) Steuerung des C-Bogens mittels eines mit optischen Markern versehenen Pointers. 

Der Pointer gemass c) umfasst mindestens drei optische, nicht kollinear angeordnete 

Marker, vorzugsweise LED {Light Emitting Dioden) oder lnfrarot-LED, welche an einem 

Stab angebracht sind. Der Pointer wird vom Operateur bezOglich des Patienten so 

ausgerichtet, dass die Langsachse des Stabes den zentralen Rontgenstrahl des C­

Bogens simuliert. Zur Erfassung der Position und Orientierung des Pointers werden 

mittels der Vermessungsvorrichtung die optischen Marker bezuglich ihrer raumlichen 

Lage vermessen und im Computer anschliessend die Lage und Orientierung des 

Pointers bestimmt. Ebenfalls durch den Computer !asst sich eine Ebene im Raum 

bestimmen, welche senkrecht zur Langsachse des Pointers steht. Diese Ebene 

definiert die gewOnschte Projektionsebene fur die Primarpositionierung des C-Bogens. 

Anschliessend wird dem Rontgengerat der Befehl erteilt, die so definierte Position und 

Projektion einzunehmen. 

Auch in der hier beschriebenen Ausfuhrungsform konnen vom C-Bogen eingenommene 

Positionen und Projektionen im Computer abgespeichert werden, so dass durch 

spateres Wiederaufrufen der entsprechenden Oaten vom C-Bogen zuvor 

eingenommene Positionen und Projektionen reproduzierbar sind. 

Seim Einsatz eines chirurgischen Navigationssystemes mit Positions-

erfassungsvorrichtung besteht zusatzlich die Moglichkeit an einem Patienten eine 

Referenzbasis mit mindestens drei optischen, nicht kollinear angeordneten Markern zu 

befestigen. Dadurch k6nnen intraoperative Lageveranderungen des Patienten mittels 

Lagevermessung dieser Marker vermessen werden und die veranderte Position der 

Referenzbasis im Datenspeicher des Computers abgespeichert werden. Soll in der 

veranderten zweiten Position des Patienten im Operationsraum ein Rontgenbild 

aufgenommen werden, dessen Projektionsebene derjenigen eines in der ersten 

Position des Patienten aufgenommenen Rontgenbildes entspricht, kann mittels des 

Computers eine Koordinatentransformation durchgefuhrt werden und diejenige Position 
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und Projektion des C-Bogens berechnet und vom C-Bogen angefahren werden, welche 

in der zweiten Position des Patienten die Aufnahme eines Rontgenbildes mit der zum 

gewahlten, in der ersten Position aufgenommen Rontgenbild ubereinstimmenden 

Projektionsebene erm6glicht. Auf diese Art lasst sich trotz m6glicher Bewegungen der 

Referenzbasen, z. B. bei der Frakturreposition, die identische Bildebene wieder 

herstellen. Das heisst, diese AusfOhrungsform des erfindungsgemassen 

Rontgengerates berucksichtigt bei der Wiederherstellung gespeicherter Projektionen 

mogliche Patientenbewegungen. 

Fur Kontrollen soil die zur einer vorherigen Position und Projektion des C-Bogens 

identische Position und Projektion wiederherstellbar sein. Dies ist durch Kombination 

des Computers mit der oben erwahnten weiteren Steuerung des C-Bogens moglich. Als 

Optionen fur Eingabe der Steuerbefehle fur diese weitere Steuerung ergeben sich auch 

hier: 

a) Steuerung des C-Bogens durch Spracheingabe; 

b} Steuerung des C-Bogens uber eine sterile Steuerkonsole (Virtual Keyboard), welche 

im chirurgischen Navigationssystem integrierbar ist; und 

c) Steuerung des C-Bogens mittels eines mit optischen Markern versehenen Pointers. 

Die durch die Erfindung erreichten Vorteile sind im wesentlichen darin zu sehen, dass 

dank der erfindungsgemassen Vorrichtung der Bildverstarker im unfallchirurgischen 

Operationssaal wie bisher eingesetzt werden kann, dieser jedoch mit Hilfe der 

Steuerung solche Positionen einnimmt, die unmittelbar zur gewunschten Bifdebene 

fuhren und diese z.B. nach AusfOhren weiterer Operationsschritte aufgrund der 

Datenspeicherung beliebig oft fur weitere Kontrollen wieder eingenommen werden 

kann. 

Das erfindungsgemasse Verfahren zur kontrollierten Bewegung eines medizinischen 

Gerates, insbesondere eines Rontgengerates mit einer der oben beschriebenen 

Vorrichtungen umfasst die Verfahrensschritte: 

A) Eingabe eines Befehls zur Bewegung des Gerates in eine gewunschte Position 

durch den Bediener; 

B) Verarbeiten dieses Befehls in Steuersignale durch eine Steuerungsvorrichtung; 
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C) Obertragen dieser Steuersignale an die an der Vorrichtung angebrachten 

Antriebsvorrichtungen; 

D} Verfahren der bewegbaren Elemente in die gewunschte Position mittels der 

Antriebsvorrichtungen. 

Die Eingabe des Befehls durch den Bediener kann mitte!s einer von Hand bedienbaren 

Steuerkonsote, als sprachliche Befeh!seingabe oder Qber eine Tastatur oder eine Maus 

in einen Computer erfolgen. 

Seim Einsatz eines Computers kann eine einmal eingenommene Position des Gerates 

im Datenspeicher dieses Computers abgespeichert werden, wobei die Position des 

Gerates durch Ermitte!n der durchfahrenen Wege der bewegbaren Elemente in ihrer 

zeitlichen Abfolge und Lange im Computer berechenbar und im Datenspeicher 

abspeicherbar ist. 

Anstelle der Berechnung der Position kann diese bei Anwendung einer 

optoelektronischen Positionserfassungsvorrichtung auch mittels Ausmessen der Lage 

von am Gerat angebrachten optischen Markern durch die optoelektronische 

Positionserfassungsvorrichtung im Datenspeicher abgespeichert werden. 

Bei Kombination der Vorrichtung mit einem Computer ergibt sich somit der Vorteil, dass 

eine einmal eingenommene Position des Gerates durch Aufruf einer Steuerfunktion 

und der im Datenspeicher abgespeicherten Oaten wieder herste!ibar ist. 

Die Erfindung und Weiterbildungen der Erfindung werden im folgenden anhand 

der teilweise schematischen Darstellungen mehrerer Ausfuhrungsbeispiele noch 

naher erlautert. 

Es zeigen: 

Fig. 1 eine perspektivische Darstellung der erfindungsgemassen 

Vorrichtung in Form einer f ahrbaren Plattform fur ein medizinisches Rontgengerat; 
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Fig. 2 eine vergrosserte perspektivische Darstellung eines Rades der Vorrichtung nach 

Fig. 1; 

Fig. 3 eine Darstellung einer Gesamtvorrichtung, welche die Plattform nach Fig. 1 und 

das darauf gestellte medizinische Rontgengerat umfasst; 

Fig. 4 eine perspektivische Darstellung einer computergesteuerten Gesamtvorrichtung; 

und 

Fig. 5 eine perspektivische Darstellung einer Gesamtvorrichtung mit integrierter 

Positionserf assungs vorrichtung. 

Fig. 1 und 2 zeigen die erfindungsgemasse Vorrichtung zur kontrollierten Bewegung 

eines medizinischen Gerats in den zwei Dimensionen (x/y) einer Ebene 2, welche 

durch den Boden eines Operationssaals definiert ist. Ein ebener Rahmen 8 umfasst 

vier motorisch antreibbare Rader 3, welche Ober eine erste, zur Ebene 2 parallel 

verlaufende, das Zentrum des Rades 3 durchstossende Drehachse 4 und eine 

zweite, senkrecht zur Ebene 2 verlaufende, in der Ebene des Rades 3 liegende 

Drehachse 5 verfugen. Die Befestigung der Rader 3 am Rahmen 8 erfolgt Ober 

Winkelplatten 42, deren erster Plattenteil 43 am Rahmen 8 befestigt ist und in deren 

zweitem, rechtwinklig zum ersten Plattenteil 43 stehenden Plattenteil 44 die 

Radaufhangung 45 um die zweite Drehachse 5 rotierbar befestigt ist. An der 

Radaufhangung 45 sind die Radachsen 46 konzentrisch zur Drehachse 4 befestigt, so 

dass die mit den Radachsen 46 verbunden Rader 3 um die Orehachse 4 rotierbar sind. 

Die ersten Antriebsvorrichtungen 6, vorzugsweise Schrittmotoren, der Rader 3 sind 

radseitig und auf der lnnenseite der Winkelplatte 42 mil den zweiten Plattenteilen 44 

verbunden und ermoglichen eine Rotation der Rader 3 um deren erste Drehachse 4. 

Die zweiten Antriebsvorrichtungen 7, vorzugsweise Schrittmotoren, sind auf den von 

den Radern 3 abgewandten Aussenseiten der Winkelplatten 42 mit den zweiten 

Plattenteilen 44 verbunden und ermoglichen eine Rotation der Radaufhangungen 45 

und damit der Rader 3 um deren zweite Drehachse 5. An beiden Antriebsvorrichtungen 

6;7 sind Empfanger 47 angebracht, welche die von einer Steuerung 48 ausgesendeten 

Steuersignale an die Antriebsvorrichtungen 6;7 ubertragen. Die Steuerung 48 ist 

vorzugsweise fest programmierbar und Ober ein Mikrophon 40 voice-controlled 
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bedienbar. Die vom Mikrophon 40 empfangenen Sprachsignale werden durch eine 

Spracherkennungseinheit 60 (voice-coder od. voice recognition unit) in Analogsignale 

oder digitale Signale gewandelt und an die Steuerung 48 Obertragen. Die Steuerung 48 

verarbeitet diese von der Spracherkennungseinheit 60 erhaltenen Signale in 

entsprechende Steuersignale fur die Antriebsvorrichtungen 6;7 und Obermittelt diese 

Steuersigna\e drahtlos mittels eines Senders 62 an die an den Antriebsvorrichtungen 

6;7 angebrachten Empfanger 47. Anstelle eines einze\nen Senders 62, welcher die 

Steuersignale an alle Empfanger 47 Obertragt, konnen auch mehrere Sender verwendet 

werden, wobei jeweils ein Sender zur Steuersigna!Obertragung an einen ihm 

zugeordneten Empfanger dient. Die Zuordnung kann beispielsweise durch 

Verwendung bestimmter Frequenzen erfolgen. Vorzugsweise bei Neugeraten besteht 

die Moglichkeit, anstelle einer drahtlosen Steuersignalubermittlung die Steuerung 48 

komplett in die Vorrichtung oder das medizinische Gerat zu integrieren, so dass auch 

eine Obermittlung der Steuersignale von der Steuerung 48 an die Antriebsvorrichtungen 

6;7 mittels Kabeln moglich ist. 

Fig. 3 zeigt eine Ausfuhrungsform des erfindungsgemassen Rontgengerates als C­

Bogen 9 mit einem auf dem Boden des Operationsraumes fahrbaren Sockel 31, einer 

Rontgenstrahlenquelle 11 und einem Rontgenstrahlenempfanger 15, welche in einem 

Operationsraum um einen Operationstisch 13 angeordnet sind. Der fahrbare Sockel 31 

ist in der Ebene 2, welche durch den Boden des Operationsraumes definiert ist, mittels 

der steuerbaren, am Sockel 31 Ober ihre zweite Drehachse 5 (Fig. 2) befestigten Rader 

3 frei bewegbar, wodurch die Verschiebbarkeit des Rontgengerates bezuglich zweier 

senkrecht zueinander stehender, in der Ebene 2 liegender Achsen (x;y) erzielt wird. 

Die Rontgenstrahlenquelle 11 und der Rontgenstrahlenempfanger 15 sind einander 

gegenuberliegend auf einer Zentralachse 32 angeordnet und mittels eines 

kreisbogenf6rmigen Tragers 14 fest verbunden und bilden den C-Bogen 9. Die 

Zentralachse 32 steht senkrecht zur Bildebene des aufzunehmenden Rontgenbildes 

und ebenso senkrecht zur Symmetrieachse 34 des Kreisbogens des Tragers 14. Der 

Trager 14 des C-Bogens 9 ist verschiebbar mit dem ersten EndstOck 35 eines weiteren 

Verbindungstragers 33 verbunden, wobei die Verschiebbarkeit zwischen 

Verbindungstrager 33 und dem C-formigen Trager 14 entlang der ausseren Peripherie 

des C-formigen Tragers 14 erfolgt und dadurch eine Rotation des C-Bogens 9 um eine 

Achse 20 ermoglicht wird, welche senkrecht auf einer durch die Symmetrieachse 34 
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und die Zentralachse 32 aufgespannten Ebene steht. Im Spezialfall der isozentrischen 

Bauweise liegt die Achse 20 im Zentrum des durch den Trager 14 definierten 

Halbkreises. Diese Bauweise weist zahlreiche Vorteile auf, u.a. dass ein einmal in den 

Bildmittelpunkt eingestelltes Objekt durch Rotationsbewegung um die Achse 20 nicht 

mehr aus dem Mittelpunkt herauswandert. Diese Bauform kommt jetzt mit neuen 

Geraten, beispielsweise bei dem Siremobil lso-C von Siemens. Bei der nicht 

isozentrischen Bauweise liegt die Achse 20 auf der Symmetrieachse 34, jedoch 

ausserhalb des Mittelpunktes des Tragers 14, so dass die Strecke van der Achse 20 

zum Trager 14 entlang der Symmetrieachse 34 !anger ist als der Radius des Tragers 

14. Oadurch ist der C-Bogen 9 austariert, d.h. er hat nicht die Tendenz, eine einmal 

eingestellte Projektion selbsttatig wieder zu verlassen durch Rotation des C-Bogens 9 

um die Achse 20. Die Rotation des C-Bogens 9 relativ zum Verbindungstrager 33 ist 

ebenfalls nur bei einzelnen Bauformen vorhanden und erfolgt dann um eine bezuglich 

des Tragers 14 radiale, die Verbindung zwischen Verbindungstrager 33 und Trager 14 

schneidende Achse 21. Der Verbindungstrager 33 ist mit seinem zweiten Endstuck 36 

mit dem fahrbaren Sockel 31 bewegbar verbunden. Die Bewegung des 

Verbindungstragers 33 relativ zum fahrbaren Sockel 31 ist einerseits durch eine 

Verschiebbarkeit parallel zu einer senkrecht auf der Ebene 2 stehenden Achse 18 und 

eine Rotation um diese Achse 18 gegeben. Andererseits ist auch eine Verschiebbarkeit 

des Verbindungstragers 33 parallel zu einer weiteren, parallel zur Ebene 2 

verlaufenden Achse 19 sowie eine Rotation des Verbindungstrager 33 um diese Achse 

19 mbglich. Der Antrieb der bewegten E!emente erfolgt durch lineare 

Antriebsvorrichtungen 37 und rotative Antriebsvorrichtungen 6;7;38, welche uber eine 

im Sockel 31 integrierte, vorzugsweise elektronische Steuerungsvorrichtung 39 

steuerbar sind. Bedient wird die Steuerungsvorrichtung 39 voice-controlled Ober ein 

ebenfalls im Sockel 31 integriertes Mikrophon 40. Die Steuerungsvorrichtung 39 ist 

vorzugsweise fest programmierbar. Die vom Mikrophon 40 empfangenen 

Sprachsignale werden auch hier durch eine Spracherkennungseinheit 60 (voice-coder 

od. voice recognition unit) in Analogsignale oder digitale Signale gewandelt und an die 

Steuerungsvorrichtung 39 Obertragen. Die Steuerungsvorrichtung 39 verarbeitet diese 

von der Spracherkennungseinheit 60 erhaltenen Signale in entsprechende 

Steuersignale fur die Antriebsvorrichtungen 6;7;37;38 und ubermittelt diese 

Steuersignale. Die Obertragung der Steuersignale van der Steuerungsvorrichtung 39 an 

die Antriebsvorrichtungen 6;7;37;38 erfolgt Ober Kabel. Das vom 
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R6ntgenstrahlenempfanger 15 empfangene Rontgenbild wird auf dem Bildschirm 41 

eines Bildverstarkers 16 angezeigt. Als Antriebsvorrichtungen 6;7;37;38 werden 

vorzugsweise Schrittmotoren eingesetzt. 

Die in Fig. 4 dargestellte Ausfuhrungsform des erfindungsgemassen R6ntgengerates 

unterscheidet sich von der in Fig. 3 dargestellten Ausfuhrungsform lediglich darin, dass 

die Steuerung der Antriebsvorrichtungen 6;7;37;38 am Sockel 31 und am 

Verbindungstrager 33 zusatzlich durch einen externen Computer 23 ubernommen 

werden kann. Die Eingabe der Steuerbefehle kann Ober die Tastatur 26 oder eine Maus 

(nicht gezeichnet) erfolgen. Die Speicherung einmal eingenommener Positionen und 

Projektionen des C-Bogens 9 erfolgt im Datenspeicher 25 des Computers 23, so dass 

diese Positionen und Projektionen beliebig reproduzierbar sind. Die Obertragung der 

Steuersignale vom Computer 23 an die Antriebsvorrichtungen 6;7;37;38 erfolgt in 

dieser Ausfuhrungsform Ober ein Kabel 49, welches den Computer 23 mit dem Sockel 

31 verbindet. Um mogliche Kollisionen mit Gegenstanden im Operationsraum zu 

vermeiden, kann der gewunschte Verfahrweg des R6ntgengerates zuvar am Bildschirm 

24 des Computers 23 angezeigt werden. Verbunden mit dem Computer 23 ist eine 

analog zur in Fig. 3 beschriebenen Ausfuhrungsform des erfindungsgemassen 

Rontgengerates im Sockel 31 integrierte, vorzugsweise elektronische 

Steuerungsvorrichtung 39, womit die linearen Antriebsvorrichtungen 37 und rotativen 

Antriebsvorrichtungen 6;7;38 bezuglich ihrer Bewegung steuerbar sind. Bedient wird die 

Steuerungsvorrichtung 39 entweder durch Oateneingabe in den Computer 23 oder 

,,voice-controlled" Ober ein ebenfalls im Sockel 31 integriertes Mikrophon 40. Die 

Steuerungsvorrichtung 39 ist vorzugsweise fest programmierbar. Die vom Mikrophon 

40 empfangenen Sprachsignale werden auch hier durch eine Spracherkennungseinheit 

60 (voice-coder ed. voice recognition unit) in Analogsignale oder digitale Signale 

gewandelt und an die Steuerungsvorrichtung 39 ubertragen. Die Steuerungsvorrichtung 

39 verarbeitet diese von der Spracherkennungseinheit 60 erhaltenen Signale in 

entsprechende Steuersignale fur die Antriebsvorrichtungen 6;7;37;38 und ubermittelt 

diese Steuersignale. Die Obertragung der Steuersignale von der Steuerungsvorrichtung 

39 an die Antriebsvorrichtungen 6;7;37;38 erfolgt Ober Kabel. Die erste Positionierung 

des C-Bogens 9 kann in dieser Ausfuhrungsform durch Dateneingabe in den Computer 

23 oder durch Sprachbefehle an die Steuerungsvorrichtung 39 erfolgen. Die 

eingenommene Position und Projektion des C-Bogens 9 wird durch den Computer 23 
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durch Berechnung der durchfahrenen Wege aller Antriebsvorrichtungen 6;7;37;38 in 

ihrer zeitlichen Abfolge und Lange ermittelt und im Datenspeicher 25 abgespeichert. 

Eine solche einmal eingenommene und abgespeicherte Position und Projektion des C­

Bogens 9 kann spater durch Aufruf einer Steuerfunktion reproduziert werden. Die 

Steuerfunktion kann in der Steuerungsvorrichtung 39 oder im Computer 23 

programmiert sein und kann mittels Dateneingabe in den Computer 23 oder auch 

,,voice-controlled" Ober die Steuerung 39 aufgerufen werden. Durch Aufruf dieser 

Steuerfunktion werden die im Datenspeicher 25 abgespeicherten, die Position und 

Projektion des C-Bogens 9 definierenden Oaten aufgerufen und an die 

Steuerungsvorrichtung 39 Obertragen, wodurch die gewunschte Position und Projektion 

des C-Bogens 9 wieder herstellbar ist. Als Variants der hier beschriebenen 

Ausfuhrungsform des erfindungsgemassen R6ntgengerates ist auch eine Steuerung 

aller Antriebsvorrichtungen 6;7;37;38 nur durch den Computer 23 denkbar. Ebenfalls 

m6glich ist eine vollstandige Integration der Steuerungsvorrichtung 39 inklusive 

Spracherkennungseinheit 60 in den Computer 23. 

In Fig. 5 ist die mit einem chirurgischen Navigationssystem kombinierte 

Ausfuhrungsform des erfindungsgemassen Rontgengerates dargestellt. Die 

Unterschiede gegenuber der in Fig. 4 dargestellten Ausfuhrungsform liegen lediglich 

darin, dass der C-Bogen 9 mit einer Referenzbasis 50 versehen ist. Eine weitere 

Referenzbasis 51 ist am Patienten 12 befestigt. Die Referenzbasen 50;51 umfassen je 

vier optische, nicht kollinear angeordnete Marker 28, welche durch LED ausgestaltet 

sind. Das chirurgische Navigationssystem umfasst eine optoelektronische 

Positionserfassungsvorrichtung 27, mittels welcher die Positionen der Marker 28 

erfassbar und im Datenspeicher 25 die Lagekoordinaten der Marker 28 bezOglich eines 

dreidimensionalen Koordinatensystems 29 im Operationsraum speicherbar sind. Damit 

!assen sich Veranderungen der Position des Patienten 12 im Computer 23 erfassen. 

Durch den Computer 23 werden die gespeicherten Positionen und Projektionen des C­

Bogens 9 so transformiert, dass in der veranderten zweiten Position des Patienten 12 

diejenige Position und Projektion des C-Bogens berechnet und vom C-Bogen 

angefahren wird, welche die Aufnahme eines Rontgenbildes ermoglicht, dessen 

Projektionsebene mit derjenigen eines vorgangig in der ersten Position des Patienten 

12 aufgenommenen Rontgenbildes Obereinstimmt. 
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P atentanspruche 

1. Vorrichtung zur kontrollierten Bewegung eines medizinischen Gerates (1), 

insbesondere eines R6ntgengerates, in den zwei Dimensionen (xfy) einer Ebene (2), 

insbesondere einer parallel zum Boden eines Operationssaais liegenden Ebene, mittels 

mindestens drei, motorisch antreibbaren Radern (3), weiche uber eine erste, zur 

Ebene (2) paraliei veriaufende, das Zentrum des Rades (3) durchstossende Drehachse 

(4) und eine zweite, senkrecht zur Ebene (2) veriaufende, in der Ebene des Rades 

(3) oder parallei zu dieser liegende Drehachse (5) verfugen, und die Rader (3) 

zueinander in fester Reiation positioniert sind, 

dadurch gekennzeichnet, dass 

A) jedes der Rader (3) uber eine erste Antriebsvorrichtung (6) verfugt, mit welcher 

das Rad (3) um die erste Drehachse (4) rotierbar ist; und 

8) jedes der Rader (3) uber eine zweite Antriebsvorrichtung (7) verfugt, mit welcher 

das Rad (3) um die zweite Drehachse {5) zur Anderung seiner Laufrichtung drehbar ist. 

2. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Rader (3) Ober 

ihre zweite Drehachse (5) direkt am medizinischen Gerat (1) befestigt sind. 

3. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Rader (3) Ober ihre 

zweite Drehachse (5) an einem als Plattform fur das medizinischen Gerat (1) 

bestimmten Rahmen (8) befestigt sind. 

4. Vorrichtung nach einem der Anspr0che 1 bis 3, dadurch gekennzeichnet, 

dass die ersten und zweiten Antriebsvorrichtungen (6;7) drahtlos, vorzugsweise voice­

controlled steuerbar sind. 

5. Vorrichtung nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, dass die 

ersten und zweiten Antriebsvorrichtungen (6;7) elektronisch steuerbare Schrittmotoren 

sind. 
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6. Fahrbares R6ntgengerat mit einer Vorrichtung nach einem der Anspruche 1 bis 5, 

dadurch gekennzeichnet, dass es mindestens 

A) einen fahrbaren Sockel (31) mit Radern (3) und entsprechenden Antriebs­

vorrichtungen (6;7) zur translatorischen und rotativen Bewegung des Sockels (31) in 

den Achsrichtungen x und y des Koordinatensystems (2;29); 

B) einen relativ zum Sockel (31) in den Achsrichtungen x, y und z des 

Koordinatensystemes (29) translatorisch und rotativ bewegbaren C-Bogen (9) mit 

einer R6ntgenstrahlenquelle (22) und einem Rontgenstrahlenempfanger (15), 

welche mittels eines C-bogenformigen Tragers (14) einander gegenuberliegend auf 

einer Zentralachse (32) angeordnet und fest verbunden sind, wobei die 

Zentralachse (32) senkrecht zur Bildebene des aufzunehmenden R6ntgenbildes 

steht; 

C} am Sockel (31) angebrachte Antriebsvorrichtungen (37;38) zur Bewegung des C­

Bogens {9) relativ zum Sockel (31 }; und 

D) eine Steuerungsvorrichtung (39) umfasst, mitteis welcher vom Bediener eingebbare 

Steuerbefehle bezuglich einer durch den C-Bogen (9) einzunehmenden Position 

und Projektion in entsprechende Steuersignale fur die Antriebsvorrichtungen 

(6;7;37;38) umsetzbar sind. 

7. Rontgengerat nach Anspruch 6, dadurch gekennzeichnet, dass es einen 

Verbindungstrager (33) mit einem ersten Endstock (35) und einem longitudinal 

entgegengesetzten zweiten Endstuck (36} umfasst, und das erste Endstuck (35) 

bewegbar mit dem C-Bogen (9) und das zweite Endstuck (36) bewegbar mit dem 

Sockel (31) verbunden ist. 

8. Rontgengerat nach Anspruch 7, dadurch gekennzeichnet, dass am Sockel (31) 

Antriebsvorrichtungen (37;38) zur Bewegung des Verbindungstragers (33) relativ zum 

Sockel (31) und am Verbindungstrager (33) mindestens eine Antriebsvorrichtung (37) 

zur Bewegung des C-Bogens (9) relativ zum Verbindungstrager (33) anbracht sind. 

9. Rontgengerat nach Anspruch 7 oder 8, dadurch gekennzeichnet, dass die aussere 

Peripherie des Tragers (14) durch ein Gleitlager tangential gleitbar mit dem ersten 

Endstock (35) verbunden ist. 

IPR2025-01254 Page 00308



WOOl/50959 PCT/CH00/00022 

16 

10. Rontgengerat nach einem der Anspruche 7 bis 9, dadurch gekennzeichnet, dass 

das zweite Endstuck (36) um eine senkrecht auf der Ebene (2) stehende Achse (18) 

verschiebbar und rotierbar sowie um eine senkrecht zur Achse (18) stehende Achse 

(19) verschiebbar und rotierbar mit dem Sockel (31) verbunden ist. 

11. Rontgengerat nach einem der Anspruche 6 bis 10, dadurch gekennzeichnet, dass 

es zusatzlich eine van Hand bedienbare Steuerkonsole zur Bedienung der 

Steuerungsvorrichtung {39) umfasst. 

12. Rontgengerat nach einem der Anspruche 6 bis 10, dadurch gekennzeichnet, dass 

es zusatzlich ein Mikrophon (40} und eine Spracherkennungseinheit (60) umfasst, 

womit die Steuerungsvorrichtung (39) ,,voice-controlled" bedienbar ist. 

13. R6ntgengerat nach einem der Anspruche 6 bis 12, dadurch gekennzeichnet, dass 

es zusatzlich einen Computer (23) mit mindestens einem Datenspeicher (25), einem 

Bildschirm (24) und einer Tastatur (26) umfasst. 

14. Rontgengerat nach Anspruch 13, dadurch gekennzeichnet, dass die 

Antriebsvorrichtungen (6;7;37;38) mittels Dateneingabe in den Computer (23) 

automatisch durch diesen steuerbar sind und somit der C-_Bogen von einem Operateur 

durch Bedienung des Computers (23) kontrolliert verfahrbar ist. 

15. R6ntgengerat nach Anspruch 13 oder 14, dadurch gekennzeichnet, dass Position 

und Orientierung des C-Bogens (9) im Datenspeicher (25) des Computers (23) 

speicherbar sind. 

16. Rontgengerat nach Anspruch 15, dadurch gekennzeichnet, dass im Datenspeicher 

(23) eine Steuerfunktion speicherbar ist, mittels welcher der C-Bogen (9) in eine im 

Datenspeicher (25) des Computers (23) gespeicherte Position und Orientierung des C­

Bogens (9) reproduzierbar verfahrbar ist. 

IPR2025-01254 Page 00309



WO 01/50959 PCT/CH00/00022 

17 

17. Rontgengerat nach Anspruch 16, dadurch gekennzeichnet, dass der Computer 

(23) mit der Steuerungsvorrichtung (39) verbunden ist und der Aufruf dieser 

Steuerfunktion mittels einer vom Operateur bedienbaren Steuerkonsole erfolgt. 

18. Rontgengerat nach Anspruch 16, dadurch gekennzeichnet, dass Computer (23) mit 

der Steuerungsvorrichtung (39) verbunden ist und der Aufruf dieser Steuerfunktion 

.,voice-controlled" erfolgt. 

19. Rontgengerat nach einem der Anspruche 6 bis 18, dadurch gekennzeichnet, dass 

es mit einem chirurgischen Navigationssystem kombiniert ist, 

optoelektronische Positionserfassungsvorrichtung (27) umfasst. 

welches eine 

20. Rontgengerat (9) nach Anspruch 19, dadurch gekennzeichnet, dass zusatzlich 

mindestens drei, nicht kollinear angeordnete optische Marker (28) am C-Bogen (9) 

befestigt sind, so dass die Position der Marker (28) durch die optoelektronische 

Positionserfassungsvorrichtung (27) erfassbar und im Datenspeicher (25) die 

Lagekoordinaten der Marker (28} bezuglich eines dreidimensionalen 

Koordinatensystems {29) im Operationsraum speicherbar sind. 

21. Rontgengerat nach Anspruch 19 oder 20, dadurch gekennzeichnet, dass es 

zusatzlich mindestens eine, an einem Patienten (12) befestigbare Referenzbasis (51) 

umfasst, welche rnindestens drei optische, nicht kollinear angeordnete Marker (28) 

enthalt, so dass die Position der Marker {28) durch die optoelektronische 

Positionserfassungsvorrichtung (27) erfassbar und irn Datenspeicher (25) die 

Lagekoordinaten der Marker (28) bezuglich eines dreidimensionalen 

Koordinatensysterns (29) im Operationsraum speicherbar ist. 

22. Vorrichtung nach einem der Anspruche 6 bis 21, dadurch gekennzeichnet, dass die 

Antriebsvorrichtungen {37) Linearschrittmotoren sind. 

23. Vorrichtung nach einem der Anspruche 6 bis 21, dadurch gekennzeichnet, dass die 

Antriebsvorrichtungen (38) Schrittmotoren sind. 
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24. Vorrichtung nach Anspruch 22 oder 23, dadurch gekennzeichnet, dass die 

Schrittmotoren digital ansteuerbar sind. 

25. Verfahren zur kontrollierten Bewegung eines medizinischen Gerates, inbesondere 

eines Rontgengerates mit einer Vorrichtung gemass einem der Anspruche 1 bis 24, 

gekennzeichnet durch die Verfahrensschritte: 

A) Eingabe eines Befehls zur Bewegung des Gerates in eine gewunschte Position 

durch den Bediener; 

B) Verarbeiten dieses Befehls in Steuersignale durch eine Steuerungsvorrichtung (39; 

48}; 

C) Obertragen dieser Steuersignale an die an der Vorrichtung angebrachten 

Antriebsvorrichtungen (6;7;37;38}; 

0) Verfahren der bewegbaren Elemente in die gewunschte Position mittels der 

Antriebsvorrichtungen (6;7;37;38). 

26. Verfahren nach Anspruch 25, dadurch gekennzeichnet, dass die Eingabe des 

Befehls durch den Bediener mittels einer von Hand bedienbaren Steuerkonsole erfolgt. 

27. Verfahren nach Anspruch 25, dadurch gekennzeichnet, dass die Eingabe des 

Befehls durch den Bediener eine sprachliche Befehlseingabe ist. 

28. Verfahren nach Anspruch 25, dadurch gekennzeichnet, dass die Eingabe des 

Befehls durch den Bediener Ober eine Tastatur (26) oder eine Maus in einen Computer 

{23) erfolgt. 

29. Verfahren nach einem der Anspruche 25 bis 28, dadurch gekennzeichnet, dass 

eine einmal eingenommene Position des Gerates im Oatenspeicher (25) eines 

Computers (23) abgespeichert wird. 

30. Verfahren nach Anspruch 29, dadurch gekennzeichnet, dass die Position des 

Gerates durch Erfassen der durchfahrenen Wege der bewegbaren Element in ihrer 

zeitlichen Abfolge und Lange im Computer (23) berechnet und im Oatenspeicher (25) 

abgespeichert wird. 
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31. Vefahren nach Anspruch 29, dadurch gekennzeichnet, dass die Position des 

Gerates mittels Ausmessen der Lage van am Gerat angebrachten optischen Markern 

(28) durch eine optoelektronische Positionserfassungsvorrichtung (27) und dem 

Computer (23) berechnet und im Datenspeicher (25) abgespeichert wird. 

32. Verfahren nach einem der Anspruche 29 bis 31, dadurch gekennzeichnet, dass 

eine einmal eingenommene Position des Gerates durch Aufruf einer Steuerfunktion 

und der im Datenspeicher (25) abgespeicherten Oaten wieder herstellbar ist. 
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GEANDERTE ANSPRUCHE 
[beim Internationalen Bilro am 20. Dezember 2000 (20.12.00) eingegangen; 

urspriingliche Anspriiche 1,4 und 25 geandert; 
alle weiteren Anspriiche unverandert (2 Seiten)] 

1. Vorrichtung zur kontrollierten Bewegung eines medizinischen Gerates (1 }, 

insbesondere eines Rontgengerates, in den zwei Dimensionen (xly) einer Ebene (2), 

insbesondere einer parallel zum Boden eines Operationssaals liegenden Ebene, mittels 

mindestens drei. motorisch antreibbaren Radem (3), welche Ober eine erste, zur 

Ebene (2) parallel veriaufende, das Zentrum des Rades (3) durchstossende Drehachse 

(4) und eine zweite, senkrecht zur Ebene (2) veriaufende, in der Ebene des Rades 

(3) oder parallel zu dieser liegende Drehachse (5) verfugen, und die Rader (3) 

zueinander in fester Relation positioniert sind, 

dadurch gekennzeichnet, dass 

A) jedes der Reider (3) Ober eine erste Antriebsvorrichtung (6) vertogt, mit welcher 

das Rad (3) um die erste Drehachse (4) rotierbar ist; und 

8) jedes der Rader (3) Ober eine zweite Antriebsvorrichtung (7) vertogt, mit welcher 

das Rad (3) um die zweite Drehachse (5) zur Anderung seiner Laufrichtung drehbar ist, 

wobei 

C) die ersten und zweiten Antriebsvorrichtungen (6;7) drahtlos steuerbar sind. 

2. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet. dass die Rader (3) Ober 

ihre zweite Drehachse (5) direkt am medizinischen Gerat (1) befestigt sind. 

3. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Rader (3) Ober ihre 

zweite Drehachse (5) an einem als Plattform fur das medizinischen Gerat (1) 

bestimmten Rahmen (8) befestigt sind. 

4. Vorrichtung nach einem der AnsprOche 1 bis 3, dadurch gekennzeichnet, 

dass die ersten und zweiten Antriebsvorrichtungen (6;7) voice-controlled steuerbar 

sind. 

5. Vorrichtung nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, dass die 

ersten und zweiten Antriebsvorrichtungen (6;7) elektronisch steuerbare Schrittmotoren 

sind. 

~ERTES BLATT (ARTIKEL 19l 
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24. Vorrichtung nach Anspruch 22 oder 23, dadurch gekennzeichnet, dass die 

Schrittmotoren digital ansteuerbar sind. 

25. Verfahren zur kontrollierten Bewegung eines Rontgengerates mit einer Vorrichtung 

gemass einem der AnsprOche 1 bis 24, gekennzeichnet durch die Verfahrensschritte: 

E) Eingabe eines Befehls zur Bewegung des Gerates in eine gewOnschte Position 

durch den Bediener; 

F) Verarbeiten dieses Befehls in Steuersignale durch eine Steuerungsvorrichtung {39; 

48); 

G) Obertragen dieser Steuersignale an die an der Vorrichtung angebrachten 

Antriebsvorrichtungen (6;7;37;38); 

H) Verfahren der bewegbaren Elemente in die gewunschte Position mittels der 

Antriebsvorrichtungen (6;7;37;38). 

26. Verfahren nach Anspruch 25, dadurch gekennzeichnet, dass die Eingabe des 

Befehls durch den Bediener mittels einer van Hand bedienbaren Steuerkonsole erfolgt 

27. Verfahren nach Anspruch 25, dadurch gekennzeichnet, dass die Eingabe des 

Befehls durch den Bediener eine sprachliche Befehlseingabe ist. 

28. Verfahren nach Anspruch 25, dadurch gekennzeichnet, dass die Eingabe des 

Befehls durch den Bediener Ober eine Tastatur (26) oder eine Maus in einen Computer 

(23) erfolgt. 

29. Verfahren nach einem der AnsprOche 25 bis 28, dadurch gekennzeichnet, dass 

eine einmal eingenommene Position des Gerates im Datenspeicher (25) eines 

Computers (23) abgespeichert wird. 

30. Verfahren nach Anspruch 29, dadurch gekennzeichnet, dass die Position des 

Gerates durch Erfassen der durchfahrenen Wege der bewegbaren Element in ihrer 

zeitlichen Abfolge und Lange im Computer (23) berechnet und im Datenspeicher (25) 

abgespeichert wird. 

G~DERTES BLATT (ARTIKEL 19) 
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BOWED FIELD HOCKEY STICK 

This application claims priority to U.S. Provisional Application No. 

60/737, 768, filed November 18, 2005, which is incorporated herein by reference 

in its entirety. 

BACKGROlJrt.i'D 

Field of the Invention 

The present invention relates generally to field hockey sticks, and more 

particularly, to a field hockey stick having a substantially straight grip portion 

and a bowed hitting portion. 

Background of the Invention 

As shown in Figure 1, a field hockey stick 100 typically has a handle 

102, a tluoat 104, and a head 106. The handle 102 starts at the top and extends 

through to the throat J 04. The handle 102 and throat I 04 together define the 

shaft of the stick 100. The stick 100 curves at the base of the throat 104 to form 

the head 106. A horizontal line (such as line 115) drawn through the point at 

which stick 100 begins to curve marks the end of throat 104 and the beginning of 

head 106. The head l 06 is also considered the base of the stick 100. 111e head 

106 includes a toe 108 and curves horizontally and upwardly to fonn toe l 0$. 

The front ( or left hand side, as shown in Figure l) of the stick 100 has a flat 

playing surface and the back is typically rounded and not playable in the game. 

The edges; disposed between the flat playing surtace and the non-playing 

surface, are legal for play in the game. Generally, the flat playing surface (i.e., 

hitting portion) includes all of head 106 and at least a portion ofthroat 104. AH 

sticks are suitable for "right handed" play. 

Traditionally~ field hockey sticks have been constructed of relatively 

standard dimensions, due primarily to widely accepted rules of the game. These 

rules dictate aspects of the stick such as weight, length, shape, and cross-section. 

For example, these rules can requfre that the lower part ofthe stfok's left-hand 

(playing side) be smooth and flat, that the back of the stick (right-hand side or 

non-playing side) be smooth and rounded, that the stick weigh not more than 737 

grams, and that every cross-section of the stick be able to pass through a iwo-
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[0007] 

[0008] 

inch ring. In meeting these rules, the traditional field hockey stick has typically 

featured a straight handle and straight hitting portion, a flat front face, and a 

curved back. 

Recently, however, there has been a trend toward bowing or raking the 

entire length of a field hockey stick. from the end of the handle to the head. This 

bowing can enable players to increase the power with which they flick the ball, 

especially for shots on goal. 

As players increas~ in skill level, they typically play lower to the ground 

and therefore can utilize more of the stick as a hitting surface, including the fulJ 

hitting area of the.stick from the end of the grip to the head. For example, in 

using full-length bowed sticks for push passes, a player typically sweeps the 

stick from a squatting position, causing the ball to travel down the stick and to 

whip off of the stick at a location near the head. However, because the full­

length bow also shifts the hands behind the head, the full-length bowed sticks 

can impart an undesirable lottto the ball, especially as the bow increases the 

power of the shot. The setback position of the hands can also inhibit a player's 

foel for the ball during cradling and dribbling. 

SUMMARY OF THE INVENTION 

An embodiment of the present invention provides a field hockey stick 

having a substantially straight grip portion and a bowed hitting portion. In one 

embodiment, a stick has a substantially straight handle, a bowed throat, and a 

bowed head. In another embodiment, a stick has a substantially straight handle 

and a bowed throat, with at least a pmtion of the playing surface of the head in 

substantially the same plane as the front face of the handle. In another 

embodiment, a stick has a substantia11y straight handle and a bowed throat, with 

the playing surface of the head set back from the plane of the front face ofthe 

handle. 

In comparison to conventional full--length bowed field hockey sticks, the 

field hockey stick of the present invention increases the whipping action of the 

stick and the resultant speed of the ball, while also improving ball control and 

minimizing loft. These performance benefits are especiaIJy apparent for skills 

such as dribbling or executing push passes. 

2 
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[0013] 

[0014] 
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[0017] 

BRIEF DESCRIPTION OF THE DRAWlNGS 

Figure 1 is a schematic diagram of a conventional field hockey stick. 

Figure 2 is a schematic diagram of an isometric view of the playing side 

of an exemplary fieJd hockey stick having a substantially straight handle and a 

bowed throat, with at least a portion of the playing surface of the head in 

suhstantiaHy the same plane as the front face of the handle, according to an 

embodiment of the present invention. 

Figure 3 is a schematic diagram of the back edge of the field hockey stick 

shown in Figure 2. 

Figure 4 is a schematic diagram of the playing side of the field hockey 

stick shown in Figure 2. 

Figure 5 is a schematic diagram of the front edge of the field hockey 

stick shown in Figure 2. 

Figure 6 is a schematic diagram of the front edge of an exemplary field 

hockey stick having a substantially straight handle and a bowed throat, with the 

p1aying surface of the head set back from the plane of the front face of the 

handle, according to an embodiment of the present invention. 

Figure 7 is a schematic diagram of the front edge of an exemplary field 

hockey stick having a substantially straight handle and a bowed throat, with the 

playing surface of the head being generally flat and in substantially the same 

plane as the front face of the handle, according to an embodiment of the present 

invention. 

Figure 8 is a schematic diagram of the front edge of an exemplary field 

hockey stick having a substantially straight handle and a bowed throat, with the 

playing surface of the head being generally flat and parallel to the plane of the 

front face of the handle, according to an embodiment of the present invention, 

Figure 9 is a schematic cross~sectional view of a hitting portion of an 

exemplary field hockey stickhaving a V-shaped channel on a playing side, 

according to an embodiment of the present invention. 

3 
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[0020] 

DETAILED DESCRIPTION OF THE INVENTION 

Figures 2-5 illustrate an exemplary field hockey stick 200 comprising a 

handle 202, a throat 204 adjacent to the handle 202, and a head 206 adjacent to 

the throat 204 on a side of the throat 204 opposite to the handle 202, according to 

an embodiment of the present invention. Handle 202 is substantially straight and 

throat 204 is bowed. At least a portion ofthe playing surface of the head 206 is 

in substantially the same plane as the front face 208 of the handle 202 .. Figures 3 

and 5 best show the relative positions of the handle 202, throat 204, and head 

206. 

As shown in thi.s embodiment, the hitting portion of the stick 200, 

comprised of the throat 204 and head 206, is bowed toward the non-playing side 

of the stick 200, The bow begins at a location proximate to the handle 202, 

reaches a maximum setback approximately halfway between the start of throat 

204 (or the end of the handle 202) and the end of head 206, and returns such that 

at least a portion of head 206 is in substantially the same plane as the front face 

208 of the handle 202. In tl1is example, the bow continues through the head 206. 

Accordingly, when the field hockey stick is viewed from a direction facing the 

front edge (Figure 5), the playing side ofthe handle portion 202 lies substantially 

along a line and the bowed hitting portion bows away from the line in a direction 

toward the non-playing side of the field hockey stick. In the embodiment shown 

in Figures 2-5, the head portion 206 is bowed along with the throat 204 and has 

at least a portion lying in the aforementioned line. 

In other embodiments, the bowed head 206 may extend across the 

aforementioned line such that at least a portion of the head 206 is in front of the 

front edge 208 of the field hockey stick. In stiJl other embodiments, a top 

portion of the head 206 proximate to the throat 204 may be further frontward 

than a portion ofthe head 206 proximate to the end or bottom of the hockey stick 

200. AII or a portion of the head 206 in such embodiments may lie on the 

aforementioned line, be set back from the line, or be in front of the line. In this 

manner, the head 206 can be angled with respect to the aforementioned line~ for 

example~ to reduce or increase ball loft, as desired. 

4 
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[0-021] In an exemplary irnplementation oft11e invention, the maxirmuu depth of 

[0022] 

[0023] 

the bow is approximatdy25 mm. The maximum hov,' depth is mea::mre-d as tlm 

shortest distance bt:t\veen a line- in ,vhich the front edge of the handle portion Hes 

to the front edge of the bowed hitting portjon at it<s deepest location. Such a. 

measurement in practice may be made by placing the field hockey stick on a 

tubletop or other Oat surface with the playing side of the stick facing down, The 

maximum bow depth may then be measured as the largest distance the playing 

side surfaceis from the tabletop, As a ski1led artisan would appreciate, however, 

the depth and shape of the how could vary depending upon desired p":rfonnance 

characteristics, 

Figure 6 Hlust:rates an exemplary field hockey stick 600 having a 

substantially straight handle 6-02 and a bovved throat 604, with the playing 

surfi.1ce of the head 606 set back from the plane of the front face 608 of the 

handle 606~ according to another embodiment of the present invention. In t11is 

,~mbodiment, the hitting portion of the stick 600, comprised of the th.mat 604 and 

head 606, is bowe-d toward the non-playing s1de ofthe stick 600. The bm.v 

begins at a location proximate to the handle 602, reaches a maximum setback 

approximately halt\v ay between the start of throtlt 604 and the end of head 606, 

and remains at a set back position such that the head 606 is set back from the 

plane of the front face 608 oftJie handle 6-02. The plane ofthe front foce 608 is 

represented by the dashe<l Hne 610 in Figure 6, Line 610 also represents the line 

in which the playing side ofthe handle portion 602 lies when viewed from ci 

direction facing the front edge of the hockey stick 600. Accordingly1 the bowed 

hitting portion including the throat 604 and t11e head 606 is set back o:r offset 

frtrm the line 610, 

Figure 7 illustrates an exemplary field hockey stick 700 having a handle 

portion 702, a throat 704, and a head portion 706, rn this embodiment, the 

bm.-ved hitting poitkm including the throat 704 stops at the top of the head 706 

such tlmt substantiaHy the fbll face or playing surface of the head 706 is flat and 

in the same plane as the front face of the handle 702. In other words, when 

viewed from a direction facing the front edge of the hockey stick, the playing 

side 708 of the handle portion 702 lies substantially akmg u line 7 l O. In the 

5 
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[0024] 

[0025] 

[0026] 

embodiment shown in Figure 7i the flat face of the head 706 also lies 

substantially on the line 710. 

In another embodiment, shown in Figure 8, a field hockey stick 800 may 

include a handle portion 802, a throat 804, and a head portion 806. In this 

embodiment. as in the embodiment of Figure 7, r.he playing surface 812 of the 

head 806 is substantially flat. In Figure 8~ however, the head 806 is set back or 

offset from a line 8 IO in which the playing side of the handle portion lies when 

viewed from a direction facing the front edge 808 of the field hockey stick. That 

is, the head 806is set back from a line 810 or the plane of the front face of the 

handle 802. The flatfront face 812 of1he head 806 may be parallel or 

substantfo,lly parallel to the line 810 or the plane of the front face of the handle 

802. Alternatively, the frol1t face ofhead 806 may be angled \Vith respect to Hne 

810 to accommodate a desire-0 loft, as described above. 

Figure 9 is a cross-sectional view of a hitting fJ011ion offt field hockey 

stick according to an embodiment of the present invention. A portion ofa throat 

204 is shown having a generally V-shaped playing side surface (downward 

facing surface in Figure 9), or channel, and a generally rounded non-playing side 

surface (upward facing surface in Figure 9). The V-shaped channel in 

ac-eordance with the present invention rednces friction as compared to a curved 

playing surface by providing at most two contact points with a balL By c(mtrast, 

a curved playing surface may contact a ball along a continuous line or surface 

area, thereby increasing friction. The depth of the channel of the present 

invention may vary along the throat and may continue through the head portion 

206. In another embodiment, the channel is only in the throat portion 204. The 

depth of the channel may, for example, be greatest in a region around the 

midpoint of the throat portion 204 and may decrease gradually as it moves 

toward the head 206 and/or toward the handle portion 202, though one ofskm in 

the art would appreciate that the depth of the channel may be as varied or 

consistent as desired. In a preferred embodiment, the tnaxiinum depth of the 

channel is approximately 4 mm. 

Inproviding a substantially strnight handle anda bowed hitting portion. 

the present invention creates an offset between the grip portion of the stick and 

6 
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[0027] 

[0028] 

the hitting portion, so that a player's hands are more fonvard ofmost1 if not aH, 

of the hitting surface. In addition, in comparison to prior art sticks, the bow is 

more pronounced over a shorter distance, while still complying with widely 

accepted rules of field hockey stick construction (e.g., limiting the depth of the 

bow to 25 mm). The forwardly positioned hands and more pronounced bow in 

the hitting portion provide significant unexpected benefits over foll..:length 

bowed sticks. For example, havingthe hitting portion offset from the more 

forward grip allows a player to cradle the ball better when dribbling. The 

forward shift in hand placement also increases the power of drives and helps 

keep the ball from being lofted into the air. In addition, the forward position of 

the hand can increase the speed of a sweep or push pass off the bow because the 

ba11 can stay in contact with the stick longer and be subjected to an increased 

whip offthe end of the stick. 

The field hockey stick of the present inventi◊n can be made of, for 

example, wood or c,omposites. As used herein, cornposites refer to field hockey 

sticks made by bladder molding or by wrapping sheets of uncured fiber­

reinforced thermosetting resin around a mandrel, which is then withdrawn to 

form a hollow tubular Jay-up. Examples of the materials used in the resin 

include fiberglass, carbon, and aramid. Composite sticks have been available on 

the market for several years and have been approved for use in international 

play. 

The foregoing disclosure of embodiments of the present invention has 

been presented for purposes of iHustration and description. It is not intended to 

be exhaustive or to limit the invention to the precise fonns disclosed, Many 

variations and modifications of the embodiments described herein will be 

apparent to one of ordinary skill in the art in light of the above disclosure. The 

scope of the invention is to be defined only by the claims, and by their 

equivalents. 
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'WHAT JS CLAIMED IS: 

1. A field hockey stick comprising: 

a substantially straight handJe portion; and 

a bowed hitting port.ion. 

2. The field hockey stick of claim 1, further comprising: 

a playing side; 

a non-playing side; 

a front edge; and 

a back edge, 

PCT/U S20H6/044538 

wherein, when viewed from a direction facing the front edge, a playing side of the 

handle portion lies substantiaHy along a line, and wherein the bowed hitting portion bows 

away from the line in a direction toward the non-playing side of the field hockey stick 

3. The fiefd hockey stick of claim 2, wherein the bowed hitting portion comprises a throat 

poiiion and a head portion, at least a portion of the head portion lying on the line when 

viewed in a directionfocing the front edge ofthefield hockey stick. 

4. The field hockey stick of c1aim 2, ,:vherein the bowed hitting portion comprises a throat 

portion and a head portion, and wherein no portion of the head portion lies on the line when 

viewed in a direction facing the front edge of the field hockey stick. 

5. The field hockey stick of claim 2, wherein the bowed hitting portion comprises a throat 

pmtion, tl1e field hockey stick further comprising a head po.ttion having a substantially flat 

face that lies substantially along the line when viewed in a direction facing the front edge of 

the field hockey stick. 

6; The field hockey stick of claim 2, wherein the bowed hitting portion comprises a throat 

portion, the field hockey stick further comprising a head portion having a substantially flat 

face that is offset from the line in a direction toward the non-playing side of the field hockey 

stick when viewed in a direction facing the front edge of the field hockey stick. 

7. The field hockey stick of claim 6> wherein the line is a first Hne and the substantially flat 

face of the head portion Hes substantially along a second line that is paraHe1 to the first line 

when viewed in a direction facing the fT011t edge of the field hockey stick 

8. The field hockey stick of claim 6i wherein the head portion comprises an upper portion 

and a lower portion, the upper po1tion being closer to the throat portion than the lower 

portion, and wherein the upper portion is closer to the line than the lower portion. 

8 
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9. The field hockey stick of claim 2, wherein the bowed hitting portion reaches a 

maximum distance from the Urie at approximately half the length of the hitting portion. 

10.The field hockey stick of claim 9, wherein the maximum distance from the Une is 25 

mm. 

11. The field hockey stick of claim 1. wherein the field hockey stick is hollow. 

12. The field hockey stkk of claim l, wherein the bowed hitting portion comprises a 

playing side surface having a substantially V-shaped channel. 

J 3. A field hockey stick comprising: 

a substantially straight band1e portion; 

a throatportion; and 

a head portion, 

wherein, with respe-ctto a perspective moving from the handle portion of the field 

hockey stick to the head portion of the field hockey stick, a portion of the throat portion 

proxih1ate to the handle portion curves toward a non-playing side of the field hockey stick 

and a portion of the throat portion proximate to the head p01tion curves toward a playing 

side of the field hockey stick. 

14. The field hockey stick of claim 13, wherein the head portion curves toward a playing 

side of the field hockey stick with respect to a perspective moving from the handle portion 

ofthe field hockey stick to the head portion of the field hockey stick. 

15. The field hockey stick of claim 13, wherein the head po1tion is offset with respect to the 

handle portion. 

16. The field hockey stick of claim 14. wherein the head portion is offset with respect to the 

handle portion. 

17. The field hockey stick of claim 13,. wherein the head portion has a substantially flat 

front face that is substantially coplanar with a front face of the handle portion. 

18. The field hockey stick of claim 13, wherein the head portion has a substantially flat 

front face that is offset with respect to the handle portion. 

19. The field hockey stick of claim 13, wherein a front face of the handle portion lies 

substantially along a first line and wherein the head portion has a substantially flat front face 

that lies substantially along a second line, wherein the second Hne is at an angle to the first 

line. 

20. The field hoc.key stick of claim 13, wherein the field hockey stick is hollow. 

9 
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ooie.*f,fs;(::j~(t hh6 c :!=H::1ruie.1t.f,l,:·~{t~t=~":5\ -it :i±_f,fs;ffiffl~im~T 61:_1,l,:·twffl 
im~mt, 

1ruic*f*O)rffif l!lU(::jlljt~ h' 1ruie.1:_t-ir~-t: Y-Jt$b>ooii:.1t.t*OJ-n:ffif (::tt~!I! l t::_,j,=i!f,j>~ 1N 
1±\T 6 tNI±\$ c ~1imx_, 

i~tNl±\$il•, wiie.1=.f,fs;(::3/l ~~lt-t 6 3/l~:n:;$ c , 
ooie.*f,fs;JJrffif(::jlljc2-ht, 1ruie.3/lJE:J\:;$(::J: 0 !ra!lft Lt::.3/l~~.i~&tfBzlt2--tt 6 c c 

t (::, wiii:.1=.f,fs;t::;B 1, •tf&JJro':t!iL LJ::.3/l~~.i&!2--tt 6 tJ 1-:::.-1r:1 :z c, 
wiii:.tJ ,1-:::.-tf =J ;z ~~.i&! L t::.3/l~'3't3/l-t 6 3/l'3't3/l$ c , 
i~3/l'3't3/l$ t:: J: 0 '3't3/l 2- ht::. '3't3/l1t ~ (::~":5-1, 1 t wJii:.1t. f,fs; c wiii:.1=. f,fs;--t: Y--Jf $ c n"tU!I! 

Lt 1, • 6 :IP=i!fb>~-'frJ!!fr-t 6-'frJl'{fr$ t ~{Fm x_ 6 c. c ~ley'tl&c -t 6:it_f,fs;1tl'ffflHrn!l*@'.◊ 

( ii3:f<Jj2] 
ooie.3/l'3't3/l$n', file.fl i -:::.-ti '=J 7-. ~~Lt::. wJii:.1=.1,1,:il• h O)f{t1Jff$':&3/l ~ '3't3/l--t 6 c 

~(::f&:nff$':'i1iL3/l0)3/l_,i_(::J;5 L t::.1t.f,ls;ffiffl1t-%~1t.nx.-t 6 C. c ~ley'tl& c T 6 ii3:f<JJ'.i 1 t::ie.l't 
OJ1t.f,is;'n'fffltti!lU*@'." 
( ii*llf 3] 
1ruie.tJ 1-:::.-tf =J :Z(::, illi:.3/l~3/l$ t illi:.3/c'3't:'/c$ c O)f's'it::Jllic 2-hwiie.tJ J {,-ff '=J 7-. P1 

~ f~m-t 6 :'/cO)-$~ Ezlt2- -tt 6 EzMffif ~ uffix_ 6 C. c ~ley'tl&c -t 6 ii3:f<Jj 2 t::ti:.i't0)1=£.f,fs; 
ffi¥ffttliU*iii o 

(ii*lli4] 
-~i)>wJie.tJ J \ - jf =j At:: ' ft!!~:b1ooie.:'/c'3'tx$0)'3't3/lffif t:: t h-f'hili:ti: L l jllj2.f~ 2' h 

t::.,1-:::.y v,v:J:k0)3/l 7 1-11-:::.~11mx_ 6 =- c ~ley'u& c -t 6 fi3:f<rJ 2 i::ie.i't0)1t.f*ffi¥ffitiffU*iii 

(ii*lli5] 
ooie.tJ )\-Ii=; :z O)ooim'3't:Ylm O)x,t rnJffif ,:: , oote.1t.f,fs;n• 1:, crJt&:nff$':'i1iL:'/c ~ :ffio3/l 2- -tt 6 

:ffio:'/c$~1Fmx_ 6 c. c ~ley'tl&t -t6ii*Ji 1 £t::.tUi*Ji2 t::ie.i!G0)1=£.f,fs;1twfflitaIJJ*@'.◊ 

( ~BJIO)ff.rffi~fJtBJI] 
( ~Ui ½'--llff ] 
( 0001] 
2j:_;:JEBJitL -'F§ (ID'!!) (::*lf Lt::.;Jf:J'iJtc·JIJJaEJ:W0)1=£.f,fs;ffiffl~iffUJE'.T 6 C. t il1-C'2t!- 61=.f,fs; 

ffi¥ffitliU*iiit::lffl--t 6 t O)"f: ib 6 ◊ 
( ~~:f:5€:f,f.j] 
( 0002] 

jfr:q:-O)~ffi>g!J_P-.,_O)lffl,C.,O) ~ £ rJ t:: J: 1-L -'F§ ( m:) {¥(::*:i' Lt::.£ £ fffRtl':(:'~O)~ /.Z ~ 

:it_f,fs;1tl'fffl=i--ftiffU-t 6 c. t iJ1·c- 2t!- 61E.1,l,:1tl'fffltt?ffU*@'.:b1%:fltJH!t:2-h t 1, •6 ( {JILttL ley'ff 
Jt~ 1 ~!l;W ) 0 

( 0003] 
c. e1)1ey't¥x~ 1 i.::iooO)fffRmH < 1:_f,1,:•~iti11*@'.) u _ ,~Yiitt~tt!ltlt:: 2 ~O)~;j;,~~ 11m 

x_ t 1, • 6 0 t Lt, ,::_ 0) 2 ~O)~:ffii:fi c U::&:Jlil::Mh6 c, &:Jli~Jffi l tf*t:'Y'~im:fJ•iJit 
h, jj!jf~:ffiifmO)~fEii~TT 6 t::.1'i), ,lllltfB-t: 1/-IT-/J' &:Jli(::tfM Lt 1, • 6 'L 0) t 'f!JlfR-t 6 o 

Lt::.iJ1 -> t, C::. 0) 2 ~O)~iJiiO)~(ll.£(:: J:-:> --C &:!ii c 0)1fft!l!OJ1f~~tNl±\-t 6 C::. c iJ1·et 
60 

( 0004] 
£ t::., %3/lY 1 :;t- V ( :'/c~3/l$) &T_l'3't3/l~Fr ( :'/c'3't3/l$) t:: J: 0 JlfRtEJi![IJJE'.y :z -r A 

~ 1f-t 6 fflRtBiffUJE'. * ( :it_ f,1,:'!'wfflfhIDJ*iii ) t ti~ 2-ht 1, 1 6 ( {JIJ x_ kf, ley'ffJt~ 2 ~!ra ) 
0 c. O)fey't¥x~ 2 t::iooO)fffRmatU5:i:'.*ti . aJing11J5:i:'.J+I0)'3'tx*-=r ~ jllj2.@'. L, -=- 0)'3't3/l*-=r 
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0)/::8::fJ C:;;6 t tffJilkO)fl~xt9!lliT 6 t O)t·a:i 6 o 

(4ey'ff>(ffiK1) 4eylffl2 0 0 3 - 7 0 7 5 7~~ffl (~1f::ffi:~O O 2 1 - 0 0 2 9, 1.:m2w; 
) 

( 4ey'f'f XMK2) 4ey'lfflllB 6 o - 2 4 6 7 3 6 ~~ffl 
( 9EBJ}O)jffl~] 
( 9EBJif.;,f!!iiR L J:: -3 c T 6 llllrn) 
(0005] 
Lt· L~n' t:,, 1=.xt Lt.:4ey'ffXffiK 1 t::llc.flO)!tfzl-;ffiffllltJIJJ~@'.!:L ~~h'ib 6 ~::k~ 

P#l'r&-tl:fi!rBt~< 1:_~7:>:tfMxfwlliT 6 ~ .t i)>AJjj~t'ib6iJ>, ~~n>1J,~ I, 1twttf~fwlli 
iHJr < , (71Ji.t:f, ~ffifif~O) J: -3 ~,J,~.J)ttfffi5K•·cJlh 16 c: c ?J'ft L 1,, t 1,, -3 FoJJm;t;,;b 6 o 

¾ t.:, iey'f"fXMK 2 l::llooC7):'£ fzl-;fflfflitWJ~@'.tL * l:: §"€3/c~-=f f.;> ½ 0) lli ::fJ 7J• ½ BJIBiix ftJl!fi 
L, tlM0fl~xftJl!fi L --C 1, 1 0 0t·, 5'~3/c0t¥Btl:: J::-:, t ?.il~t9!lli Lt L ¾ -3 iH·h.;t;>;b 
60 

( 0006] 
2j,;9EBJH.il=.xt I_J.:lHJH::~h l~ ~:ht.: L .J)"'(';b-:, t, MJ;~mJvtt·,J,~ftxl.Rl6 c c 

t t::, 5'~3/tn>}--.-:, t.: c L --CL ~fwlliT 6 C: c f.;>~I, ,1:_f*ffiffliH!lU~@'.xf.¥f~T 6 C: c x El 
a"Jc.T6o 
(llllfflxf!liiRT 6 t.:nO)-=f.flt] 
( 0007] 
:;$ 9EBJH .i, WJic.llllm x f11~ T 6 t.: n t:: J.,_1 T 0)-=f.flt x f~T 6 o 

( 0008] 
2j,;JEBJIO)!tfzl-;111fffltti!lU*@'.!±, :;$fzl-;c , f~:;$fzl-;l::fftt ½:h.6 c ~t::!t(*t::r"/lJttt 3/cx !ra 

!llt L 1JiJ llc.!t f*h' t:, 0{iJJff:kt1iL3/c.J)3/c£ t:: J;6 t t.:!tf* ffifflf§° {} x !t GXT 6 !tf*-c >-"'if$ c , 
1Jiillc.:;$:!*t::ff~t t:>h.6 t ~l::WJ!c.!tf*111ffflfg{}t::~-:A \'"( !tfzl-;111ffflxii~T 6:'tfzl-;111ffflii 
~$ c , WJllc.:;$:f*0TimLHJH::1lic~ tL WJllc.1:.~-t: ::,,,'lf$h1WJlli:.1:.f*.J)*ffit::ttf!l!I! l.J.:t·N 
iJ·xfwlliT 6fwlli$ c x(iifij_, ~fwttl$ii, WJllc.!tfzl-;t::3/cxmIMT 63/c?e3/c$ c . WJllc.:;$ 
fz[-;O)Tffit::~c~h t, WJllc.:rc9E3/cl'ilH::J:: rJ!ra!lltLt.:3/cx~j~&tfR!llt~it6 t t U::, WI 
llc.1:.fzl-;t::}w\tfiJJff:kt1iL lJ.:3/cx~ji!fi~ it 6 77 }\-)17 ,:Z c , WI1lc.7J)\-;ff 7 ;:z x~~T 
63/cx §"€3/cT 6 3/l§"{:76$ C' ~3/c§"{:3/c$t::J: rJ §"€3/l ~ ht.:§"€3/c{§°~(::~-:SI, ·1cWJii:.1:.f* C 
W!llc.!t fzl-;-c >-"'if$ c iJ>fJffl!I! L c ~ 16 iPN iJ· x ftJl!fiT 6 f 1Jl!fi$ t x fFm ;z_ 6 C: t x 1eyffi c T 6 

( 0009) 
:;$:JEBJit::f~ 6 !tf*111fffltti!I.U~@'.t::;t31, 1 --C ti, :½:Je:½:$:b· t:>!tf,l;;l::r"/lJHt :½: x !ra!llff 6 o 

w.t1M~:h.t.::Yf:J.in1\-tFJ .::z*oot·0tz!llt~n1;;-ff7 .::zi:klt·cT>fi:l:L !tf*t·0f&JJtt& 
~c·t::J: 1J, 3/c§"t::½:$l::J: tJ§"t:3/c~ic6 o fwlli$l::{Fm;t t:,ht.:'f!Jl'!!lr$!±, :rcJe3/c$:b"Je:rc 
Lt 1,, 6~x~&U'Je:rc L --C 1, 1~~ ::J1t1i&t·, 3/c§"t:3/c$l::J: rJ §"€:re~ h.t.:§"€3/cfg~l::~---_:51, • --C 

!tf**1m t !tfzl-;-c >-"'if$ c iJ>fJf!!!I! L -z:: 1, 1 6 h·Nh·x-'f!Jl!fiT 6 o 'f!Jlt'Jr~t::J:: •J !tfzl-;*ffi c !t 
fz[-:-1:: 1/'lt$c :i)iffML ti.- •6 t ftJl!fi, T~;b"t;,, :;$fzl-;x-=f.§f (]OOw;) t=*~ Lt i.- •6 c ftJ 
!'!Ir L, !t1,1;;-t: 1/s.Jt$t:: J: rJ , !t~t::r"/lJttt 3/cx!ra!llt L!tfzl-;:b•t::, 0fiJJff:k&3/c0)3/c£l::J;6 t 
t.:!tfzl-;111tffl1s~x1=.mtT 6 0 ~ t::, i::, !ti*'lffffifwlli$i:::tJ 1, 1-z::, !ti*-fflfflfi~xm5EO)im 
~xL--cnmtsw;01=.fzl-;1!fffflO)~llixfi:i O £.t.:, :rt§"t:rt$i::>1~:rth1J..-:,t.:t Ltl>, !tfzl-; 
*Im::: !tfzl-;-c >-"s.Jt$c O)fiMx~fwlliT 6 c: tti~< ~6 0 

( 0010] 
¾ t.: , :;$:JEBJI01:. ~ 111ffflih!I.U~@'.t.i, W!llc.:rc§"t:3/c$iJ>, WJllc.77 .1 \-if '7 ;:z x ~~ Lt.: lifT 

ii:.1:.fzl-;iJ•t?.J)f&:nttiL:rtx§"t::rt-t 6 t ~t=r&:nttiL:rc.J)3/c_,iJ::J;G tt.:!tf*·fflfflfi{}x!tlvt 
T 0-= C. 7J>RJ'£ )__, I, 1 0 

(0011] 
:;$JEBJii::fJ 6!tfzl-;·lffffltti!lU~illii:::t-31, ,--cu, :rt§"t::rt$i:::t:n ,z, §"t:rt~h.t.::rtt::~---51,, i 

t !t~*ffi c !tft-c >-"-it$ t 0ttfi!l!t, !tf*111ffflfg~01:./vtt 0jjfijJJxfi-3 t.:n, $n°n,~ 
J:i1:01'·£ftxl.Rl6 C: t fit•~' ~ t:>l::, !tf*11Wffliti!I.U*@'.~fz[-;0,J,~f!::.xl.Rl6h1t·t 6 ◊ 
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( 0012) 

:t t::., ::$:¥EBJJO)!Ef'M1iflHtti!!.U~@'.tL filctJ 1 \- jf 7 ;:q;::, 1Wtcx¥ExmL::: 1Wtc:1/t-¥l::1/t 
$ c tJ)lffl l=:ffic ~ n lWtctJ l \- ;ff 3 7.. rq ~ 1E;JJN9 6 :1/t;O)---$ ~ Bz!rt ~ -it 6 lxJlt 00 ~{Fm x_ 6 S:. 

c iJ".nt- :t Li,, o 

(0013J 

::t:¥eaJJi::f* 61:.fzt(·IITTffllt$U~@'.i::.tJ i, ,-c tL xi=i~tJMtfiBl::J.: 1J ~Mt~nt::.:1/tO) 5 0:fJ 1 \­
If 3 7.. rqfiB~fE!tt Lt::.:1/t~, Bz!l!tOOl=:J.: fJ 1:.fzt(*®i!lU(=:BzMt ~-it 6 ·= c t=:'d'." 6 o S:. O)t::./:tJ 
, 1:. f'Mwfff ~ i!!.UJE'.9 6 l~L 1:. i*ffifff ~ * IC t· i, i'd'." P tJ 1 \- ;ff 3 7.. rq ~ f Em9 6 :1/t ~ ~['/!ff 9 
6;: t ff>t•t 6 t::./:tJ, ffi.lJEJ.: < !EJ'.*fflfff~$UJE'.9 6;: t iJ"liJl'i~l=:'d'."6 o 

(0014) 

:t t::., ::t:¥EBJJO)!Ef:$;'f1i¥ffHi!lU~@'.tt, -¥lffiiJ'1WtctJ 1 \-tf 7 At=, fi!!¥lffiti' Hiitc~xfiB 
O)§"t3/600t=:+tt--f·ttili:ti L -cWc~~nt::.1 \Y ¥1v:f;k:0)3/67 T 1 /\~fFmx_ 6-:. t iJ{~f :t Li,, 

(0015) 

::$:¥EBJJl=:{j 61:.fzt(·Fr'iffftti!lU~@'.l=::B i, 1-C t:!:, x 7 T 1 J\iJ,;-~c~ h -Ci, ,6 t::./:tJ, :!t_f:il,;O)* 
&:'d'." c·O)*oofiB+i"~Jffi-:i -ct t::.xiJ':1/t7 J 1 l\O)j~WJoot•BzM~ tL6-=. t l='d'." 6 0 :!t.f:if,;O) 
*&:~ c'O)*®fiBiJ'-O)h-~iifi-:i -C ~ t::.3/6tt!Ef:$;1f1if&~ ifi> :t fJ -15-IC t·i, •'d'."l .f::.d:>, S:. 0):1/t;~ 
~~9 6;: u=:J.: fJ, :1/t7 T 1 Jq;::J-.M L -C 3/67 T 1 }\i:fq~fE;JJN Lx':€x$l=:~iJ·h6x 
O)*fiBii'-U:}l!&:fiBJJ'-J,:J.T O)!Ei*O)i*fiB~ Jffi-:i -c ~ t::.:1/t, 9~.tJi::>:!t.f*fflfff ~ :$ < -15-!Ct-:.·:1/t 
c'd'."60 
( 0016 J 
:t t::., ::t:¥EBJJO):!t.f:$;'f1if&Hi!!.U~@'.U: _ filc:fJ l \- ;1f 3 7..0)filc:1/t':!t:1/tfiB:7>:ttrnJ®l=, wr 

tc:!t. f:il,;iJ• t:, O)f i:nff~atL:1/t ~ *:1/t ~ -it 6 *3/6$ ~ fFm x_ 6 -:. c iJ,-J;J :t L i, , o 

(0017) 

::$:¥EBJJl=:{j 6 !t.fzt(1f1if&tti!lU~@'.l=::tJ i, 1-C tL x':€:1/t$l=:J.: fJ ~!lit~ h!t.fzt(l=:.b i, i-Cfi:n 
fft\liL L t::.:1/tiJ'< *:1/t$/.;:J.: -:i -C :1/t-¥l::1/t$0)'Jt:1/tOOl=:y}J*J§! < *:1/t ~ tL6 S:. c l=:'d'." 6 o Lt::. 
ii-:i -C, IDf<f13fg;-ry-~O)!Ef:$;1f1iffffg;-ry-~!£.6x.9 6 lttR, :1/t-¥l::1/t$0)00ffi~ 1J, ~ < 9 6 S:. c iJ,t· 
t 6 t::. /:tJ, 1:. f:$;1f1ifffllt$U~@'.~f:if,;0)1J,~ fl:'..~ 11f! 6 -:. t iJ;1tJ1f~l=: 'd'." 6 o 

( :1eBJJ O).X1J* J 
( 0018) 

::$:¥eBJJl=:{j 6 !E fzt(1f1if&tti!lU~@'.l=: J.: htf, :1/t:1e:1/t$0):1ex1;k:Jl'.!1 ~~j_t::_~0):1/t§"t:1/t$l=: 
J.: -:i -C ':€:1/t~ ht::.:1/tl=:£-:-St, -Cfifj!f!.O)fl~~1'9!~ L -Ci,• 6 t::.d:>, M£'d'."ti!f.6>tt·:!t_f:if,; c O)fi 
M ~ 1'9!~9 6 = t iJ'>'f:' t 6 0 Lt::. iJ>-:, -c ' j~3/tiJ>:1/t'Jt:1/t$ t=:}-. 6 t~-i;l=:.b \, 1 l b ' lElii l=: 
:!t.fzt(t 0)1iM~m~9 6 ·= t ti,t·t 6 t::.l:fJ, ~ffinn::1:_fzt(,twfffeT>~tl:l~iT 3 = t iJ;1tJ1f~ t 
'd'."◊o 

( jEBJj~~j'jfji9 6 t::./:fJO):ftj§!O)-Jf;:lf&] 
(0019) 

J,,:J. T , ::$: ¥EBJJ (;: fj 6 !E f:$;'f1ifffiti!l1J~@'. 0)-~ni!!-Jt;~ ~ , rm 1 ,j> t:, rm 1 1 ~ ~~ L -C tJt BJ] 
i""6., 

( 0020 J 
*~ni!!fil~O)!£fzt(1!ITTNH$U~@'. l tL rm 1 iJ, t:, [RI 8 [=::.or--t J.: "J t=' H91!ffilrllt~-C'ifi}-:, -c-¥ 

tff (Jim) Al=:~~ Lt::.~;k:~t·, 1:.f:if,;ffiffft·ifi> 6JlfRf13Jt~~tl:\T 6 b O)t·ifi> 6 o 

(002U 

;: 0)!£f*'r1if&H$U~@'. 1 t::!:, ~;fl0)~~$o0n&t.P~-r$i:Po~ rq~ Lt::.1 \ T'J :./ Y ;7·· ( ::$:f:if,; 
) 2 t , = O)l \ i'J Y Y ;7·· 2 0) TOO 2 a ~ 1:.fzt(*® B {!!.U t=: lnJ (tt::. ~;k:~t·J \ 17 Y :./ f 2 ~-¥ 1§ 

Al=:~~9 6 !i!IJE'..=f.W: 3 t, J\i'J :.}y;7·· 2 l=:~tt 0h6 t +!J;:::!t_f:if,;*® ( 1:_f:if,;) B t=:rnJft 
-C :1/t~ ~l;J,J-9 6 LED ( Light Emitting Diode) 4 t 1=.f:il,;iJ•(;, O)ff:1Jfft.1iL3/6~'¥l::1/tT 6 
PD (Photo-Diode) 5 t ~fli"° 61:.f:$;-t: Y'-!f$ 6 c, J\ 17 :.,~·::,, ;7·· 2 l=:t~ft 0h6 c :t!:l=: 
1:.1*-c Y'-!ffiB 6 t=: J.: fJ ':€3/6 L t::.3/t;~l=:J;D tJ::..IIJKf13fg; % ( :!t.f*fflffffg;%) ~1:.Elt L:!i:.Elt ~ h 
t-:IJJRf13fg;%~nii~ L.IIIKfB111:~~tl:\T 6 '7-::7 Vl!:l'lll.$ ( :!i:.1*11ITTffii[~fiB) 7 t ~fimi.. -C ~, 6 
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( 0022) 

!t.f,l,:-c ✓'if$6tL !t.(ils:-c ✓'if$ (1\17;:;'/:7.20)T002 a1JlU) ii!t.f,l,:*®Bt::;J:iM!.L 
t~;ij>f§i:P~twt±::T 6t§!l±:$~:Mth-C V16 0 -t;:;bi::,' !t.f,1,:-c /'"lj-$ 6 7J'>, !t.~00B t::;J:i 
Mt Lt.:ir-Nir-~twl±:T 6 t+H::JlliHBfg-%~:'t.nx:-t 6 t~/i:>O)!Ef,1,;;ij,t:,O)::ltO)t§!tf::l~fi :i fftH1l 
~ifT 6 LED 4 t PD 5 t ~WLz -Ci, -i 6;: u::;:; 6 ◊ 
(0023 J 
:t t.: , !t. f,l,:ffl¥1Hftj!lU~@'. U :L l:Rl 7 t:: lRT J: :i t:: , 1 \ 17 ;:;' ✓ 7' 2 0) TOO 2 a J!lU t:: Jllit2:' :h 

-C, LED 4 t::J: tJ WM Lt.:::lt~~~&tlfz!lft2'-t!-6 t t 'L l::, 1:.f,l,:t::Bi.. -itti:nff!& L 
t.:::lt~ ~~2'-1±-6771 \-;If '7 -7.. 2 3 ~{iliLz -C 1, -i.f, o :t t.:, PD 5 ;ij'>;:_ 0)771'\-;ij '7 .7- 2 3 
~fi::mi'" 6::ltEHl771 \-jf 7 -7.. 2 3 ~~i&!: Lt.:!t.f,l,:;ij>{;,O)f&:nff!r!iL::lt~§t::lt-t 6 J: :it::;:; 
,:>'(l,i.f,o 

(0024J 

:t t.:, Y-:9 JJ11:f_!$ 7 t::tL PD 5 t:: J: ") 5t::lt2' :ht.:5€:'lt;fg-%l::£-:51, ,-c !t.(ils:t !t.f,1,:-c 
✓'"lf$ 6 t iJ{;J:Jft!I! L --C P6 ?J'ffiiJ,~f-rJ!ffii'" .fi=t=rJl!fr$ 7 at ~{liiLz -C 1, -i.fi o 

(0025) 

J::.ic.J \ 171/ ✓ 7·· 2 tL 7°7 -7..1-- "I 7-'?7 Jl, 2-=-17 L:'[fO)-s%:J&ti"fiiJ•f:,;:; 0 ' f'JrJEO)J]jL7:J. 
~ 'L-:> -C, WIJ ,z.tL 1::.oom~-Et:nID~-Jc(::IDnx: 2:':h-C \, ,.f, ◊ )\ 17 ;:;' 1/f 2 O)J::.ffij 2 b O)g:t::'R; 
$:n'-t::tL 1111}iE:nIDttO)ff '7 Xf=/x 1 0 iJ{*Y:)~£:h -C i3 0, i1n· '7 Xflx 1 0 O)rq{Jlijt::ttiiii 
~ 2' :ht.:J::.icJIJ!tlEl::tv--f O)fl!!1i-:flO)ffl¥it ~*lRT 6 *lR$ 1 1 ;ij>Jllic 2' :h -c \, 1 6 ◊ 
( 0026 J 
:tt.:, /\17;:;'✓ 7·2rqt::tL l:Rl5&ZJtl;Rl6l::lR-t J: ··H::, ;,<1 ✓£:f/xl 2:b,~ttt:.:h-C 

i3 0, i1;,( 1 /~:fix 1 2 t::1::.ic--r·--;, mI-1[[$ 7, 1::.tc*-'-'F$1 1 , 1c:~nrit;;1c:~a!! 1 3 
, IJJ!HBli~iciiT 6 ;,< -E lJ 1 4, 'if7'£:f)x 1 5 &tf'-zO)fi!!1i-:flcTJ~-r$n~7J{~~)Z!;l:Jlli~~ 
'[ft:: J: tJ ~m.B'.J t:: tl®i: 2' :h -C 1, 1 6 ◊ 

( 0027) 

J::.ic..Y·-:9 :i!1:fJ.$ 7 tL C P U:'[fO) I C$tfli~~ts 'L O)'(\f'> tJ , PD 5 t:: J: ") !Enx.2' :h 
t.:IDKtBFs-%~~ _§_ 7 ✓7°:'fft:: J: 1) ~IM'i Lt.:f&t::' r-'§JIB7- lJ-..I.~ffi:21!,:f-1[[ ( F FT :i!1:f.l) :'ff 
0PJrJE:i!1:f.l~fit 1 , -z0)1Jl1:f_!m*~Mtfri'" 6 .:: t t:: J: rJ IDKtsf::t~~/:tl-t 6:f:!Fit~if L -C 1,, 
◊o :it.:, ..y·-:9~:f-1[[$7!:L ~/:tlLt.:.IDKtBl:it~.x-ElJ 14l::icii-t6t:tH:, f&~T6 
::g.;f':9 ✓ 2 O iJ,t;,O)},_:fJt;:£~\ 1-C*lR$ l 1 t::*)f,2'-ti-6 J: :it::;;--=> -C P6 ◊ ]l!l::, Y 
-:9 !Jl!:f-1[[$ 7 tL fl!!O):.f-liJvttfli ~~~a'.Jt::ililJ:falli'" 6:f:!~ L if L- -c 1,, 6 o 

( 0028) 

J::.ic*)f,$1 1 LL f§IJ,z. tL LCD ( Liquid Crystal Display) :'[fO)i&Jb*-'-'F*-C'2b tJ 
, J::.:;zt L-t.:IJJKruJH::.lP~t=, W!J ,z.tL l:RllR L;;\, vJ<Jb;Jmj1J-=f(;: J: 0 7717 ✓ t- 2' :ht.:~llJ~ * 
)f,i'" 6 ~~J~jf,ff!rntv--f O)fl!! 0)1i-:fl1ff¥1t ~ *lRT 6 :f:!Fit ~ if L-C 1, 1 6 o f71J ,z. tf, ~l1J, B 
1·L ~ B-'?JE~i-1!! 1 3 O)~~:fJ:it'lf~*lRt·t 6 J: :it::;;-:> -C 1,, .fi o 

( 0029 J 
:t t.:, J\ 17 ;:;' ✓ 7' 2 (.::tL l:RI 1 &u(l;RI 2 i::lRi'° J: -3 t=, flf::f(O) * :9 ✓ 2 0 , WJJ,z. !:L 1 \ 

17 ;:;' ✓-~-,.- 2 O)J::.ffij 2 b t··«n -C *lR$1 1 0r{!llH::Jllic2>:ht.: 3 "JcT);j<:9 ✓ 2 0 &_t,r-:'J\ 17 ':,.} 
✓7·· 2 O)f!ltlrmi=~c 2':ht.: 1 -:)0)* :9 ✓ 2 0 ;ij{j~/t f:,:h -c \, 1 6 0 ;:_ :hG1i-;f':9 ./ 2 0 ~WT 
T 6 .:: t t·, 1i-ffti11'?J't·2' 6 J: -3 i::::j- ~., -c 1.. •6 o {JIJ;U:f, JIJK1BO)iti!lUlffltir, iti!lUw Jl::-'{.c> 

, 1JJK1s~ t ~~1 t O)*-'-'FtJJffv, ;,( ::i:: lJ 1 4 rq i::tcii 2:' n -c ~ i .fi 1JJK1sJt--r·- :7 ~:1~$0).f!& 

*t::--r· - :9 JtHii'" 6 'tf0ti1i::?J'-C"t 6 J: -3 t::;;--=> -C ·~ 1 6 ◊ 

( 0030 J 
]l!t::, }\ r'J ~) ✓ 7·· 2 O){!lUOO~::t!:, J::.icJE~i-1!! 1 3 i::1E~~~$0))'~$;ij,(:, ~:fJ ~f*f'cr L-C 

1E~2'-t!-6 J~$tlm:%1fr ( JE~.:J=.HD 2 1 fJ{~tt f:,:h -c \,l.f, 0 ;;i:,' )'~$tlmftlfi-r 2 1 ~ 
1'1-3 J: -3 i::t,1\-'tf2:"Jr'ZIJ11~t-c, 7~$tl®i:Yffil-r2 1 ~*~L-C 'L:.f-lfb;;1,," ;: -3-t6;: 
t t·, J~$1lmf!lffi-r 2 1 ~ 7.1<~-'?~1:fiJ, G t'JR~-t 6 .:: t fJ1nTFI~ t ;; !J , J: 0 izfj@t·;t 6 o 

:t t.:, J~$1JmYlm-=f 2 1 (::IJNG i", 1E~*&tf'J\l"] 1/'1/f 2 pq(::,f:h-f·n~:fJ~,*~T 6 
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( 6 ) ~ey'!ffl2005-270544 (P2005-270544A) 

t.::_(f)Cl) t- '7 >' :z~1i:-~ft, 1FtiM:f,k,~£t'1ECH!! 1 3 Cl)JEC~i=r -3 J: -3 t=ti'fJJx: Lt tti'fh~ 
I,' o 

(003U 

£t.::., PD 5 (;:J: f)j:_)1Jt~:h.t.::..ll1JtlBFa{}tL 7 v~;.,7')v~ 2 4, 'lj-7'·~ 1 5&tf..' 

;x 1 >'£.f!R 1 2 ~-fr Lt, J::.lc.--'1-:9 :Z!!:f.1$ 7 t:~ t:.:h.6 J: -3 t=~"') t 1, i 6 ◊ £ t.::., :fJ r::. 

- ti "7 ;z 2 3 F9 ~ f~~ VC P D 5 (: J: fJ 5l::Yc ~ :h.t.::. ::n:J.L =fo1JWf $ 7 a t:~ t;, :h. 6 J: -3 t: ~ 
"'.)t\,,,60 
( 0032) 

-'F'Jl'ffr$7 atL PD 5 t:J: rJfw:H~:h.t.::.~:Ycig;-%1i:-~t L t~ttt, c: Cl)Cffiiit &'> 
tJfp ~(l)~JE~:h.t\, •6111-fiffCEf a Vt ~'mt:J:tlli& L tV1,f, o LED 4 iiO FF :fft!l'£t:t:, 
1, ,t, :f'w'IH~:h.t.::.~:Jtfg;-%iJ1ifflfiiCEEa Vtlrt·&):h.?;fL ED 4 &U'P D 5 iJ1j:_Pfcyfrnf B 
tit::tiM:fx:@t·c6 6 tf,JWr---t 0 J: -:it=~"') t 1, ,-f> 0 ~11. Po 5 t:J: 0 :f'w':H ~t1.t.::.'¥t:YcFa 
%iJ{IIJ{iiCff a V t:11::. t·&):h.tL LED 41i:- ON :fx:@t:---t 6" ,f Lt, PD 5 t=J: tJ :f'w'l:fj 
~:h.t.::.5l::YcFa-%ii1rR!fiiCEEfi Vltll::.t'Ji:>:htf LED 4&tf PD 5 iJ{j:_f:¢~00 B t=1Fti!!l!:fft 
!l'Jt·Ji:> 6 t frJl!'frT 6 J: -3 t:~ -:.it 1, •6 ◊ ~-Ji, PD 5 t:J: 0 fw:H ~:h.t.::.'¥t:Ycfg;-%iJ1ifflfiiC 
fffi V l,::J.rt·;6:h.tf LED 4 &tf PD 5 iJ{j:_~~00B ttiff!l!:fft,~Jt·&),6 tfrJft'rT 6 J: -3 t: 
~-:.it 1,,1,;i 0 T~h½, --r·-;,~~f.1$7 tL C:Cl)fw'l:fj*s*t:~1,,t, LED 4 iJsf::,:Yc~!ra 
!llt---t 6 J: -:i t= L E o 4 Cl) 1r~ ~ mr1 frl'li---t 6 J: -s t=t~'ii:'. ~ n t 1, , 6 0 ~ t:, , c: Cl)~i'i-t5 t t: m~ 
t;, f, {71Ji_tf, "Ef:¢~00B t:tn!l!L l 1, •~I,,.:_ t iJ{:t§:!l:fj ~:h.t.::. t ~ t:, FF T~f_l~:fr~ 
¾J~i,, • J: -3 t:~JE l --C tti'fh~v1

0 

( 0033 J 
J::.fcfifilYi::-¥fJU tL 1 Yr'; '3/ >' ~-· 2 t:£:iiH.!lUiJ{JfX tJ 11 tt t;, :h. -C-¥ 1§ A t=~~nJ!f~~ffi 1 Cl) 

}\/' r: 3 0 &u·m 2 Cl)}\/' r: 3 1 ~fl L '( I, ,,f, 0 ffi 1 Cl)J\)-' f 3 0 &Uffi 2 Cl)}\/' F 3 1 
!i, J\ r'J '1/>'7'2 Cl)~-Ji!PJt:, ft1\ry '1/>'~··2 ~:m,,c t·-tf!PIT 6 J: -3 t:t~~t t:.:h. t 1, i 6 
◊ £ t.::., filjj1 \ ✓ r 3 o , 3 1 ti, f~ El tE~~it:tttr--H= J: 0 filJJx: ~ n -c 1,, 6 0 

( 0034) 

J::.fcffi 1 Cl)J\>' t.:: 3 0 t:!L 5t:flifilt:J\ ·:,,:?'Iv 3 0 a&tf :9 /:,-· 3 0 b iJ>JfX tJ f11t t:.:h. t 
1, i,6" £t.::., ffi2 Cl)J\>' F 3 U:!i, J::.ic:9 >'f 3 0 b iiti'1A.~:h.6fi!r.7-.tL 3 1 aiJ{ftffi 
2 Cl)J\>' F 3 1 Cl)*cf1i1PJt:i8-:.ittlJiIDJJx:~:h. t i,,,f, o C::h.t:J: tJ, f'!!J+f~Cl)cfl§ ACl) 
t~t=llit:, tffi l 7JJ\>' t:: 3 O&tlffi2 Cl)J\>' F 3 1 Cl)*~ ~tmJ~T-6 C: t iJ,-z·~ 6 J: -3 
t=~~) t 1, •6 o 

(0035) 

C:Cl)J: -3 t:;J-lf)1Jt~:h.t.::."i=:f:¢ffifflfti!lU~M 1 t:J: tJ, cfl§Al:~~Lt.::.:fx!l'Jc'IDl<tsJt:~• 
IHT 6 t~irt=---:)1, 1 t~EIJIT 6 ◊ 

( 0036 J 
£ f, [ill 8 Cl) 7 D--r-t'- t-l;Rlt::>f;---t J: -3 t:, ;t;' :9 >' 2 0 ~:flf!T L, IDl<tEJCl)fti!lU:E- F 

~ffl0fii_6C:t~J:-:.i--C, P05Cl)C.ffiONtt:@~~6(:Z~77Sl)oC:C:t, 
£f, LED 4 ~ 0 F F;J:k,~Cl)£ i., PD 5 t:J: l'J~:Yc~:h.6~:Yc1a-%Cl)C!E~:t§:!l:fj"t 6 
( ;:z T ,,, 7° S 2 ) o P D 5 t: J: 1) '3l::Yc ~ :h.t.::.3\:iJ>Cl± t l t 7'-- :9 ~f.1$ 7 Cl)-'flJl!'r$ 7 a 

t:tl:!:fJ ~:h.6 ◊ ..:. Cl)~,§-t::BP--C, =folj!'ffr:gj\7 ati, :t'ffe!IH~:h.t.::.~Effiit lffl(iiCl±a Vt~ 
m ~=J:tt& L l H 1) ( AT '1/ 7° s 3 ) ' tw l:fj ~ :h.t.::.CEEfiiif>ffflfiiCEE a i:11::.-e &) 6 i~,§- ( ;;z_ 

T•:,,7°S3 1 NOJ), LED4~0N;J:k,~t:-t-6 (Y-..Tf7°S4) o :iiJtf, --r·-;,mf.l 
$7 Cl)f1Jl'fJr$ 7 a ti, :t'ffe!IH~:h.t.::.~fiit lffl{iiCEE/J V&U .. r Vt ~'mt:J:tt& l t:B tJ ( 
;z T ·:,, 7° S 5 ) , :t'ffe!IH ~ :h.t.::.CfffiiiJ1fffl{iiCEE I S t:11::. r l,jT J t ~ -:.i t.::.±ii'i- ( ;z T ,,, 7° 

S 5 1 YE S J ) , L E D 4 &UP D 5 iJ{j:_f:¢~00 B t:tiff!I! l t I, 16 C: c. 1i:-=fo1Jl'ffrT 6 o 

( 0037) 

~-Ji, LED 4 iJ10 FF ;J;lc:@&:t:,1, 1--C, PD 5 t: J: rJ:t'ffe!IH~:h.t.::.CEEfiiiJ11fflfii~a i,j 
rc·Ji:>:f1.tf (AT '1/ 7° s 3 I y E s J ) ' LED 4 &tFP D 5 iJ{~f:if;;~ffijB C 3F1~L'&) 
6 t =fo1Jl'ffrT 6 o £ t.::. , LE D 4 iJ10 N tt!l'J&:t:, 1, • l , P D 5 &: J: tJ :t§:!l:fj '2::' :h.t.::.~fff[iiJ,fffl 
fiiCfE 1 /31,::.ll::., t::J.T J t-~ ~ ,t~i';-- ( Y-..-r ·:,, 7° S 5 1 NO J ) , LED 4 &tFP D 5 i'.J'"E 
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( 7 ) ~ey'!ffl2005-270544 (P2005-270544A) 

{11,;;*00 B c '1'°1ifii.!!t•&) .f, c 'PH!fr-t o" T~b't;,, -r·-:7911:F_!I:!$ 7 U:. LED 4 &tf PD 5 
iJ~lii~t::!t.f**® B t::ttffl!I! L "( \, 1 0 :/p0)19Uf:12'.'1T 'J 0 

( 0038) 

:,js:~:fjflif71Jt·tL -r'- :7 !-J&!! $1:±'m l::;jj! tl:I ~ :ht-.::~EE{ii c IRl{ii~EE 2'.' lt'5l L 't' 1., 1 o iJ1 . 1JIJ 
;U;fllJKfB2'.'iti!llJ-t 61itrt::0;z;.J:t~-t 6 ti 0~, IDftfB2'.'iti!!IJ-t 61itrf&t::J:tlf!5l-t 6 ti 0'"('&)-:) 
( {i;fl\j,b~i,,lo 
(0039 J 
-'PJlt~$ 7 a t:: J: !J , l;Rl 2 & Zf'l;RI 3 l::~-t J: -3 t::, ~ffl~0-=f.§ A 2'.' ~@IT 6 J: -3 jjljf J .;; >" 

V 3 0, 3 1 2'.'~t. -=F§A0::kt ~ t::»6t --Cffi 1 O)J{:.,, V 3 0 0):$1 ✓,:7· 3 0 b 2'.'ffi2 0 
;.;;:.,, V 3 1011¥.AtL 3 1 a l::11¥.A L, JYr'J SJ1/:7' 2 2'.'-'f'-§ Al::~~ L 't' 1,, •6 c 'FrJlt~-t o c 
, -r·-;,i~f.1$7 tL LED 4:IPG!±.~t::rPJ/t't':'lc2'.'~Jlt~tt6 o ~J;Jt~:ht-.:::'lctL !±.{* 
r-n::··filfrffn~w c ~ l-:) t-.::ffl~ lfn.m:i::J: rJ 11&1l£:B J:t.F~tL~:h. ~J;Jt~:ht-.:::'/c0~$:1J111t:n 
~tL:'/cc VCPD 5-Ci'§!tl:l~il60 ;jj!l:fj~il6:'/c!±, Jr'R!fi(::J:61fn.l'i':l£0~11::t::{f1.,,~I/] 
-t 6 0 PD 5 U:, ..: 0fi:n~8L:'/c2'.'5i::'/c-t 6 c ~l::5l::3/tii0~11::l::J,6 tt-.::Jllft1E1(§% ( !±.{* 
fflfflfi%) 2'.'!±.JJ:lt L --C, ~=t-:7 mf!!$ 7 t::tl:11J-t 6 o -::> :i rJ, -=F§ A ( !±.~) p'q$01/JlIIK 
&tF*ffil/JJllftp'qO)lfilvf/:~t::ffi t 't', LED 4 iPG~M~ilt-.:::'/c0fi:n~&:'/c0:'/cI:IJ1~1/J 
-t 6 0-z:·, PD 5 U, I/J.111K0IDKJJ1. l'!P'f:::>, IIIKiSlt::J,6 ttdi:n~tL:'/c05!::'/c:iJ"lT ,too ..: :h 
t,:: J: tJ , PD 5 i~L IDtttE!t§%0!±.JJ:lt:IJ1:fi' ;t 6 ◊ 

( 0040 J 
-r·-:7911f.1$ 7 U. *t:,il 't' t t-.::JlltttE11§%2'."fi!ttwi Lt-.::f&t::, FF TJ11f_!t!~O)JtJrJE'.911f.l 2'.' 

Lt-.::t-&, 19i:tff 2'.':fi'~ --J 't' lIIKtBJX2'."~tl:l-t' o o + L 't', 7'·-;, Jl1f!!$ 71±, ~tl:I Lt-.::JlltttBlt 
2'.' > t 1J 1 4 t::ic.ii-t 6 2 ~ i=~ ,ff;, :.,, 2 o 1,\Hti=~-::n 1 't' *~$ 1 1 t::*;if; ~ tt 6 0 

(004U 

~ffl~I±, £,~M],t::~;f-':71/ 2 o 2'.'tlfIT-t 6..: ct·, ?§'.g,t::~tl:12:':ht-.::IIIKtBl:t2'."*~$ 
1 1 t::*;ir-2:'-1:t't'ffliNiJ1:fi' ,( 6 0t·, ~J+H::lffl L 't'ffifJ!c·&) 6 ◊ :it-.::, ~ffl~I±, ~;r,· :7 
>" 2 o 0tiftl::J: !J, IIIKtB~t::.l:>1~0+0fID0•1iffl, 1JlJ;tt:L Mr%1J~.1E~i-t!! 1 3 01!~:h~ 
t-::-::>1,, ,-cli *;if-$ 1 1 t::J: 0 ffm-t 6..: t :1;,;,-c•t 6 0t·ft1,, .~ 1,,, 0 

( 0042) 

:it-.::, J:::3£. Lt-.:: J: '3 t::. ~ffl~ti, J\ ry SJ Y:7' 2 2'.' jjljfJ'\1/ V 3 0, 3 1 l:: J: rJ J1JTJE'.0)1J 
•c-'friii1)ft~t't'-=f.§ At::~~L 't' 1,, 160t·. *Mi'Fs'i~~ Lt-.:: c L 't' fiEfjg~2'.'~ to..: c iJ' 
~1., ,0t·, T1:Rt::~ t 6..: c :IJ'>~i,, •◊ 
( 0043) 

LED 4&r.f' PD 51±, 7 v'\=-:;..,7')v~2 47>if'li1!1:l::J: --Jl, J\ryS):.,,~··20T002 
a f!llJt:: fPHt-C:tlfIEE ~:ht !t.{11,;;*ffi B t::tl:1*6 t5tiB:Jl L 't' 1,,, 6..: c :IJ·G, IIIKtBl:t 2'.' ~ff Ji: 
t::~tl:1-t 6..: c :IJit·~ 6 0 

(0044) 

:t t-.:: , JE~i-t!! 1 3 t::~11 2'.' JE~-t 6 t£i'tt-::,±, 1JlJ ;t tr, JE~n t:::ti~ ~ t1 -z 1., 1 o JE~ :1 

- V~2'.'7~$:tim!Gffir 2 1 l:::tim-t 6 .:_ c --c·JE~2'.'lT '3 :. c :1;,-z, t, Jffi'mO)~i-t!!2'.' zrH!Mt:: 
ffl~T 6&·~U~1.,,o 1JE'"J't', iM[~gJt011rJ~2'."l;Rl6 .:_ ciJ•--c·~ 6 o ~J:3, J\rySJ:.,,7··2 
p'qt,::-g-JE2'.' tl:11J-t 6 7·'-·lf-~0-g-JE1:±:11J-¥flt2'.'~ftt't', 1E~ll!!. 1 3 0.1t~_m_:1;, "o" t::iB: 
< ~o :it··~".:!,· l_J_::~i;-i::, -g-F 2'.' tl:11J 2:'-1:t't'JE~Mi'JtJI ( JE~:71 ~ :.,,7··) 2'.'W ()it 6 J: 
'3 t::;fllJJJ:lt L -Ct ffl;b~1., •◊ 

(0045) 

i::.t__l_iJlBJJLt-.::J: -::ii::. *~MirJt:r1i·"'&01=_~,11¥ffiitrn.1J~@'.1 t::J:ntL LED 40¥E:'/ctk:@ 
2'.'~j_ t,.::~O) PD 5 t::J:-:) 1'.' 51::'/c~ilt-.:::'/cl::~-::S\-1"(, LED 4 &tf PD 5 illi=_{,!,;;*00 B 
t-::tiffl!I! L 't' 1,, 1 6 :IJ,=a:IJ•2'.";jj!ffl L 't' 1,,, 6 t,.::11), ffig,~;ffiJJJ:ltt·1:_~00 B c 0:ttM!f!2'.';jj!ffli"" 6 
..:ci}t·too Lt,.:::IJ'>'"J-C, :7~:'/ciiPD 5t::J,..f,:t£i';-t::J:31,,,'"({i, 1Efft::!t.~*OOBc0 
1~2'.' m~-t 6..: t :1;,t·~ 6 t-.::/1), ~fitl!'.t::!i::f*fflffl0;jj!1:±:12'.'1T :i ..: c :1;,nr11tt ~ 6 0 

( 0046 J 
~:B, *¥EaJJ0~Uiielfflti---'=-ic~M!!0IDmu::ITNJi:'. ~n.f> ti 0tu~ < , *¥EBJJO)~§' 2'.' 
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( 8) 

~mt L ~ ·~ 1ielffl i= :B 1... --c ~ 1:z 0)~51! ~ 1Jn x_ 6 . .: t iJ•nT'lm--c-£> 6 0 

( 0047J 

~ey'!ffl2005-270544 (P2005-270544A) 

{Jljj_ tL IZ[ 9 (;:jf;-t J: j (;:, ;l:J r:.,-n' 3 7.. 2 3 (;:, LED 4 t PD 5 t O)FaJ(;:Jl'ic~h;IJ 
]\-n'3 7.. 2 3 r-1 ~(~fflT .f,7e0)---$~ .BUM~-tt 6R:!lft00 2 3 a ~f~Jt--C ii .f!\, 1 o .: O);j:\!j 
fvtO);i:£i't(::tL LED 4 t;:J: 0~M~htc::YcO)j 'f:::>f:JJ'.-ff3 ;;z 2 317'J$~f~ffl-t6:Yt~ 
, Ez!lft002 3 a(;:J: rJ::1±.~~00Bf!!!H::.BtM~-tf-.f,C: t(;:~-fio C:.CT)tc:th, ::1±.f$:11'1¥ff~i!!!JJE'. 
T 6~tL / 1 :J:.3/t,t ~61:J l'--lf 3 7.. 2 3 pq~f~ffl-t-fi:Yc~;iJgl!fi-t 6.: t iJ,7:-~ -St.:th, 
IDKtsfg;%~1:.nx:-t 6~~0) s N lt~IPJ-1.T 6.: t iJ1riJ§~(;:~-fi" 

( 0048J 

£> ~, 1., ,u, rm 1 o t::jf;-t J: ·H= , P o 5 t f:J 1 \-n· 3 .7.. 2 3 t iJi~rdJ L --c Jl'icf)t ~ n, -
t!lfil4 0 a iJi f:J J '.- if 3 7.. 2 3 (;: _ ffht!lfil4 0 b iJi PD 5 0)5t3/cffi 5 a t::-fh--f'hili:Ji Lt tl: 
Well~~ ntc:1 '-1/ nv:Jf0)3/c7 7' 1 l'-4 o ~fFmx_ t 1., 1t i .1§!1.. \0 .: O)fflfvtO):ti,irt::t:L PD 
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trol medical care system is provided 
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programmed to process a user's con­
versational speech to identify valid 
commands therein and to generate 
control signals for operating medical 
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in accordance with the commands. 
The processor is programmed to gen­
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status information when requested, 
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system is configurational to interface 
with and control via voice activa­
tion essentially any piece of med­
ical equipment having instruments 
and control switches that can be con­
trolled via electrical or electromag­
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A portion of the disclosure of this patent document 

contains material which is subject to copyright protection. 

The copyright owner has no objection to the facsimile 

reproduction by any one of the patent disclosure, as it 

appears in the Patent and Trademark Office patent files or 

records, but otherwise reserves all copyrights whatsoever. 

Field of the Invention 

The invention relates to a voice command and control 

system for controlling medical equipment. 
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Background of the Invention 

A number of voice assisted 

PCT /US96/l 7320 

machine control 

applications have been developed due to recent advancements 

in speech recognition software. Examples of these 

applications include input and storage of electronic 

patient records, assistance in clinical diagnosis, 

generation and manipulation of medical images, and 

manipulation of surgical devices such as microscopes. 

Voice activated control of surgical instruments for 

vitreo-retinal surgery, for example, appears to be a good 

application for voice actuation technology. Intraocular 

surgery frequently requires simultaneous use of elaborate 

and sophisticated pieces of equipment by the surgeon, and 

coordination and integration of such equip~ent in an 

operating room with assistants and one or more nurses. A 

nurse is typically required to manipulate equipment 

controls in response to a surgeon's commands. Delays can 

occur when the nurse is busy setting up or adjusting other 

parameters when the surgeon's command is received. Delays 

associated with the human interface between a surgeon and 

a nurse can increase complexity of .the surgery, 

particularly when conditions inside the patient's eye 

change rapidly and unexpectedly. 

U.S. Patent No. 4,989,253 discloses a voice control 

system for moving and focusing a microscope. The system is 

disadvantageous , however, because it employs a discrete 

speech recognition algorithm. An operator must therefore 

give simple verbal commands, which are typically only one 

or two words, and speak them clearly and slowly. During 

procedures such as intraocular eye surgery, it is difficult 

to expect a surgeon to speak in the slow, halting manner 

required for accurate word identification using a discrete 

speech recognition algorithm. 
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U.S. Patent No. 5,303,148 discloses a voice activated 

image display controller which requires each operator to 

speak every command in order to create a stored user­

specific pronunciation list. The controller compares 

received digitized audio signals with the list to determine 

if a spoken word is a valid command. The controller is 

disadvantageous because it requires operators to undergo 

time-consuming training in order to use it. 

A need exists, the ref ore, for a voice command and 

control system for medical equipment which allows a surgeon 

to render voice commands 

speech and which does 

using natural , conversational 

not require the surgeon to 

participate in extensive training of the speech recognition 

engine. Further, a need exists for a voice com~and and 

control system which allows a surgeon to effectively handle 

volatile and quickly changing patient conditions (e.g. , 

intraocular pressure), and to decrease surgery time without 

compromising the safety of the surgical procedure. 

Summary of the Invention 

In accordance with an aspect of the present invention, 

a voice command and control system is provided which can 

process audio signals f rorn a microphone to identify an 

operator's verbal commands contained within conversational 

speech using speech recognition software. The commands are 

then converted to digital control signals which can be 

applied to a medical care device. The system is 

configured to continuously monitor the audio signals such 

that the operator does not have to speak in a slow, 

deliberate and unnatural manner. 

30 In accordance with another aspect of the invention, 

the system is configured to automatically generate a 

request for confirmation of a command signal, and to await 
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acknowledgement from the operator before executing the 

command. 

In accordance with yet another 

invention, the system is configured to 

status data relating to a parameter or 

medical care device in response to an 

command. 

aspect of the 

provide audible 

function of the 

operator' s query 

In accordance with still yet another aspect of the 

invention, the system is programmed to define functions and 

parameters of the medical care device and corresponding 

commands which are valid when that function or pa_rameter is 

active, and to store them in files. The files facilitate 

the speech recognition process, as well as increase safety 

and efficiency with which the voice controlled medical care 

device is used. 

In accordance with an embodiment of the present 

invention, a voice controlled medical care system is 

provided which comprises 

controlled in accordance 

(1) a medical care device to be 

with commands spoken by an 

operator, the spoken commands being selected from the group 

consisting of a single command word, a command phrase 

comprising a plurality of the command words, and a mixed 

phrase comprising at least one command word and at least 

one non-command word; (2) a microphone for transducing the 

spoken commands and generating corresponding audio output 

signals; (3) a processor comprising a first port connected 

to the microphone for receiving the audio output signals, 

the processor being programmable to substantially 

continuously monitor the first port for the audio output 

signals, to process the audio output signals to identify 

the command words therein, and to generate corresponding 

control signals for transmission to the medical care 

device; and (4} an interface circuit connected to the 

processor and the medical care device and operable to 
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provide the control signals from the processor to the 

medical care device. 

Brief Description of the Drawings 

These and other features and advantages of the present 

invention will be more readily apprehended from the 

following detailed description when read in connection with 

the appended drawings, which form a part of this original 

disclosure, and wherein: 

Fig. l depicts a voice command and control medical 

care system constructed in accordance with an embodiment of 

the present invention and in use with an intraocular 

microsurgical system in an operating room; 

Fig. 2 is a schematic block diagram of a voice command 

and control medical care system in accordance with an 

embodiment of the invention; 

Figs . 3 and 4 depict an exemplary and known medical 

care device; 

Fig. 5 is flowchart depicting the sequence of 

operations for processing an operator's verbal command to 

generate digital control signals for controlling a medical 

care device in accordance with an embodiment of the present 

invention; 

Fig. 6 depicts a computer screen generated by a voice 

command and control medical care system in accordance with 

an embodiment of the present invention; 

Figs. 7, 8, 9 and 10 illustrate computer screens 

generated by a voice command and control system in 

accordance with another embodiment of the present 

invention; and 

Fig. 11 is a schematic block diagram of a hardware 

interface for connecting a computer with a medical care 

device in accordance with an embodiment of the present 

invention. 
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Detailed Description of the Preferred Embodiment 

Fig. 1 depicts an operating room environment in which 

a voice command and control medical care system 10 is being 

used, in accordance with an embodiment of the present 

invention. The system 10 shall be described for 

illustrative purposes herein in connection with a Premiere® 

microsurgical system, which is commercially available from 

Storz Instrument Company, St. Louis, Missouri. The system 

10 processes verbal commands to effect a desired change in 

a piece of equipment (e.g., a microsurgical system) via 

digital or analog circuit means. It is to be understood, 

however, that the system 10 can be used with other devices 

besides the Premiere® microsurgical system in accordance 

with the present invention. These other devices can 

include, but are not limited to, a laser, a microscope, 

surgical tools such as remote-controlled scissors, medical 

imaging devices, devices for assisting patients such as 

electromechanical prosthetic and mobilization tools, 

devices for controlling medical care environments including 

room lighting and air quality, patent monitoring devices 

such as sensors for patient vital signs, amorig others. 

The Premiere® microsurgical system regulates speed, 

suction and other variables for intraocular surgical 

instruments which an ophthalmic surgeon holds in his or her 

hand during a surgical procedure. In accordance with the 

illustrated embodiment, a surgeon 14 or other operator of 

the voice command and control medical care system 10 can 

speak verbal commands into a headset 16 while performing 

surgery, as shown in Fig. l. The system 10 comprises a 

computer 18, which is preferably a personal computer or a 

portable, laptop computer, and which is connected to the 

Premiere® rnicrosurgical system 12 by an interface circuit 

20 (Fig. 2}. The system 10, therefore, eliminates the need 

to perform certain functions such as manipulating 
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instrument panel controls (indicated generally at 22) 

manually, thereby allowing the surgeon 14 and any other 

attending medical personnel 24 freedom to manipulate 

devices such as hand-held surgical tools and foot pedals 

and other operating room equipment. The system 10 can 

reduce burdens placed on a surgeon 14 and other medical 

attendants 24 during a surgical or other medical 

procedure, and can reduce the number of personnel required 

in the operating room. For example, a vitreo-retinal 

surgical suite is a complicated environment requiring 

several components of sophisticated medical equipment that 

are used simultaneously. A nurse is typically required to 

manually press buttons on the Premiere® microsurgical 

system 12 in response to requests from the surgeon to, for 

example, increase the vitrectomy cut rate. In addition to 

the surgeon, two nurses are required throughout an 

operation. The system 10 is cost effective in that it can 

transform this environment into an operating room requiring 

only one nurse and the surgeon. By eliminating the human 

interface between the surgeon and the nurse to adjust the 

Premiere® microsurgical system 12, the voice command and 

control system 10 provides a faster and more accurate 

response which, in addition to the cost effectiveness of 

reducing personnel, optimizes surgical outcome. 

Fig. 2 is a schematic block diagram of the voice 

command and control medical care system 10. Operator- voice 

commands are provided to a microphone 26 which is connected 

to the computer 18. The transduced audio signals received 

from the microphone 26 are processed in accordance with 

speech recognition software. The system 10 preferably uses 

Listen® for Windows® version 2.0 by Verbex Voice Systems, 

Inc. , Edison, New Jersey. The Listen® for Windows® 

software is user-independent to accommodate many surgeons 

or operators, without requiring extensive voice training 
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prior to use. The accuracy without training is 

approximately 80% to 90% for all users. The accuracy can 

be improved to approximately 100% when operators undergo 

training for less than one half hour to build an individual 

vocal profile. The refined operator specific grammar is 

saved in the memory of the computer or on magnetic disc or 

other storage device (e.g., a nonvolatile random access 

memory device) and can be utilized whenever that particular 

operator is using the system 10. 

Listen® for Windows® provides a continuous versus 

discrete speech recognition algorithm. The software 

therefore allows an operator 14 to speak to the computer 18 

in a natural and continuous manner, e.g. , as a surgeon 

would normally speak to a nurse. Discrete algorithms for 

speech recognition are less effective than continuous 

speech recognition algorithms because they require users to 

speak more slowly and in a hesitant manner. Further, users 

typically speak only one or two words at a time. Surgeons 

may not be able to speak in the unnatural and discrete 

manner required for accurate recognition by discrete voice 

recognition algorithms during stressful· situations 

encountered in an operation. 

With continued reference to Fig. 2, the microphone 26 

is preferably a unidirectional, noise canceling microphone 

Model P\N 42446-02-00 available from CTI Audio, Inc., 

Conneaut, Ohio. This microphone is preferred because it 

can specifically amplify the operator's commands only and 

is designed to reduce noise. The microphone 26 can be worn 

as a headset microphone 16, or can be permanently mounted 

on an operating room microscope 28 as shown in Fig. l. The 

computer 18 is preferably an IBM Think Pad laptop computer 

because it is portable, has multimedia capabilities 

allowing it to receive microphone input signals, and has an 

Intel 486 DX33 processor which provides for efficient 
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execution of both speech recognition and digital conversion 

programs. The output from the microphone is connected to 

the microphone jack on the multimedia laptop computer 18. 

As shown in Fig. 2, the computer 18 comprises or is 

connected to a speaker 30 to provide the surgeon with 

audible feedback and confirmation requests during the 

surgical procedure. The computer 18 provides control 

signals corresponding to an operator's verbal requests to 

a medical care device 12 via an interface circuit 20. In 

accordance with one embodiment of the present invention, 

the interface circuit 20 can be a hardware interface, as 

will be described in connection with Fig. 11. 

Alternatively, the computer 18 can provide control signals 

directly to the medical care device 12 via a serial or 

parallel port on the computer, as indicated by the phantom 

line 25. In accordance with other embodiments of the 

invention, the medical care device 12 can provide feedback 

signals to the interface circuit 20 or directly to the 

computer 18, as indicated by phantom lines 27 and 29, 

respectively, or the interface circuit can pr~vide feedback 

signals to the computer 18, as indicated by phantom line 

31. 

With reference to Fig. 3, the Premiere® microsurgical 

system 12 controls a number of instruments that are placed 

inside the eye during vitreo-retinal surgery. These 

instruments can include, but are not limited to, a 

vitrectorny cutter 32, a fragmentation handpiece 34 and a 

needle 36. The rnicrosurgical system 12 comprises a main 

console 38 having a display 40, a number of control buttons 

indicated generally at 42, and connectors for connecting an 

electrical line 46, an air line 48, an aspiration line 50, 

and an irrigation line 52, among others, to different 

surgical instruments. The microsurgical system 12 further 

comprises a remote controller 54 that can be connected to 
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the main console 38 via a single plug connector 56. The 

remote controller has a display 58 that is similar to the 

main console display 40. 

As indicated in Fig. 4, the main console display 40 

comprises function select switches 60, 62, 64, 66, 68, and 

70 for operating the microsurgical system 12 in a number of 

modes, including Vitrectomy, Fragmentation, Scissors, 

Bipolar, Illumination and Intraocular Pressure (IOP) 

Control modes, respectively. The main console also has a 

number of input switches (e.g., ten input switches) 72 for 

controlling levels of variable functions such as aspiration 

and cut rate. The functions of these ten switches is 

determined by software used to control the microsurgical 

system 12. The functions of the switches changes with each 

screen 74 presentation. 

With continued reference to Fig. 3, essentially any 

mode or feature can be selected, or any parameter level 

adjusted, using either the main console 38 or the remote 

controll.er 54. When a mode (e.g., Vitrectomy mode) is 

selected from either the console 38 or the remote 

controller 54, the mode is highlighted on· the console 

screen, as indicated in Fig. 4, and flashes on the remote 

controller display. The operational modes of the 

microsurgical system 12 associated with normal posterior 

eye surgery will now be described for illustrative 

purposes. In the Vitrectomy mode, the microsurgical system 

12 al.lows for vitreous cutting via the cutter 32 and for 

linear control over aspiration. In the Fragmentation mode, 

the microsurgical system 12 provides for phacofragmentation 

with linear control of aspiration for posterior segment 

procedures. The Scissors mode allows a surgeon to employ 

a pneumatically driven intraocular scissor instrument in 

single-cut, variable rate and proportional control modes. 

In single-cut control mode, scissors close rapidly when 
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actuated and remain closed until deactivated. In variable 

rate control mode, scissors open and close automatically 

at a cyclical rate established by a cut-rate display on 

display 40. In proportional control mode, scissors open 

and close in proportion to the level of actuation (e.g., 

the position of a foot pedal, or length or magnitude of an 

actuating control signal). 

As stated previously, the main console 38 comprises 

push buttons or switches 42 (Fig. 3) for selecting 

operational modes and various parameters , and for 

increasing or decreasing the value of parameters. The 

remote controller 54 can facilitate activation of these 

buttons 42 via the computer 18. In the past, a surgeon 

mentally decides on a value for each parameter such as 

bipolar power, cutting rate or maximum aspiration rate and 

conveys this sel.ection verbally to a scrub nurse. The 

scrub nurse then interprets the verbal command and pushes 

the appropriate button on the main console 38 to select the 

desired parameter or to change the value of a given 

parameter. The surgeon does not manually make the 

parameter or value change because he or she does not want 

to direct attention away from the microscope and the 

operation, while holding surgical instruments inside a 

patient's eye. The voice command and control of the 

medical care system of the present invention is 

advantageous because it allows the surgeon to actuate 

appropriate buttons on the medical care device 12 without 

the nurse and by using only his voice, thereby reducing any 

delays in carrying out the verbal command as the command is 

interpreted and executed by a human being. This system 10 

can therefore reduce personnel required in the operating 

room and the duration of the surgery. 

The computer 18 preferably operates in a Microsoft 

Windows® environment and has Listen® for Windows® software 
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stored in its digital memory. In accordance with an 

embodiment of the present invention, the computer 18 is 

also provided with a custom executable program, which is 

written, for example, using Visual C++ developmental 

software, to process command words identified by the speech 

recognition software and to manipulate the medical care 

device 12 accordingly. The custom software code is 

provided in Appendices A and B. The overall operation of 

the system will be described with reference to the 

flowchart in Fig. 5. 

As shown in Fig. 5, the computer is programmed to 

essentially continuously monitor its microphone input for 

audio output signals from the microphone 26, which 

transduces utterances of the operator (block 80). Because 

the speech recognition software has a continuous speech 

recognition algorithm, the verbal commands of the operator 

need not be as discretely or precisely stated as with a 

discrete speech recognition algorithm. In other words, the 

surgeon can intermingle actual command words with 

unintended words such as hesitations {e.g., "uh"). 

With reference to block 82 of Fig. 5 ,· the computer 

analyzes the audio output signals of the microphone 26 

using the speech recognition software to identify command 

words therein. When the voice command and control medical 

care system 10 is being configured for use with a 

particular type of medical care device 12, the functional 

modes of that device 12 are identified and defined, along 

with parameters which can or cannot be changed within those 

modes and restrictions, if any, on changing to different 

modes. Commands are subsequently defined to allow a user 

to initiate a particular function of the device 12, change 

a parameter setting or functional mode. These commands are 

then stored in corresponding grammar files. Appendix A 
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contains several grammar files for using the system 10 with 

the Premiere® microsurgical device 12. 

By way of example, Fig. 6 depicts a window screen on 

the monitor 40 of the computer 18. Against a Windows® 

environment background, a pop-up menu 84 is generated by 

the computer which lists available commands a surgeon can 

speak into the microphone while in the Vi trectomy mode 

selected and highlighted in Fig. 4 . When any of these 

listed commands is spoken into the microphone, the computer 

18 is programmed via the custom software program of the 

present invention to compare the audio output signal with 

the phrases listed in the grammar file labeled Posterior 

Vitrectomy Grammar in Appendix A. If the surgeon requests 

a change in the level of illumination {e.g. , 11 Premiere®, 

set illumination high"), the computer 18 will ignore the 

command because it does not locate the word "illumination" 

in the Posterior Vitrectomy Grammar File, as indicated in 

blocks 90 and 91. Once a valid command is identified, the 

computer 18 is programmed to generate a pop-up menu 

corresponding to that command. This is illustrated in 

Figs. 7 and 8. The Premiere® microsurgical system 12 can 

also be used in an anterior versus posterior surgical mode 

to perform cataract surgery. The computer 18 is programmed 

to identify commands, generate screens and control medical 

instruments specific to the Premiere® microsurgical system 

when operating in the anterior surgical mode, as well as 

the posterior surgical mode. 

Fig. 7 provides another example of a Vitrectomy mode 

screen. The box 86 on the left side of the screen provides 

status information for the selected instrument or mode 

(e.g., posterior vitrectomy). The computer 18 generates 

the status screen in accordance with data received from the 

medical care device 12. The computer 18 also generates the 

pop-up menu 8 8 on the right side of the screen which 
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corresponds to the current mode or instrument function in 

use by the operator. The pop-up menu 88 lists commands 

with can be used to operate an instrument in that 

particular mode, to change to another mode, to request 

status information regarding a system function such as 

aspiration rate, to set a parameter level such as 

"Premiere® set power high" or to issue a system command 

such as "stop listening". If the operator gives a verbal 

command such as "Premiere® go to fragmentation" , the 

computer 18 is programmed to generate the screen depicted 

in Fig. 8. 

The status screen 86 on the left hand side of the 

screen in Fig. 8 gives different status information from 

that of Fig. 7, that is, information pertaining to 

posterior fragmentation. In addition, the commands for 

operating an instrument, setting a parameter value, 

inquiring about the status of certain parameters such as 

power, as well as auxiliary commands, change from those of 

the pop-up menu for the posterior vitrectomy mode in Fig. 

7. For example, the parameter values for setting power or 

switching the pulse on or off cannot be changed when in the 

Vitrectomy mode. Similarly, cut rate cannot be set in the 

Fragmentation mode. While in the Fragmentation mode, 

verbal commands given by the operator are processed by the 

computer 18 in accordance with the speech recognition 

software using the grammar file for fragmentation, which is 

also provided in Appendix A. Thus, the speech recognition 

software preferably accomplishes voice controlled 

navigation through the various modes and parameter value 

changes of the medical care device 12 during a surgical 

procedure using a library of context-dependent command 

definitions stored in various grammar files. 

With continued reference to the flowchart in Fig. 5, 

once the computer 18 identifies a valid command in an audio 
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output signal from the microphone 26, the computer 18 is 

programmed to generate a confinnation message before 

executing the identified command, as shown in block 94, 

unless the command is a request for status information, as 

indicated in blocks 92 and 93. The confirmation messages 

are generated by the computer using prerecorded messages. 

Alternatively, synthesized speech messages can be generated 

by the computer 18 using appropriate software. The 

computer 18 is programmed to wait for acknowledgment from 

the operator before executing the command. Thus, the 

confirmation/acknowledgment feature of the system 10 

increases the safety of the system, particularly in 

surgery, because the surgeon can cancel a verbal command, 

as described below. 

The confirmation function of the present invention is 

illustrated in Fig. 9. The computer 18 generates a Confirm 

dialogue box 95. The pop-up menu 88 on the right hand side 

of Fig. 9 lists valid confirmation responses or commands 

which can be spoken by the operator and recognized by the 

computer 18. If the operator responds with t1yes 11 or uoK", 

the computer 18 is programmed to execute the command, as 

shown in blocks 96 and 98. As shown in the status screens 

86 in Figs. 8 and 10, the maximum power has been increased 

from 5% to 80%. The manner by which this is done will be 

described below in connection with Fig. 11. If the user 

responds with "no" or "cancel", the computer 18 is 

programmed to continue monitoring its microphone input for 

audio output signals from the microphone 26, as indicated 

by the negative branch of decision block 96. With 

reference to decision block 100, if the operator speaks the 

command "stop listening". the computer 18 ceases to 

identify commands, if any, in the surgeons conversation via 

speech recognition until it is commanded to resume 

listening, as indicated in blocks 101 and 102. 
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The manner in which commands are executed by computer 

18 will now be described. As stated previously, when the 

system 10 is to be used with a particular medical care 

device 12, the modes of operation and possibilities for 

affecting changes to different parameters throughout the 

modes is defined (e.g., using grammar files). The method 

by which modes are selected and parameter values are 

changed within the medical care unit 12 is also analyzed. 

In the case of the remote controller 54 of the Premiere® 

rnicrosurgical system, it was determined that pushing any of 

thirty buttons on the controller could be simulated 

electronically by shorting together various pairs of 16 

wires contained within the controller 54. To enable the 

computer 18 to control the remote controller 54, a hardware 

interface 103 was designed and fabricated as shown in Fig. 

11. The hardware interface 103 was placed in a black box 

connected to a parallel port of the computer 18 by a 

standard printer cable, and connected to the Premiere® 

remote controller 54 by a 16-pin ribbon cable. The buttons 

42 on the Premiere® rnicrosurgical system are essentially 

soft keys which are programmed to have multiple functions, 

depending on the mode in which the rnicrosurgical system 12 

is operating when a valid command is identified in the 

audio output signals from microphone 26. For example, one 

of the input switches 72 in Fig. 4 can be depressed one 

time in the Scissor mode to increase scissor cut rate by 

30%. The same button can be depressed one time in the 

Phacofragmentation mode to increase ultrasound power by 1%. 

Each command for a particular function is assigned a 

digital code which is stored in the digital memory of the 

computer 18. The codes can be used to affect a change to 

a parameter value, instrument setting or change an 

operational mode (e.g., selecting a different instrument). 

IPR2025-01254 Page 00388



5 

10 

15 

20 

25 

30 

WO97/15240 PCT/US96/17320 

- l7 -

In accordance with the illustrated embodiment of the 

present invention, the computer 18 is programmed to 

generate an 8-bit binary number corresponding to the 

command to be executed by the medical care device 12. The 

least significant bits (LSB} DO through D3 and the most 

significant bits (MSB) D4 through D7 are provided to 

decoders 104 and 106, respectively. The decoders are 

connected to the inputs of four quad bi-lateral switches 

108, 110, 112 and 114 via NAND gates on four quad 2-input 

NANO gate components 116, 118, 120 and 122, respectively. 

As shown in Fig. 11, each switch 108, 110, 112 and 114 has 

four outputs connected to the 16-pin ribbon cable and four 

outputs which are connected to ground. 

By way of example, if a verbal command is given to set 

cut rate high while in the Vitrectomy mode, the computer 18 

is programmed in accordance with the invention to map the 

command to an appropriate digital code. The code can 

correspond to a signal for operating one of the sixteen 

switches corresponding to outputs PO through P16, for 

example. When activated, the switch allows an electrical 

signal to be applied to one of the sixteen internal wires 

in the controller 54 for simulating the activation of a 

push button on the main console 38. For example, if the 

button for increasing cut rate on the main console can be 

activated remotely by shorting together the fourth and 

eighth wires of the sixteen internal wires of the remote 

controller 54 via their corresponding switches 110 and 112, 

the computer 18 can output OlOOB and lOOOB at its parallel 

port. Accordingly, all of the outputs of the decoder 104 

are high, except for pin number 4, which is set low. 

Similarly, all of the outputs of the decoder 106 are high, 

except for output number 8, which is set low. Each NAND 

gate receives a high value from the decoder outputs, except 

for pin numbers 4 and 8 on decoders 104 and 106, 
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respectively. The NAND gates produce a low value at the 

input of their corresponding switches, resulting in the 

switches staying open. However, switches corresponding to 

pins P4 and PS of decoders 110 and 112, respectively, close 

since their corresponding NAND gates have one high and one 

low input, thus the internal wires of the controller 52 

connected to pins P4 and PB receive an electrical signal to 

emulate the pushing of a button on the main console 38. 

It is to be understood that the number of buttons on 

a device 12 and the number of possib:le functions is 

arbitrary. For example, the computer 18 can be programmed 

to output digital signals in accordance with a matrix such 

that activating combinations of switches can effect 

different functions of the medical care device 12. In 

addition to providing data on a parallel port, the computer 

18 can generate serial output signals which can be decoded 

by an interface circuit or the device 12 itself to affect 

desired parameter and mode changes, or other functions 

requested verbally by the operator. The control signals 

generated by the computer 18 to execute the operator's 

commands can be output via a parallel or ser.ial port, can 

be conducted along an electrical wire or other 

communication link such as optical fiber. In addition, 

wireless communication can be used between the computer 18 

and the device 12 to be controlled, such as ultrasonic 

signals, infrared signals, radio frequency signals or other 

electromagnetic signals. 

The degree to which the parameters are changed can 

also be implemented in a number of different ways in 

accordance with various embodiments of the present 

invention. In the illustrated embodiment (Fig. ll), the 

closing of one of the switches corresponding to lines PO 

through PlS simulates activation of a push button on the 

main console 38. The degree of change in the parameter 
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variable requested by the operator is programmed and stored 

in the digital memory of the computer 18. Changes to 

parameter values are incremented such that each time a 

manual console button is depressed {i.e. , one of the 

switches PO through P15 is activated), the parameter 

increases or decreases from its current state by a 

predetermined amount. For example, if the computer 18 

identifies the command "Premiere® set power high", the 

computer 18 is programmed to generate a control signal at 

the parallel port which closes appropriate switches PO 

through P15 to simulate a single depression of a control 

button to take the medical care device 12 to the next power 

level, which could be an increase of 1% or 10%. 

Alternatively, the rate at which parameters are incremented 

or decremented can be done continuously, as opposed to 

discretely. 

In addition to discrete or incremental control, the 

amount by which parameters can be changed can also be 

implemented via proportional and derivative control. For 

example, a parameter can increased or decreased in value in 

proportion to the duration of the signal being sent to the 

medical care device by the computer 18 or interface circuit 

20. Further, feedback data can be provided to the computer 

18 or other processor (e.g., a processor in the interface 

circuit} from the medical care device 12 for monitoring 

purposes. The control signal is continuously applied, or 

increased or decreased in magnitude, until the parameter 

reaches a desired threshold or another condition in the 

program code has been satisfied. The change in parameter 

value can be accomplished numerically. For example, the 

operator can state "Microscope, increase power thirty 

percent" or "Microscope, increase power three zero percent•• 

or "three, 'oh' percent". Using the speech recognition 

software, the computer 18 can identify the desired level or 
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value of a parameter from a verbal command, and then 

determine the amount of change required based on the 

current value of the parameter. The computer 18 

subsequently generates and transmits one or more control 

signals to the medical care device 12 in order to 

manipulate the instrument or control button thereon and 

automatically jump to the desired level. Alternatively, 

the computer 18 can generate control signals to 

continuously or discretely increase or decrease the current 

parameter level of the instrument or control but ton to 

achieve the desired parameter level. 

The interface between the computer 18 and the medical 

care device 12 can be implemented a number of ways such as 

a separate digital circuit (e.g., the circuit depicted in 

Fig. 11), or as components on a peripheral board inserted 

into a slot in a personal computer. The interface circuit 

can be implemented using digital or analog components or 

both. Further, the interface between the computer 18 and 

the medical care device 12 can be implemented completely 

using software run by the computer 18. In accordance with 

the present invention, the system 10 can- be used to 

interface with essentially any type of variable input or 

output device that can be switched or actuated by an 

electrical or electromagnetic signal. 

As stated previously, the system 10 can be used to 

control a number of different devices such as medical 

imaging devices, surgical instruments, and environmental 

control equipment in operating rooms, patients' rooms and 

laboratories. The device to be controlled is analyzed to 

ascertain those functions and tools that are to be voice 

actuated. A vocabulary of commands is defined to control 

each function or tool while the tool or function is active. 

The tool or function-specific commands are stored in a file 

(e.g., a grammar file) that is accessed by the computer 
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when processing an output signal from a microphone. The 

file for a particular function or tool can be defined to 

restrict the initiation of certain functional modes, the 

use of certain tools or the amount a parameter can be 

changed while that function or tool is active. When 

executing a command in a file, the computer 18 facilitates 

the initiation of another mode by deactivating the 

instrument in current use and activating relevant 

parameters in the new mode. The computer 18 can be 

programmed via the content of the files and the order with 

which the files and their corresponding screens (e.g., the 

Posterior Vitrectomy Grammar file and the active screen 

depicted in Fig. 7) are generated to anticipate commands 

{i.e., to more efficiently process audio signals to 

identify valid commands therein}, as well as to guide 

operator command choices, in accordance with an optimal 

sequence for using a medical care device 12 or performing 

a particular procedure such as intraocular surgery. The 

degree to which parameters can be changed, and the manner 

in which the device 12 is manipulated to affect the desired 

change, is defined and appropriate control· signals are 

stored for subsequent retrieval or generation and 

transmission to the device 12. 

The system 10 is advantageous for medical procedures 

such as intraocular surgery, for example, because 

parameters such as IOP may need to be adjusted quickly and 

unexpectedly during surgery. Unfortunately, the scrub 

nurse, who typically manipulates control buttons on medical 

care equipment, can be too busy setting up and adjusting 

other instrumentation to quickly respond to a new command, 

resulting in a delay in changing the parameter as needed. 

This can reduce the response time of the surgeon to 

changing conditions inside the eye and hence adversely 

affect the outcome of the surgery. Using the system 10 of 
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the present invention allows changes to be made in chosen 

parameters directly by the surgeon, while allowing him or 

her to continue holding surgical instruments inside the 

eye. Further, the surgeon does not have to direct 

attention away from the patient and the microscope view to 

ascertain the value of a parameter. Following a query 

command, the computer 18 automatically generates a status 

report, using pre-recorded or synthesized messages and 

pronunciations of numerical values, which is broadcast over 

the speaker 30 (Fig. 2) . The above-described features 

increase the safety of the medical proc_edure being 

performed using the voice controlled medical care system 10 

of the present invention. 

While certain advantageous embodiments have been 

chosen to illustrate the invention, it will be understood 

by those skilled in the art that various changes and 

modifications can be made herein without departing from the 

scope of the invention as defined in the appended claims. 
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APPENDIX A 

;;** START OF LISTEN.INI UPDATES** 
; ; [EXECUTE] 
Premier= C:\MSVC\BIN\PREMIER\PREMIER.EXE 
;;**END OF LISTEN.IN! UPDATES** 
;;-----------Speech Interface File---------------------
#application "Premier" Application Name 

PCT/US96/17320 

#include "setup.inc" ; Required Listen include file 
#include "prompt.inc" ; Required Listen include file 
#vocabulary "Premier" ; Vocabulary Name 
··--------------------------------------------------, , 

;;-------------Grammar Common Section---------------------­
;;COMMON.VSN - Listen 2.0 Common User Interface 
I I - -

#list \END 
#description 

end "end" 
exit "end" 

#end_list 

#list %DIGIT 

ff II 

#description "Any digit from Oto 9" 
0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

#end_list 

#list %DIGIT-OH 
#description "Any digit, including oh(0)" 

oh "0 11 

0 
1 
2 
3 
4 
s 
6 
7 
8 
9 

#end_list 

#list lDIGIT1-9 

IPR2025-01254 Page 00395



WO 97/15240 

- 22B -

#description "Any digit from 1 to 9" 
1 
2 
3 
4 

5 
6 
7 
8 
9 

#end_list 

#list \DIGIT1-8 
#description "Any digit from 1 to 8 11 

1 
2 
3 

4 

5 
6 
7 

8 
#end_list 

#list \DIGIT1-7 
#description "Any digit from 1 to 7" 

1 
2 
3 
4 

5 
6 
7 

#end_list 

#list \DIGIT1-6 
#description "Any digit from 1 to 6" 

1 
2 
3 
4 
5 
6 

#end_lst 

#list tDIGIT1-5 
#description "Any digit from 1 to 5" 

1 
2 
3 
4 

5 
#end_list 

#list %DIGIT1-4 
#description "Any digit from 1 to 4" 

PCT /US96/l 7320 
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1 
2 
3 
4 

#end list 

#list %DIGIT1-3 

- 22C -

#description "Any digit from 1 to 3" 
1 

2 
3 

#end_list 

#list %DIGIT1-2 
#description "Only the digits 1 or 2" 

1 
2 

#end_list 

#list %ZERO 
#description "Either 0 or oh" 

oh "O" 
0 

#end_list 

#list tl-2DIGITS,,,l,2 

PCT/US96/l 7320 

#description "A series of 1 to 2 digits, including oh(0)" 
oh "0" 
0 

1 

2 
3 
4 
5 
6 
7 
8 
9 

#end_list 

#list %1-JDIGITS,,,1,3 
#description "A series of 1 to 3 digits, including oh(0)" 

oh "0" 
0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

#end_list 

#list \1-4DIGITS,,,1,4 
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#description "A series of 1 to 4 digits, including oh(0)" 
oh "0" 
0 
1 
2 
3 
4 
5 

6 
7 
8 
9 

#end_list 

#list \1-SDIGITS,,,1,5 
#description "A series of 1 to 5 digits, including oh(0)" 

oh "0" 
1 

2 
3 

4 
5 
6 

7 

8 
9 

#end_list 

#list \1-6DIGITS,,,1,6 
#description nA series of 1 to 6 digits, including oh(0)" 

oh "0" 
1 

2 
3 

4 

5 
6 
7 
8 
9 

#end_list 

#list \1-NDIGITS,,,* 
#description "A series of any number of digits, including oh(0)" 

oh "0" 
0 
1 
2 

3 

4 
5 
6 
7 

8 
9 

#end_list 
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#list t0-NDIGITS,,, • 
#description "A series of any number of digits, including oh(0), all 

optional" 
oh "0" 
0 
l. 
2 
3 
4 

5 
6 
7 
8 

9 
#end_list 

#list %0-DIGIT-OH,,,0,1 
#description "Any digit, including oh(0), all optional" 

oh "0" 
l. 

2 
3 
4 

5 
6 
7 
8 
9 

#end_lst 

#list tDIRECTIONl.-9,\NO_MOD ALL 
#description "Any digit from 1 to 9, used with the move command" 

l. 

2 
3 
4 
5 
6 

7 
8 

9 
#end_list 

#list %3DIGITS-DT1\NO_MOD ALL,,3,3 
#description "Three digits, without oh(0), used for Digit Training." 

1 
2 
3 
4 

5 
6 

7 
8 
9 

#end_list 
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#list \3DIGITS-DT2,\NO_MOD_ALL,,3,3 
#description "Three digits, without 0{zero), used for Digit Training." 

oh 11 0" 
1 
2 
3 
4 

5 
6 
7 
8 

9 
#end list 

#list \NEGATIVE,,,0,1 
#list_phrase modify negative word list 

negative 11 - 11 

minus "-" 
#end_list 

#list \SWITCH TO_LIST,\NO_MOD_ALL 
#list_phrase modify switch to list 
#description "The SWITCH_TO_LIST can only be modified from within the 

.Listen Conunand Editors by selecting the 'Switch to list ... •command, under 
the • Edit ' menu 

"program manager" 
"task list" 

#include "switchto.inc" 
#end_list 

Vocabulary level Host response templates and translations 

#host_response 
#translations 

#initiator"" 
#separator"" 
#terminator 1111 

#templates 
move up 1 > "<UP>" 
move up 2 > 11 <UP><UP> 11 

move up 3 > 11 <UP><UP><UP>" 
move up 4 > "<UP><UP><UP><UP> 11 

move up 5 > "<UP><UP><UP><UP><UP>" 
move up 6 > "<UP><UP><UP><UP><UP><UP>" 
move up 7 > "<UP><UP><UP><UP><UP><UP><UP>" 
move up 8 > "<UP><UP><UP><UP><UP><UP><UP><UP>" 
move up 9 > "<UP><UP><UP><UP><UP><UP><UP><UP><UP>" 
move down 1 > "<DOWN>" 
move down 2 > "<D0WN><D0WN>" 
move down 3 > "<D0WN><D0WN><D0WN>" 
move down 4 > "<D0WN><D0WN><D0WN><D0WN>" 
move down 5 > 11 <D0WN><DoWN><D0WN><D0WN><D0WN>" 
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move down 6 > "<D0WN><D0WN><00WN><D0WN><00WN><D0WN>" 
move down 7 > 11 <D0WN><00WN><00WN><00WN><00WN><00WN><00WN>" 
move down 8 > "<D0WN><00WN><D0WN><D0WN><00WN><D0WN><00WN><00WN>" 
move down 9 > "<D0WN><D0WN><D0WN><D0WN><D0WN><D0WN><D0WN><D0WN 
move left 1 > "<LEFT>" 
move left 2 > "<LEFT><LEFT>" 
move left 3 > "<LEFT><LEFT><LEFT>" 
move left 4 > "<LEFT><LEFT><LEFT><LEFT>" 
move left S > "<LEFT><LEFT><LEFT><LEFT><LEFT>" 
move left 6 > "<LEFT><LEFT><LEFT><LEFT><LEFT><LEFT>" 
move left 7 > "<LEFT><LEFT><LEFT><LEFT><LEFT><LEFT><LEFT>" 
move left 8 > "<LEFT><LEFT><LEFT><LEFT><LEFT><LEFT><LEFT><LEFT>" 
move left 9 > "<LEFT><LEFT><LEFT><LEFT><LEFT><LEFT><LEFT><LEFT 
move right 1 > "<RIGHT>" 
move right 2 > "<RIGHT><RIGHT>" 
move right 3 > "<RIGHT><RIGHT><RIGHT>" 
move right 4 > "<RIGHT><RIGHT><RIGHT><RIGHT>" 
move right 5 > "<RIGHT><RIGHT><RIGHT><RIGHT><RIGHT>" 
move right 6 > "'RIGHT><RIGHT><RIGHT><RIGHT><RIGHT><RIGHT>" 
move right 7 > "<RIGHT><RIGHT><RIGHT><RIGHT><RIGHT><RIGHT><RIGHT>" 
move right 8 > "<RIGHT><RIGHT><RIGHT><RIGHT><RIGHT><RIGHT><RIG 
move right 9 > 11 <RIGHT><RIGHT><RIGHT><RIGHT><RIGHT><RIGHT><RIG 

#control_response 
sample noise >\RECALIBRATE 

#grammar "Top/Menu" 
#context 

"CONTEXT= PREMIER.EXE,*,** 
#end_context 
#phrase !SHOW_RUN_MENU_O,\INACTIVE,1 

#spoken show run menu 
#response "<ALT+R>" 

#end_phrase 
#phrase !RUN_ANTERIOR_1 

#spoken run anterior 
#response "<ALT+R>A" 

#end_phrase 
#phrase !RUN POSTERIOR 2 

#spoken run posterior 
#response "<ALT+R>P" 

#end_phrase 

#phrase !SELECT_MENU_ITEM_ADD2MENU_3,\INACTIVE,1 
#spoken select menu item 
#response "<ENTER>" 
#end_phrase 

#phrase 1HIDE_MENU_ADD2MENU_4,\1NACTIVE,1 
#spoken hide menu 
#response "<ESC><ESC>" 

#end_phrase 

#phrase !SWITCH_TO_SWITCH_TO_LIST_ADD2MENU_S,\NO_MOD_RESPONSEI\IN 
#spoken switch to ISWITCH_TO_LIST 
#response "$E" \SWITCH TO_LIST "$" 
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#end_phrase 

#phrase !BEGIN PHRASE TRAINING PLEASE ADD2MENU 6,\NO MOD RESPONSE 
#spoken begin-phrase training pl;-ase - - - -
#response "$W$" 

#end_phrase 

#phrase !BEGIN ADVANCED TRAINING PLEASE ADD2MENU 7,\NO MOD RESPON 
#spoken begin-advanced training please - - - -
#response "$T$" 

#end_phrase 

#phrase !MOVE_UP_DIRECTION1-9_ADD2MENU_8,\1NACTIVE,1 
#spoken move up \DIRECTION1-9 

#end_phrase 

#phrase !MOVE_DOWN_DIRECTION1-9_ADD2MENU_9,\INACTIVE,1 
#spoken move down \DIRECTION1-9 

#end_phrase 

#phrase !MOVE_LEFT_DIRECTION1-9_ADD2MENU_10,\1NACTIVE,1 
#spoken move left \DIRECTION1 9 

#end _phrase 

#phrase !MOVE_RIGHT_DIRECTION1-9_ADD2MENU_11,\INACTIVF 1 
#spoken move right tDIRECTION1 9 
#end_phrase 

#phrase !NEXT_FIELD_ADD2MENU_12,\INACTIVE,1 
#spoken next field 
#response "<TAB>" 

#end_phrase 

#phrase !PREVIOUS_FIELD_ADD2MENU_13,\1NACTIVE,1 
#spoken previous field 
#response "<SHIFT+TAB>" 

#end_phrase 

#phrase !CLOSE_WINDOW_PLEASE_ADD2MENU_14,\INACTIVE,1 
#spoken close window please 
#response "<ALT+F4> 

#end_phrase 

#phrase !MAXIMIZE_WINDOW_ADD2MENU_15,INACTIVE,1 
#spoken maximize window 
#response "<ALT+SPACE>X" 

#end_phrase 

#phrase !MINIMIZE_WINDOW_ADD2MENU_16,\1NACTIVE,1 
#spoken minimize window 
#response "<ALT+SPACE>n" 

#end_phrase 

#phrase !RESTORE_W1NDOW_ADD2MENU_17,INACTIVE,1 
#spoken restore window 
#response "<ALT+SPACE>r" 

#end_phrase 
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#phrase !SAMPLE_NOISE_ADD2MENU_18,\NO_MOD_ALL,1 
#spoken sample noise 
#response 1111 

#end_phrase 

#phrase !SHOW_PHRASE_WINDOW_ADD2MENU_19,\NO_MOD_RESPONSEIINACTIVE,1 
#spoken show phrase window 
#response "$H$" 

#end_phrase 

#phrase !HIDE_PHRASE_WINDOW_ADD2MENU_20,\NO_MOD_RESPONSEIINACTIVE,l 
#spoken hide phrase window 
#response 11 $h$ 11 

#end_phrase 

#phrase !SHOW_RECOGNIZED_TEXT_ADD2MENU_21,\NO_MOD_RESPONSE\\INACTIVE,l 
#spoken show recognized text 
#response "$R$" 

#end_phrase 

#phrase !HIDE RECOGNIZED_TEXT_ADD2MENU_22,\NO_MOD_RESPONSEI\INACTIVE,1 
#spoken hide recognized text 
#response "$r$" 

#end_phrase 

#phrase !RECORD_VOICE_ADD2MENU_23,\NO_MOD_RESPONSEI\INACTIVE,1 
#spoken record voice macro 
#response "$S$ 11 

#end_phrase 

#phrase !STOP_RECORDING_ADD2~.ENU_24,\NO_MOD_RESPONSE[\INACTIVE,1 
#spoken stop recording voice macro 
#response "$s$" 

#end_phrase 

#phrase !PLAYBACK_ADD2MENU_25,\NO_MOD_RESPONSEI\INACTIVE,1 
#spoken playback voice macro 
#response "$M$ 11 

#end_phrase 

#phrase !STOP_LISTEN1NG_ADD2MENU_26,\NO_MOD_RESPONSE 
#spoken stop listening 
#response "$I$" 

#end_phrase 

#main_structure 
#end_structure 

#end_grammar 

ii -------------------------------------------------
; ; Premier - Untitled Grammar 
ii -------------------------------------------------
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#grammar "Premier- Untitled" 

#context 

- 221 -

"CONTEXT=*,#32770,Premier - Untitled" 
#end_context 

PCT/US96/l 7320 

#phrase !SAMPLE_NOISE_DIALOG_BOX_D0003_041,\NO_MOD_ALL,l 
#spoken sample noise 
#response 

#end_phrase 
#phrase !STOP_LISTENING_PROGRAM_MANAGER_334_467,\NO_MOD_RESPONSE,1 

#spoken stop listening 
#response "$I$" 

#end_phrase 
#phrase !RUN_POSTERIOR 

#spoken run posterior 
#response "<ALT+R> p" 

#end_phrase 
#phrase !RUN_ANTERIOR 

#spoken run anterior 
#response "<ALT+R>a" 

#end_phrase 

. #main_ structure 
#end_structure 

#end_grammar 

ii ---------------------------------------------
Confirm Grammar 

#grammar "Confirm" 

#context 
"CONTEXT=*,#32770,Confirm" 

#end_context 

#phrase !NO_169 
#spoken no 
#response "\e" 

#end_phrase 
#phrase 1CANCEL_724 

#spoken cancel 
#response 11 \e" 

#end_phrase 
#phrase !YES_041 

#spoken yes 
#response "\r" 

#end_phraee 
#phrase IOK_041 

#spoken oh kay 
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#response 11 \r" 
#end_phrase 

#main_structure 
#end_structure 

#end_grammar 

- 22K -

;; ------------------------------------
Dialog Box Grammar 

;; ------------------------------------
#grammar "Dialog Box" 

#context 
"CONTEXT=*,#32770,*" 

#end_context 

#phrase !TOGGLE_CHECKBOX_DIALOG_BOX_103 
#spoken toggle checkbox 
#response "<SPACE>" 

#end_phrase 

#phrase !CANCEL_DIALOG_BOX_104 
#spoken cancel 
#response "<ESC>" 

#end_phrase 

#phrase !YES_DIALOG_BOX_105 
#spoken yes 
#response "Y" 

#end_phrase 

#phrase !NO_DIALOG_BOX_106 
#spoken no 
#response "n" 

#end_phrase 

#phrase !OH_KAY_DIALOG_BOX_107 
#spoken oh kay 
#response "<ENTER>" 

#end_phrase 

#phrase !NEXT_FIELD_DIALOG_BOX_108 
#spoken next field 
#response "<TAB>" 

#end_phrase 

PCT/US96/l 73l0 

#phrase !MOVE_UP_DIRECTION1-9_DIALOG_BOX_109,\NO_MOD_ALL 
#spoken move up \DIRECTION1-9 

#end_phrase 

#phrase !MOVE_DOWN_DIRECTION1-9_DIALOG_BOX_110,\NO_MOD_ALL 
#spoken move down tDIRECTION1-9 
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#end_phrase 

#phrase !MOVE_LEFT_DIRECTION1-9_DIALOG_BOX_111,\NO_MOD_ALL 
#spoken move left %DIRECTION1-9 

#end_phrase 

#phrase !MOVE_RIGHT_DIRECTION1-9_DIALOG_BOX_112,\NO_MOD_ALL 
#spoken move right %DIRECTION1-9 

#end_phrase 

#phrase !SAMPLE_NOISE_DIALOG_BOX_113,\NO_MOD_ALL 
#spoken sample noise 
#response"" 

#end_phrase 

#phrase !STOP_LISTENING_DIALOG_BOX_114,\NO_MOD_RESPONSE 
#spoken stop listening 
#response ... $I$" 

#end_phrase 

#phrase !SHOW_PHRASE_WINDOW_DIALOG_BOX_115,\NO_MOD_RESPONSE 
#spoken show phrase window 
#response "$H$" 

#end_phrase 

#phrase !HIDE_PHRASE_WINDOW_DIALOG_BOX_116,\NO_MOD_RESPONSE 
#spoken hide phrase window 
#response "$h$" 

#end_phrase 

#phrase !SHOW_RECOGNIZED_TEXT_DIALOG_BOX_117,\NO_MOD_RESPONSE 
#spoken show recognized text 
#response "$R$" 

#end_phrase 

#phrase !HIDE_RECOGNIZED_TEXT_DIALOG_B0X_118,\NO_MOD_RESPONSE 
#spoken hide recognized text 
#response 11 $r$ 11 

#end_phrase 

#phrase !TRAIN_PHRASES_DIALOG_BOX_119,\NO_MOD_RESPONSE 
#spoken begin phrase training please 
#response "$W$" 

#end_phrase 

#phrase !TRAIN_ADVANCED_DIALOG_BOX_120,\NO_MOD_RESPONSE 
#spoken begin advanced training please 
#response "$T$" 

#end_phrase 
#phrase !RECORD_VOICE_DIALOG_BOX_121,\NO_MOD_RESPONSE 

#spoken record voice macro 
#response "$S$" 

#end_phrase 

#phrase !STOP_RECORDING_DIALOG_BOX_122,\NO_MOD_RESPONSE 
#spoken stop recording voice macro 
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#response "$s$" 
#end_phrase 

- 22M -

#phrase !PLAYBACK_DIALOG_B0X_123,\NO_MOD_RESPONSE 
#spoken playback voice macro 
#response "$M$" 

#end_phrase 

#main_structure 
#end_structure 

#end_grammar 

;; ---------------------------------------------
i ; Anterior Vitrectomy Grammar 

#grammar "Anterior Vitrectomy" 

#context 
"CONTEXT=",#32770,Anterior Vitrectomy" 
#end_context 

#phrase !PREMIER_GO_TO_I_A_467_169_358_500 
#spoken premier go to IA 
#response "premier goto IA/r" 

#end_phrase 
#phrase "PREMIER_END_VITRECTOMY_334_724_962_467 

#spoken premier %END vitrectomy 
#response "premier "%END" vitrectomy\r" 

#end_phrase 
#phrase !PREMIER_GO_TO_VITRECTOMY_478_464_334 

#spoken premier go to phaco 
#response "premier goto phaco\r" 

#end_phrase 
#phrase !PREMIER_SET_CUTRATE_LOW_467_D0000 

#spoken premier set cut rate low 
#response "premier set cutrate low\r" 

#end_phrase 
#phrase !PREMIER_SET_CUTRATE_HIGH_467_DOOO0 

#spoken premier set cut rate high 
#response "premier set cutrate high\r" 

#end_phrase 
#phrase !PREMIER_SET_ASPIRATION_LOW_334_D0000 

#spoken premier set aspiration low 
#response "premier set aspiration low\r" 

#end _phrase 
#phrase !PREMIER_SET_ASPIRATION_HIGH_334_D0O00 

#spoken premier set aspiration high 
#response "premier set aspiration high\r" 

#end_phrase 
#phrase !PREMIER_REPORT_ASPIRATION_467 

#spoken premier report aspiration 
#response "premier report aspiration\r" 

PCT/US96/17320 
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#end_phrase 
#phrase !PREMIER_REPORT_ctJTRATE_467 

#spoken premier report cut rate 
#response "premier report cut rate\r" 

#end_phrase 

#phrase !S.AMPLE_NOISE_DIALOG_BOX_D0000,\NO_MOD_ALL 
#spoken sample noise 
#response"" 

#end_phrase 
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#phrase !STOP_LISTENING_DIALOG_BOX_D0000,\NO_MOD_RESPONSE,1 
#spoken stop listening 
#response "$I$" 

#end_phrase 

#main_structure 
#end_structure 

#end_grammar 

i; -------------------------------------------
; i Posterior Vitrectomy Grammar 
;; -------------------------------------------
#grammar "Posterior Vitrectomy" 

#context 
"CONTEXT=*,#32770,Posterior Vitrectomy" 

#end_context 

#phrase !STOP_LISTENING_PROGRAM_MANAGER_S00,\NO_MOD_RESPONSE,1 
#spoken stop listening 
#response "$I$" 

#end_phrase 
#phrase !PREMIER_REPORT_GAS_041 

#spoken premier report gas 
#response "premier report gas\r" 
#end_phrase 

phrase !PREMIER_SET_BIPOLAR_HIGH 478 
#spoken premier set bipolar high 
#response "premier set bipolar high\r" 

#end_phrase 
#phrase !PREMIER_SET_BIPOLAR_LOW_358 

#spoken premier set bipolar low 
#response "premier set bipolar low\r" 

#end_phrase 
#phrase !PREMIER_REPORT_BIPOLAR_705 

#spoken premier report bipolar 
#response "premier report bipolar\r" 

#end_phrase 
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#phrase !PREMIER_GAS_ON_962 
#spoken premier gas on 
#response "premier gas on\r" 

#end__phrase 
#phrase !PREMIER_GAS_OFF_464 

#spoken premier gas off 
#response "premier gas off\r" 

#end__phrase 
#phrase !PREMIER_REPORT_ASPIRATION_467_041 

#spoken premier report aspiration 
#response "premier report aspiration\r" 

#end__phrase 
#phrase !PREMIER_REPORT_CtlTRATE_467_467 

#spoken premier report cut rate 
#response "premier report cut rate\r" 

#end__phrase 
#phrase !PREMIER_SET_CTJTRATE_HIGH_467_D0000_334 

#spoken premier set cut rate high 
#response "premier set cutrate high\r" 

#end__phrase 
#phrase !PREMIER_END_VITRECTOMY_334_724_962_467_169 

#spoken premier %END vitrectomy 
#response "premier "%END" vitrectomy\r" 

#end__phrase 
#phrase !PREMIER_GO_TO_PHACO_D0000_724 

#spoken premier go to scissors 
#response "premier goto scissors\r" 

#end__phrase 
#phrase !PREMIER_GO_TO_PHACO_D0000_478 

#spoken premier go to fragmentation 
#response "premier goto fragmentation\r" 

#end__phrase 
#phrase !PREMIER_SET_CUTRATE_LOW_467_D0001 

#spoken premier set cut rate low 
#response "premier set cutrate low\r" 

#end__phrase 
#phrase !PREMIER_SET_ASPIRATION_LOW_334_D0001 

#spoken premier set aspiration low 
#response "premier set aspiration low\r" 

#end__phrase 
#phrase !PREMIER_SET_ASPIRATION_HIGH_334_D0001 

#spoken premier set aspiration high 
#response "premier set aspiration high\r" 

#end__phrase 

#phrase !SAMPLE_NOISE_DIALOG_BOX_D0001\NO_MOD_ALL 
#spoken sample noise 
#response 

#end__phrase 

#main_structure 
#end_structure 
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#end_grammar 

Post Main Grarmnar 

ii ----------------------------------------

#grammar "Post Main" 

#context 
"CONTEXT=*,#32770,Posterior Main Menu" 

#end_context 
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#phrase !STOP_LISTENING_PROGRAM_MANAGER_334,\NO_MOD_RESPONSE,1 
#spoken stop listening 
#response "$I$" 

#end_phrase 
#phrase !PREMIER_GO_TO_PHACO_041_500 

#spoken premier go to fragmentation 
#response "premier goto fragmentation\r" 

#end_phrase 
#phrase !PREMIER_GO_TO_l_A_467_169 

#spoken premier go to scissors 
#response "premier goto scissors\r" 

#end_phrase 
#phrase !PREMIER_END_VITRECTOMY_334_724 

#spoken premier %END posterior 
#response "premier "%END" program\r" 

#end_phrase 
#phrase !PREMIER_GO_TO_VITRECTOMY_478 

#spoken premier go to vitrectomy 
#response "premier goto vitrectomy\r" 

#end_phrase 

#phrase !SAMPLE_NOISE_DIALOG_BOX_D0003,\NO_MOD_ALL 
#spoken sample noise 
#response"" 

#end_phrase 

#main_structure 
#end_structure 

#end_grammar 

;; -------------------------------------------
i i Ant Main Grammar 
;; -------------------------------------------
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#grammar "Ant Main" 

#context 
"CONTEXT=*,#32770,Anterior Main Menu" 

#end_context 

#phrase !PREMIER_GO_TO_PHACO_041_500_D0O00 
#spoken premier go to phaco 
#response "premier goto phaco\r" 

#end_phrase 
#phrase !PREMIER_GO_TO_I_A 467_169_D0000 

#spoken premier go to IA 
#response "premier goto IA" 

#end_phrase 
#phrase !PREMIER_END_VITRECTOMY_334_724_D0000 

#spoken premier %END anterior 
#response "premier "%END" program\r" 

#end_phrase 
#phrase !PREMIER_GO_TO_VITRECTOMY_478_D000O 

#spoken premier go to vitrectomy 
#response "premier goto vitrectomy\r' 

#end_phrase 

#phrase !SAMPLE_NOISE_DIALOG_BOX_D0004,\NO_MOD_ALL 
#spoken sample noise 
#response"" 

#end_phrase 
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#phrase !STOP LISTENING_DIALOG_BOX_D0004,\NO_MOD_RESPONSE,1 
#spoken stop listening 
#response "$I$" 

#end_phrase 

#main_structure 
#end_structure 

#end_granunar 

;; ------------------------------------------
i i Phaco Grammar 

ii ------------------------------------------

#grammar "Phaco" 

#context 
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"CONTEXT=*,#32770,Phaco" 
#end_context 

- 22R -

#phrase !PREMIER_SET_PULSE_RATE_OFF_041 
#spoken premier set pulse rate off 
#response "premier set pulserate off\r" 

#end_phrase 
#phrase !PREMIER_SET_PULSE_RATE_LOW_041 

#spoken premier set pulse rate low 
#response "premier set pulserate low\r" 

#end_phrase 
#phrase !PREMIER_REPORT_MIN_PHAC0_041 

#spoken premier report min phaco 
#response "premier report min phaco\r" 

#end_phrase 
#phrase !PREMIER_REPORT_MAX_PHACO_467 

#spoken premier report max phaco 
#response "premier report max phaco\r" 

#end_phrase 
#phrase !PREMIER REPORT PULSERAIE 334 

#spoken premier report pulse rate 
#response "premier report pulse rate\r" 

#end_phrase 
#phrase !PREMIER_REPORT_ASPIRATION_S00 

#spoken premier report aspiration 
#response "premier report aspiration\r" 

#end_phrase 
#phrase !PREMIER_SET_PULSE_RATE_HIGH_491 

#spoken premier set pulse rate high 
#response "premier set pulserate high\r" 

#end_phrase 
#phrase !PREMIER_GO_TO_l_A_467_169_358 

#spoken premier go to IA 
#response "premier goto IA" 

#end_phrase 
#phrase !PREMIER_END_VITRECTOMY_334_724_962 

#spoken premier \END phaco 
#response "premier "%END" phaco\r" 

#end_phrase 
#phrase IPREMIER_GO_TO_VITRECTOMY_478_464 

#spoken premier go to vitrectomy 
#response "premier goto vitrectomy\r" 

#end_phrase 
#phrase !PREMIER_SET_MAX_PHACO_LOW_705 

#spoken premier set max phaco low 
#response "premier set maxphaco low\r" 

#end_phrase 
#phrase !PREMIER_SET_MAX_PHACO_HIGH_145 

#spoken premier set max phaco high 
#response "premier set maxphaco high\r" 

#end _phrase 
#phrase !PREMIER_SET_MIN_PHACO_HIGH_281 

#spoken premier set min phaco high 
#response "premier set minphaco high\r" 

#end_phrase 

PCT/US96/17320 
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#phrase !PREMIER_SET_ASPIRATION_LOW_827 
#spoken premier set aspiration low 
#response "premier set aspiration low\r" 

#end_phrase 
#phrase !PREMIER_SET_CUTRATE_LOW_467_D0003 

#spoken premier set min phaco low 
#response "premier set minphaco low\r" 

#end_phrase 
#phrase !PREMIER_SET_ASPIRATION_HIGH_334_D0003 

#spoken premier set aspiration high 
#response "premier set aspiration high\r" 

#end_phrase 

#phrase !SAMPLE_NOISE_DIALOG_BOX_D0005,\NO_MOO_ALL 
#spoken sample noise 
#response"" 

#end_phrase 
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#phrase !STOP_LISTENING_DIALOG_BOX_D0005,\NO_MOD_RESPONSE,1 
#spoken stop listening 
#response "$1$" 

#end_phrase 

#main_structure 
#end_structure 

#end_grammar 

ii ------------------------------------------
; i Irr/Asp Grammar 
ii ------------------------------------------

#grammar "IA" 

#context 
"CONTEXT=*,#32770,Irrigation-Aspiration" 

#end_context 

#phrase !PREMIER_GO_TO_PHACO 
#spoken premier go to phaco 
#response "premier goto phaco\r" 

#end_phrase 
#phrase !PREMIER_END_VITRECTOMY_334_724_436 

#spoken premier %END IA 
#response "premier "%END" IA\r" 
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#end_phrase 
#phrase !PREMIER_GO_TO_VITRECTOMY_478_391 

#spoken premier go to vitrectomy 
#response "premier goto vitrectomy\r" 

#end_phrase 

#phrase !SAMPLE_NOISE_DIALOG_BOX_D0006,\NO_MOD_ALL 
#spoken sample noise 
#response"" 

#end _phrase 
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#phrase !STOP_LISTENING_DIALOG_BOX_D0006,\NO_MOD_RESPONSE,1 
#spoken stop listening 
#response "$I$" 

#end_phrase 

#main_structure 
#end_structure 

#end_grammar 

i ; Scissors Grammar 
;; ----------------------------------------
#grammar "Scissors" 

#context 
"CONTEXT=*,#32770,Scissors" 

#end_context 

#phrase !STOP_LISTENING_PROGRAM_MANAGER_467,\NO_MOD_RESPONSE,1 
#spoken stop listening 
#response "$I$" 

#end_phrase 
#phrase !PREMIER_SET_CUTRATE_HIGH_467_D0000_334_041 

#spoken premier set cut rate high 
#response "premier set cutrate high\r" 

#end_phrase 
#phrase !PREMIER_SET_CUTRATE_LOW_467_D0001_467 

#spoken premier set cut rate low 
#response "premier set cutrate low\r" 

#end_phrase 
#phrase 1PREMIER_REPORT_CUT_RATE_724 

#spoken premier report cut rate 
#response "premier report cut rate\r" 

#end_phrase 
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#phrase !PREMIER_SET_BIPOLAR_HIGH_478_D0000 
#spoken premier set bipolar high 
#response "premier set bipolar high\r" 

#end_phrase 
#phrase !PREMIER_SET_BIPOLAR_LOW_358_D0000 

#spoken premier set bipolar low 
#response "premier set bipolar low\r" 

#end_phrase 
#phrase !PREMIER_REPORT_BIPOLAR_705_D0000 

#spoken premier report bipolar 
#response "premier report bipolar\r" 

#end_phrase 
#phrase !PREMIER_GO_TO_FRAG 

#spoken premier go to fragmentation 
#response "premier goto fragmentation\r" 

#end_phrase 
#phrase !PREMIER_END_VITRECTOMY_334_724_436_D0000 

#spoken premier \END scissors 
#response "premier "\END" scissors\r" 

#end_phrase 
#phrase !PREMIER_GO_TO_VITRECTOMY_478_391_DO000 

#spoken premier go to vitrectomy 
#response "premier goto vitrectomy\r" 

#end_phrase 

#phrase !SAMPLE_NOISE_DIALOG_B0X_D0007,\NO_MOD_ALL 
#spoken sample noise 
#response 1111 

#end_phrase 

#main structure 
#end structure 

#end grammar 

;; -----------------------------------------
i ; Fragmentation Grammar 
;; -----------------------------------------
#grammar "Frag" 

#context 
"CONTEXT=*,#32770,Fragmentation" 

#end_context 

PCT/US96/17320 

#phrase !STOP_LISTENING_PROGRAM_MANAGER_041,\NO_MOD_RESPONSE,1 
#spoken stop listening 
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#response "$I$" 
#end_phrase 

- 22V -

#phrase !PREMIER_SET_BIPOLAR_HIGH_041,\INACTIVE,1 
#spoken premier set bipolar high 
#response "premier set bipolar high\r" 

#end_phrase 
#phrase !PREMIER_SET_POWER_LOW_145 

#spoken premier set power low 
#response "premier set power low\r" 

#end_phrase 
#phrase !PREMIER_SET_POWER_HIGH_281 

#spoken premier set power high 
#response "premier set power high\r" 

#end_phrase 
#phrase !PREMIER_SET_PULSE_RATE_HIGH_961 

#spoken premier pulse on 
#response "premier set pulse rate high\r" 

#end_phrase 
#phrase !PREMIER_SET_PULSE_RATE_LOW_961 

#spoken premier pulse off 
#response "premier set pulse rate low\r" 

#end_phrase 
#phrase !PREMIER_SET_ASPIRATION_LOW_334_D0001_491 

#spoken premier set aspiration low 
#response "premier set aspiration low\r" 

#end_phrase 
#phrase !PREMIER_SET_ASPIRATION_HIGH_334_D0001_995 

#spoken premier set aspiration high 
#response "premier set aspiration high\r" 

#end_phrase 
#phrase !PREMIER_REPORT_ASPIRATION_467_041_942 

#spoken premier report aspiration 
#response "premier report aspiration\r" 

#end_phrase 
#phrase !PREMIER_REPORT_PULSE_RATE_827 

#spoken premier report pulse rate 
#response "premier report pulse rate\r" 

#end_phrase 
#phrase !PREMIER_REPORT_POWER_436 

#spoken premier report power 
#response "premier report power\r" 

#end_phrase 
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#phrase !PREMIER_SET_BIPOLAR_LOW_358_D0001,\INACTIVE,1 
#spoken premier set bipolar low 
#response "premier set bipolar low\r" 

#end_phrase 
#phrase !PREMIER_REPORT_BIPOLAR_705_D0001,\INACTIVE,1 

#spoken premier report bipolar 
#response "premier report bipolar\r" 

#end_phrase 
#phrase !PREMIER_GO_TO_PHACO_D0001 

#spoken premier go to scissors 
#response "premier goto scissors\r" 

#end_phrase 
#phrase !PREMIER_END_VITRECTOMY_334_724_436_D0001 

#spoken premier \END fragmentation 
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#response "premier "%END" fragmentation\r" 
#end_phrase 
#phrase !PREMIER_GO_TO_VITRECTOMY_478_391_D0001 

#spoken premier go to vitrectomy 
#response "premier goto vitrectomy\r" 

#end_phrase 

#phrase !SAMPLE_NOISE_DIALOG_BOX_D0008,\NO_MOD_ALL 
#spoken sample noise 
#response"" 

#end_phrase 

#main structure 
#end_structure 

#end grammar 
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#include "global.inc" Required Listen include file 

#end vocabulary 
#end_application 
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APPENDIX B 
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// premier.cpp 
II 

Defines the class behaviors for the application. 

#include "stdafx.h" 
#include "premier.h" 
#include "mydialog h" 
#include "mainfrm.h" 
#include 11 premidoc.h11 

#include "premivw.h" 
#include <Bkeleton.hpp> 

#ifdef _DEBUG 
#undef THIS_FILE 
static char BASED CODE THIS_FILE[] 
#endif 

extern "C" 
{ 

#include "c:\msvc\bin\pushbttn.c" 
} 

FILE 

II/I//I///I//I////II/I/I/II////II/IIIII////III//I/III/I/II/I/III////II//II 
Ill 
// CPremierApp 

BEGIN MESSAGE MAP(CPremierApp, CWinApp) 
-//{{AFX=MSG_MAP(CPremierApp) 

ON_ COMMAND (ID_ APP_ ABOUT, OnAppAbout) 
ON_ COMMAND ( ID _RUN_ANT, OnRunAnt) 
ON_COMMAND (ID_RUN_POST, OnRunPost) 
ON COMMAND (ID UTIL BUTTON PRESS, OnUtilButtonPress) 
//}}AFX_MSG_MAP - -
// Standard file based document commands 
ON_COMMAND (ID_FILE_NEW, CWinApp::OnFileNew) 
ON_COMMAND (ID_FILE_OPEN, CWinApp::OnFileOpen) 

END_MESSAGE_MAP () 

/I/II/I///I/III/I/////II//IIII/IIII/II//I/II/I/I/III////II/////I//I/I///II 
Ill 
// CPremierApp construction 

CPremierApp::CPremierApp{) 
{ 

// TODO: add construction code here, 
// Place all significant initialization in Initlnstance 

} 

//I/II//////II//////////////I///I////I/I/I/II//I///I//IIII//II/I////II//II 
Ill 
// The one and only CPremierApp object 
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CPremierApp NEAR theApp; 

IIIIIIIIIIIIIII/I//II/II/I//IIIJIII/IIIII/IIII//I/IIIIIIIIIIIII/IIII/IIIII 
Ill 
II CPremierApp initialization 

BOOL CPremierApp::Initinstance() 
{ 

II Standard initialization 
II 
II 
II 

If you are not using these features and wish to reduce the size 
of your final executable, you should remove from the following 
the specific initialization routines you do not need. 

SetDialogBkColor(); 
LoadStdProfileSettings(}; 

( including MRU) 

JI set dialog background color to gray 
II Load standard INI file options 

// Register the application's document templates. Document 
templates 

fl serve as the connection between documents, frame windows and 
views. 

AddDocTemplate(new CSingleDocTemplate(IDR_MENU1, 
RUNTIME_CLASS(CPremierDoc), 
RUNTIME_CLASS(CMainFrame), JI main SDI frame window 
RUNTIME_CLASS(CPremierView))); 

II create a new (empty) document 
OnFileNew(); 

if (m_lpCmdLine[O] != '\o') 
{ 
// TODO: add command line processing here 
} 

return TRUE; 
} 

IIIII/I/II/II/II////II/I/I/III/IIII//III/IIII/I/I//II////II/III//II///III/ 
II 
II CAboutDlg dialog used for App About 

class CAboutDlg: public CDialog 
( 

public: 
CAboutDlg ( ) ; 

/I Dialog Data 
ll{{AFX_DATA(CAboutDlg) 
enum { IDD = IDD _ ABOUTBOX } ; 
//}}AFX_DATA 

II Implementation 
protected: 
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} ; 
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virtual void DoDataExchange(CDataExchange* pDX); // DDX/DDV support 
//{{AFX_MSG(CAboutDlg) 

// No message handlers 
//} }AFX_MSG 
DECLARE_ MESSAGE MAP () 

CAboutDlg::CAboutDlg() : CDialog(CAboutDlg::IDD) 
{ 

} 

//{{AFX_DATA_INIT(CAboutDlg) 
//}}AFX_DATA_INIT 

void CAboutDlg::DoDataExchange(CDataExchange* pDX) 
} 

CDialog::DoDataExchange{pDX); 
//{{AFX_DATA MAP(CAboutDlg) 
//}}AFX_DATA_MAP 

BEGIN_MESSAGE_MAP(CAboutDlg, CDialog) 
//{{AFX_MSG_MAP(CAboutDlg) 

// No message handlers 
/ /} }AFX_MSG_MAP 

. END_ MESSAGE MAP () 

// App command to run the dialog 
void CPremierApp::OnAppAbout() 
{ 

} 

CAboutDlg aboutDlg; 
aboutDlg.DoModal(); 

///I/II///I/////I////////////II//I//I//I/I/I//////I////I/I////II////I///// 
Ill 
// CPremierApp commands 

//Procedure to play a sound 
void FAR PASCAL CppSndPlaySound (LPSTR sndName, Ul:NT sndType) { 

BOOL (FAR PASCAL *lpPlaySound) (LPCSTR sndis, UINT flags); 

lpPlaySound = 
(lpSndCall)GetProcAddress(GetModuleHandle("MMSYSTEM"),"SNDPLAYSOUBD"); 

if (lpPlaySound) (*lpPlaySound) (sndName,sndType); 
} 

void push_button(int button, DWORD ptime) { 
DWORD start_time; 

press(button); 
start_time=GetCurrentTime(); 
while ((GetCurrentTime()-start_time)< ptime) {} 
release(); 
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void pause(DWORD ptime) { 

} 

DWORD start_time; 
start_time=GetCUrrentTime{); 
while ((GetCUrrentTime()-start_time)< ptime) {} 

void initialize_anterior() { 
push button(J,1000); // Goto Phaco Mode 
pause {250) ; 
push button(J,1000); 
pause(250); 
push button(l9,2050); // Set Max Phaco to 50 
pause(250); 
push button(4,1000}; // Goto Vitr Mode 
pause(250); 
push_button(23,4300); // Set Max Asp to 150 
pause(250); 
push button(4,1000); // Leave Vitr Mode 
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// Procedure to bring up dialog box on command •Run:Beginn 
void CPremierApp::OnRunAnt() 
_{ 

CMyDialog2 MsgBox; 
CintroDialog IntroBox; 
CVitrDialog VitBox; 
CAntMainDialog NoModeBox; 
CirrAspDialog IrrAspBox; 
CPhacoDialog PhacoBox; 
CMydialog4 ButtonBox; 
CString Reply,Caption; 
DWORD start_time,difftime; 
CStringArray WordList; 
int nleft,nright,i,num,diff; 
int cutrate, aspiration; 

Caption= •confirm"; 
CppSndPlaysound("c:\\msvc\\bin\\premier\\befant.wav",0x0001); 
MessageBox{NULL,"Ready to begin ?",caption,MB_OK); 
CppSndPlaySound("c:\\msvc\\bin\\premier\\befinit.Wav",0x0001); 
initialize_anterior(); 
while {NoModeBox entry!="premier end programn) { 

if (NoModeBox.entry=="premier goto vitrectomy") { 

} 

VitBox.entry=""; 
push button(4,1000); 
CppSndPlaySound("c:\\msvc\\bin\\premier\\invimode.wav",0x0001); 

else { 
if (NoModeBox.entry=="premier goto phaco"} { 

PhacoBox.entry=""; 
push button(3,1000); 
pause(250); 

push button(J,1000); 
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CppSndPlaySound("c:\\msvc\\ban\\premier"\inphmode.wav",0x000l,); 
} 
else { 

if (NoModeBox.entry=="premier goto IA•) { 
IrrAspBox.entry=""; 
push_button(2,1000); 

CppSndPlaySound(ec:\\msvc\\bin\\premier\\iniamode.wav",0x0001); 
} 
else { 

NoModeBox.entry=""; 
CppSndPlaySound("­

c:\\msvc\\bin\\premier\\selmode.wav",0x000l); 
NoModeBox.DoModal(); 

} 

} 
while (VitBox.entry!="premier end vitrectomyn) { 

VitBox.entry=""; 
VitBox.DoModal(); 
if {VitBox.entry!="premier end vitrectomyn) { 

if (Vitbox.entry=="premier set cutrate high") { 
CppSndPlaySound ("c 

\\msvc\\bin\\premier\\set_cuth.wav",0x000l); 
if (MessageBox(NULL,VitBox.entry,caption,MB 

OKCANCEL)==IDOK) { 
if (VitBox.cutrate==300) { 

CppSndPlaySound("C:\\msvc\\bin\\premier\\plswait.wav11 ,0x000l); 
push button(21,2200); 

} 
} 

VitBox.cutrate=600; 
} 
CppSndPlaySound("c:\\msvc\\bin\\premier\\rcuth.wav",0x000l); 

if (VitBox.entry=="premier set cutrate low) { 
CppSndPlaySound('c:\\msvc\\bin\\premier\\set cutl.wav",0x000l); 
if (MessageBox(NULL,VitBox.entry,Caption,MB OKCANCEL)==IDOK) { 

if (VitBox.cutrate==600) { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",0x000l); 
push_button(22,2200); 

} 
} 

VitBox.cutrate=300; 
} 
CppSndPlaySound("c:\\msvc\\bin\\premier\\rcutl.wav",0x000l); 

if (VitBox.entry=="premier set aspiration high") { 
CppSndPlaySound("c:\\msvc\\bin\\premier\\set asph.wav",0x0001); 
if (MessageBox(NULL,VitBox.entry,Caption,MB_OKCANCEL)==IDOK) { 

if (VitBox.aspiration==150) { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",Ox0O0l); 
push_button{23,5200); 
VitBox.aspiration=300; 

} 
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CppSndPlaySound("c:\\msvc\\bin\\premier\\rvasph.wav",0x000l); 
} 

} 
if (VitBox.entry=="premier set aspiration low") { 

CppSndPlaySound{"c:\\msvc\\bin\\premier\\set aspl.wav11 ,0x000l); 
if (MessageBox(NULL,VitBox.entry,Caption,MB OKCANCEL)==IDOK) { 

if (VitBox.aspiration==300) { -

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",0x0001); 
push_button(24,5200); 

VitBox.aspiration=150; 
} 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rvaspl.wav",0x000l); 
} 

} 
if (VitBox,entry=="premier report aspiration") { 

if (VitBox.aspiration==300) 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rvasph.wav",0x000l.); 
else 

CppSndPlaySound{ 11 c:\\msvc\\bin\\premier\\rvaspl.wav11 ,0x0001); 
} 
if (VitBox.entry=="premier report cut rate") { 

if (VitBox.cutrate==600) 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rcuth.wav•,ox0001); 
else 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rcutl.wav",0x000l); 
} 
if ( (VitBox.entry=="premier goto phacoH) 11 (VitBox.entry=="premier 

goto IA")) { 

} 
} 

NoModeBox.entry=VitBox.entry; 
VitBox.entry="premier end vitrectomy"; 

else { 
push_button(4,1000); 
NoMode.Box.entry=""; 

if (VitBox.entry=="pb•) 
if (ButtonBox,DoModal()) { 

difftime=ButtonBox.time_msec; 
press(ButtonBox button); 
start_time=GetCU.rrentTime(); 

} 
} 

while (GetCU.rrentTime()-start time_difftime) {} 
release(); 

while (PhacoBox.entry!="premier end phaco•) { 
PhacoBox entry=""; 
PhacoBox DoModal(); 
if (PhacoBox.entry!="premier end phaco"} { 

if (PhacoBox.entry=="premier set maxphaco high") { 
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CppSndPlaySound("c:\\msvc\\bin\\premier\\smaxphhwi.wav",0x000l); 
if (MessageBox 

(NULL,PhacoBox.entry,Caption,MB_OKCANCEL)==IOOK) { 
if (PhacoBox.maxphaco==50) { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",0x000l); 
push button (19,2200): 
PhacoBox.maxphaco=l00; 

} 
else 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rmxphhi.wav",0x0001); 
} 

} 
if {PhacoBox.entry=="premier set maxphaco low") { 

CppSndPlaySound("c:\\mevc\\bin\\premier\\smaxphlo.wav",OxO001); 
if (MeesageBox(NULL,PhacoBox.entry,Caption,MB OKCANCEL)==IOOK) { 

if (PhacoBox maxphaco==l00) { -
CppSndPlaySound ( 11 c: 

\\mevc\\bin\\premier\\plswait.wav",Ox000l); 
push_button(20,2200); 

PhacoBox maxphaco=S0; 
} 
CppSndPlaySound 

("c:\\msvc\\bin\\premier\\rmxphlo.wav",0x0001); 
} 

} 
if (PhacoBox.entry=="premier set minphaco high") { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\sminphhi.wav",0xD001); 
if (MessageBox(NULL,PhacoBox.entry,Caption,MB_OKCANCEL)==IOOK) { 

if (PhacoBox.minphaco==S) { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",0X0001); 
push_button (17, 1450); 

} 
} 

PhacoBox.minphaco=30; 
} 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rmnphhi.wav",Dx0001); 

if (PhacoBox.entry=="premier set minphaco low") { 
CppSndPlaySound ("c:\\msvc\\bin\\premier\\sminphlo.wav",0x0O0l); 
if (MessageBox(NULL,PhacoBox.entry,Caption,MB_OKCANCEL)==IOOK) { 

if (PhacoBox.minphaco==30) { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",0x0001); 
push_button(lS,1450); 
PhacoBox.minphaco=S; 

} 
CppSndPlaySound("c:\\msvc\\bin\\premier\\rmnphlo.wav",0x0001); 

} 

if (PhacoBox.entry==="premier set aspiration low•) { 
CppSndPlaySound("c:\\msvc\\bin\\premier\\eet_aspl.wav",0x0001); 
if (MeseageBox(NULL,PhacoBox.entry,Caption,MB_OKCANCEL)==IOOK) { 

if (PhacoBox.fixedaep==60) { 
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CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",0x0001); 
push_button (24,1650); 

} 
} 

PhacoBox.fixedasp=30; 
} 
CppSndPlaySound("c:\\msvc\\bin\\premier\\rasplo.wav",OxO001); 

if (PhacoBox.entry=="premier set aspiration high") { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\set_asph.wav•,ox0001}; 
if (MessageBox(NULL,PhacoBox,entry,Caption,MB_OKCANCEL)==IDOK) { 

if (PhacoBox.fixedasp==30) } 

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",0x0001); 
push_button(23,1650); 

} 
} 

PhacoBox.fixedasp=60; 
} 
CppSndPlaySound("c:\\msvc\\bin\\premier\\rasphi.wavn,ox0001}; 

if (PhacoBox.entry=="premier set pulserate low") { 
CppSndPlaySound("c:\\msvc\\bin\\premier\\spulselo.wav",OxO001); 
if (MessageBox(NULL,PhacoBox.entry,Caption,MB_OKCANCEL)==IDOK) { 

if (PhacoBox.pulserate==0) { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wavn,ox0001}; 
push_button(21,1300); 
PhacoBox.pulserate=4; 

} 
else { 

if (PhacoBox.pulserate==B) { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav11 ,0x0001); 
push_button(22,1300); 

} 
} 

} 
} 

PhacoBox.pulserate=4; 

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",0x0001); 

if (PhacoBox.entry=="premier set pulserate high") { 
CppSndPlaySound("c:\\msvc\\bin\\premier\\spulsehi.wav",Ox0001); 
if (MessageBox(NULL,PhacoBox.entry,Caption,MB_OKCANCEL)==IDOK} { 

if (PhacoBox.puleerate==O) { 

CppSndPlaySound( 11 c\\msvc\\bin\\premier\\plswait.wavn,ox000l); 
pueh_button(21,1900); 
PhacoBox.pulserate=S; 

} 
else { 

if (PhacoBox.pulserate•=4) { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",0x0001); 
push_button(21,1300); 
PhacoBox.pulserate=S; 
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CppSndPlaySound("c:\\msvc\\bin\\premier\\rpulshi.wav",OxOOOl); 
} 

} 
if (PhacoBox.entry=="premier set pulserate off") { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\spulseze.wav",OxOOOl); 
if (MessageBox(NULL,PhacoBox.entry,Caption,MB_OKCANCEL)==IDOK) { 

if (PhacoBox.pulserate==B) { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",OxOOOl); 
push_button(22,1900); 
PhacoBox.pulserate=O; 

} 
else { 

if (PhacoBox.pulserate==4) { 

CppSndPlaySound{"c:\\msvc\\bin\\premier\\plswaitwav11 ,0xOOOl); 
push_button(22,1300); 
PhacoBox.pulserate=O; 

} 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rpulsze.wav",OxOOOl); 
} 

if (PhacoBox.entry.="premier report pulse rate") { 
if (PhacoBox.pulserate==B) 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rpulslo.wav",Ox0001); 
else { 

if (PhacoBox pulserate==4) 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rpulslo.wav",OxOOOl); 
else 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rpulsze.wav",Ox0001); 

} 
} 
if (PhacoBox.entry=="premier report aspiration") { 

if (PhacoBox.fixedasp•=60) 

CppSndPlaySound{ 11 c:\\msvc\\bin\\premier\\rasphi.wav11 ,0x0001); 
else 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rasplo.wav",Ox0001); 
} 
if (PhacoBox.entry=="premier report max phaco"} { 

if (PhacoBox.maxphaco==lOO) 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rmxphhi.wav11 ,0xOOOl); 
else 

CppSndPlaySound( 11 c:\\msvc\\bin\\premier\\rmxphlo.wav11 ,0xOOOl); 
} 
if (PhacoBox.entry=="premier report min phaco 11 ) { 

if (PhacoBox.minphaco==30) 
CppSndPlaySound( 11 c.\\msvc\\bin\\premier\\rmnphhi.wav11 ,0xOOOl); 

else CppSndPlaySound(•c:\\msvc\\bin\\premier\\rmnphlo.wav",OxOOOl); 
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lf ( (PhacoBox. entry=="premier goto vitrectomy") 1'1 Xl?h{lcoBox. 

} 

} 
} 
else { 

NoModeBox.entry=PhacoBox.entry; 
PhacoBox.entry="premier end phacon; 

push button(3,1000); 
NoModeBox.entry=""; 

} 

while {IrrAspBox entry!="premier end IA") { 
IrrAspBox.entry="n; 
IrrAspBox DoModal(); 
if (IrrAspBox.entry=="premier end IA") { 

push button(2,l000); 

} 

pause(250); 
push button(2,1000); 
NoModeBox.entry=",,; 

if ((IrrAspBox.entry=="premier goto 
phaco") I I (IrrAspBox.entry=="premier goto vitrectomy")){ 

} 

} 

} 
} 

NoModeBox.entry=IrrAspBox.entry; 
IrrAspBox.entry,"premier end IA"; 

push button(14,1000); 

void initialize_posterior() { 
/*push_button{1,1000); 
pause (250); 
push_button(23,4300); 

//Goto Vitr Mode 

pause (250); 
push_button(6,1000); 
pause(250); 
push button(lS,3700); 
pause (250); 
push_button(6,1000); 
pause(250); */ 
push_button(2,1000); 
pause(250); 
/*push_button(l9,1200); 
pause(250); */ 

II 

II 

II 

II 

II 

II 

II 

Set Max Asp to 

Turn on IOP 

Set IOP to 40 

Turn off IOP 

Goto Frag Mode 

Set Frag Power 

Set Max Asp to 

150 

to 8 

150 push_button(24,2200); 
pause(250); 
push_button(3,1000); 
pause(250); 

II Goto Scissors : Variable 

push button(3,1000); 
pause(2S0); 
push button(21,1900); 
pause(250); 
push button(3,1000); 
pause(250); 
push button(3,1000); 

// Set cut rate to 120 

// Leave Scissors 

Rate 
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// Turn on Bipolar -

// Set Bipolar to 16 

void CPremierApp::OnRunPost() 
{ 

CFragmentDialog FragBox; 
CPostVitrDialog VitBox; 
CScissorDialog SBox; 
CPostMainDialog NoModeBox; 
CMydialog4 ButtonBox; 
CString Caption; 
DWORD start_time,difftime; 
int hip; 

Caption= "Confirm"; 
CppSndPlaySound("c:\\msvc\\bin\\premier\\befpost.wav",0x0001); 
MessageBox(NULL,"Ready to begin ? 11 ,Caption,MB_OK); 
CppSndPlaySound("c:\\msvc\\bin\\premier\\befinit.wav",0x0001); 
initialize_posterior(); 
bip = 16; 
while {NoModeBox.entry!=premier end program") { 

if (NoModeBox.entry=="premier goto vitrectomy") { 
VitBox.entry=""; 
push button(l,1000); // Vitr button 
pause(250); 
push_button(4,1000); // Turn on Bipolar 

CppSndPlaySound("c:\\msvc\\bin\\premier\\invimode.wav",0x0001); 
} 
else{ 

if (NoModeBox.entry=="premier goto fragmentation•) { 
FragBox.entry=""; 
push_button(2,1000); 

CppSndPlaySound("c:\\msvc\\bin\\premier\\infrmode.wav11 ,0x0001); 
} 
else { 

if (NoModeBox.entry=="premier goto scissors") { 
SBox.entry=""; 
push button(l,1000); 
pause(250); 
push_button(3,1000); 
pause(250); 
push_button(4,1000); // Turn on Bipolar 

CppSndPlaySound("c:\\msvc\\bin\\premier\\inscmode.wave•0x0001); 
} 
else{ 

NoModeBox.entry=""; 
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CppSndPlaySound("c:\\msvc\\bin\\premier\\selmode.wav",0x0001); 
NoModeBox.DoModal(); 

} 

} 
} 

while (VitBox.entry!="premier end vitrectomy") { 
VitBox.entry=""; 
VitBox.bipolar=bip; 
VitBox.DoModal(); 
if (VitBox entry!="premier end vitrectomy") { 

if (VitBox.entry=="premier set cutrate highn) { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\set_cuth.wav",OxO001); 
if (MessageBox(NULL,VitBox.entry,Caption,MB OKCANCEL)==IDOK) { 

if (VitBox.cutrate==300) { -

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wavw,0x0001); 
push_button(21,2200); 
VitBox.cutrate=600; 

} 

CppSndPlaySound( 11 c:\\msvc\\bin\\premier\\rcuth.wav",OxO001); 
} 

} 
if (VitBox.entry=="premier set cutrate low") { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\set_cutl.wav",OxO001); 
if (MessageBox(NULL,VitBox.entry,Caption,MB OKCANCEL)==IOOK) { 

if (VitBox.cutrate==600) { 

CppSndPlaySound( 11 c:\\msvc\\bin\\premier\\plswait.wav11 ,0x0001); 
push_button(22,2200}; 

} 
} 

VitBox.cutrate=300; 
} 
CppSndPlaySound("c\\msvc\\bin\\premier\\rcutl.wav,0x0001}; 

if (VitBox.entry=="premier set aspiration high") { 
CppSndPlaySound("c:\\msvc\\bin\\premier\\set asph.wav",0x000l.); 
if (MessageBox(NULL,VitBox.entry,Caption,MB OKCANCEL}==IOOK) { 

if (VitBox aspiration==l.50) { 

CppSndPlaySound( 11 c:\\msvc\\bin\\premier\\plswait.wav",OxO001); 
push_button(23,5200}; 
VitBox.aspiration=300; 

} 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rvasph.wav",OxO001); 
} 

} 
if (VitBox.entry=="premier set aspiration low") { 

CppSndPlaySound( "c: \ \msvc\ \bin\ \premier\ \set aspl.wav", 0x0001); 
if (MessageBox(NULL,VitBox.entry,Caption,MB_OKCANCEL)==IDOK) { 

if (VitBox.aspiration==300) { 

CppSndPlaySound("c\\msvc\\bin\\premier\\plswait.wav",0x0001); 
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CppSndPlaySound("c:\\msvc\\bin\\premier\\rvaspl.wav",0x0001); 
} 

} 
if (VitBox.entry=="premier set bipolar low•) { 

CppSndPlaySound( 11 c:\\msvc\\bin\\premier\\setbiplo.wav",OxO001); 
if (MessageBox(NULL,VitBox.entry,Caption,MB_OKCANCEL)==IDOK) { 

if (bip==22) { 

CppSndPlaySound( 11 c:\\msvc\\bin\\premier\\plswait.wav11 ,ox000l); 
push_button(20,1150); 
bip=16; 

} 

CppSndPlaySound( 11 c\\msvc\\bin\\premier\\repbiplo.wav11 ,0x0001); 
} 

} 
if (VitBox.entry=="premier set bipolar highn) { 

CppSndPlaySound("c:\\msvc\\bin\\•premier\\setbiphi.wav•,ox0O0l); 
if (MessageBox(NULL,VitBox.entry,Caption,MB OKCANCEL)==IDOK) { • 

if (bip==16) { -

CppSndPlaySound(•c:\\msvc\\bin\\premier\\plswait.wav•,ox0O0I); 
push_button(19,1150); 
bip=22; 

} 
CppSndPlaySound("c:\\msvc\\bin\\premier\\repbiphi.wav",0x0001); 

} 
} 
if (VitBox.entry=="premier gas onn) { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\setgason.wav",OxO001); 
if (MessageBox(NULL,VitBox.entry,Caption,MB OKCANCEL)==IDOK) ( 

if (VitBox.iopstatUS=="OFF"} { -

} 

push_button(6,1000); 
VitBox.iopstatus="ON"; 

CppSndPlaySound("c:\\msvc\\bin\\premier\\repgason.wav",0x0001); 
} 

} 
if (VitBox.entry=="premier gas off") { 

CppSndPlaySound( 11 c:\\msvc\\bin\\premier\\setgasof.wav11 ,0xO001); 
if (MessageBox(NULL,VitBox.entry,Caption,MB OKCANCEL)==IDOK) { 

if (VitBox.iopstatus=="ON") { -

} 

push button(6,1000); 
VitBox.iopstatus="OFF"; 

CppSndPlaySound("c:\\msvc\\bin\\premier\\repgasof.wav",OxO001); 
} 

} 
if (VitBox.entry=="premier report aspiration") { 
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if (VitBox.aspiration==300} 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rvasph.wav",OxO001); 
else 

CppSndPlaySowid("c:\\msvc\\bin\\premier\\rvaspl.wav",0x0001); 
} 
if (VitBox.entry=="premier report gas") { 

if (VitBox. iopstatus== "ON") 

CppSndPlaySound("c:\\msvc\\bin\\premier\\repgason.wav",Ox0001); 
else 

CppSndPlaySound("c:\\msvc\\bin\\premier\\repgasof.wav",0x0001); 
} 
if (VitBox.entry=="premier report bipolar") { 

if (bip==22) 

CppSndPlaySound( 11 c:\\msvc\\bin\\premier\\repbiphi.wav11 ,0x0001); 
else 

CppSndPlaySound( 11 c:\\msvc\\bin\\premier\\repbiplo.wav11 ,0x0001); 
} 
if (VitBox.entry==-premier report cut rate") { 

if (VitBox.cutrate==600) 

CppSndPlaySound( 11 c:\\msvc\\bin\\premier\\rcuth.wav11 ,0x0001}; 
else 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rcutl.wav",OxO001); 
} 
if ( (VitBox.entry=="premier goto 

fragmentation") I I (VitBox.entry=="premier goto scissors")) { 
NoModeBox.entry=VitBox.entry; 
VitBox.entry="premier end vitrectomy"; 

} 

if {VitBox.iopstatus=="ON") { 
VitBox.iopstatus="OFF"; 
push_button(6,1000); 

pause(250}; 
push_button(4,1000); 

if (VitBox.entry=="pb") 
if (ButtonBox.DoModal()) { 

difftime=ButtonBox.time_msec; 
press(ButtonBox.button); 
start_time=GetCUrrentTime{); 

//Turnoff Bipolar 

while (GetCUrrentTime()-start_time<difftime) {} 
release(); 

} 
} 
else { 

if (VitBox.iopstatus=="ON") { 
VitBox.iopstatus="OFF"; 
push button(6,1000); 

} 
push button(1,1000); 
pause(250); 
push_button(4,1000); 
NoModeBox.entry=""; 

//Turnoff Bipolar 
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} 
while (FragBox.entry!="premier end fragmentation") { 

FragBox.entry=""; 
FragBox.bipolar=bip; 
FragBox.DoModal(); 
if (FlagBox.entry=="premier set bipolar low:) { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\setbipol.wav",0x0001}; 
if (MessageBox (NULL,FragBox.entry,Caption,MB_OKCANCEL)==IDOK) { 

if (bip==22) ( 

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",OxO001); 
push_button (18,1450); 
bip=16; 

} 

CppSndPlaySound("c:\\msvc\\bin\\premier\\repbiplo.wav",0x0001); 
} 

} 
if (FragBox.entry=="premier set bipolar high") 

CppSndPlaySound("c:\\mevc\\bin\\premier\\setbiphi.wav11 ,0x0001); 
if (MessageBox(NULL,FragBox.entry,Caption,MB OKCANCEL)==IDOK) { 

if (bip==16) { -

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",0x0001); 
push_button(17,1450); 
bip=22; 

} 

CppSndPlaySound("c:\\msvc\\bin\\premier\\repbiphi.wav",Ox0001); 
} 

} 
if (FragBox.entry=="premier set power high") { 

CppSnd.PlaySound("c:\\msvc\\bin\\premier\\setpowhi.wav11 ,OxO00l.); 
if (MeeeageBox(NULL,FragBox.entry,Caption,MB_OKCANCEL)==IDOK) ( 

if (FragBox.fragpower==S) { 

CppSnd.PlaySound("c:\\msvc\\bin\\premier\\plswait.wav",Ox0001); 
push_button(l9,1150); 
FragBox.fragpower=20; 

} 

CppSnd.PlaySound("c:\\msvc\\bin\\premier\\reppowhi.wav",OxO00l.); 
} 

} 
if (FragBox.entry=="premier see power low") { 

CppSnd.PlaySound("c:\\msvc\\bin\\premier\\setpowlo.wav",OxOO0l.); 
if (MessageBox(NULL,FragBox.entry,Caption,MB OKCANCEL)==IDOK) { 

if (FragBox.fragpower==20) { -

CppSnd.PlaySound("c:\\msvc\\bin\\premier\\plswait.wav",OxO0Ol.); 
push_button(20,1150); 
FragBox.fragpower= 5; 
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} 

CppSndPlaySound("c:\\msvc\\bin\\premier\\reppowlo.wav",OxO001); 
} 

if (FragBox.entry=="premier set aspiration high") { 
CppSndPlaySound("c:\\msvc\\bin\\premier\\set asph.wav",0x0001); 
if (MessageBox(NULL,FragBox.entry,Caption,MB=OKCANCEL)==IDOK) { 

if (FragBox.aspiration==150) { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",OxO001); 
push button(23,5200); 
FragBox.aspiration=300; 

} 
CppSndPlaySound("c:\\msvc\\bin\\premier\\rfasphi.wav",OxO001); 

} 
} 
if (FragBox.entry=="premier set aspiration low") { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\set aspl.wav",0x000l); 
if (MessageBox(NULL,FragBox.entry,Caption,MB-OKCANCEL)==IDOK) { 

if (FragBox.aspirations=300) { -

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",0x0001); 
push button (24,5200); 
FragBox.aspiration=lS0; 

} 
CppSndPlaySound{"c:\\msvc\\bin\\premier\\rtasplo.wav",OxO001); 

} 
} 
if (FragBox.entry=="premier set pulse rate high") { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\spulseon.wav",0X0001); 
if (MessageBox(NULL,FragBox.entry,Caption,MB_OKCANCEL)==IDOK) { 

if (FragBox.pulserate==0) { 

CppSndPlaySound("c\\msvc\\bin\\premier\\plswait.wav",0x0001); 
push_button(21,1500); 
FragBox.pulserate=S; 

} 

CppSndPlaySound( 11 c:\\msvc\\bin\\premier\\repplson.wav11 ,0x0001); 
) 

if {FragBox.entry=="premier set pulse rate low") { 
CppSndPlaySound{"c:\\msvc\\bin\\premier\\spulseof.wav",0x0001); 
if (MessageBox(NULL,FragBox.entry,Caption,MB OKCANCEL)==IDOK) { 

if (FragBox.pulserate==S) { -

CppSndPlaySound("c\\msvc\\bin\\premier\\plswait.wav",0x0001); 
push_button(22,1500); 

FragBox.pulserate•O; 
} 

CppSndPlaySound{ 11 c:\\msvc\\bin\\premier\\repplsof.wav11 ,0x000l); 
} 

if (FragBox.entry=="premier report aspiration") { 
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if (FragBox.aspiration==300) 

CppSndPlaySound( 11 c:\\msvc\\bin\\premier\\rfasphi.wav11 ,0xOOOl); 
else 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rfasplo.wav",OxOOOl); 
} 
if (FragBox.entry=="premier report pulse rate") { 

if (FragBox.pulserate==S) 

CppSndPlaySound("c:\\msvc\\bin\\premier\\repplson.wav",Ox0001); 
else 

CppSndPlaySound("c:\\msvc\\bin\\premier\\repplsof.wav",OxOOOl); 
} 
if (FragBox.entry=="premier report power") { 

if (FragBox.fragpower==20) 

CppSndPlaySound( "c: \ \msvc\ \bin\ \premier\ \reppowhi.wav", Ox0001); 
else 

CppSndPlaySound("c:\\msvc\\bin\\premier\\reppowlo.wav",OxOOOl}; 
) 

if (FragBox.entry=="premier report bipolar") 
if (bip==22) 

CppSndPlaySound{"c:\\msvc\\bin\\premier\\repbiphi.wav",OxOOOl}; 
else 

CppSndPlaySound("c:\\msvc\\bin\\premier\\repbiplo.wav",Ox0001); 
} 
if (FragBox.entry=="premier end fragmentation") 

push button(2,1000); 
NoModeBox.entry=""; 

} 
if ((FragBox.entry=="premier goto 

vitrectomy"} I I (FragBox.entry=="premier goto sciseore")) { 
NoModeBox.entry=FragBox.entry; 
FragBox.entry="premier end fragmentation"; 

} 
} 
while {SBox.entry!="premier end scissors") { 

SBox.entry=""; 
SBox.bipolar=bip; 
SBox.DoModal(); 
if (SBox.entry••"premier set cutrate low") { 

CppSndPlaySound(c:\\msvc\\bin\\premier\\set_cutl.wav",OxOOOl); 
if (MessageBox(NULL,SBox.entry,Caption,MB_OKCANCEL)==IDOK) { 

if (SBox.cutrate==200) { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",OxOOOl); 
push_button(22,1900); 
SBox.cutrate=120; 

} 

CppSndPlaySound( "c: \ \msvc\ \bin\ \premier\ \rscutl.wav", OxOOOl}; 
} 

if (SBox.entry=="premier set cutrate high"} { 
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CppSndPlaySound("c:\\msvc\\bin\\premier\\set_cuth.wav",OxOOOl); 
if (MessageBox(NULL,SBox.entry,Caption,MB OKCANCEL)==IDOK) { 

if (SBox.cutrate==120) { -

CppSndPlaySound{"c:\\msvc\\bin\\premier\\plswait.wav",OxOOOl); 
push_button(21,1900); 
SBox.cutrate=200; 

} 

CppSndPlaySound( 11 c:\\msvc\\bin\\premier\\rscuth.wav",OxOOOl); 
} 

if (SBox.entry=="premier set bipolar low") { 

CppSndPlaySound("c:\\msvc\\bin\\premier\\setbiplo.wav",OxOOOl); 
if (MessageBox(NULL,SBox.entry,Caption,MB OKCANCEL)==IDOK) 

if (bip==22} { -

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",OxOOOl); 
push_button(20,1150); 
bip=l6; 

} 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rephiplo.wav11 ,0xOOOl); 
} 

} 
if (SBox.entry=="premier set bipolar high") { 

CppSndPlaySound( 11 c:\\msvc\\bin\\premier\\setbiphi.wav11 ,0xOOOl); 
if (MessageBox(NULL,SBox.entry,Caption,MB OKCANCEL)==IDOK) 

if (bip==16) { -

CppSndPlaySound("c:\\msvc\\bin\\premier\\plswait.wav",OxOOOl); 
push_button(l9,1150); 
bip=22; 

} 

CppSndPlaySound("c\\msvc\\bin\\premier\\repbiphi.wav",Ox0001); 
} 

if (SBox.entry-="premier report bipolar") 
if (bip==22) 

CppSndPlaySound( 11 c:\\msvc\\bin\\premier\\repbiphi.wav11 ,0x0001); 
else 

CppSndPlaySound("c:\\msvc\\bin\\premier\\repbiplo.wav",OxOOOl); 
} 
if (SBox.entry=="premier report cut rate") { 

if (SBox.cutrate==200) 

CppSndPlaySound( 11 c:\\msvc\\bin\\premier\\rscuth.wav11 ,0x0001); 
else 

CppSndPlaySound("c:\\msvc\\bin\\premier\\rscutl.wav",Ox0001); 
} 
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if (SBox.entry=="premier end scissors") { 
push_button(3,1000); 
pause(250); 
push_button(3,1000); 
pause (250); 
push_button(4,1000); //Turnoff Bipolar 
NoModeBox.entry=""; 

} 
if ((SBox.entry=="premier goto vitrectomy") I I {SBox.entry=="premier 

goto fragmentation")) ( 
NoModeBox.entry=SBox.entry; 
SBox.entry="premier end scissors"; 

} 
} 

push_button{4,1000); //Turnoff Bipolar 

push_button(14,1000); 

void CPremierApp::On.UtilButtonPress() 
{ 

} 

CButtonDialog ButtonBox; 
DWORD start_time, difftime; 

while (ButtonBox.DoModal()==IDOK) 
{ 

} 

difftime=ButtonBox.ptime; 
press(ButtonBox.button); 
start_time=GetCUrrentTime(); 
while (GetCUrrentTime()-start_time<difftime) {} 
release(); 
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What Is Claimed Is 

l. A voice controlled medical care system comprising: 

a medical care device to be controlled in accordance 

with commands spoken by an operator, said spoken commands 

being selected from the group consisting of one of a number 

of different command words, a command phrase comprising a 

plurality of said cotmnand words, and a mixed phrase 

comprising at least one of said command words and at least 

one non-command word; 

a microphone for transducing said spoken commands and 

generating corresponding audio output signals; and 

a processor comprising a first port connected to said 

microphone for receiving said audio output signals, said 

processor being programmable to substantially continuously 

monitor said first port for said audio output signals, to 

process said audio output signals to identify said command 

words therein, and to generate corresponding control 

signals for transmission to said medical care device. 

2. A voice controlled medical care system as claimed in 

claim 1, wherein said processor comprises at least one port 

selected from the group consisting of a serial port and a 

parallel port, and said medical care device is connected to 

said processor via said port to receive said control 

signals. 

3. A voice controlled medical care system as claimed in 

claim l, wherein said processor is operable to generate 

said control signals in a signal type selected from the 

group consisting of an electrical signal, an infrared 

signal, an ultrasonic signal, a radio frequency signal, and 

an electromagnetic signal. 
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4. A voice controlled medical care system as claimed in 

claim l, wherein said medical care device comprises at 

least one controllable device selected from the group 

consisting of a variable input device and a variable output 

device, and further comprising an interface circuit 

connected to said processor and said medical care device 

for operating said controllable device in accordance with 

said control signals. 

5. A voice controlled medical care system as claimed in 

claim 4, wherein at least one of said processor and said 

interface circuit is operable to generate said control 

signals in a signal type selected from the group consisting 

of an electrical signal, an infrared signal, an ultrasonic 

signal, a radio frequency signal, and an electromagnetic 

signal. 

6. A voice controlled medical care system as claimed in 

claim l, wherein said spoken commands each comprise 

identification of said medical care device followed by a 

function of said medical care device that is being 

requested by said operator. 

7. A voice controlled medical care system as claimed in 

claim l, wherein said medical care device is an active 

surgical instrument, said processor being programmable to 

generate said control signals to control said surgical 

instrument during a surgical procedure. 

8. A voice controlled medical care system as claimed in 

claim l, wherein said medical care device is selected from 

the group consisting of a laser, an environmental control 

system, a surgical tool, an imaging device, a microscope, 
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patient prosthetic device, a patient mobilization device, 

and a patient monitoring device. 

9. A voice controlled medical care system comprising: 

a medical care device to be controlled in accordance 

with commands spoken by an operator, said spoken commands 

comprising at least one of a number of different command 

words, said medical care device having a plurality of 

controllable devices selected from the group consisting of 

a variable input device and a variable output device and 

being configured to operate in a plurality of functional 

modes by controlling selected ones of said controllable 

devices; 

a microphone for transducing.said spoken commands and 

generating corresponding audio output signals; and 

a processor connected to said microphone for receiving 

said audio output signals, said processor being 

programmable to process said audio output signals to 

identify said command words therein, and to generate 

corresponding control signals for transmission to said 

medical care device, said control signals comprising data 

to configure said medical care device to perform an 

operation selected from the group consisting of changing 

from one to another one of said plurality of modes, and 

changing the setting of at least one of said plurality of 

controllable devices, as requested by said operator in said 

spoken commands. 

10. A voice controlled medical care system as claimed in 

claim 9, wherein said processor is programmed to change 

settings of selected ones of said plurality of controllable 

devices and to restrict said operator from changing 

settings on other ones of said plurality of .controllable 
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devices, depending on which of a particular one of said 

plurality of modes has been selected. 

11. A voice controlled medical care system as claimed in 

claim 10, further comprising at least one output device 

selected from the group consisting of a display device and 

a speaker, said processor being programmable to operate 

said at least one output device to indicate when said 

operator is restricted from changing settings on different 

ones of said plurality of controllable devices. 

12. A voice controlled medical care system as claimed in 

claim 9, wherein said processor is programmable to increase 

and decrease the settings of said plurality of controllable 

devices in increments. 

1.3. A voice controlled medical care system as claimed in 

claim 1.2, wherein a characteristic of said control signals 

selected from the group consisting of duration, magnitude 

and number of said control signals corresponds to the 

amount the settings of said plurality of • controllable 

devices are incremented and decremented. 

14. A voice controlled medical care system as claimed in 

claim 12, wherein at least one of said plurality of 

controllable devices is nonlinear, said processor having 

stored data relating a characteristic of said control 

signals selected from the group consisting of duration, 

magnitude and number of said control signals to different 

settings of said nonlinear controllable device. 

15. A voice controlled medical care system as claimed in 

claim 9, wherein said processor is programmable to 
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continuously increase and decrease the settings of said 

plurality of controllable devices. 

16. A voice controlled medical care system as claimed in 

claim 15, wherein a characteristic of said control signals 

selected from the group consisting of duration, magnitude 

and number of said control signals corresponds to the 

amount the settings of said plurality of controllable 

devices are incremented and decremented. 

17. A voice controlled medical care system as claimed in 

claim 15, wherein at least one of said plurality of 

controllable devices is nonlinear, said processor having 

stored data relating a characteristic of said control 

signals selected from the group consisting of duration, 

magnitude, and number of said control signals to different 

settings of said nonlinear controllable device. 

18. A voice controlled medical care system as claimed in 

claim 9, wherein said processor is programmable to change 

the settings of said plurality of controllable.devices from 

a current value to a value specified in said command words. 

19. A voice controlled medical care system comprising: 

a medical care device to be controlled in accordance 

with commands spoken by an operator, said spoken commands 

comprising at least one of a number of different command 

words, said medical care device having a plurality of 

controllable devices selected from the group consisting of 

a variable input device and a variable output device; 

a microphone for transducing said spoken commands and 

generating corresponding audio output signals; 

a processor connected to said microphone for receiving 

said audio output signals, said processor being 
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signals to programmable to process said 

identify said command words 

corresponding control signals 

audio 

therein, 

output 

and to 

for transmission 

generate 

to said 

medical care device, said control signals comprising data 

to change the settings of said plurality of controllable 

devices as requested by said operator in said spoken 

commands; and 

a speaker connected to said processor; 

wherein said spoken commands comprise a status query 

relating to a selected one of said plurality of 

controllable devices, said processor being programmable to 

identify said status query and to provide status data 

relating to said selected controllable device to said 

operator via said speaker. 

20. A voice controlled medical care system as claimed in 

claim 19, wherein said processor generates messages 

comprising said status data using a method selected from 

the group consisting of playing pre-recorded messages, and 

synthesizing voice messages using synthesized speech 

program code. 

21. A voice controlled medical care system comprising: 

a medical care device to be controlled in accordance 

with commands spoken by an operator, said spoken commands 

comprising at least one of a number of different command 

words, said medical care device having a plurality of 

controllable devices selected from the group consisting of 

a variable input device and a variable output device; 

a microphone for transducing said spoken commands and 

generating corresponding audio output signals; 

a processor connected to said microphone for receiving 

said audio output signals, said processor being 

programmable to process said audio output signals to 
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identify said command words 

corresponding control signals 

therein, and to 

for transmission 

generate 

to said 

medical care device. said control signals comprising data 

to change the settings of said plurality of controllable 

devices as requested by said operator in said spoken 

commands; and 

a speaker connected to said processor; 

wherein said processor is programmable to provide a 

confirmation request to change the settings of said 

plurality of controllable devices as requested by said 

operator in said spoken commands to said operator via said 

speaker, and to suspend transmission of said corresponding 

control signals to said medical care device until said 

operator provides an acknowledgement command signal via 

said microphone and said processor 

acknowledgement command signal. 

identifies said 

22. A voice controlled medical care system as claimed in 

claim 21, wherein said processor generates said 

confirmation request using a method selected from the group 

consisting 

synthesizing 

program code. 

of playing pre-recorded messages, and 

voice messages using synthesized speech 

23. A voice controlled medical care system comprising: 

at least one surgical tool to be controlled in 

accordance with commands spoken by an operator, said spoken 

commands comprising at least one of a number of different 

command words, said surgical tool having a plurality of 

controllable devices selected from the group consisting of 

a variable input device and a variable output device; 

a microphone for transducing said spoken commands and 

generating corresponding audio output signals; and 
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a processor connected to said microphone for receiving 

said audio output signals, said processor being 

programmable in accordance with program code to process 

said audio output signals to identify said command words 

therein, and to· generate corresponding control signals for 

transmission to said surgical tool, said control signals 

comprising data to change the setting of at least one of 

said plurality of controllable devices as requested by said 

operator in said spoken commands, said program code 

comprising a plurality of files corresponding, 

respectively, to a plurality of modes for ope~ating said 

surgical tool, said plurality of files each comprising 

lists of selected ones of said command words which are 

valid for said surgical tool when operating in a 

corresponding one of said plurality of modes, said 

processor being programmable to use one of said plurality 

of files corresponding to the present one of said plurality 

of modes in which said surgical instrument is operating to 

identify said command words in said audio output signals. 

24. A voice controlled medical care system as claimed in 

claim 23, wherein said processor is programmable to access 

said plurality of files in accordance with a logical 

sequence set forth in said program code, said logical 

sequence corresponding to a particular surgical procedure 

using said surgical tool. 

25. A voice controlled medical care system as claimed in 

claim 23, wherein said plurality of files each comprise 

data allowing said operator to change settings of selected 

ones of said plurality of controllable devices and to 

restrict said operator from changing settings of other ones 

of said plurality of controllable devices, depending on 
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which of a particular one of said plurality of modes has 

been selected. 

26. A voice controlled medical care system as claimed in 

claim 23, wherein said plurality of files each comprise 

data allowing said operator to go to selected ones of said 

plurality of modes, while restricting said operator from 

changing to certain other ones of said plurality of modes, 

depending on the particular one of said plurality of modes 

in which said surgical tool is operating. 

27. A voice controlled medical care system as claimed in 

claim 23, further comprising a plurality of surgical tools, 

wherein said program code comprises at least one file for 

each of said plurality of surgical tools, said file 

comprising a list of selected ones of said command words 

which are valid for said surgical tool when said surgical 

tool is in use. 

28. A voice controlled medical care system as claimed in 

claim 27, wherein said processor is prograJ(lmable to use 

said file corresponding to an active one of said plurality 

of surgical tools to identify said command words in said 

audio output signals. 

29. A method of controlling a medical care system, 

comprising the steps of: 

receiving audio signals corresponding to commands 

spoken by an operator, said spoken commands being selected 

from the group consisting of one of a number of different 

command words, a command phrase comprising a plurality of 

said command words, and a mixed phrase comprising at least 

one of said command words and at least one non-command 

word; 
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identifying said command words in said audio signals; 

and 

controlling a medical care device in accordance with 

said conunand words. 

30. A method of controlling a medical care system as 

claimed in claim 29, wherein said controlling step 

comprises the step of generating a control signal for 

transmission to said medical care device, said control 

signal selected from the group consisting of an electrical 

signal, an infrared signal, an ultrasonic signal, a radio 

frequency signal, and an electromagnetic signal. 

31. A method of controlling a medical care system as 

claimed in cl.aim 29, wherein said medical care device 

comprises a plurality of controllable devices selected from 

the group consisting of a variable input device and a 

variable output device and is configured to operate in a 

plurality of functional modes by controlling selected ones 

of said plurality of controllable devices, and said 

controlling step comprises the step of gener~ting data to 

configure said medical care device to perform an operation 

selected from the group consisting of changing from one to 

another one of said plurality of modes, and changing the 

setting of at least one of said plurality of controllable 

devices, as requested by said operator in said spoken 

commands. 

32. A method of controlling a medical care system as 

claimed in claim 31, wherein said controlling step further 

comprises the step of restricting said operator from 

changing the setting of selected ones of said plurality of 

controllable devices, depending on the particular one of 
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said plurality of modes in which said medical care device 

is operating. 

33. A method of controlling a medical care system as 

claimed in claim 31, wherein said controlling step 

comprises the steps of increasing and decreasing the 

setting of a selected one of said plurality of controllable 

devices in increments in accordance with said spoken 

commands. 

34. A method of controlling a medical care system as 

claimed in claim 31, wherein said controlling step 

comprises the steps of increasing and decreasing the 

setting of a selected one of said plurality of controllable 

devices 

commands. 

continuously in accordance with said spoken 

35. A method of controlling a medical care system as 

claimed in claim 31, wherein at least one of said plurality 

of controllable devices is nonlinear, said controlling step 

comprising the steps of: 

defining a relationship between different settings of 

said nonlinear controllable device and a characteristic of 

said control signals selected from the group consisting of 

duration, magnitude, and number of said control signals; 

storing data relating to said relationship; and 

accessing said data to operate said nonlinear 

controllable device in accordance with said spoken 

commands. 

36. A method of controlling a medical care system as 

claimed in claim 31, wherein said controlling step further 

comprises the step of restricting said operator from 

changing to certain other ones of said plurality of modes, 
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depending on the particular one of said plurality of modes 

in which said medical care device is operating. 

37. A method of controlling a medical care system as 

claimed in claim 29, wherein said spoken commands comprise 

a status query command, said controlling step comprising 

the step of generating a message reporting a condition of 

said medical care device in accordance with said status 

query command. 

38. A method of controlling a medical care system as 

claimed in claim 37, wherein said generating step comprises 

the step of retrieving prerecorded messages from a memory 

device using a processor. 

3 9 . A method of controlling a medical care system as 

claimed in claim 37, wherein said generating step comprises 

the step of creating synthesized messages using a speech 

synthesizer. 

4 O. A method of controlling a medical care system as 

claimed in claim 29, wherein said identifying step further 

comprises the step of generating a confirmation message. 

41. A method of controlling a medical care system as 

claimed in claim 40, wherein said identifying step further 

comprises the steps of: 

suspending said controlling step; 

receiving additional ones of said audio signals; 

determining if said spoken commands corresponding to 

said additional ones of said audio signals comprise an 

acknowledgment command; 
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said controlling 

is identified in said 

said controlling 

is identified in said 

PCT/US96/l 7320 

step if said 

spoken words and is 

step if said 

spoken words and is 

42. A method of controlling a medical care system as 

claimed in claim 41, wherein said identifying step further 

comprises the step of canceling said controlling step if 

said acknowledgement is not received. 

43. A method of controlling a medical care system as 

claimed in claim 29, wherein said medical care device is a 

surgical tool, and said identifying step comprises the step 

of accessing a file corresponding to said surgical tool, 

said file comprising a list of valid commands for 

operating said surgical tool. 

44. A method of controlling a medical care system as 

claimed in claim 29, wherein said medical care device is a 

surgical tool, and said identifying step comprises the step 

of accessing a plurality of files corresponding to said 

surgical tool, said files corresponding, respectively, to 

different modes of operating said surgical tool, each of 

said files comprising a list of valid commands for 

operating said surgical tool in said corresponding mode, 

said list of valid commands restricting access to selected 

ones of said plurality of files while an active one of said 

plurality of files is accessed in accordance with a logical 

sequence for performing a surgical procedure using said 

surgical tool. 
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4 5 . A method of controlling a medical care system as 

claimed in claim 29, wherein said medical device comprises 

a plurality of surgical tools, and said identifying step 

comprises the step of accessing a file selected from a 

plurality of files corresponding, respectively, to a 

plurality of surgical tools, said selected file comprising 

a list of selected ones of said command words which are 

valid for a selected one of said plurality of surgical 

tools when said selected surgical tool is in use. 

46. A voice controlled medical care system as claimed in 

claim 45, wherein said identifying step further comprises 

the step of using said file corresponding to said selected 

surgical tool to identify said command words in said audio 

output signals. 
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SYSTEM AND METHOD FOR \"\'IRELESS COM1UUNICATION OF SENSED 
DATA TO A CENT~.\.L s·f:RYER 

RELATED APPLICATIONS 

This application is related to concurrently filed and commonly assigned U.S. Patent 

Application Serial Number 09/676,382 entitled ... WIRELESS GATEWAY CAP.ABLE OF 

COMMUNICATING ACCORDING TO A PLURALITY OF PROTOCOLS," the 

disclosure of which is hereby incorporated herein by reference. This application is also 

5 related to co-pending U.S. Patent Application Serial Nmnbers 09/157,607, filed.Septernher 

2 I, 1998, entitled ''Full-Fashioned Weaving Process for Production of a Woven Gannent 

witl1 Intelligence Capability/' and 09/273, I 75, filed March 19, 1999, entitled •~Fabric or 

Gam1ent with Integrated .Flexible Infonnation Infrastructure/' the '--iisdosures of which are 

hereby incorporated herein by reforenc-e. This application is also related to co-pending U .S, 

l 0 Pmv-isional Application Serial Numbe-r 60/142~360, tiled July 6, 2000~ entitled ~•Fabr.ic or­

Gnm1ent with Integrated Flexible Infonnation fnfrastmdure fur Monitoring Vital Signs of 

ln:fants, ·• the disclosure of which is hereby inc.orporated herein by reference, 

TECHNfCAL FIELD 

The present invention relates in genera! to a system and method for communicating 

15 data to a central server, and in specific to ,1 system and rnethod which utilize a multi­

prot<)Col wireless gatew•a:y to enable communication of sensed data to a central server fbr 

processing thereon. 
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BACKGROlJ'ND 

Sensors are available in the prior art for detecting various physical characteristics of 

a person, animal, or an environment and outputting data ab-out such physical characteristic.s. 

:For example, sensors are avadable for outputting vital sign data or other data relating to a 

person, such as he'<llt rate or EKG, pulse, voice, temperature> blood oxygen kve1s, 

atmospheric exposure, such as chemical and biological exposure, atmospheric smoke and 

oxygen levels. and radiation exposure. Semors typically communicate such sensed d.ata to 

a monitt,ring device, \.Vhich .interprets. the sensed data; stores the sensed data~ and/or 

analyzes the sensed data, A monitoring device may analyz~ the sensed data and output the 

0 data in an understandable format ( e.g .. in line graph fom1), and may also ou.tptit, for 

example. warnings about a detected characteristic. 

Sensors for detecting physical conditions are commonly utilized in the health care 

arena. such as within a care giver\, facHity (e.g., a hospital, clinic, or nursing home). 

Turning to Fig. l, a typical envirorunent commonly implemented in a care giver's facility of 

l 5 the prior art fa shown. As shown. care giver facility 100 rnay include vmious patientst such 

as Patient, and Patient2• Each patient may have one or more sensors, such as sensors l 02A> 

H)28 • and l02c, for dett~ting and outputting personal data (e.g., vital sign data) to an 

associated monitoring device~ such as n1onitoring devices l04A, 104~h and 104c. Thus~ for 

example, monitoring devices 104A and 1043 may be heart n1onitors that receive heart rate 

20 datafrotn sensors 102A and 102n respectively, and monitoring device 104c may be a blood 

pressure monitor that receives blood pressure data from sensor 102c, As further shown in 

Fig. 1, the monitoring devices generally include a software application program ( e,g .. 

application programs l l O,.., 11013, and 11 Oc). and a processor for executing such sofhvare 

application programs (e.g., processors 108.A" 1081h and l-08c). Additionally,. the monit(lring 

25 devic-es typically include some type of input/output device (e.g.,. input/output devtces 106A, 

106.s, and 106c), such as keypads for inputting information and displays, printers~ and 

speakers for outputting information. Furthennore. the monitoring devices typically include 

met:nory (e~g .. n:1emory 112,.,, 1121:i, and 112d for storing dat~ sut~h memory may include 

any suitable type of data storage device, such as random access memory (R.AM), a tape 

30 drive, a hard drive, a floppy disk, a writeable CD-ROM drive, etcetera. 

Within the monitoring devkes, the softvvare application programs are typically 

executable to receive the sensed data and interpret such sensed data. The soflware 

2 
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application programs are also typically ex<~cutable to analyze the sensed data and. output a 

representation of the sensed data and/or warnings via the input/output devices of the 

monitoring equipment, For example~ a heart monitor may execute an application program 

to monitor the sensed heart rate data and display the heart rate on a display, and the 

5 application program may, upon determining that the heart rnte is at a dangerous level~ 

sound a waming to noti(y care givers of the detected condition. The monitoring devices 

commonly store sensed data to its memory (e.g., to Hs data storage device), and often a care 

giver will access the stored sensed data to evaluate the patient's condition based on such 

collected data. 

It shou]d be recognized that the monitoring devices of the prior art are typically 

stand-alone devices, which .am each assigned/dedicated to a particular patient For 

example, suppose monitoring devices 104A and 1048 are heart monitors~ and further 

suppose that Patientl and Patient2 require having their heart rares monittffed, The 

monitoring devices are patient-dependent, in that l)ne heart n1onitor (e,g.~ monitor 104A} is 

!5 dedicated specifically for monitoring Patienti .and another heart monitor {e.g.~ monitor 

104a) is dedicated specifically for monitoring Patient2. Ac~ordingly~ prior art systems 

typically require that a monitoring device, including the software for interpreting/analyzing 

received sensed data and input/output devices for commtm1cating relevant information 

about the sensed data. be dedicated to an individual patient. 

W Turning to Fig. 2, a further environment that may he_ implemented in the prio;-art is 

shown. As in Fig, 1, a care giver's facility l 00 includes one or more patients, such as 

Patient1 having sensor I 02A for detecting and outputting personal data ( e.g.~ vital sign data) 

to an associated monitoring device 104.A- Again, monitoring device 104A generaHy includes 

appUcation program 110A executing on processor 108A to interpret/analyze received sensed 

25 data. as well as input/output devices 106,,, and memory 112,._, In this implementation of Fig. 

2, a transmitter 202. which may transmit data via wireless protocol, is coupled to 

monitoring device 104 A and communicates data from monitoring device 104 A to a local 

server 204 within the care giver•s facility 100. Accordingly> loca1 server 204 may collect 

data from various monitoring devices to allow care givers to monitor the vital statistics of 

30 patients \Vithin the care. giver~s facility 100 from a central monitoring station coupled to 

local server 204, such as personal computer (PC) 205. Additionally, care givers may use 

3 
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handheld wireless devic~ such as handheld. monitor 206, that are capable of receiving data 

from tnmsmitter 202 and/or local server 204 to monitor the status of one or more patients. 

As further shown in Fig, :2, local server204 of facility 100 may be communicatively 

coupled to a communication nenvork 208, such as a public switched telephone net:,,\''ork 

5 (PSTN), wide area network (\Y Af"'J)~ or the Internet, as examples. Accordingly, care givers 

external tn facility I 00 may monitor the status of patients within fadlity lOO via 

communication network 208. That is, care givers may access the data available on local 

server 2t¼ from a remote focat1on via communic~tion nenvork 208. As one example. 

another health care facility 200 may include a server 212 that is remote frClm server 204, 

0 and renmte server 212 may be capable of accessing infom1ation on local server 204 via 

communication network 208 and vice-versa, Thus, for _iustance, a number of hospitals 

(e.g.; facilities 100 and 200) may be communicatively networked. together to allow care 

givers in each hospital to access data from the other hospitals within the network. As 

another example~ a care giver may utilize PC 21 n {or other processor-based device) to 

. 5 access data contained on local server 204 or on remote server 212 via communication 

network 208. 

It should he recognized that the system of Fig. 2 aids in allowing care givers to be 

mobile and still monitor the status of patients. For example~ hand.held device 206 allows a 

care giver to he mobile \Vithin facility 100, wh1le still having continuous ac:cess to the status 

W of Patient 1. Additionally. such prior art system enables a care giver to be mobile between 

various facilities~ For instance, a care giver may use remote server 212 of 200 to monhor 

the status of Paticnt1 residing within facility 100. Furthermore, such prior art system 

enables a care giver to monitor the status of Patient1 from other locations outside offa.dlity 

I 00 and facility 200. For instance, a care giver can use PC 210 to monitor the status of 

25 Patient1 from the c.are giver's hmne, office. or other location. 

However, various problems and/or shortcomings exist in such prior art systerns. 

First, ,vhile the prior art systems assist in mobilizing care givers, such systems typically do 

not allov., for mobilizing patients. For example~ in most prior art systems, a patient is 

relatively immobile with respect to monitoring devices and/or the care giver's facility. For 

:30 instar.tce, in Fig. 2, Patient1 is typically confined to monitoring device 104,.,_. While 

monitoring device 104A may be relatively mobile (e.g., relatively small and/or implemented 

on wheels or other trnnsportable base), Patienti is required to remain confint.>t.I to relative 

4 
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close proxfr:n1ty of monitoring device 104 ,, . Furthermore~ Patient1 is typically c-0nfined to 

facility l 00 for monitoring. For example, transmitter 202 typically transmits data to local 

s.e1Yer 204 only front within facility lOO, Thus. a desire exists for a system m,d metl10d that 

enable increased mobility of patients while stlll allowing pc.rsonal data of the patients to be 

5 monitored. 

Additionally~ in typical prior ai'i systems. monitoring devices that each include 

input/output, processor, applicaHon software, and memory are dedkated to each patient. 

A.ccord.ingly, because a separate monitoring device is required fot each patient. such 

monitoring devices are not cost eftective to implement or to update. For example, if an 

0 update is made for the software executing on a monitoring device, the update is required to 

be made at each monitoring device. Additionally, periodic maintenance and 

troubleshooting is typically required for the various components of e.ach monitoring device 

to ensure proper operation. Furthermore, such monitoring devices of the prior art typically 

require that the c.are giver use the software programs provided by the manufacturer of such 

l5 monitoring devices. Thus, a care giver may have little or no option in selecting a desired 

so.ft,¥a.:re progra.--:n for interpreting/analyzing sensed data, Accordingly, a desire exists for a 

system and method in \Vhkh a central server receives the sensed data and executes 

application program(s) to analyze andior store the data for monitoring patients. Thus, 

dedic.ate,d monitoring devices each including software, memory~ and other complexity, may 

20 be eliminated, and instead their functionality may be provided by a central server. 

Typically, in prior art monitoring systems) the sensed data (e.g., the data outpnt by 

sensor l02A of Fig. 2) is communicated to a monitoring device (e.g., monitoring device 

104A of Fig. 2) for processing, and. resulting processed data is then communicated to a local 

server. Thus, processed data .. rather than the raw sensed data, is communicated to the local 

25 server. Accordingly, the capability of loca1 server 204 in further processing ( e.g., farther 

monitoring/analyzing) the received data may be limited am.ilor skewed because the received 

data is the result of the processiug of monitor 104 ..... , rather than the actual raw sensed data 

from sensor 1021,- As one examplef suppose sensor 102,~ in Fig. 2 senses a patieun.:­

heartb-eat, and outputs data indicating each sensed hearthcat to monitor I 04A. Monitor l 04A 

30 may interpret the sensed heartbeat data to detennine a heart rate, and may furt..¾er detennine 

whether the determined heart rate is nonnal. This proces$ed data (e.g., the determined heart 

rate and/or the determination ofwhether the heart rate is nonnal) is then communicated to 

5 
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local server 204. Thus, local server 204 is limited in the amount of further pwcessing that 

it can perfonn because it does not receive the actual. raw sensed heartbeat data. For 

insta..'lce, local server 204 may not utilize a software program that is superior to the program 

executing 9n monitor device 104,.._ in order to more accurately detem1ine the heart rate, 

5 because local server 204 receives pre-processed data, rather than the raw sensed data. 

Accordingly, a desire exists for a system and method that enable nl'\V sensed data to be 

communicated to a centrnl server for processing thereon, 

Furthem1ore, typical prior art monitoring systems do not utmze bi-directional 

com.munfoation. For instance, 1n the system of Fig. 2. vvhi1e monitoring device 104A 

. O utilizes transmitter 202 to communic;.1te information to local server 204, infonnation is 

typically not communicated from local server 204 to monitoring device 104A. Thus, for 

example. a user typicany cannot control the operation of monitoring device 104A from local 

server 204 because local server 204 is not capable of communicating 

information/instructions to monitorfog device 104A. Accordingly, a desire exists for a 

t5 system and method that enable bi-directional co.mmunication between monitori.ng devices 

andf or sensors and a central server.. 

Furthennore~ the prior art system is inflexible in the manner in which sensed data 

may be communicated to a server, For example, wireless transmitters, such as transmitter 

202 of Fig. 2, for transmitting data to a server,; such as local server 204 of Fig. 2, typically 

20 utilize one wireless communication protocol and provide no flexibility for communicating 

via other protocols. Thus~ the compatibility of transmitter 202 '>Vith a particufar server is 

limited to the particular protocol utilized by transmitter 202 .. Also. should the ,vireless 

communication network utilized by transmitter 202 become unavailable for some reason, 

transmitter 202 has no ability to communicate information (e.g., via an available protocol) 

25 to the server. Thus. a desire exists for a system and method that provide .flexibility in the 

communication of data. 

6 
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SUf\.iMARY OF THE INV'ENTION 

The present invention is directed to a system and method which enable sensed data 

to be communicated to a central server for processing thereon. A preferred embodiment 

provides a system that includes at least one sensor capable of sensing a physical 

5 characteristic and outputting data representing such physical characteristic to a transmitter, 

The transmitter communicates the data in. a first wireless protocol to a ,~,:ireless gateway, 

which is preferably capable of communicating in a plurality of different wireless protocols, 

For example~ the wireless gateway of a preferred embodiment may be capable of 

communicating in a plurality of the following \\'treless protocols: short-range radio protocol 

0 (e,g.~ Bluetooth), \VLANprotocol (e.g., 802. l l nr wireless medical transmission standard 

(\VMTS)). and cellular protoc(.)] (e.g., CDPD, EDGE, HDR, CDMA, or \VCDMA). In. a 

most preferred embodiment, such transmitter is actually implemented as a transceiver that 

is capable of not only transmitting sensed data, but is farther capable of receiving data., 

thereby enabling bi-directional communication. 

15 The wireless gateway translates the data from the first wireless protocol to at least a 

second wireless protocol, and communicaies the data either directly or indirectly to a 

central server using such second wireless protocoL Accordingly, in a most: preferred 

embodiment, the wireless gateway is capable of translating the sensed data from one 

communication protocol to .mother. As one ex.ample. the transmitter may communicate the 

20 sensed data in Hluetooth protocol (or other short~range mdio protocol), and the wireless 

gateway n1ay translate the sensed data into another protocol for forther communication 

thereof. such as WLi\J'-1' protocol (e.g., 802.11 or \.\'NITS) or cellular protocol. Most 

preferably~ the wireless gateway rnay he implemented as disck)sed .more folly in 

conc-urrenHy filed and commonly assigned U.S. Patent Application Serial Number 

25 09/676,382 entitled "WIRELESS GATEWAY CAPABLE OF COM:MUNICATING 

ACCORDING TO A PLURALlTY OF PROTOCOLS/' the disclosure of which is hereby 

imx1rporate<l herein by reference. The ct~ntral server t\;,"'Ceives and processes (as wen as 

stores) the data. 

In a preferred embodiment, a platform may be included on which one or more 

30 se:nsors is coupled. ln a most preferred ernbod-iment, such platfonn is fabric having an 

information infrastructure integrated therein. Furthermore. in a most preferred 

embodiment~ the fabric is fashioned .into a. wearable garment~ thereby enabling one or more 

7 
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sensors coupled to the garment~s infonn.ation infrastructure to sense physical chara~~teristics 

of the wearer of such gannent 

A preferred embodiment may be implemented. to include at least one intennediary 

for receiving data from the \vireless gate\vay and communicating such data to the central 

5 server. Such an intermediary may receive the data from the wireless gateway in a wireless 

prntocol, and may communicate the data to the central server in a different protocol, such as 

Internet ProtocoL The intermediary may be implemented to communicate tl1e data to the 

central server via a communication net"vork, such as a pu\,lic S\.Vitched telephone network 

(PSTN), wireless communication network, general purpose processor-based information 

0 network, dedicated communication lines, cable system, digital subscriber hne (DSL)~ direct 

PC to PC conne-ction, local area network (LAN)t wide area. network fW AN)~ modem to 

modem connection, the Inte:rnet, an Intranet, an Extnuiei, or any combination thereof 

suitable for providing infom1ation communication between such intermediary and central 

server. As an example, a base unit may be located at a nurses station in a hospital to 

15 receive sensed data for the patients in a hospital from the ,vireless gateway(s)~ and the base 

u1ut may communicate such data to a central server via the hospital's Intranet, As another 

example, a base unit may be located in a patient's home to receive sensed data for the 

patient in the patient's home from the wireless gatewayy and the base unit may 

communicate such data to a central server via the Internet, 

20 \\-'bile a .most preferred embodiment is implemented within the health care arena to 

communicate sensed data from a patient (e.g., vital sign dat.a) to a central server, it should 

be understood that the present invention may be implemented in various other arenas. As 

one example~ a preferred embodiment may be implemented to enable communication of 

sensed data (e.g., temperature data) to a temperature control system or air conditioning 

25 systern (central server) responsible for controlling the temperature of a particular facility. 

As another example, a preferred embodiment may be implemented within a robot to detect 

hazardous conditions in an environment and communicate the sensed data acquired in such 

an environment to a central server .. Additionally. any type of physical characteristic 

capable of being sensed is intended to be within the scope of the present invention, For 

30 example, in a prefetTed embodiment, one or more sensors are implemented to sense 

physical characteristics. such as vital sign characteristics or environmental characteristics. 

Examples of such vital ~ign characteristics include heart n1te, breathing rate, blood pressure, 
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pulse, body temperature, and blood oxygen level. and examples of such environmental 

characteristics include temperature, audio, atmospheric smoke and oxygen levels~ gas level, 

light level (e.g., light brightness or intensity), air flow, and radiation leveL 

Most preferably, the rnw sensed data is communicated to a central server fo,r 

5 processing, That is, in a most preferred embodiment, the actual sensed data is 

communicated to a central server. rather than com.nmnicating to the central server 

information resulting from pro<:-essing of the actual sensed data. AdditionaUy, in a 

preferred embodiment, the communicated data includes information in addition to the 

actual sensed data, For example, the communicated data may also include such information 

0 as physical characteristic type, source identification, time stamp, and location information, 

It should be appreciated that a technical advantage of one aspect of a preferred 

embodiment is that it enables increased mobility of patients (or other Hsource") while still 

allowing personal data of the patients to b-e monitored. lumther technical advantage of <)rte 

aspect <Jf a preferred ernbodh:nent is that it enables a central server to receive sensed data, 

_5 thereby enabling the central server to execute software program(s) to analyze and/or store 

the data. Accordingly; dedicated monitoring devices tha.t each include software, memory, 

and other complexity. may be eliminated, and instead their fi.mctionality may be provided 

by the central server of a preferred embodiment. 

[t should also be appreciated that a further technical advantage of one aspect of a 

W p.reforred embodirnent is that it enables Ta\V sensed data to be communicated to a central 

server fur processing thereon. Accordingly) analysis of such sensed data may be made at 

the central server, rather than receiving at the central server rui analysis of the sensed data 

pcrfonne-0. by another device, Yet a further technical advantage of one aspect of a preferred 

embodiment is that it enables bi-directional communication benveen the source of the 

25 sensed data and a central server, Stin a further technical advantage of one aspect of a 

preferred embodiment is that it provides flexjbiJity in the communication of data to a 

3{} 

central server. For example, a wireless gateway capable of communicating in a plurality of 

wireless protocols is preferably utilized to enable flexibihty in the communication of sensed 

data to a central server. 

The foregoing has outlined rather broadly the foatures and tCt!hnical advantages of 

the present invention in order that the detailed description of the invent-ion that follows may 
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be better understood. Additional features and advantages of the invention will be described 

hereinafter which fonn the subject of the claims of the invention. It should beapprecfated 

by those skined in the art that the conception and specific embodiment disclosed may be 

readily -utiHzed as a basis for modifying or designing other structures for carrying out the 

5 same purposes of the present invention, It shou1d also be realized by those skilled in the art 

that such equivalent constructions do not depart from the spirit and scope of the invention 

as set ihrth in the appended claims, The novel features which are believed to be 

characteristic o.fthe invention, both as to its organization and method of operation~ together 

\.Vith further objects and advantages will be hetter understood from the following 

0 description ,, .. hen considered in connection ,vith the accompanying figures, n is to be 

expressly understood, however~ that each of the figures is provided for the purpose of 

illustration and description only and is not intended as a definition of the limits of the 

present invention. 
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BRIEF DESCRJPTION OF THE DRAWJNG 

For a more complete understanding of the present 1nvention" rnference is now made 

to the following descdptions taken in conjunction with the accompanying dra\ving~ 1n 

which: 

5 Fig, 1 sht1ws a typical environment cmnmonly implemented in a care giver's facility 

of the prior art; 

Fig. 2 shows a further environment that may be implemented in the priot art for 

conunu.nfoating sensed data \Vithin a care giver's communication network; 

Fig. 3 shows an exemplary environment in which a preferred embodiment of the 

0 present invention may be implemented; 

.5 

w 

Fig. 4 shows an exernplary environment in which a most preferred embodiment may 

be implemented; 

Fig. 5 sho\vs an exemplary implementation of a preferred ernhndime11t within a 

hospital environment for connnun.ication of sensed data within the hospital environment; 

Fig, 6 shows an exemplary implementation that enables communication of sensed 

data from a particular base location, such as a patient's home, to a central server; 

Fig. 7 shmvs at1 exemplary implementation that. further enables communication of 

sensed data to a central server not only from a particuhff base location, but also from a wide 

area; and 

Fig. 8 shows an exernplary implementation that enables communication of sensed 

data to a central server from within a wide are.a of com .. 111un1cation. 
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DETAILED DESCRlPTt:ON 

Various embodiments of the present invention are now described with reference to 

the above Figs., wherein like reference numerals represent like parts throughout the several 

views. Turning to Fig. 3, an exemplary envirom11ent 300 in which a preferred embodiment 

5 of the present invention may be implemented is sho\vn, As shown,. a platfom1 302 may be 

provided, which includes one or more sensors 304. As will be described in greater detail 

hereafter, sensors 304preferably detect a physical cond1tion (o:rphysfoal characteristic) and 

outputs data representing the physical condition. Most preferably~ sensors 304 detect 

personal data. such as vital sib'll data for a person. and communicate the detected 

0 infonnation to a transceiver 306. However, sensors 304 may detect other physical 

~haracteristics, such as envimnmental data (e.g., temperature, gas level, light level, air flow, 

radiation level, or other hazardous level of an envimnment). As will also be described in 

greater detail hereafter, platfom1 302 preferably provides an infrastructure that enables 

various sensors 304 to be added thereto and removed therefrom to easily modify the 

t 5 "sensing systent" provided by platform 302., In a preferred embodiment, transceiver 306 

receives sensed data from the one or more sensors 304; di!:,ritizes the sensed data, and 

communicates the received data via wireless c.o.mmunicatfon. ln a most preferred 

embodiment transceiver 306 is capable of both transmitting and receiving data. However, 

in alternative embodiments. a transmitter may be implemented in place of transceiver 306~ 

20 enabling v.rirelcss transmission of data received from the one or more sensors 304. 

Trnnsceiver 306 may use. for example, short-rnnge personal area network (PAN), short­

nmge radio, or \\ll.AN to co.mrmmicate data, or transc-eiver 306 may be implemented as an 

optical transceiver capable of ~ommunicatfog via it1frared, as examples. 

Preferably, environment 300 includes a wireless gateway 310~ which is most 

25 preferably a ·multi-protocol gateway that -is capable of cmnmunicating in a plurality of 

different wireless protocols. For example, wireless gateway 310 may be capable of 

communicating in a plurallty of the following wireless protocols: short-·rn.nge radio protocol 

{e.g., B1uetooth), WLAN protocol (e.g., 802.11 or WMTS), and cellular protocols (e.g., 

CDPD. EDGE~ HDR. CDMA,., or \VCDMA). Such protocols are ~veH-known in the art, and 

30 therefore wilt not be described in great detail herein. Additionally, it should be recognized 

that \.Virefoss gate"vay 310 may be implemented with the capability of n1mmunfoating in 

any desired wireless protoc<)l now known or developed in the future. and any such 
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implementation in intended to be w.ithin the scope of the present invention. In a most 

preferred embodiment, wireless gateway 3 IO is capable of translating the sensed data from 

one communication protocol to another, As cme example. transceive.r 306 may 

communicate the sensed data in Bfoetooth protocol (or other short-range radio protocol), 

5 and ,vireless gateway 310 may translate t11e sensed data into another protocol for further 

communication thereot: such as \VLr\.;.'1' protocol (e.g., 802, 11 or \V'.MTS) or cellular 

protocol. Most preferably~ wireless gate\vay 310 may be implemented as disclosed more 

fully in concurrently filed and commonly assigned lJ.S. Patent Application Serial Number 

09/676,382 entitled 11\VIRELESS GATE\VA Y CAPABLE OF COMMUNICATING 

0 ACCORDING TO A PLURALITY OF PROTOCOLS/ the disclosure of which is hereby 

incorporated herein by reference. 

From \Vireless gateway310, the sensed data is communicated, either directly or 

indirectly, to central server 312. l.n a most preferred embodiment, wireless gateway 3 l 0 

communicates with transceiver 306 via a first wirekss protocol {e.g,,. Bluetooth). and 

l5 communicates, either directly or indirectly, with central server 312 via a different wireless 

protocoL In a preferred emlxmiment, wireless gateway 310 communicates with central 

server 312 via a communication path, at least a portion of which is via a wirefoss protocol. 

For ex.ample. wireless gateway 310 may communicate via a wireless protocol directly with 

central server 312. Thus, the entire communication path between wireless gate\.vay 310 and 

20 central server 312 may be a wireless communication path using such wireless protocol. As 

a further example, wireless gateway 310 rnay conununicate indirectly Via a ,wireless 

protocol with central server 312, For instance, wireless gateway may CQmn1unicate via a 

wireless protocol to an intem1ediary, which may forward the communication to central 

server 312 via a diffor-ent wireles_<; or i.vfreline protocol. F()r exampl~ an intennediary may 

25 forward the communication to central server 312 via the Internet. Thus, only a portion of 

the communication path between wireless gate"vay 310 and centxal server 312 may be via a 

wireless protocol utilized by wireless gateway 310, 

In a most preferred embodiment, centraJ server 312 processes the data that it 

receives (either directly or indin..">:Ctly) from wireless gateway 310. For example~ the data 

30 received at centnll server 31.2 may be prQcessed by one nr more software prograrns 

operating thereon. That is, various software programs may be operating on central server 

312 to receive, interpret!- analyze. monitor, and/or store the sensed data communicated 
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