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INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. § 1.97(b)(1)

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Commissioner:

In compliance with the duty of disclosure under 37 C.F.R. § 1.56 and §§ 1.97-1.98, the
references listed and identified on the attached Form PTO/SB/08a are being submitted herewith
for consideration by the Examiner. This Statement is being filed in accordance with 37 C.F.R.

§ 1.97(b)(1).
While this Statement is being filed in compliance with the duty of disclosure, citation of
the listed references is not to be construed as an admission that any of the references are

"material" as defined under 37 C.F.R. § 1.56(b).

In accordance with 37 C.F.R. § 1.98(d), copies of the listed references are not being

provided since the references were previously cited by or submitted to the Patent and Trademark
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Serial No. Atty. Dkt. No. OMNI 0105 PUSP1

Office in prior application Serial No. 14/108,986, filed December 17, 2013 (pending), of which

the present application is a continuation.

Please charge any fees or credit any overpayments as a result of the filing of this

paper to our Deposit Account No. 02-3978.

Respectfully submitted,
Mohammed N. ISLAM

By:_/David S. Bir/
David S. Bir
Reg. No. 38,383
Attorney/Agent for Applicant

Date: October 1, 2015

BROOKS KUSHMAN P.C.
1000 Town Center, 22nd Floor
Southfield, MI 48075-1238
Phone: 248-358-4400

Fax: 248-358-3351
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31 5305427 1994-04-19 Nagata
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72 6943936

2005-09-13 Islam, et al.
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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
[] 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

[ ] 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).

[ ] See attached certification statement.
[] Fee setforthin 37 CFR 1.17 (p) has been submitted herewith.

None

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 /David S. Bir/ Date (YYYY-MM-DD) 2015-10-01

Name/Print David S. Bir Registration Number 38383

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
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

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

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.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 record s.

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.C. 552a(m).

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

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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12 5855550 1999-01-05 Lai, et al.

13 5862803 1999-01-26 Besson, et al.
14 5867305 1999-02-02 Waarts, et al.
15 5912749 1999-06-15 Harstead, et al.
16 5944659 1999-08-31 Flach, et al.
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22 6364834 2002-04-02 Reuss, et al.

23 6381391 2002-04-30 Islam, et al.

24 6402691 2002-06-11 Peddicord, et al.
25 6407853 2002-06-18 Samson, et al.
26 6441747 2002-08-27 Khair, et al.
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28 6454705 2002-09-24 Cosentino, et al.
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31 6603910 2003-08-05 Islam, et al.
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1 200189362 WO 2001-11-29 West Kenneth G et al. []
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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
[] 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

[ ] 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).

[ ] See attached certification statement.
[] Fee setforthin 37 CFR 1.17 (p) has been submitted herewith.

None

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 /David S. Bir/ Date (YYYY-MM-DD) 2015-10-01

Name/Print David S. Bir Registration Number 38383

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
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

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

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.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 record s.

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.C. 552a(m).

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

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

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

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

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

( Not for submission under 37 CFR 1.99)

Examiner Name

Attorney Dacket Number OMNI 0105 PUSP1

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
[] 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

[ ] 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).

[ ] See attached certification statement.
[] The fee setforthin 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 /David S. Bir/ Date (YYYY-MM-DD) 2015-10-01

Name/Print David S. Bir Registration Number 38383

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
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

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

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.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 record s.

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.C. 552a(m).

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

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Pan, Yingtian, et al., "Hand-held arthroscopic optical coherence tomography for in vivo
1 high-resolution imaging of articular cartilage”, Journal of Biomedical Optics 8(4), October 2003, pages
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Xie, Tugiang, et al., "Endoscopic optical coherence tomography with a modified
microelectromechanical systems mirror for detection of bladder cancers", APPLIED
OPTICS, Vol. 42, No. 31, November1, 2003, pages 6422-6426.

Dubois, A., et al., "Three-dimensional cellular-level imaging using full-field optical
coherence tomography", Physics in Medicine and Biology, Phys. Med. Biol. 49, 2004,
pages 1227-1234.

Park, Jesung, et al., "Analysis of birefringent image in the retinal nerve fiber layer by
polarization sensitive optical coherence tomography", Ophthalmic Technologies X1V,
Proceedings of SPIE, Vol. 5314, 2004, pages 188-194.

Unterhuber, A, et al., "Advances in broad bandwidth light sources for ultrahigh resolution
optical coherence tomography”, Physics in Medicine and Biology, Phys. Med. Biol. 49,
2004, pages 1235-1246.

Drexler, Wolfgang, "Ultrahigh-resolution optical coherence tomography”, Journal of
6 Biomedical Optics, Vol. 9, No. 1, January/February 2004, pages 47-74.

Schmitt, Joseph, et al., "Intravascular Optical Coherence Tomography Opens a Window
7 Onto Coronary Artery Disease", Optics & Photonics News, February 2004, pages 20-25.

Nassif, N.A_, et al., "In vivo high-resolution video-rate spectral-domain optical coherence
tomography of the human retina and optic nerve", OPTICS EXPRESS, Vol. 12, No. 3,
February 9, 2004, pages 367-376.

Choi, Seung-Ho, et al_, "Observation of Optical Precursors in Water", Physical Review
9 Letters, Volume 92, Number 19, May 14, 2004, pages 193903-1-193903-.3.

Pierce, Mark C , et al_, "Advances in Optical Coherence Tomography imaging for
10 Dermatology", Optical Coherence Tomography Advances, The Journal of Investigative
Dermatology, September 3, 2004, pages 458-463.

"State-Specific Trends in Chronic Kidney Failure - United States, 1990-2001", Morbidity
and Mortality Weekly Report, Department of Health and Human Services Centers for

11 Disease Control and Prevention, Vol. 53, No. 39, copied from intemet: file://C\Documents
and Settings\eturlo\Desktop\State-Speciflc Trends in Chronic Kidney ... 2/12/10, October 8,
2004, pages 918-920.
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| B. Ads, A A E. Wagie, N.B. Mariun, A.B E. Jammal, "An Internet-based blood pressure
12 monitoring system for patients," Journal of Telemedicine and Telecare, 2001, pp. 51-53

R.H. Istepanian, B. Woodward, P.A. Bales, S. Chen, B. Luk, "The comparative
performance of mobile telemediCal systems based on the 15-54 and GSM cellular

13 telephone standards,” Journal of Telemedicine and Telecare, 1999, pp. 97-104

Shaw, et al, IR Supercontinuum Generation in As-Se Photonic Crystal Fiber, Optical
14 Society of America, Copyright 2005, 3 pages

PCT/US06/44451, Notification of Transmittal of the International Search Report and the
15 Written Opinion of the International Searching Authority, or the Declaration, November 29, 2007, 12 pages

G.S. Edwards et al_, "Free-electron-laser-based biophysical and biomedical
16 instrumentation,” American Institute of Physics, Vol. 74, No. 7, July 2003, pp. 3207-3245

Computer Motion, Inc_, "501(k) Summary -ZEUS® MicroWrist™ Surgical System and
17 Accessories," September 24, 2002, 6 pages

Computer Motion, Inc. "HERMES™ O.R. Control Center - 510(k) Summary of Safety and
18 Effectiveness,” October 11, 2002, 5 pages

K.M. Joos, et al. "Optic Nerve Sheath Fenestration with a Novel Wavelength Produced by
19 the Free Electron Laser (FEL)," Lasers in Surgery and Medicine, 27: 2000,191-205

20 J. S8anghera, |. Aggarwal, "IR Fiber Optics at NRL," undated, 10 pages

J. Sanghera, L.B. Shaw, |.D. Aggarwal, "Applications of chalcogenide glass optical fibers,"

21 Academic of Science, 2003, pp. 1-11

B. Rigas, P.T.T. Wong, "Human Colon Adenocarcinoma Cell Lines Display Infrared
22 Spectroscopic Features," Cancer Research, January 1, 1992, pp. 84-88
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G. Edwards, et al_, "Comparison of OPA and Mark-Ill FEL for Tissue Ablation at 6 45
23 Microns," Department of Physics and Free Electron Laser Laboratory, Duke University, 2002,
7 pages

Glenn Edwards, "Biomedical and potential clinical applications for pulsed lasers operating
24 near 6.45 um," Society of Photo-Optical Instrumentation Engineers, 1995, 2 pages

25 PASSAT, "Solid-State Lasers and Optical Components," July 14, 2003, 5 pages

P_A_Thielen and L .B. Shaw, et al_, "Small-core As-Se fiber for Raman amplification”
26 OPTICS LETI-ERS, Vol. 28, No. 16, August 15, 2003, 3 pages

R.Rox Anderson, et al., "Selective Photothermolysis: Precise Microsurgery by Selective
Absorption of Pulsed Radiation," Department of Dermatology, Harvard Medical School,

2 Science, Vol. 220, April 29, 1983, 4 pages

U.S. Appin. Serial No. 10/652,276, "System and Method for Voice Control of Medical

28 devices," by Mohammed N. Islam, abandoned (G74036.0129} Date filed: August 29, 2003

U.S. Appin. Serial No. 10/757,341, "System and Method for Voice Control of Medical
29 devices," by Mohammed N. Islam, issued (074036.0132) Date filed: January 13, 2004

U.S. Appin. Serial No. 12/206432, "System and Method for Voice Control of Medical
30 Devices," by Mohammed N. Islam, pending (074036.0154) Date filed: September 8, 2008

U.S. Patent and Trademark Office, Office Action for USSN 12/206,432, filed 09/08/2008,

31 Mohammed N, Islam, Attorney Docket No. 074036 0154, Date filed: March 12, 2009

U.S. Patent and Trademark Office, Notice of Allowance and Fee(s) Due for USSN
32 12/206,432, filed 09/08/2008, Mohammed N. Islam, Attorney Docket No. 074036.0154,
Date filed: August 28, 2009
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Attorney Docket Number
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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.
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Application Number

Filing Date
INFORMATION DISCLOSURE First Named Inventor | Mohammed N. ISLAM
STATEMENT BY APPLICANT [ —

( Not for submission under 37 CFR 1.99)

Examiner Name

Attorney Dacket Number OMNI 0105 PUSP1

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
[] 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

[ ] 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).

[ ] See attached certification statement.
[] The fee setforthin 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 /David S. Bir/ Date (YYYY-MM-DD) 2015-10-01

Name/Print David S. Bir Registration Number 38383

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
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

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

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.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 record s.

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.C. 552a(m).

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

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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SHORT-WAVE INFRARED SUPER-CONTINUUM LASERS FOR DETECTING
COUNTERFEIT OR ILLICIT DRUGS AND PHARMACEUTICAL PROCESS CONTROL

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation of U.S. application Serial No. 14/108,986 filed
December 17, 2013, which claims the benefit of U.S. provisional application Serial No. 61/747,487
filed December 31, 2012, the disclosures of which are hereby incorporated in their entirety by

reference herein.

[0002] This application is related to U.S. provisional applications Serial Nos. 61/747,477
filed December 31, 2012; Serial No. 61/747,481 filed December 31, 2012; Serial No. 61/747,485
filed December 31, 2012; Serial No. 61/747,472 filed December 31, 2012; Serial No. 61/747,492
filed December 31, 2012; Serial No. 61/747,553 filed December 31, 2012; and Serial No.
61/754,698 filed January 21, 2013, the disclosures of which are hereby incorporated in their entirety

by reference herein.

[0003] This application is also related to International Application No. PCT/US2013/075700
(Publication No. W0/2014/105520) entitled Near-Infrared Lasers For Non-Invasive Monitoring Of
Glucose, Ketones, HBAIC, And Other Blood Constituents; International Application
PCT/US2013/075736 (Publication No. WO/2014/105521) entitled Short-Wave Infrared Super-
Continuum Lasers For Early Detection Of Dental Caries; U.S. Application 14/108,995 (Publication
No. 2014/0188092) entitled Focused Near-Infrared Lasers For Non-Invasive Vasectomy And Other
Thermal Coagulation Or Occlusion Procedures; International Application PCT/US2013/075767
(Publication No. WO0/2014/143276) entitled Short-Wave Infrared Super-Continuum Lasers For
Natural Gas Leak Detection, Exploration, And Other Active Remote Sensing Applications; U.S.
Application 14/108,974 (Publication No. 2014/0188094) entitled Non-Invasive Treatment Of
Varicose Veins; and U.S. Application 14/109,007 (Publication No. 2014/0236021) entitled Near-
Infrared Super-Continuum Lasers For Early Detection Of Breast And Other Cancers, the disclosures

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

[0004] Counterfeiting of pharmaceuticals is a significant issue in 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.

[0005] 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
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.

[0006] 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
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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.

[0007] In one embodiment, a measurement system includes a light source configured to
generate an output optical beam comprising one or more semiconductor sources configured to
generate an input beam, one or more optical amplifiers configured to receive at least a portion of the
input beam and to deliver an intermediate beam to an output end of the one or more optical
amplifiers, and one or more optical fibers configured to receive at least a portion of the intermediate
beam and to deliver at least the portion of the intermediate beam to a distal end of the one or more
optical fibers to form a first optical beam. A nonlinear element is configured to receive at least a
portion of the first optical beam and to broaden a spectrum associated with the at least a portion of
the first optical beam to at least 10nm through a nonlinear effect in the nonlinear element to form the
output optical beam with an output beam broadened spectrum, wherein at least a portion of the
output beam broadened spectrum comprises a short-wave infrared wavelength between
approximately 1400 nanometers and approximately 2500 nanometers, and wherein at least a portion
of the one or more fibers is a fused silica fiber with a core diameter less than approximately 400
microns. A measurement apparatus is configured to receive a received portion of the output optical
beam and to deliver a delivered portion of the output optical beam to a sample for a non-destructive
and non-contact measurement, wherein the delivered portion of the output optical beam is
configured to generate a spectroscopy output beam from the sample. A receiver is configured to
receive at least a portion of the spectroscopy output beam having a bandwidth of at least 10
nanometers and to process the portion of the spectroscopy output beam to generate an output signal,
and wherein at least a part of the delivered portion of the output optical beam is at least partially
transmitting through a packaging material covering at least a part of the sample, and wherein the

output signal is based on a chemical composition of the sample.
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[0008] In another embodiment, a measurement system includes a light source configured to
generate an output optical beam comprising a plurality of semiconductor sources configured to
generate an input optical beam, a multiplexer configured to receive at least a portion of the input
optical beam and to form an intermediate optical beam, and one or more fibers configured to receive
at least a portion of the intermediate optical beam and to form the output optical beam, wherein the
output optical beam comprises one or more optical wavelengths. A measurement apparatus is
configured to receive a received portion of the output optical beam and to deliver a delivered portion
of the output optical beam to a sample, wherein the delivered portion of the output optical beam is
configured to generate a spectroscopy output beam from the sample. A receiver is configured to
receive at least a portion of the spectroscopy output beam and to process the portion of the
spectroscopy output beam to generate an output signal, wherein the receiver comprises a Fourier
transform infrared (FTIR) spectrometer or a dispersive spectrometer, and wherein at least a part of
the delivered portion of the output optical beam is at least partially transmitting through a packaging

material covering at least a part of the sample.

[0009] In yet another embodiment, a method of measuring includes generating an output
optical beam comprising generating an input optical beam from a plurality of semiconductor sources,
multiplexing at least a portion of the input optical beam and forming an intermediate optical beam,
and guiding at least a portion of the intermediate optical beam and forming the output optical beam,
wherein the output optical beam comprises one or more optical wavelengths. The method may also
include receiving a received portion of the output optical beam and delivering a delivered portion of
the output optical beam to a sample, wherein the sample comprises an organic compound with an
overtone or combinational absorption band in the wavelength range between approximately 1 micron
and approximately 2.5 microns. The method may further include generating a spectroscopy output
beam having a bandwidth of at least 10 nanometers from the sample using a Fourier transform
infrared (FTIR) spectrometer or a dispersive spectrometer, receiving at least a portion of the
spectroscopy output beam, and processing the portion of the spectroscopy output beam and

generating an output signal.

[0010] With the growing obesity epidemic, the number of individuals with diabetes is

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

[0011] 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.

[0012] 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.

[0013] 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
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communicating the monitored data to a handheld device such as a smart phone, and then wirelessly
communicating the processed data to the cloud for storing, processing, and transmitting to several

locations.

[0014] In various embodiments, a measurement system includes a light source configured to
generate an output optical beam that includes one or more semiconductor sources configured to
generate an input beam, one or more optical amplifiers configured to receive at least a portion of the
input beam and to output an intermediate beam from at least one of the one or more optical
amplifiers; and one or more optical fibers configured to receive at least a portion of the intermediate
beam and to communicate at least part of the portion of the intermediate beam to a distal end of the
one or more optical fibers to form a first optical beam. The light source may also include a nonlinear
element configured to receive at least a portion of the first optical beam and to broaden a spectrum
associated with the at least a portion of the first optical beam to at least 10nm through a nonlinear
effect in the nonlinear element to form the output optical beam with an output beam broadened
spectrum. The at least a portion of the output beam broadened spectrum comprises a near-infrared
wavelength between approximately 700nm and approximately 2500nm, and at least a portion of the
one or more fibers is a fused silica fiber with a core diameter less than approximately 400 microns.
The system may also include a measurement apparatus configured to receive a received portion of
the output optical beam and to deliver to a sample an analysis output beam, which is a delivered
portion of the output optical beam and wherein the delivered portion of the output optical beam is a
spatially coherent beam, and a receiver configured to receive and process at least a portion of the
analysis output beam reflected or transmitted from the sample having a bandwidth of at least 10
nanometers and to generate an output signal. In addition, a personal device comprising a wireless
receiver, a wireless transmitter, a display, a microphone, a speaker, one or more buttons or knobs, a
microprocessor and a touch screen may be configured to receive and process at least a portion of the
output signal, wherein the personal device is configured to store and display the processed output
signal, wherein at least a portion of the processed output signal is configured to be transmitted over a

wireless transmission link.

[0015] In another embodiment, a measurement system includes a light source comprising a

plurality of semiconductor sources configured to generate an output optical beam with one or more
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optical wavelengths, wherein at least a portion of the one or more optical wavelengths is a near-
infrared wavelength between 700 nanometers and 2500 nanometers. A measurement apparatus is
configured to receive a received portion of the output optical beam and to deliver to a sample an
analysis output beam, which is a delivered portion of the output optical beam; and a receiver is
configured to receive and process at least a portion of the analysis output beam reflected or
transmitted from the sample and to generate an output signal. The system includes a personal device
comprising a wireless receiver, a wireless transmitter, a display, a microphone, a speaker, one or
more buttons or knobs, a microprocessor and a touch screen, the personal device configured to
receive and process at least a portion of the output signal, wherein the personal device is configured
to store and display the processed output signal, and wherein at least a portion of the processed
output signal is configured to be transmitted over a wireless transmission link, and a remote device
configured to receive over the wireless transmission link a received output status comprising the at
least a portion of the processed output signal, to buffer the received output status, to process the

received output status to generate processed data and to store the processed data.

[0016] Other embodiments may include a measurement system comprising a wearable
measurement device for measuring one or more physiological parameters, including a light source
comprising a plurality of semiconductor sources configured to generate an output optical beam with
one or more optical wavelengths, wherein at least a portion of the one or more optical wavelengths is
a near-infrared wavelength between 700 nanometers and 2500 nanometers. The wearable
measurement device is configured to receive a received portion of the output optical beam and to
deliver to a sample an analysis output beam, which is a delivered portion of the output optical beam.
The wearable measurement device further comprises a receiver configured to receive and process at
least a portion of the analysis output beam reflected or transmitted from the sample and to generate
an output signal. The system also includes a personal device comprising a wireless receiver, a
wireless transmitter, a display, a microphone, a speaker, one or more buttons or knobs, a
microprocessor and a touch screen, the personal device configured to receive and process at least a
portion of the output signal, wherein the personal device is configured to store and display the
processed output signal, and wherein at least a portion of the processed output signal is configured to

be transmitted over a wireless transmission link and a remote device configured to receive over the

Petitioner Apple Inc. - Ex. 1002, p. 79



OMNI 0105 PUSP1

wireless transmission link a received output status comprising the at least a portion of the processed
output signal, to buffer the received output status, to process the received output status to generate
processed data and to store the processed data, and wherein the remote device is capable of storing a

history of at least a portion of the received output status over a specified period of time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] 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:

[0018] FIGURE 1 shows the absorbance for two common plastics, polyethylene and
polystyrene.
[0019] FIGURE 2 illustrates one example of the difference in near-infrared spectrum

between an authentic tablet and a counterfeit tablet.

[0020] FIGURE 3 shows the second derivative of the spectral comparison of Prozac and a

similarly formulated generic.

[0021] FIGURE 4 illustrates an example of the near infrared spectra for different pure

components of a studied drug.

[0022] FIGURE 5 shows the mid-wave infrared and long-wave infrared absorption spectra

for various illicit drugs.

[0023] FIGURE 6 shows the absorbance versus wavelength in the near-infrared region for

four classes of illegal drugs.

[0024] FIGURE 7 illustrates the diffuse reflectance near-infrared spectrum of heroin
samples.
[0025] FIGURE 8 illustrates the diffuse reflectance near-infrared spectra of different seized

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

8
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[0026] FIGURE 9 lists possible band assignments for the various spectral features in pure
heroin.
[0027] FIGURE 10 shows the diffuse reflectance near-infrared spectra of different

compounds that may be frequently employed as cutting agents.

[0028] FIGURE 11 provides one example of a flow-chart in the process analytical

technology for the pharmaceutical industry.
[0029] FIGURE 12 illustrates the typical near-infrared spectra of a variety of excipients.

[0030] FIGURE 13 exemplifies the absorbance from the blending process of a

pharmaceutical compound.

[0031] FIGURE 14 shows what might be an eventual flow-chart of a smart manufacturing
process.

[0032] FIGURE 15A illustrates the near-infrared reflectance spectrum of wheat flour.

[0033] FIGURE 15B shows the near-infrared absorbance spectra obtained in diffusion

reflectance mode for a series of whole ‘Hass’ avocado fruit.

[0034] FIGURE 16A is a schematic diagram of the basic elements of an imaging
spectrometer.
[0035] FIGURE 16B illustrates one example of a typical imaging spectrometer used in

hyper-spectral imaging systems.
[0036] FIGURE 17 shows one example of the Fourier transform infrared spectrometer.

[0037] FIGURE 18 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.

[0038] FIGURE 19 illustrates a block diagram or building blocks for constructing high

power laser diode assemblies.
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[0039] FIGURE 20 shows a platform architecture for different wavelength ranges for an all-

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

[0040] FIGURE 21 illustrates one embodiment for a short-wave infrared super-continuum

light source.

[0041] FIGURE 22 shows the output spectrum from the SWIR SC laser of FIGURE 21 when
about a 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.

[0042] 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).

[0043] FIGURE 24 schematically shows a medical measurement device as 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.

DETAILED DESCRIPTION

[0044] 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
limiting, but merely as a representative basis for teaching one skilled in the art to variously employ

the present disclosure.

[0045] 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

10
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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.

[0046] In particular, wavelengths in the eye sate 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.

[0047] 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.
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[0048] 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.

[0049] 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 the light source, or by using a broadband light source

and analyzing the signal using a spectrometer, wavemeter, or optical spectrum analyzer.

[0050] 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
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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.

[0051] 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.

[0052] As wused 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.

[0053] 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.
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[0054] 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.

IDENTIFICATION OF COUNTERFEIT DRUGS

[0055] 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.”

[0056] 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
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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.

[0057] 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.

[0058] 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 there are
large wavelength windows where the plastics are transparent. FIGURE 1 illustrates the absorbance
100 for two common plastics: polyethylene 101 and polystyrene 102. 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=0, 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
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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.

[0059] 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.

[0060] FIGURE 2 illustrates one example of the difference in near-infrared spectrum 200
between an authentic tablet and a counterfeit tablet. Two grades of film coated tablets comprising
drugs were investigated: curve 201 is the genuine drug, while 202 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.

[0061] 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, FIGURE 3
shows the second derivative 300 of the spectral comparison of Prozac 301 and a similarly formulated
generic 302, 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.
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[0062] 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.

[0063] FIGURE 4 shows an example of the near-infrared spectra 400 for different pure
components of a studied drug. The spectrum for the active pharmaceutical ingredient (API) 401 is
plotted, along with the spectra for five different excipients 402, 403, 404, 405 and 406. 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 4
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.

RAPID SCREENING FOR ILLICIT DRUGS

[0064] Thus, FIGURES 2-4 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,
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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 5
shows the mid-wave infrared and long-wave infrared absorption spectra 500 for various illicit drugs.
The absorbance for cocaine 501, methamphetamine 502, MDMA (ecstasy) 503, and heroin 504 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.

[0065] 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 6
illustrates the absorbance 600 versus wavelength in the near-infrared region for four classes of illegal
drugs. In particular, the spectra are shown for methamphetamine (MA) 601, amphetamine (AP) 602,
MDMA (street name: ecstasy) 603, and MDA (street name: the love drug) 604. Each of the illegal
drugs have unique spectral features in the near-infrared and SWIR. Also, comparing the mid-
infrared spectrum for MDMA (503 in FIGURE 5) with the near-infrared spectrum for MDMA (603
in FIGURE 6), it seems clear that the near-infrared region shows overtones and combination bands
that should be discernible. Referring to FIGURE 6, sample 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.

[0066] In another embodiment, FIGURE 7 shows the diffuse reflectance near-infrared
spectrum 700 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, 701 is the

near-infrared spectrum for an illicit street drug sample, while 702 is the spectra for a pure heroin
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standard. The difference between the spectra may arise at least in part from cutting agents. The
inset 703 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=0
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 504 in FIGURE 5). 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.

[0067] 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 8§ illustrates the diffuse reflectance near-infrared spectra 800 of different
seized illicit drugs containing heroin (between 10.7 and 21.8%) compared with the spectrum of pure
heroin 801. Curve 802 is for 21.8% by weight, curve 803 is 13.2% by weight, curve 804 is 17% by
weight, and curve 805 is 10.7% by weight of heroin. The spectra have been shifted along the

vertical axis to better illustrate the differences.

[0068] Although quite complex in the near-infrared, it may be possible to identify from the
pure heroin near-infrared spectrum (801 in FIGURE 8 or 702 in FIGURE 7) the main wavelengths
related to the most common functional groups in heroin. For example, FIGURE 9 lists possible band

assignments 900 for the various spectral features in pure heroin. As can be seen from FIGURE 9,
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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=0 groups.

[0069] As can be appreciated from FIGURE 8, 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 10 illustrates the diffuse reflectance near-infrared spectra 1000 of
different compounds that may be frequently employed as cutting agents. In the bottom of FIGURE
10 are shown the spectra 1008 for pure heroin and the spectra 1007 for a seized illicit street drug
sample comprising 21.8% of heroin. The spectra for various cutting agents include: 1001 for flour,
1002 for talcum powder, 1003 for chalk, 1004 for acetylsalicylic acid, 1005 for caffeine, and 1006
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.

PROCESS ANALYTICAL TECHNOLOGY (PAT)

[0070] 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
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:
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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.

[0071] FIGURE 11 shows one example of a flow-chart 1100 in the PAT for the
pharmaceutical industry. While the center shows the steps of the manufacturing process 1101, the
top and bottom sides show where near-infrared spectroscopy could be applicable for lab use 1102
(top) or in process monitoring control 1103 (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.

[0072] 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 12 illustrates the typical near-infrared spectra 1200 for a variety of excipients.
Included in the graph 1200 are spectra for: magnesium stearate 1201, sorbitol 1202, mannitol 1203,
talc 1204, lactose 1205, starch 1206, maltodextrin 1207, and microcrystalline cellulose 1208. 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.

[0073] 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, 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 13 exemplifies the
absorbance 1300 from the blending process. Although the initial spectra 1301 shows differences
from the eventual spectra, as the process continues the blend converges to the final spectra 1302 and

continues to overlap that spectra. Similar converging or overlapping spectra may also be used to
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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 1300.

[0074] 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.

[0075] FIGURE 14 illustrates what might be an eventual flow-chart 1400 of a smart
manufacturing process. The manufacturing process 1401 may have as input the process feed 1402
and result in a process output 1403. A process controller 1404 may at least partially control the
manufacturing process 1401, and the controller 1404 may receive inputs from the closed loop
control (process parameters) 1405 as well as the on-line monitoring of process parameters 1406.
The feedback loops in the process could refine the manufacturing process 1401 and improve the
quality of the process output 1403. 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.

[0076] 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 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
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disclosure are particularly valuable when non-destructive testing is desired at stand-off or remote

distances.

[0077] 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 15A illustrates the near-infrared reflectance
spectrum 1500 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 1500 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.

[0078] 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 15B
shows the near-infrared absorbance spectra 1550 obtained in diffusion reflectance mode for a series
of whole ‘Hass’ avocado fruit. Four oil absorption bands are near 2200-2400nm (CH; stretch bend
and combinations), with weaker absorption around 750nm, 1200nm, and 900-930nm 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.
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DETECTION SYSTEMS

[0079] 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.

[0080] 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 objects that

change in the field of view. In the following some exemplary detection systems are described.

[0081] 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
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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.

[0082] In another embodiment, an imaging spectrometer may be used to detect the light
received from the sample. For example, FIGURE 16A shows a schematic diagram 1600 of the basic
elements of an imaging spectrometer. The input light 1601 from the sample may first be directed by
a scanning mirror and/or other optics 1602. An optical dispersing element 1603, 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 1604 onto one or more detectors or detector arrays 1605.

Some sensors may use multiple detector arrays to measure hundreds of narrow wavelength bands.

[0083] An example of a typical imaging spectrometer 1650 used in hyper-spectral imaging
systems is illustrated in FIGURE 16B. In this particular embodiment, the input light may be directed
first by a tunable mirror 1651. A front lens 1652 may be placed before the entrance slit 1653 and the
collector lens 1654. In this embodiment, the dispersing element is a holographic grating with a
prism 1655, which separates the different wavelength bands. Then, a camera lens 1656 may be used

to image the wavelengths onto a detector or camera 1657.

[0084] FIGURES 16 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 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
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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 16.

[0085] 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.

[0086] FIGURE 17 illustrates one example of the FTIR spectrometer 1700. Light from the
near-infrared or SWIR light source 1701 may be collimated and directed to a beam splitter 1702. In
one embodiment, the beam splitter 1702 may be a 50:50 beam splitter. One portion of the beam
1703 may be reflected toward a stationary mirror 1704, while the other portion of the beam 1705
may be transmitted towards a moving mirror 1706. Light may be reflected from the two mirrors
1704, 1706 back to the beam splitter 1702, and then a portion of the recombined beam 1707 may be
directed toward the sample 1708. The recombined beam 1707 may be focused onto the sample
1708, in one embodiment. On leaving the sample 1708, the light may be refocused or at least
collected at a detector 1709. A background interferogram may be obtained by using the set-up 1700
without a sample in the chamber 1708. When a sample is inserted into 1708, 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 1701. The configuration 1700 is one
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example of an FTIR, but other configurations may also be used, and these are also intended to be

covered by this disclosure.

[0087] In yet another example of multi-beam detection systems, a dual-beam set-up 1800
such as in FIGURE 18 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 1801 may be collimated
using a CaF, lens 1802 and then focused into the entrance slit of the monochromator 1803. At the
exit slit, light at the selected wavelength is collimated again and may be passed through a polarizer
1804 before being incident on a calcium fluoride beam splitter 1805. After passing through the
beam splitter 1805, the light is split into a sample 1806 and reference 1807 arm to enable ratiometric
detection that may cancel out effects of intensity fluctuations in the SC source 1801. The light in the
sample arm 1806 passes through the sample of interest and is then focused onto a HgCdTe detector
1808 connected to a pre-amp. A chopper 1802 and lock-in amplifier 1810 setup enable low noise
detection of the sample arm signal. The light in the reference arm 1807 passes through an empty
container (cuvette, gas cell etc.) of the same kind as used in the sample arm. A substantially identical
detector 1809, pre-amp and lock-in amplifier 1810 is used for detection of the reference arm signal.
The signal may then be analyzed using a computer system 1811. 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.

[0088] 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 FIGURE 18 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.
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LIGHT SOURCES FOR SWIR AND NEAR INFRARED

[0089] 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 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. The SWIR corresponds to a transmission window
through water and the atmosphere. Also, the so-called “eye-safe” wavelengths are wavelengths

longer than approximately 1400nm as previously described.

[0090] 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.

[0091] 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 due to the low power levels. Also, the lamp based

sources tend to be energy inefficient.
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[0092] 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.
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.

[0093] 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
teedback (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. 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.

[0094] 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
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for SLD’s may be Snm to 100nm wide, preferably in the 60nm to 100nm range. Although currently
SLDs are commercially available in the wavelength range of approximately 400nm to 1700nm,

SLDs could and may in the future be made that cover a broader region of the SWIR.

[0095] 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.
FIGURE 19 shows an example block diagram 1900 with 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.

[0096] The brightness may be increased by spatially combining the beams from multiple
stacks 1903. The combiner may include spatial interleaving, wavelength multiplexing, or 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 a particular
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 diameters of approximately
100 microns 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.

30

Petitioner Apple Inc. - Ex. 1002, p. 102



OMNI 0105 PUSP1

SWIR SUPER-CONTINUUM LASERS

[0097] 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.

[0098] 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 recently, 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.

[0099] 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 (DFB) laser diode with a
wavelength near 1542nm or 1550 nm, with approximately 0.5-2.0ns pulsed output, and with a pulse
repetition rate between one 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 a particular 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
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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 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.

[0100] The SC generation 2007 may occur in the relatively short lengths of fiber that follow
the pump laser. Exemplary SC fiber lengths 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 occurs primarily, followed by a second fiber 2009 where the SC

generation and spectral broadening occurs primarily.

[0101] 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
anomalous 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 0.5ps 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.

[0102] 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
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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.

[0103] 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
1550nm), or thulium-doped fibers (near 2000nm). In various embodiments, candidates for SC fiber
2009 include fused silica fibers (for generating SC between 0.8-2.7um), mid-IR fibers such as
fluorides, chalcogenides, or tellurites (for generating SC out to 4.5um or longer), photonic crystal
fibers (for generating SC between 0.4-1.7um), 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.

[0104] 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.

[0105] In one embodiment, one example of the SC laser that operates in the SWIR is
illustrated in FIGURE 21. This SWIR SC source 2100 produces an output of up to approximately
SW over a spectral range of about 1.5-2.4 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 0.5nsec 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
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outer core diameter of 130 microns. The pre-amplifier gain fiber 2103 is pumped using a 10W laser

diode near 940nm 2105 that is coupled in using a fiber combiner 2104.

[0106] In this particular SW 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 an approximately 4m length of the 12/130 micron erbium/ytterbium
doped fiber 2111 that is counter-propagating pumped using one or more 30W laser diodes near
940nm 2112 coupled in through a combiner 2113. An approximately 1-2m 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.

[0107] 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 about 2500nm). Also, if extra-dry fibers are used with less O-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 around 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.

[0108] Although one particular example of a SW 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 1060nm and 1800nm. For this
embodiment, the seed laser 2101 may be a distributed feedback laser diode around 1064nm, 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 10W laser diode near 915nm. A mode field adapter may be
included in the mid-stage, in addition to the isolator 2107, band pass filter 2108, polarizer 2109 and
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tap 2110. The gain fiber 2111 in the power amplifier may be an about 20m length of ytterbium-
doped fiber with 25/400 microns dimension. The pump 2112 for the power amplifier may be up to
six pump diodes providing 30W each near 915nm. For this much pump power, the output power in

the SC may be as high as 50W or more.

[0109] In one 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 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.

[0110] In one embodiment, the top of FIGURE 23 illustrates an exemplary block diagram for
an SC source 2300 capable of generating light between approximately 1400nm 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 1542nm 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.
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[0111] In yet another embodiment, the bottom of FIGURE 23 illustrates a block diagram for
an exemplary SC source 2350 capable of generating light between approximately 1900nm 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 1542nm 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 the power
amplifier 2354. Note that the output of the mid-stage amplifier 2353 can be approximately near
1542nm, 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 Sm and 50m, 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, 21,and 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.

[0112] FIGURES 20, 21 and 23 are examples of SC light sources that may advantageously
be used for near-infrared or SWIR light generation in various spectroscopy, active remote sensing
and hyper-spectral imaging 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
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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.

[0113] Even within the all-fiber versions illustrated such as in FIGURE 21, different
configurations could be used consistent with the disclosure. In one 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-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 near-infrared or SWIR light that are intended to be covered by this disclosure.

[0114] 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
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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.
WIRELESS LINK TO THE CLOUD

[0115] 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.

[0116] In a particular embodiment 2400 illustrated in Figure 24, the physiological

measurement device or non-invasive blood constituent measurement device 2401 may comprise a
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transmitter 2403 to communicate over a first communication link 2404 in the body area network or
personal area 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.

[0117] 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.

[0118] 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

39

Petitioner Apple Inc. - Ex. 1002, p. 111



OMNI 0105 PUSP1

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.

[0119] 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.

[0120] 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

40

Petitioner Apple Inc. - Ex. 1002, p. 112



OMNI 0105 PUSP1

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.

[0121] 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.

[0122] Although the present disclosure has been described in several embodiments, a myriad
of changes, variations, alterations, transformations, and modifications may be suggested to one
skilled in the art, and it is intended that the present disclosure encompass such changes, variations,
alterations, transformations, and modifications as falling within the spirit and scope of the appended

claims.

[0123] 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.
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WHAT IS CLAIMED IS:

1. A measurement system comprising:

a light source configured to generate an output optical beam, comprising:

one or more semiconductor sources configured to generate an input beam;

one or more optical amplifiers configured to receive at least a portion of the
input beam and to output an intermediate beam from at least one of the one or
more optical amplifiers; and

one or more optical fibers configured to receive at least a portion of the
intermediate beam and to communicate at least part of the portion of the
intermediate beam to a distal end of the one or more optical fibers to form a first
optical beam;

a nonlinear element configured to receive at least a portion of the first
optical beam and to broaden a spectrum associated with the at least a portion of the
first optical beam to at least 10nm through a nonlinear effect in the nonlinear
element to form the output optical beam with an output beam broadened spectrum;
and

wherein at least a portion of the output beam broadened spectrum
comprises a near-infrared wavelength between approximately 700nm and
approximately 2500nm, and wherein at least a portion of the one or more fibers is
a fused silica fiber with a core diameter less than approximately 400 microns;

a measurement apparatus configured to receive a received portion of the output
optical beam and to deliver to a sample an analysis output beam, which is a delivered portion of the
output optical beam and wherein the delivered portion of the output optical beam is a spatially
coherent beam;

a receiver configured to receive and process at least a portion of the analysis output
beam reflected or transmitted from the sample having a bandwidth of at least 10 nanometers and to
generate an output signal; and

a personal device comprising a wireless receiver, a wireless transmitter, a display, a

microphone, a speaker, one or more buttons or knobs, a microprocessor and a touch screen, the
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personal device configured to receive and process at least a portion of the output signal, wherein the
personal device is configured to store and display the processed output signal, and wherein at least a
portion of the processed output signal is configured to be transmitted over a wireless transmission

link.

2. The system of Claim 1, wherein the personal device is selected from the group
consisting of a smart phone, a tablet, a personal data assistant, a computer, and a microprocessor-

based device.

3. The system of Claim 1, wherein the output signal comprises one or more

physiological parameters.

4. The system of Claim 1, further comprising a remote device configured to
receive over the wireless transmission link a received output status comprising the at least a portion
of the processed output signal, to buffer the received output status, to process the received output

status to generate processed data and to store the processed data.

5. A measurement system comprising:

a light source comprising a plurality of semiconductor sources configured to generate
an output optical beam with one or more optical wavelengths, wherein at least a portion of the one or
more optical wavelengths is a near-infrared wavelength between 700 nanometers and 2500
nanometers;

a measurement apparatus configured to receive a received portion of the output
optical beam and to deliver to a sample an analysis output beam, which is a delivered portion of the
output optical beam; and

a receiver configured to receive and process at least a portion of the analysis output
beam reflected or transmitted from the sample and to generate an output signal;

a personal device comprising a wireless receiver, a wireless transmitter, a display, a
microphone, a speaker, one or more buttons or knobs, a microprocessor and a touch screen, the
personal device configured to receive and process at least a portion of the output signal, wherein the

personal device is configured to store and display the processed output signal, and wherein at least a
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portion of the processed output signal is configured to be transmitted over a wireless transmission
link;

a remote device configured to receive over the wireless transmission link a received
output status comprising the at least a portion of the processed output signal, to buffer the received
output status, to process the received output status to generate processed data and to store the

processed data.

6. The system of Claim 5, wherein the semiconductor sources are light emitting

diodes operating in pulsed mode.

7. The system of Claim 5, wherein the wireless transmission link is configured to

operate at least in part on Bluetooth or WiFi.

8. The system of Claim 5, wherein the remote device is further configured to
transmit at least a portion of the processed data to one or more other locations, wherein the one or
more other locations is selected from the group consisting of the personal device, a doctor, a
healthcare provider, a cloud-based server and one or more designated recipients, and wherein the
remote device is capable of transmitting information related to a time and a position associated with

the at least a portion of the processed data.

9. The system of Claim 5, wherein the personal device is a separate device from

the measurement apparatus and the light source.

10. The system of Claim 5, wherein the output signal comprises one or more
physiological parameters, and the remote device is capable of storing a history of at least a portion of

the one or more physiological parameters over a specified period of time.

11. The system of Claim 10, wherein the remote device is capable of generating
an alarm when at least one of the one or more physiological parameters falls out of an acceptable

range.
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12. The system of Claim 5, wherein the personal device is selected from the group
consisting of a smart phone, a tablet, a personal data assistant, a computer, and a microprocessor-

based device.

13. The system of Claim 5, wherein the measurement system is capable of

performing a non-invasive blood measurement.

14. A measurement system comprising:

a wearable measurement device for measuring one or more physiological parameters,
including a light source comprising a plurality of semiconductor sources configured to generate an
output optical beam with one or more optical wavelengths, wherein at least a portion of the one or
more optical wavelengths is a near-infrared wavelength between 700 nanometers and 2500
nanometers;

the wearable measurement device configured to receive a received portion of the
output optical beam and to deliver to a sample an analysis output beam, which is a delivered portion
of the output optical beam;

the wearable measurement device further comprising a receiver configured to receive
and process at least a portion of the analysis output beam reflected or transmitted from the sample
and to generate an output signal;

a personal device comprising a wireless receiver, a wireless transmitter, a display, a
microphone, a speaker, one or more buttons or knobs, a microprocessor and a touch screen, the
personal device configured to receive and process at least a portion of the output signal, wherein the
personal device is configured to store and display the processed output signal, and wherein at least a
portion of the processed output signal is configured to be transmitted over a wireless transmission
link;

a remote device configured to receive over the wireless transmission link a received
output status comprising the at least a portion of the processed output signal, to buffer the received
output status, to process the received output status to generate processed data and to store the
processed data, and wherein the remote device is capable of storing a history of at least a portion of

the received output status over a specified period of time.

45

Petitioner Apple Inc. - Ex. 1002, p. 117



OMNI 0105 PUSP1

15. The system of Claim 14, wherein the semiconductor sources are light emitting

diodes operating in pulsed mode.

16. The system of Claim 14, wherein the personal device is a separate device from

the wearable measurement device.

17. The system of Claim 14, wherein the remote device is further configured to
transmit at least a portion of the processed data to one or more other locations, wherein the one or
more other locations is selected from the group consisting of the personal device, a doctor, a
healthcare provider, a cloud-based server and one or more designated recipients, and wherein the
remote device is capable of transmitting information related to a time and a position associated with

the at least a portion of the processed data.

18. The system of Claim 14, wherein the remote device is capable of generating
an alarm when at least one of the one or more physiological parameters falls out of an acceptable

range.

19. The system of Claim 14, wherein the measurement system is capable of

performing a non-invasive blood measurement.

20. The system of Claim 14, wherein the personal device is selected from the
group consisting of a smart phone, a tablet, a personal data assistant, a computer, and a

microprocessor-based device.
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ABSTRACT

A measurement system includes a light source generating an output optical beam
using semiconductor sources generating an input beam, optical amplifiers outputting an intermediate
beam, and optical fibers receiving the intermediate beam and forming a first optical beam. A
nonlinear element broadens the output beam spectrum to at least 10nm, the spectrum comprising a
near-infrared wavelength of 700-2500nm. A measurement apparatus receives the output optical
beam and delivers to a sample an analysis output beam. A receiver receives and processes the

analysis output beam reflected or transmitted from the sample.
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(57) Abstract: One variation ol a prelerred health meter includes: a housing configured to be worn by a user; a glucose meler
coupled to the housing; a pedometer coupled to the housing; a processor arranged within the housing and configured to generate a
directive [or a user action in response Lo a measured glucose level and an output of the pedometer; and a display arranged within the
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HEALTH METER

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
61/509,075, filed 18 JUL 2011, U.S. Provisional Application No. 61/527,730, filed 26
AUG 2011, and U.S. Provisional Application No. 61/531,858, filed 07 SEP 2011, all of

which are incorporated in their entirety by this reference.

TECHNICAL FIELD
[0002] This invention relates generally to the health care field, and more

specifically to a new and useful health meter in the health care field.

BACKGROUND
[0003] Blood glucose meters are commonly used, particularly by individuals
diagnosed with diabetes, to monitor glucose levels in the blood stream. Conventional
blood glucose meters typically measure blood glucose levels in users and provide
analyses of blood samples to users, but conventionally blood glucose meters fail to
convey such information in valuable ways that are tailored to the needs of each user and
that promote health improvements rather than just health maintenance. Thus, there is a
need in the health care field for a new and useful health meter for testing the blood

glucose level of a user.
BRIEF DESCRIPTTON OF THE FIGURES

[0004] FIGURE 1 is a schematic representation of a health meter of a preferred
embodiment;
[0005] FIGURE 2 is a schematic representation of a variation of the preferred

health meter;
[0006] FIGURE 3 is a flowchart representation of one variation in accordance

with the preferred health meter;
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[0007] FIGURE 4 is a flowchart representation of one variation in accordance
with the preferred health meter; and
[0008] FIGURE 5 is a schematic representation of a variation of the preferred

health meter.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0009] The following description of the preferred embodiments of the invention is
not intended to limit the invention to these preferred embodiments, but rather to enable

any person skilled in the art to make and use this invention.

1. Health Meter
[0010] As shown in FIGURES 1 and 2, the health meter 100 of the preferred

embodiment for providing a health-related notification to a user includes: a blood
glucose meter 110 that generates an output based upon the level of glucose in the blood
of the user; a pedometer 120 that detects a footstep taken by the user and generates an
output based upon the detected footstep; a heart rate monitor 130 that detects the heart
rate of the user and generates an output based upon the heart rate of the user; a data
link 140 that conveys the output of at least one of the blood glucose meter 110,
pedometer 120, and heart rate monitor 130 to a digital multimedia device 155; a
software module 150 that evaluates the output of at least one of the blood glucose meter
110, pedometer 120, and heart rate monitor 130 and generates a health report of the
user based upon the evaluation; and a processor 160 that accesses the health report and
controls the conveyance of the health-related notification 192, based upon the health
report, to the user. The preferred health meter 100 may further include a clip 170 and a
housing 180. The preferred health meter 100 may also include a display 190 that
renders a form of the health-related notification 192. Finally, the preferred health meter
100 may further include a data storage device that stores the health report such that the
processor 160 may access the health report and convey the health-related notification
192 to the user when the data link 140 is not in communication with the digital

multimedia device 155.
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[0011] The preferred health meter 100 preferably captures current biological
and/or physiological metrics of the user to enable generation of directives for the user to
improve the current and/or long-term health of the user. The preferred health meter
100 preferably interfaces with a digital multimedia device 155, via the data link 140, to
analyze user physiological data, to display the directive, and/or to track and maintain
user physiological data over time. The digital multimedia device 155 is preferably a
cellular phone, a smartphone, a tablet, a desktop computer, or a laptop computer,
though the digital multimedia device 155 may be any other suitable external electronic
device. The preferred health meter 100 may additionally or alternatively communicate
with a remote server, such as through the digital multimedia device 155 connected via
the data link 140, to enable these or any additional functions.

[0012] The blood glucose meter 110 of the preferred health meter 100 functions to
analyze the blood of the user and to generate an output based upon the analysis of the
blood. In a first example implementation, the blood glucose meter 110 includes a glucose
test strip slot configured to receive a test strip, as shown in FIGURE 1. Tn this example
implementation, the user may dispense a blood sample onto the glucose test strip, such
as by pricking a finger to induce the finger to bleed, then swiping blood from the finger
onto the glucose test strip. The user may then insert the glucose test strip into the
glucose test strip slot of the blood glucose meter 110, at which point the blood glucose
meter 110 analyzes the blood sample, determines the glucose level in the blood sample,
and then generates the output. In another example implementation, as shown in
FIGURE 2, the blood glucose meter includes a recess configured to receive a finger of
the user and a spike configured to prick the finger. In this example implementation, the
user may insert a finger into the recess, wherein the spike pierces the skin of the finger
to obtain a blood sample. The blood glucose meter 110 may then analyze the blood
sample. In this example implementation, the user may activate the spike, such as by
engaging a button, switch, or lever. Alternatively, the processor 160 may activate the
spike, such as by triggering a linear actuator or solenoid.

[0013] In another example implementation shown in FIGURE 2, the blood

glucose meter 110 is a bloodless glucose meter. For example, the blood glucose meter
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110 may be an infrared glucose meter including an optical emitter and an optical
receiver and implementing near-infrared spectroscopy to estimate the level of glucose in
the blood of the user, such as disclosed in U.S. Patent No. 7,310,542, issued 18 DEC
2007 and which is incorporated herein in its entirety by this reference. Alternatively, the
blood glucose meter 110 may use acoustic waves to analyze the glucose level in the blood
under the skin. In this example implementation, the blood glucose meter 110 preferably
analyzes intracorporeal blood under the skin of the finger, though the blood glucose
meter 100 may additionally or alternatively analyze intracorporeal or intravascular
blood under the skin of the palm, forearm, neck, or any other part of the body of the
user. In this example implementation, the blood glucose meter 100 preferably measures
the glucose level of the user whenever the user contacts the blood glucose meter for any
suitable period of time, such as when the user attaches the housing to an article of
clothing. Tn a further example implementation, the blood glucose meter 110 includes a
first element that is a glucose sensor placed substantially beneath the skin of the user
and in communication with a second element that analyzes the blood sensed by the first
element. The communication link between the first and second elements of this fourth
example may be a wired connection or a wireless connection, such as a Bluetooth
connection. In this fourth example implementation, the blood glucose meter 110 may be
a continuous blood glucose meter that measures the glucose level in the blood of the
user at specified intervals (i.e. every five minutes). However, the blood glucose meter
110 may access a blood sample by any other method and estimate the glucose level in the
blood of the user in any other way.

[0014] The blood glucose meter 110 may be activated directly by any number of
inputs or actions. For example, insertion of a glucose test strip into a test strip slot of the
blood glucose meter 110 may initiate the process of analyzing the blood sample and
generating the output based upon the glucose in the blood sample. In this example, the
insertion of the blood glucose test strip (or any other step of acquiring a blood sample,
such as the first and second examples above) may activate the blood glucose meter 110
and may further activate one or more other elements of the heath meter, such as the

data link 140 to transmit and/or receive data, the software module 150 to analyze the
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output of the blood glucose meter 110, or the processor 160 to convey a message to the
user. Alternatively, the blood glucose meter 110 may be a passive element or indirectly
activated such that the function of the blood glucose meter 110 is initiated by another
element of the preferred health meter 100, such as by the processor 160 when the
processor 160 receives a notification from an digital multimedia device 155 (e.g., a
computer executing a native health maintenance application) indicating that the user
should take test blood glucose. In this example, the processor 160 may control the blood
glucose meter 110 such that the processor 160 sends commands to the blood glucose
meter 110 and receives data from the blood glucose meter 110 based upon those
commands. The processor 160 may further analyze the data to generate the directive
that is based upon the blood glucose level. The processor 160 may further transmit the
directive to a digital multimedia device 155 when connected via the data link 140. The
directive is preferably related to the glucose level in the blood of the user but may also
be related to additional information such as white blood cell count or cholesterol level of
the user, any of which may be input by the user, received from the digital multimedia
device 155, or measured by an additional biological or physiological sensor. The blood
glucose meter 110, however, may function in any other way and may be activated by any
other device or element to measure glucose level in the blood of the user.

[0015] The pedometer 120 of the preferred health meter 100 preferably detects a
footstep taken by the user and generates an output based upon the detected footsteps. In
a first example implementation, the pedometer 120 includes an accelerometer, such as a
mass-spring accelerometer, a piezoelectric accelerometer, a null-balance accelerometer,
a shear mode accelerometer, or any other type of accelerometer, wherein the pedometer
associates an output of the accelerometer with a footstep taken by the user. In a second
example implementation, the pedometer includes a Global Positioning System (GPS)
sensor, a near-field communication (NFC) tag, or any other type of sensor and/or
communication device that communicates with an external electronic device or
transmitter to detect user motion or change of user location. For example, the
pedometer 120 may sense NFC tags arranged along a walkway and estimate, based upon

the distance between a NFC tags, the number of step taken by the user as the user
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traverses the walkway. Furthermore, the time taken by the user to pass from a first to a
second NFC tag may be used to determine if the user is walking, jogging, or running. A
demographic of the user (i.e. age, height, race, gender, etc., a combination thereof) may
suggest an average step length of the user in this example implementation. In another
example implementation, the pedometer 120 may interface with the digital multimedia
device 155 to retrieve a signal from the digital multimedia device 155 and to determine a
footstep taken by the user based upon the signal. The signal could include a location
measurement, an accelerometer measurement, a distance calculation, or any other
suitable measurement or calculation. The pedometer 120 preferably actively monitors
for footsteps and may add the detected footstep to a log of footsteps taken by the user.
Alternatively, the processer 160 and/or software module 150 may log or track user
footsteps. Furthermore, the processor 160 and/or software module 150 may activate the
pedometer 120 by indicating when the pedometer 120 should and should not monitor
for footsteps. However, the pedometer 120 may function in any other way and include
any other type of sensor.

[0016] The heart rate monitor 130 of the preferred health meter 100 functions to
detect the heart rate of the user. The heart rate monitor 130 preferably includes two
conductive pads (or electrodes) that contact the skin of the patient and sense electrical
signals within the body that control heart function, as shown in FIGURES 1, 2, and 5.
The electrodes of the heart rate monitor 130 are preferably integrated into opposing legs
of the clip 170, but may alternatively be located on the housing 180. In one example
implementation, a first conductive pad is arranged on a surface of the clip 170 and a
second conductive pad is arranged on the housing 180 such that the heart rate monitor
130 measures the heart rate of a user when the user contacts the first and second
conductive pads to arrange the clip 140 on an article of clothing or to remove the clip
140 from the article of clothing. In another example implementation, a first conductive
pad is arranged on a first section of the clip 140 and a second conductive pad is arranged
on a second section of the clip 140, wherein the data link 140 that extends from an end
of the first section and the second section encases the data link 140 when the first and

second sections are assembled. In this example implementation, the heart rate monitor
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preferably measures the heart rate of a user when the user engages the clip to separate
the first and second sections to access the data link 140. The heart rate monitor 130 may
alternatively include an infrared or RF transmitter and receiver that implement infrared
or acoustic energy to detect blood flow through blood vessels in a particular region of
the body of the user. In another example implementation, the heart rate monitor 130
includes a microphone that detects the sound of a mechanical disturbance in the body of
the user consistent with a heartbeat. The heart rate monitor 130 may be active and
consistently monitoring for heart beats of the user, such as whenever the user touches
the heart rate monitor 130. The heart rate monitor may alternatively be passive and
attempt to measure user heart rate only when instructed by the processor 160 or
initiated by the user.

[0017] The heart rate monitor preferably incorporates a timer such that the heart
rate monitor 130 may determine the heart rate of the user based upon the elapsed time
between two or more heartbeats or based upon the number of heartbeats in a given
period of time. However, the heart rate monitor 130 may rather interface with another
element of the health monitor that does include a timer, such as the processor 160, in
order to calculate the user heart rate. The heart rate monitor 130, however, may
function in any other way and may be activated by any other device or element.

[0018] The data link 140 of the preferred health meter 100 functions to transmit
the output of at least one of the blood glucose meter 110, the pedometer 120, and the
heart rate monitor 130 to the digital multimedia device 155, as shown in FIGURES 3 and
4. The data link 140 is preferably a wired connection, as shown in FIGURES 1 and 2,
wherein the data link includes a wired jack connector (e.g., a 1/8” headphone jack) such
that the preferrcd health mcter 100 may communicate with the digital multimedia
device 155 through an audio jack of the digital multimedia device 155. In one example
implementation of the data link 140 that is a wired jack, the data link 140 is configured
only to transmit data (or outputs) from the blood glucose meter 110, the pedometer 120,
the heart rate monitor 130, the processor 160, etc. In another example implementation,
the data link 140 is configured to transmit data to and from at least one element of the

preferred health meter 100 and the digital multimedia device 155. In this example
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implementation, the data link 140 may transmit data into the digital multimedia device
155 through the microphone input of the audio jack of the digital multimedia device 151
and may retrieve data from the audio output of the audio jack of the digital multimedia
device 151. In this example implementation, the data link 140 may communicate with
the digital multimedia device 155 via inter-integrated circuit communication (I2C), one-
wire, master-slave, or any other suitable communication protocol. However, the data
link 140 may transmit data in any other way and may include any other type of wired
connection (such as a USB wired connection) that supports data transfer between the
preferred health meter 100 and the digital multimedia device 155.

[0019] Alternatively, the data link 140 may be a wireless connection. For example,
the data link 140 may include a Bluetooth module that interfaces with a second
Bluetooth module included in the digital multimedia device, wherein data (e.g., sensor
outputs) are transmitted from the preferred health meter 100 to the digital multimedia
device over Bluetooth communications. The data link 140 may implement other types of
wireless communications, such as 3G, 4G, radio, or Wi-Fi communication. In this
example implementation, data is preferably encrypted before being transmitted by the
data link 140. For example, cryptographic protocols such as Diffie-Hellman key
exchange, Wireless Transport Layer Security (WTLS), or any other suitable type of
protocol may be used. The data encryption may also comply with standards such as the
Data Encryption Standard (DES), Triple Data Encryption Standard (3-DES), or
Advanced Encryption Standard (AES).

[0020] The data link 140 that is a wired connection may further serve as a power
and/or charging connector for the preferred health meter 100. The data link 140 may
transmit the outputs of the blood glucosc mcter 110, the pedometer 120, and the heart
rate monitor 130 directly from these components to the digital multimedia device, as
shown in FIGURE 4. Alternatively and as shown in FIGURE 3, the outputs of the blood
glucose meter 110, the pedometer 120, and the heart rate monitor 130 may first pass to
the processor 160 (and be subsequently modified) and/or pass to the data storage

module 200 before transmission by the data link 140. However, the data link 140 may
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include any other type of connector or connection, function via any other method,
and/or complete any other function.

[0021] The software module 150 of the preferred health meter 100 functions to
evaluate the output of at least one of the blood glucose meter 110, the pedometer 120,
and the heart rate monitor 130 and to generate a health report of the user based upon
the evaluation. Preferably, the software module 150 evaluates at least one of the blood
glucose level, motion or activity, and heart rate of the user in order to determine the
current health risk of the user. For example, the software module 150 may determine
that the blood sugar of the user is too low or less than ideal (hypoglycemia), which
increases short-term risk of diabetic crash. The software module 150 may additionally or
alternatively determine that the blood sugar level of the user is within a proper range
but recent activity (e.g., running) and a high heart rate indicate that the blood sugar
level of the user will drop within a predicted period of time, which also increases risk of
diabetic crash. The software module 150 may additionally or alternatively determine
that the blood sugar level of the user is too high (hyperglycemia) and is not associated
with an appropriate level of user activity, which increases long-term risk of worsening
diabetic condition. The software module 150 preferably incorporates at least one of user
goals, user health condition, user demographic, previous user activity, and previous user
compliance in evaluating health risk and generating the health report for the user. For
example, if the user, such as in consultation with a doctor, sets a specific acceptable
blood glucose level range which is entered into the software module 150, the software
module 150 may not only include short-term risks like diabetic crash or long-term risks
like worsening diabetic condition in the health report, but may also include risk of
moving outside of the acceptable glucose level range defined by the user as a user goal.
In another example, the software module 150 may determine the user to be in poor
health, such as suffering from a second disease, and therefore increase the evaluated
health risk of certain measured biosignals. For example, the software module 150 may
note that the user has cancer or bronchitis and therefore associate a greater health risk
for the user with a heart rate outside a narrower range of acceptable heart rates.

Furthermore, the software module may notify a physician, hospital, paramedic, etc. if
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the health risk of the user is substantially high or above a preset threshold. For example,
the software module 150 may contact a 9-1-1 service, send an email to a physician, or
alert a family member of the user via a SMS message. The software module 150 may
additionally or alternatively generate a health report that includes any other health-
and/or user-related information that may be useful in treating, maintaining, improving,
or generating a diagnosis of the user.

[0022] A shown in FIGURE 1, the software module 150 is preferably an
application (or ‘app’) that executes on the digital multimedia device 155. As described
above, the digital multimedia device is preferably a smartphone but may also be a tablet,
laptop computer, desktop computer, PDA, e-book reader, or any other digital
multimedia device. The software module 150 preferably includes an interface that
accepts inputs from the user, such as user goals, user health condition, user
demographic, etc., and uses these inputs to evaluate the health risk of the user. The
software module 150 also or alternatively accesses a remote network (or database) that
contains health information (health records) of the user. The remote network may be a
server associated with a hospital or a network of hospitals (such as where a primary care
physician of the user is employed), a server associated with a health insurance agency or
network of health insurance agencies (such as a health insurance company that insures
the user), a server associated with a third party that manages health records, or any
other user- or heath-related server or entity. Physicians and/or staff associated with the
health care of the user may add to, update, or otherwise modify the user health record
on the remote network such that the software module 150 may access current user
health information and evaluate appropriate risk levels based upon the user health
information, biosignals, and/or physiological data. The software module 150 may
further add the health report generated by the software module 150 to the user health
records on the remote network. In the variation of the preferred health meter 100 in
which the software module 150 retrieves and/or transmits user health data from and/or
to the remote network, the data is preferably encrypted with cryptographic protocols
such as those described above. Alternatively, the user, physician, and/or staff may add,

update, or otherwise modify user health information from directly within the software
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module 150, such as by entering information into a user interface displayed on a screen
of the digital multimedia device 155 that couples to the preferred health meter 100 via
the data link 140.

[0023] The software module 150 may also execute fully or in part on a remote
server. For example, the software module 150 may be a cloud-computing-based
application that performs data analysis, calculations, and other actions remotely from
the digital multimedia device 155. In this example, the digital multimedia device 155
may receive an output of the preferred health meter 100 via the data link 140 and then
transfer the output to the remote server upon which the software module 150 executes.
The data are preferably transferred via a wireless connection, such as a 3G or 4G cellular
connection or via a Wi-Fi internet connection. In this variation, the digital multimedia
device 155 performs the primary function of transmitting data to and/or receiving data
from the software module 150. The software module 155 may include a first software
component that executes on the digital multimedia device 155, such as an app that
manages the collection, transmission, retrieval, and/or display of data. The software
module 150 may thus further include a second software component that executes on the
remote server to retrieve the data, analyze the data, generate the health report, and/or
manage the transmission of the health report back to the digital multimedia device 155,
wherein the first software component manages retrieval of data sent from the second
software component, transmits a form of the health report back to the preferred health
meter 100 through the data link 140, and/or renders of a form of the health report on
the display of the digital multimedia device 155 and or display 190 of the health meter
100. However, the software module 150 may include any number of software
components that execute on any digital multimedia device 155, health meter, or server
and that perform any other function or combination of functions.

[0024] The processor 160 of the preferred health meter 100 functions to access
the health report and to control conveyance of the health-related notification 192 (e.g.,
directive) to the user. The health-related notification 192 is preferably based upon the
health report generated by the software module 150. In one example implementation,

the processor 160 receives the health report and generates the health-related

11

Petitioner Apple Inc. - Ex. 1002, p. 140



WO 2013/012938 PCT/US2012/047229

notification 192 based upon the health report. In this example implementation, a form
of the health report is preferably transmitted from the digital multimedia device 155 to
the processor 160 via the data link 140, wherein the digital multimedia device 155
accesses the health report either from the software module 150 executing on the digital
multimedia device 155 or from the software module 150 executing on a remote server
and in communication with the digital multimedia device 155. In another example
implementation, the software module 150 generates both the health report and the
health-related notification 192 based upon the health report. In this example
implementation, the health-related notification 192 is preferably transmitted to the
processor 160 via the data link 140. The processor 160 preferably controls conveyance of
the health-related notification 192 to the user, such as by triggering the display 190 to
depict the directive or notification, by triggering a display of the digital multimedia
device 155 to display the directive or notification, or by generating and/or transmitting
an email, SMS, voicemail, Facebook or Twitter message, or any other message accessible
by the user and which contains the health-related notification 192. The processor 160
may also convey the health-related notification 192 by altering the state (i.e. ON or OFF)
of one or more lamps (e.g. LEDs) that comprise the display 190. For example, each of a
series of lamps may be labeled one of ‘Eat’, “‘Walk’, ‘Run’, ‘Rest’, ‘Test’, ‘Medicate’, etc.,
wherein the processor 160 toggles the state of each lamp to indicate which action the
user should take to minimize health risk associated with at least one of the blood glucose
level, heart rate, and activity of the user. However, the processor 160 may manage the
conveyance of any other information and function in any other way.

[0025] The health-related notification 192 preferably contains information
relevant to the health of the user and specifically to minimizing the health risk of the
user based upon at least a portion of the health report, such as the blood glucose level,
the heart rate, and/or the activity level of the user. The health-related notification 192
preferably includes an explicit directive for the user to perform a certain action, such as
to eat, rest, or exercise. Therefore, the health-related notification 192 preferably
systematically and repeatably analyzes a health condition of the user and provides

medical consultation to manage and/or improve user health (or substantially minimize
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user health risk) substantially in real time. For example, the health-related notification
192 may indicate that the user should eat, walk, run, rest, test, or medicate. The
notification may further include information related to what or how much to eat, how
much protein or carbohydrate to consume, where and how long to run, level of exertion,
how to rest and for how long, when to test blood glucose level or heart rate, when to
schedule a future test, what and how much medication to consume or inject, and/or any
other relevant information. The health-related notification 192 is preferably displayed to
the user through the preferred health meter 100, such as with a series of labeled idiot
lights or on the display 190. Alternatively, the health-related notification may be
provided to the user through an email, voicemail, SMS, calendar, Facebook, or Twitter
message, or any other message. Furthermore, the health-related notification provided
through the digital multimedia device 155 or any other external electronic device, such
as a phone, smartphone, tablet, PDA, e-book, MP3 player, laptop computer, or desktop
computer. In one example, the processor 160 generates the health-related notification
192 and the display 190 renders the health-related notification 192. The data link 140
then manages an SMS message (or other type of message) that is sent to a cellular phone
number associated with the user. The data link 140 may additionally or alternatively add
to or modify a calendar of the user to include the directive of the health-related
notification 192, such as by adding an exercise event to an opening in the user’s
schedule.

[0026] The preferred health meter 100 may further include an alarm or buzzer
that alerts the user when a new health-related notification 192 is available. Alternatively,
the preferred health meter 100 may communicate with the digital multimedia device
that includes an alarm or buzzer to notify the user that a new health-related notification
192 is available. However, the health-related notification 192 may include any other
information and/or directive and may be conveyed to the user in any other way or
combination of ways.

[0027] As shown in FIGURES 1 and 2, the preferred health meter 100 may further
include a display 190 that functions to depict the health-related notification 192. The

display is preferably an e-ink display that requires power substantially only when
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changing rendered content. However, the display 190 may include any other type of
digital display, such as an LCD display with a LED, PDP, OLED, or SED backlight, a
segment display, or any other type of display. The display may render content, such as
the health-related notification 192, the number of steps taken by the user, or the heart
rate of the user in black and white, in color, or in any other form, and the display may
update at specific time intervals (such as every minute or every hour) or in conjunction
with certain events. Such events may include a user request for updated information, a
new blood glucose test, a certain heart rate of the user, a sufficient period of user
inactivity, completion of the health-related notification 192 and/or health report, or
immediacy of a health-related event scheduled in the user’s calendar of the user. The
processor 160 preferably controls the display 190, though the display 190 may be
controlled by any other component of the preferred health meter 100 and in any other
way.

[0028] One variation of the preferred health meter 100 further includes a data
storage module 200 that retains health-related data such as the health report, the
health-related notification, results of one or more blood glucose tests, one or more heart
rates of the user, footsteps taken by the user, and/or any other output of any other
physiological and/or biological sensor incorporated into the preferred health meter 100.
The data storage module 200 is preferably arranged within the housing 180 and is
preferably coupled to processor such that data stored on the data storage module 200
remains accessible to the processor 160. Alternatively, the data storage module 200 may
be integral with the digital multimedia device 155 or otherwise substantially remote
from the processor 160, such as connected to the remote server or a remote network.
Data generated by the blood glucose meter 110, the pedometer 120, the heart rate
monitor 130, or any other element connected to the data storage module 200, are
preferably stored on the data storage module 200 when the data link 140 is not in
communication with the digital multimedia device 155. Furthermore, data are
preferably transmitted to the digital multimedia device 155 when a communication link
is established via the data link 140. However the data storage module 200 may store

these or any other data.
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[0029] Another variation of the preferred health meter 100 further includes a
housing 180 that substantially encases at least one of the blood glucose meter 110, the
pedometer 120, the heart rate monitor 130, the data link 140, the processor 150, the
display 190, and the data storage module 200. Generally, the housing 180 is preferably
of a clamshell configuration, including a front element and a back element that fasten
together to form a vessel that contains one or more components of the preferred health
meter 100. The housing 180 preferably manufactured from medical-grade materials
such as antimicrobial plastics, 316L stainless steel, or medical-grade silicone rubbers.
Alternatively, the housing 180 may be manufactured of non-medical-grade materials but
include a medical-grade coating, such as overmolded medical-grade silicone rubber. The
housing 180 is also preferably waterproof and dustproof, such as with an Ingress
Protection rating of 25 or greater. Implementation of medical-grade materials, a
dustproof housing, and/or a waterproof housing may promote longevity of the preferred
health meter 100 by reducing susceptibility to damage by cleaning agents, bodily fluids,
misuse, etc. However, the housing 180 may be of any other form and may encase any
other element.

[0030] Yet another variation of the preferred health meter 100 further includes a
clip 170 that couples the housing to an article of clothing worn by the user, such as a
belt, belt loop, purse, pocket, armband, or any other article of clothing, accessory, or
wearable article worn by the user. Furthermore, the clip 170 may couple the preferred
health meter 100 to other features or items proximal the user, such as to a seat belt of a
car driven by the user or to the digital multimedia device 155 that is a cellular phone
carried by the user. However, the clip 170 may couple the preferred health meter 100 to
any other suitable object. In the variation of the preferred health meter 100 in which the
data link 140 includes a wired connection, the clip 170 is preferably physically
coextensive with the data link 140, as shown in FIGURES 2 and 5. In one example
implementation, the data link 140 includes a wired jack that is separable from (i.e.
transiently or removably coupled to) the clip 170 such that the wired jack may be
inserted into the digital multimedia device 155 to enable communication therebetween.

In another example implementation shown in FIGURE 2 and 5, clip includes a first
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section 170a and a second section 170b, wherein the data link 140 extends from the
second section 170b and the first section 170a transiently couples to the second section
170b to encase the wired jack and is separable from the second section 170b to enable
access to the data link 140. In the foregoing example implementation, the first section
170a of the clip 170 is preferably sprung (i.e. coupled to a spring) and the second section
of the clip 170 that includes the data link 140 is preferably not sprung to permit
substantially free manipulation of the data link 140, such as when the user plugs the
data link 140 into a port of the digital multimedia device 155. Generally, the data link
140 preferably slides out of the first section 170a of the clip 170, thus freeing the second
section to pivot and to enable access to the wired jack of the data link 140.

[0031] As shown in FIGURES 2 and 5, the clip 170 preferably defines a circular
cross-section swept along a U-shaped profile. Alternatively, the clip 170 may be an
alligator-, carabineer-, snap-, French barrette-, plunger-type, or any other type of clip.
The clip 170 is preferably arranged on the housing 180, such as glued, bonded, or
fastened with one or more screws. However, a portion of the clip 170 may also be
physically coextensive with the housing 180. For example, the housing 180 may include
features that include one side or section of the clip 170. The clip 170 is preferably sprung
against the housing 180 such that the clip 170 retains the housing 180 on an article of
clothing by pinching (e.g., biasing against) a portion of the article of clothing between
the housing 180 and a portion of the clip 170. At least one side or section of the clip 170
may therefore be coupled to a return spring that provides a clamping force between (at
least one section of) the clip 170 and the housing 180. However, the clip 170 and data
link 140 may be of any other physically coextensive or distinct configuration, and the
clip 170 may be arranged within or on the preferred health meter 100 in any other way.
[0032] One variation of the preferred health meter 100 shown in FIGURE 1
includes: a housing 180 configured to be worn by a user; a glucose meter 110 coupled to
the housing 180; a pedometer 120 coupled to the housing 180; a processor 160 arranged
within the housing 180 and configured to generate a directive for a user action in
response to a measured glucose level and an output of the pedometer 120; and a display

190 arranged within the housing 180 and configured to display the directive for the user.
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[0033] As shown in FIGURE 5, another variation of the preferred health meter
100 configured to be worn by a user includes: a physiological sensor 109; a clip 170
coupled to the physiological sensor and including a sprung loop configured bias against
(or pinch) an article of clothing worn by the user to couple the physiological sensor to
the article of clothing; and a data link 140 comprising a wired jack physically
coextensive with the clip 170 and configured to transmit a form of an output of the
physiological sensor. In this variation, the wired jack of the data link 140 preferably
includes a stereo jack that communicates data to and from an external electronic device
via inter-integrated circuit communication protocol. The physiological sensor 109 is
preferably a blood glucose meter 110 that analyzes intracorporeal blood of the user (i.e. a
bloodless blood glucose meter). However, the physiological sensor 109 may be a
pedometer 120, a heart rate monitor 130, or any other type of biological sensor. The
physiological sensor 109 preferably measures a biological status of the user at a specified
interval and the data link 140 preferably transmits a form of a plurality of outputs of the
physiological sensor 109 when coupled to an external electronic device. As shown in
FIGURE 5, the clip 170 may further include a first section 170a and a second section
170b, wherein the first section 170a transiently couples to the second section 170b to
encase the wired jack that extends from the second section 170b. For example, the
second section 170b of the clip 170 may translate linearly relative the first section 170a
such that the wired jack may be exposed. Furthermore, the first section 170a may be
sprung against the housing 180 while the second section 170b is not sprung but rather
pivotable relative the first section 170a when the datalink 140 is exposed.

[0034] As shown in FIGURE 5, a further variation of the preferred health meter
100 includes: a housing 180; a clip 170 arranged on the housing 180 and including a
sprung loop configured to bias against a portion of a wearable article to couple the
housing 180 to the wearable article; and a heart rate monitor 130 comprising a first
conductive pad 121 and a second conductive pad 122 configured to engage an extremity
of a user, wherein the first conductive pad 121 is arranged on a surface of the clip 170. In
this variation, the wearable article is preferably a shirt, a pair of pants, a belt, a jacket, a

vest, a coat, a glove, a shoe, a hat, an armband, or any other suitable article of clothing
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or accessory. However, the wearable article may be any other suitable item, article, or
object, such as a seatbelt or medical diagnostic equipment or instrumentation. The
second conductive pad 122 may be arranged on the housing 180 such that the heart rate
monitor 120 measures the heart rate of a user when the user contacts the first and
second conductive pads 121, 122 while arranging the clip 170 on an article of clothing. As
shown in FIGURE 5, the clip 170 may define a circular cross-section swept along a U-
shaped profile, though the clip 170 may be of any other cross section or profile.
Furthermore, the clip 170 may include a first section 170a and a second section 170b
separable from the first section 170a, wherein the first section is preferably sprung
against the housing, as shown in FIGURE 5. The first conductive pad 121 is preferably
arranged on the first section 170a and the second conductive pad 122 is preferably
arranged on the second section 170b of the clip 170. The preferred health meter 100 may
further include a data link 140 including a wired jack extending from the second section
170b, wherein the data link 140 transmits a form of an output of the heart rate monitor
120. The first section 170a of the clip 170 may also be removably coupled to the second
section 170b to encase the data link 140, as described above. This variation of the
preferred health meter 100 may further include a switch that triggers the heart rate
monitor to measures the heart rate of a user when the user moves the second section
170b of the clip 170 relative to the first section 170a, such as to clip the preferred health
meter 100 to the wearable article or to remove the preferred health meter 100 from the
wearable article. In this and the foregoing variations in which the physiological sensor
109 and/or hcart ratc monitor 120 includes onc or more conductive pads arrangcd on
the clip 170, the clip is preferably electrically non-conductive such that the first and
second conductive pads 121, 122 are electrically isolated via the clip 170. For example,
the clip 170 may be nylon, polyethylene, ABS, or any other suitable type or polymer or
plastic. However, the preferred health meter 100 can be of any other form or

configuration and can function in any other way.

2, Example Implementations
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[0035] In a first example implementation of the preferred health meter 100, the
preferred health meter 100 includes a housing 180 that substantially encapsulates the
blood glucose meter 110, the pedometer 120, and the processor 160; the clip 170, the
heart rate monitor 130, and the display 190 are arranged on the housing 180. The blood
glucose meter 110 includes a test strip slot into which the user inserts a blood sample on
a glucose test strip. The pedometer 120 is a two-axis accelerometer and the heart rate
monitor 130 includes two conductive pads, each arranged on separate sections of the
clip 170. The data link 140 is a wired connection comprising 1/8” headphone jack
connector and is physically coextensive with the clip 170 such that the data link 140 may
separate from a portion of the clip 170 to enable insertion into a portion of the digital
multimedia device 155. The digital multimedia device 155 is a smartphone with a 1/8”
headphone jack 151 and the software module 150 is an application configured to execute
on the smartphone. The software module 150: receives data from the blood glucose
meter 110, the pedometer 120 and heart rate monitor 130 through the data link 140;
assesses the data in conjunction with user goals, user health condition, user
demographic, previous user activity, and previous user compliance to generate the
health report; dispatches the health report to a remote network configured to store the
health record of the patient and wherein the health record of the patient is available to a
primary-care physician of the user; transmits the health report to the processor 160 via
the data link 140; and/or modifies a calendar of the user on the smartphone to reflect
explicit directives relevant to the health of the user (such as scheduling a walk). The
processor 160 accesses the health report; generates the health-related notification 152 or
directive, and renders the health-related notification 152 on the display 190.

[0036] In a second example implementation of the preferred health meter 100,
the housing 180 encapsulates the blood glucose meter 110 and the data link 140 and is
implanted into the body of the user such that the data link transmits the glucose level of
the blood, as measured by the implanted blood glucose meter 110, to the digital
multimedia device. The data link 140 includes a low-power, short-range wireless
communication module that transmits and receives data to and from the digital

multimedia device 155 that is a smartphone. The heart rate monitor 130 is a microphone
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arranged on the smartphone and senses the heart rate of the user when the user places a
finger over the microphone. The pedometer 120 is an accelerometer arranged within the
smartphone and detects motion of the smartphone carried by the user. The software
module 150 is a cloud-based application operating on a remote server that: receives data
from the blood glucose meter 110, the pedometer 120 and heart rate monitor 130
through a wireless connection established with server by the smartphone; assesses the
data in conjunction with user goals, user health condition, user demographic, previous
user activity, and previous user compliance to generate the health report; stores the
health report on a remote network configured to store the health record of the patient
and wherein the health record of the patient is available to a primary-care physician of
the user; and dispatches the health report to the smartphone via the wireless connection
with the smartphone. The processor 160 is arranged within the smartphone and receives
the health report from the software module 150 and renders a form of the health report
(such as compliance with set user goals) on the display 190 integral with the
smartphone. The processor 160 further suggests specific directives to the user, such as
to go for a run with a second user substantially proximal the user and who has
substantially similar heath-related goals and has a substantially similar recent health
report as the user.

[0037] In a third example implementation, the preferred health meter 100
functions much as the first example implementation above, but in place of (or in
addition to) a blood glucose meter 110, the preferred health meter 100 includes
elements of a polysomnography test kit, such as an lung airflow sensor, an eye
movement sensor, and a chest wall movement meter, wherein the polysomnography
sensors detect sleep patterns of the user. Data collected by the polysomnography
sensors are preferably transmitted to the digital multimedia device 155 via the data link
140 and then accessed by the software module 150. The software module 150 uses the
data to detect sleep apnea in the patient and to generate a health report incorporating a
diagnosis thereof. The health report is then used to provide directives to the user for
improving sleep, and the processor 160 manages generation and distribution of the

directives to alter and improve the user sleep, such as to change the position of an
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adjustable bed in which the user sleeps, to increase the level of white noise proximal to
the user at night, or to increase oxygen flow through a face mask worn by the user.
[0038] In a fourth example implementation, the preferred health meter 100
functions much as the second example implementation above, aside from the housing
180 that encapsulates the blood glucose meter 110 and data link 140, wherein the data
link 140 is a proprietary connector configured to plug into a data port of a digital
multimedia device 155 that is a smartphone, and wherein the blood glucose meter 110 is
a bloodless glucose meter.

[0039] As a person skilled in the art will recognize from the previous detailed
description and from the figures and claims, modifications and changes can be made to
the preferred embodiments of the invention without departing from the scope of this

invention as defined in the following claims.
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CLAIMS

We Claim:

1. A health meter comprising:

* ahousing configured to be worn by a user;

* aglucose meter coupled to the housing;

« apedometer coupled to the housing;

¢ a processor arranged within the housing and configured to generate a directive for a
user action in response to a measured glucose level and an output of the pedometer;
and

* adisplay arranged within the housing and configured to display the directive for the

user.

2. The health meter of Claim 1, wherein the processor is further configured to estimate
an activity of the user based upon footsteps taken by the user and detected by the

pedometer.

3. The health meter of Claim 1, further comprising a heart rate monitor, wherein the
processor generates the directive in further response to a measured heart rate of the

user.

4. The health meter of Claim 1, wherein the glucose meter comprises an optical emitter
and an optical detector configurcd to detect a glucose levcel in intracorporeal blood of

the user.
5. The health meter of Claim 1, wherein the display comprises a set of indicator lamps,
wherein each lamp is assigned a distinct directive for a user action, and wherein the

processor sets a state of each indicator lamp according to the generated directive for

the user action.
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The health meter of Claim 1, wherein the processor generates the directive for a user

action that is one of to eat, to rest, and to exercise.

A health meter confligured to be worn by a user, the health meter comprising:

a physiological sensor;

a clip coupled to the physiological sensor and comprising a sprung loop configured to
bias against an article of clothing worn by the user to couple the physiological sensor
to the article of clothing; and

a data link comprising a wired jack physically coextensive with the clip and

configured to transmit a form of an output of the physiological sensor.

The health meter of Claim 7, wherein the wired jack of the data link comprises a
stereo jack configured to communicate data between an external electronic device

via inter-integrated circuit communication protocol.

The health meter of Claim 77, wherein the clip further comprises a first section and a
second section, wherein the first section transiently couples to the second section to

encasc the wired jack that extends from the second section.

The health meter of Claim 9, wherein the first section of the clip is sprung against the

housing, and wherein the second section is pivotable relative the first section.

The health meter of Claim 9, wherein the second section of the clip is configured to

translate linearly relative the first section to expose the wired jack.

The health meter of Claim 7, wherein the physiological sensor measures a biological
status of the user at a specified interval, and wherein the data link transmits a form
of a plurality of outputs of the physiological sensor when coupled to an external

electronic device.
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13. The health meter of Claim 12, wherein the physiological sensor comprises a blood

glucose meter configured analyze intracorporeal blood of the user.

14. A health meter comprising:

* ahousing;

* a clip arranged on the housing and comprising a sprung loop configured to bias
against a portion of a wearable object to couple the housing to the wearable object;
and

* a heart rate monitor comprising a first conductive pad and a second conductive pad
configured to engage an extremity of a user, wherein the first conductive pad is

arranged on a surface of the clip.

15. The health meter of Claim 14, wherein the second conductive pad is arranged on the
housing, and wherein the heart rate monitor measures the heart rate of a user when

the user contacts the first and second conductive pads.

16. The health meter of Claim 14, wherein the clip defines a circular cross-section swept

along a U-shaped profile.

17. The health meter of Claim 14, wherein the clip further comprises a first section and a
second section separable from the first section, wherein the first section is sprung
against the housing and wherein the first conductive pad is arranged on the first

section.
18. The health meter of Claim 17, further comprising a data link comprising a wired jack
extending from the second section and configured to transmit a form of an output of

the heart rate monitor, wherein the first section is removably coupled to the second

section to encase the data link.
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19. The health meter of Claim 1y, further comprising a switch, wherein the second
conductive pad is arranged on the second section, and wherein the switch is
configured to trigger the heart rate monitor to measures the heart rate of a user

when the user moves the second section relative to the first section.
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WEARABLE MULTI-MODAL PHYSIOLOGICAL SENSING
SYSTEM

Field of the Disclosure

[0001] This relates generally to reducing motion artifacts from a physiological

signal.

Background of the Disclosure

[0002] A photoplethysmogram (PPG) signal may be obtained from a pulse
oximeter, which employs a light emitter and a light sensor to measure the perfusion of
blood to the skin of a user. However, the signal may be compromised by noise due to
motion artifacts. That is, movement of the body of a user may cause the skin and
vasculature to expand and contract, introducing noise to the signal. Further, the device
itself may move with respect to the body of the user, introducing further noise. To
address the presence of motion artifacts, examples of the present disclosure can receive
light information from each of two light guides, one in contact with the tissue of the user
and one not in contact with the tissue of the user. First light information can be obtained
from the first light guide, and second light information can be obtained from the second
light guide. A heart rate signal can then be computed from the first and second light

information, for example, by using blind source separation and/or cross-correlation.

Summary of the Disclosure

[0003] A photoplethysmogram (PPG) signal may be obtained from a pulse
oximeter, which employs a light emitter and a light sensor to measure the perfusion of
blood to the skin of a user. However, the signal may be compromised by noise due to
motion artifacts. That is, movement of the body of a user may cause the skin and
vasculature to expand and contract, introducing noise to the signal. Further, the device
itself may move with respect to the body of the user, introducing further noise. To
address the presence of motion artifacts, examples of the present disclosure can receive

light information from each of two light guides, one in contact with the tissue of the user

-1-
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and one not in contact with the tissue of the user. First light information can be obtained
from the first light guide, and second light information can be obtained from the second
light guide. A heart rate signal can then be computed from the first and second light

information, for example, by using blind source separation and/or cross-correlation.

Brief Description of the Drawings

[0004] FIG. 1 illustrates an electronic device having light sensors for determining

a heart rate signal according to examples of the disclosure.

[0005] FIG. 2 illustrates a method of computing a heart rate signal according to

examples of the disclosure.

[0006] FIG. 3 illustrates a method of computing a heart rate signal according to

examples of the disclosure.

[0007] FIG. 4 is a block diagram illustrating an exemplary API architecture,

which may be used in some examples of the disclosure.

[0008] FIG. 5 illustrates an exemplary software stack of an API according to

examples of the disclosure.

[0009] FIG. 6 is a block diagram illustrating exemplary interactions between the

touch screen and other components of the device according to examples of the disclosure.

[0010] FIG. 7 is a block diagram illustrating an example of a system architecture
that may be embodied within any portable or non-portable device according to examples

of the disclosure.

Detailed Description

[0011] In the following description of examples, reference is made to the
accompanying drawings which form a part hereof, and in which it is shown by way of
illustration specific examples that can be practiced. It is to be understood that other
examples can be used and structural changes can be made without departing from the

scope of the disclosed examples.

[0012] A photoplethysmogram (PPG) signal may be obtained from a pulse

oximeter, which employs a light emitter and a light sensor to measure the perfusion of

-
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blood to the skin of a user. However, the signal may be compromised by noise due to
motion artifacts. That is, movement of the body of a user may cause the skin and
vasculature to expand and contract, introducing noise to the signal. Further, the device
itself may move with respect to the body of the user, introducing further noise. To
address the presence of motion artifacts, examples of the present disclosure can receive
light information from each of two light guides, one in contact with the tissue of the user
and one not in contact with the tissue of the user. First light information can be obtained
from the first light guide, and second light information can be obtained from the second
light guide. A heart rate signal can then be computed from the first and second light

information, for example, by using blind source separation and/or cross-correlation.

[0013] Although examples disclosed herein may be described and illustrated
herein primarily in terms of two sensors, emitters, and light guides, it should be
understood that the examples are not so limited, but are additionally applicable to devices

including any number and configuration of sensors, emitters, and light guides.

[0014] Examples of the disclosure are directed to a system for sensing and
measurement of physiological signals that enables a signal decomposition approach to
physiological measurements. That is, multiple signals may be obtained, and each signal
may contain a physiological signal of interest (e.g., a heart rate signal)—each signal may
also contain different noise components, and thus signal decomposition methods may be
used to filter the noise and compute the signal of interest. Multiple sensing modalities
optimized for the signal decomposition approach may provide robustness against non-
signal artifacts commonly induced in wearable sensors, such as motion- or biologically-
induced artifacts. Sensing modalities may include detection of physiological signals from
optical sensors, force and pressure sensors, temperature sensors, accelerometers,
proximity detectors, and/or impedance sensors, among other possibilities. In some
examples, sensing modalities may include optical sensors including light guides in
contact and not in contact with tissue of a user. Because the signal of interest may be
compromised by noise due to motion of the device with respect to the tissue and also by
noise due to motion of the tissue itself (e.g., the expansion and contraction of tissue and
vasculature), different noise may be captured by sensors corresponding to each of
contacting and non-contacting light guides, and signal decomposition methods (e.g., blind

source separation) may be employed to separate the signal of interest from the noise.
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[0015] FIG. 1 illustrates an electronic device 100 having light sensors for
determining a heart rate signal according to examples of the disclosure. A first light
sensor 110 may be co-located with a contacting light guide 102 and a first light emitter
106. The contacting light guide 102 may be configured so as to be in contact with tissue
114 of a user, such as skin. For example, the contacting light guide 102 may be curved
such that the surface is configured to contact tissue 114 of the user. In some examples,
the contacting light guide 102 may jut out from the body of the electronic device 100 such
that it is configured to contact tissue 114 of the user. A second light sensor 112 may be
co-located with a non-contacting light guide 104 and a second light emitter 108. The
non-contacting light guide 104 may be configured so as to not be in contact with tissue
114 of the user. In some examples, the non-contacting light guide 104 may be recessed
with respect to the body of the electronic device 100 such that it is configured not to

contact tissue 114 of the user.

[0016] The electronic device 100 may be situated such that the sensors 110 and
112, the emitters 106 and 108, and the light guides 102 and 104 are proximate the tissue
114 of the user, so that light from a light emitter may be directed through a light guide
and be incident on the tissue. For example, the electronic device 100 may be held in a
user’s hand or strapped to a user’s wrist, among other possibilities. A portion of the light
from a light emitter may be absorbed by the skin, vasculature, and/or blood, among other
possibilities, and a portion may be reflected back to a light sensor co-located with the
light emitter. In some examples, light guides may direct light to tissue and/or back to a
light sensor, and some emitters and sensors may direct light to and from tissue without a

light guide.

[0017] FIG. 2 illustrates a method of computing a heart rate signal. Light may be
emitted from a first light emitter through a contacting light guide (200). First light
information may be received at a first light sensor through the contacting light guide
(202). Similarly, light may be emitted from a second light emitter through a non-
contacting light guide (204), and second light information may be received at a second
light sensor through the non-contacting light guide (200). In some examples, a light
emitter may emit light, the light may travel to the tissue of a user, and a portion of the
light may reflect to a co-located light sensor, and some or all of the travel of the light may

be directed by a light guide. Accordingly, the first light information may indicate an
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amount of light from a first light emitter that has been reflected by the skin, blood, and/or
vasculature of the user, among other possibilities. In some examples, the first light
information may indicate an amount of light from the first light emitter that has been

absorbed by the skin, blood, and/or vasculature of the user.

[0018] The light emitters may produce light in ranges corresponding to infrared
(IR), green, amber, blue, and/or red light, among other possibilities. Additionally, the
light sensors may be configured to sense light having certain wavelengths more easily
than light having other wavelengths. For example, if the first light emitter emits light
having a wavelength in the IR range, then the first light sensor may be configured to
sense light in the IR range more powerfully than light in the green range. That is, the
incidence of light in the IR range may produce a stronger response in the first light sensor
than the incidence of light in the green range. In this way, the first light sensor can be
configured so as to sense the light produced by the first light emitter more powerfully
than the light produced by the second light emitter, for example. In some examples, each

light emitter may produce light in the same wavelength.

[0019] In some examples, a light emitter may be a light emitting diode (LED) and
a light sensor may be a photodiode. The light information may include information
produced by the photodiode. For example, the light information may include a voltage
reading that corresponds to light absorbed by the photodiode. In some examples, the light
information may include some transformation of raw signal produced by the photodiode,

such as through filtering, scaling, or other signal processing.

[0020] Based on the first and second light information, a heart rate signal may be
computed (206). For example, the first and second light information may be processed
through blind source separation and/or cross-correlation methods. For example, the first
and second light information may be processed with principal component analysis (one
example method of blind source separation), to separate out a plurality of linearly
uncorrelated component signals. Those components may then be further processed with a
cross-correlation method, serving as a second filter, to compute a heart rate signal. In
some examples, the first light information may include light information of red, green,
and blue wavelengths, and the second light information may also include light
information of red, green, and blue wavelengths, although any number and combination

of wavelengths is possible. In some examples, the computed heart rate signal may
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include one or more additional signals, such as residual noise and/or a signal

corresponding to a respiratory rate of a user, among other possibilities.

[0021] FIG. 3 illustrates a method of computing a heart rate signal based on
multiple wavelengths of contacting and non-contacting light information. Red, green, and
blue contacting light information (300) may be processed with blind source separation
(e.g., principal component analysis, among other possibilities) (304). Further, red, green,
and blue non-contacting light information (302) may be processed with blind source
separation (306). The results of the contacting and non-contacting blind source
separation processes may be cross-correlated (308), and the result may be a heart rate

signal with reduced noise (310).

[0022] The examples discussed above can be implemented in one or more
Application Programming Interfaces (APIs). An APIis an interface implemented by a
program code component or hardware component (hereinafter “API-implementing
component™) that allows a different program code component or hardware component
(hereinafter “API-calling component™) to access and use one or more functions, methods,
procedures, data structures, classes, and/or other services provided by the API-
implementing component. An API can define one or more parameters that are passed

between the API-calling component and the API-implementing component.

[0023] The above-described features can be implemented as part of an application
program interface (API) that can allow it to be incorporated into different applications
(e.g., spreadsheet apps) utilizing touch input as an input mechanism. An API can allow a
developer of an API-calling component (which may be a third party developer) to
leverage specified features, such as those described above, provided by an API-
implementing component. There may be one API-calling component or there may be
more than one such component. An API can be a source code interface that a computer
system or program library provides in order to support requests for services from an
application. An operating system (OS) can have multiple APIs to allow applications
running on the OS to call one or more of those APIs, and a service (such as a program
library) can have multiple APIs to allow an application that uses the service to call one or
more of those APIs. An API can be specified in terms of a programming language that

can be interpreted or compiled when an application is built.
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[0024] In some examples, the API-implementing component may provide more
than one API, each providing a different view of the functionality implemented by the
API-implementing component, or with different aspects that access different aspects of
the functionality implemented by the API-implementing component. For example, one
API of an API-implementing component can provide a first set of functions and can be
exposed to third party developers, and another API of the API-implementing component
can be hidden (not exposed) and provide a subset of the first set of functions and also
provide another set of functions, such as testing or debugging functions which are not in
the first set of functions. In other examples the API-implementing component may itself
call one or more other components via an underlying API and thus be both an API-calling

component and an API-implementing component,

[0025] An API defines the language and parameters that API-calling components
use when accessing and using specified features of the API-implementing component.
For example, an APIl-calling component accesses the specified features of the API-
implementing component through one or more API calls or invocations (embodied for
example by function or method calls) exposed by the API and passes data and control
information using parameters via the API calls or invocations. The API-implementing
component may return a value through the API in response to an API call from an API-
calling component. While the API defines the syntax and result of an API call (e.g., how
to invoke the API call and what the API call does), the API may not reveal how the API
call accomplishes the function specified by the API call. Various API calls are
transferred via the one or more application programming interfaces between the calling
(API-calling component) and an API-implementing component. Transferring the API
calls may include issuing, initiating, invoking, calling, receiving, returning, or responding
to the function calls or messages; in other words, transferring can describe actions by
either of the API-calling component or the API-implementing component. The function
calls or other invocations of the API may send or receive one or more parameters through
a parameter list or other structure. A parameter can be a constant, key, data structure,
object, object class, variable, data type, pointer, array, list or a pointer to a function or

method or another way to reference a data or other item to be passed via the API.

[0026] Furthermore, data types or classes may be provided by the APl and

implemented by the API-implementing component. Thus, the API-calling component

Petitioner Apple Inc. - Ex. 1002, p. 170



WO 2015/084376 PCT/US2013/073405

may declare variables, use pointers to, use or instantiate constant values of such types or

classes by using definitions provided in the APIL

[0027] Generally, an API can be used to access a service or data provided by the
APIl-implementing component or to initiate performance of an operation or computation
provided by the API-implementing component. By way of example, the API-
implementing component and the API-calling component may each be any one of an
operating system, a library, a device driver, an API, an application program, or other
module (it should be understood that the API-implementing component and the API-
calling component may be the same or different type of module from each other). API-
implementing components may in some cases be embodied at least in part in firmware,
microcode, or other hardware logic. In some examples, an APl may allow a client
program to use the services provided by a Software Development Kit (SDK) library. In
other examples an application or other client program may use an API provided by an
Application Framework. In these examples the application or client program may
incorporate calls to functions or methods provided by the SDK and provided by the API
or use data types or objects defined in the SDK and provided by the API. An Application
Framework may in these examples provide a main event loop for a program that responds
to various events defined by the Framework. The API allows the application to specify
the events and the responses to the events using the Application Framework. In some
implementations, an API call can report to an application the capabilities or state of a
hardware device, including those related to aspects such as input capabilities and state,
output capabilities and state, processing capability, power state, storage capacity and
state, communications capability, etc., and the API may be implemented in part by
firmware, microcode, or other low level logic that executes in part on the hardware

component.

[0028] The API-calling component may be a local component (i.e., on the same
data processing system as the API-implementing component) or a remote component (i.e.,
on a different data processing system from the API-implementing component) that
communicates with the API-implementing component through the API over a network. It
should be understood that an API-implementing component may also act as an API-
calling component (i.e., it may make API calls to an API exposed by a different API-

implementing component) and an API-calling component may also act as an API-
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implementing component by implementing an API that is exposed to a different API-

calling component.

[0029] The API may allow multiple API-calling components written in different
programming languages to communicate with the API-implementing component (thus the
API may include features for translating calls and returns between the API-implementing
component and the API-calling component); however the API may be implemented in
terms of a specific programming language. An API-calling component can, in one
example, call APIs from different providers such as a set of APIs from an OS provider
and another set of APIs from a plug-in provider and another set of APIs from another

provider (e.g. the provider of a software library) or creator of the another set of APIs,

[0030] FIG. 4 is a block diagram illustrating an exemplary API architecture,
which may be used in some examples of the disclosure. As shown in FIG. 4, the API
architecture 600 includes the API-implementing component 610 (e.g., an operating
system, a library, a device driver, an API, an application program, software or other
module) that implements the API 620. The API 620 specifies one or more functions,
methods, classes, objects, protocols, data structures, formats and/or other features of the
API-implementing component that may be used by the API-calling component 630. The
API 620 can specify at least one calling convention that specifies how a function in the
API-implementing component receives parameters from the API-calling component and
how the function returns a result to the API-calling component. The API-calling
component 630 (e.g., an operating system, a library, a device driver, an AP, an
application program, software or other module), makes API calls through the API 620 to
access and use the features of the API-implementing component 610 that are specified by
the API 620. The API-implementing component 610 may return a value through the API
620 to the API-calling component 630 in response to an API call.

[0031] It will be appreciated that the API-implementing component 610 may
include additional functions, methods, classes, data structures, and/or other features that
are not specified through the API 620 and are not available to the API-calling component
630. It should be understood that the API-calling component 630 may be on the same
system as the API-implementing component 610 or may be located remotely and accesses
the API-implementing component 610 using the API 620 over a network. While FIG. 4
illustrates a single API-calling component 630 interacting with the API 620, it should be

9
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understood that other API-calling components, which may be written in different
languages (or the same language) than the API-calling component 630, may use the API
620.

[0032] The API-implementing component 610, the API 620, and the API-calling
component 630 may be stored in a non-transitory machine-readable storage medium,
which includes any mechanism for storing information in a form readable by a machine
(e.g., a computer or other data processing system). For example, a machine-readable
medium includes magnetic disks, optical disks, random access memory; read only

memory, flash memory devices, etc.

[0033] In the exemplary software stack shown in FIG. 5, applications can make
calls to Services A or B using several Service APIs and to Operating System (OS) using

several OS APIs. Services A and B can make calls to OS using several OS APIs.

[0034] Note that the Service 2 has two APIs, one of which (Service 2 API 1)
receives calls from and returns values to Application | and the other (Service 2 AP12)
receives calls from and returns values to Application 2. Service 1 (which can be, for
example, a software library) makes calls to and receives returned values from OS API 1,
and Service 2 (which can be, for example, a software library) makes calls to and receives
returned values from both OS API 1 and OS API 2. Application 2 makes calls to and

receives returned values from OS API 2.

[0035] FIG. 6 is a block diagram illustrating exemplary interactions between the
touch screen and the other components of the device. Described examples may include
touch 1/0 device 1001 that can receive touch input for interacting with computing system
1003 via wired or wireless communication channel 1002, Touch I/O device 1001 may be
used to provide user input to computing system 1003 in lieu of or in combination with
other input devices such as a keyboard, mouse, etc. One or more touch I/0 devices 1001
may be used for providing user input to computing system 1003. Touch I/O device 1001
may be an integral part of computing system 1003 (e.g., touch screen on a smartphone or

a tablet PC) or may be separate from computing system 1003,

[0036] Touch I/O device 1001 may include a touch sensing panel which is wholly
or partially transparent, semitransparent, non-transparent, opaque or any combination

thereof. Touch I/0 device 1001 may be embodied as a touch screen, touch pad, a touch
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screen functioning as a touch pad (e.g., a touch screen replacing the touchpad of a laptop),
a touch screen or touchpad combined or incorporated with any other input device (e.g., a
touch screen or touchpad disposed on a keyboard) or any multi-dimensional object having

a touch sensing surface for receiving touch input.

[0037] In one example, touch I/O device 1001 embodied as a touch screen may
include a transparent and/or semitransparent touch sensing panel partially or wholly
positioned over at least a portion of a display. According to this example, touch I/O
device 1001 functions to display graphical data transmitted from computing system 1003
(and/or another source) and also functions to receive user input. In other examples, touch
I/0 device 1001 may be embodied as an integrated touch screen where touch sensing
components/devices are integral with display components/devices. In still other examples
a touch screen may be used as a supplemental or additional display screen for displaying

supplemental or the same graphical data as a primary display and to receive touch input.

[0038] Touch I/O device 1001 may be configured to detect the location of one or
more touches or near touches on device 1001 based on capacitive, resistive, optical,
acoustic, inductive, mechanical, chemical measurements, or any phenomena that can be
measured with respect to the occurrences of the one or more touches or near touches in
proximity to device 1001. Software, hardware, firmware or any combination thereof may
be used to process the measurements of the detected touches to identify and track one or
more gestures. A gesture may correspond to stationary or non-stationary, single or
multiple, touches or near touches on touch 1I/0O device 1001. A gesture may be performed
by moving one or more fingers or other objects in a particular manner on touch I/O device
1001 such as tapping, pressing, rocking, scrubbing, twisting, changing orientation,
pressing with varying pressure and the like at essentially the same time, contiguously, or
consecutively. A gesture may be characterized by, but is not limited to a pinching, sliding,
swiping, rotating, flexing, dragging, or tapping motion between or with any other finger
or fingers. A single gesture may be performed with one or more hands, by one or more

users, or any combination thereof.

[0039] Computing system 1003 may drive a display with graphical data to display
a graphical user interface (GUI). The GUI may be configured to receive touch input via
touch I/O device 1001. Embodied as a touch screen, touch I/O device 1001 may display
the GUI. Alternatively, the GUI may be displayed on a display separate from touch I/O
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device 1001. The GUI may include graphical elements displayed at particular locations
within the interface. Graphical elements may include but are not limited to a variety of
displayed virtual input devices including virtual scroll wheels, a virtual keyboard, virtual
knobs, virtual buttons, any virtual Ul, and the like. A user may perform gestures at one or
more particular locations on touch I/O device 1001 which may be associated with the
graphical elements of the GUL In other examples, the user may perform gestures at one
or more locations that are independent of the locations of graphical elements of the GUL
Gestures performed on touch I/O device 1001 may directly or indirectly manipulate,
control, modify, move, actuate, initiate or generally affect graphical elements such as
cursors, icons, media files, lists, text, all or portions of images, or the like within the GUL
For instance, in the case of a touch screen, a user may directly interact with a graphical
element by performing a gesture over the graphical element on the touch screen.
Alternatively, a touch pad generally provides indirect interaction. Gestures may also
affect non-displayed GUI elements (e.g., causing user interfaces to appear) or may affect
other actions within computing system 1003 (e.g., affect a state or mode of a GUI,
application, or operating system). Gestures may or may not be performed on touch I/O
device 1001 in conjunction with a displayed cursor. For instance, in the case in which
gestures are performed on a touchpad, a cursor (or pointer) may be displayed on a display
screen or touch screen and the cursor may be controlled via touch input on the touchpad
to interact with graphical objects on the display screen. In other examples in which
gestures are performed directly on a touch screen, a user may interact directly with
objects on the touch screen, with or without a cursor or pointer being displayed on the

touch screen.

[0040] Feedback may be provided to the user via communication channel 1002 in
response to or based on the touch or near touches on touch I/O device 1001. Feedback
may be transmitted optically, mechanically, electrically, olfactory, acoustically, or the

like or any combination thereof and in a variable or non-variable manner.

[0041] Attention is now directed towards examples of a system architecture that
may be embodied within any portable or non-portable device including but not limited to
a communication device (e.g. mobile phone, smart phone), a multi-media device (e.g.,
MP3 player, TV, radio), a portable or handheld computer (e.g., tablet, netbook, laptop), a

desktop computer, an All-In-One desktop, a peripheral device, or any other system or
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device adaptable to the inclusion of system architecture 2000, including combinations of
two or more of these types of devices. FIG. 7 is a block diagram of one example of
system 2000 that generally includes one or more computer-readable mediums 2001,
processing system 2004, I/O subsystem 2006, radio frequency (RF) circuitry 2008, audio
circuitry 2010, and sensors circuitry 2011, These components may be coupled by one or

more communication buses or signal lines 2003.

[0042] It should be apparent that the architecture shown in FIG. 7 is only one
example architecture of system 2000, and that system 2000 could have more or fewer
components than shown, or a different configuration of components. The various
components shown in FIG. 7 can be implemented in hardware, software, firmware or any
combination thereof, including onc or morc signal processing and/or application spccific

integrated circuits,

[0043] RF circuitry 2008 can be used to send and receive information over a
wireless link or network to one or more other devices and includes well-known circuitry
for performing this function. RF circuitry 2008 and audio circuitry 2010 can be coupled
to processing system 2004 via peripherals interface 2016. Interface 2016 can include
various known components for establishing and maintaining communication between
peripherals and processing system 2004. Audio circuitry 2010 can be coupled to audio
speaker 2050 and microphone 2052 and can include known circuitry for processing voice
signals received from interface 2016 to enable a user to communicate in real-time with
other users. In some examples, audio circuitry 2010 can include a headphone jack (not
shown). Sensors circuitry 2011 can be coupled to various sensors including, but not
limited to, one or more Light Emitting Diodes (LEDs) or other light emitters, one or more
photodiodes or other light sensors, one or more photothermal sensors, a magnetometer, an
accelerometer, a gyroscope, a barometer, a compass, a proximity sensor, a camera, an
ambient light sensor, a thermometer, a GPS sensor, and various system sensors which can
sense remaining battery life, power consumption, processor speed, CPU load, and the

like.

[0044] Peripherals interface 2016 can couple the input and output peripherals of
the system to processor 2018 and computer-readable medium 2001. One or more
processors 2018 communicate with one or more computer-readable mediums 2001 via

controller 2020. Computer-readable medium 2001 can be any device or medium that can
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store code and/or data for use by one or more processors 2018. In some examples,
medium 2001 can be a non-transitory computer-readable storage medium. Medium 2001
can include a memory hierarchy, including but not limited (o cache, main memory and
secondary memory. The memory hierarchy can be implemented using any combination
of RAM (e.g., SRAM, DRAM, DDRAM), ROM, FLLASH, magnetic and/or optical
storage devices, such as disk drives, magnetic tape, CDs (compact disks) and DVDs
(digital video discs). Medium 2001 may also include a transmission medium for carrying
information-bearing signals indicative of computer instructions or data (with or without a
carrier wave upon which the signals are modulated). For example, the transmission
medium may include a communications network, including but not limited to the Internet
(also referred to as the World Wide Web), intranet(s), Local Area Networks (LANSs),
Wide Local Area Networks (WLANSs), Storage Area Networks (SANs), Metropolitan
Area Networks (MAN) and the like.

[0045] One or more processors 2018 can run various software components stored
in medium 2001 to perform various functions for system 2000. In some examples, the
software components can include operating system 2022, communication module (or set
of instructions) 2024, touch processing module (or set of instructions) 2026, graphics
module (or set of instructions) 2028, and one or more applications (or set of instructions)
2030. Each of these modules and above noted applications can correspond to a set of
instructions for performing one or more functions described above and the methods
described in this application (e.g., the computer-implemented methods and other
information processing methods described herein). These modules (i.e., sets of
instructions) need not be implemented as separate software programs, procedures or
modules, and thus various subsets of these modules may be combined or otherwise re-
arranged in various examples. In some examples, medium 2001 may store a subset of the
modules and data structures identified above. Furthermore, medium 2001 may store

additional modules and data structures not described above.

[0046] Operating system 2022 can include various procedures, sets of
instructions, software components and/or drivers for controlling and managing general
system tasks (e.g., memory management, storage device control, power management,

etc.) and facilitates communication between various hardware and software components.
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[0047] Communication module 2024 can facilitate communication with other
devices over one or more external ports 2036 or via RF circuitry 2008 and can include
various software components for handling data received from RF circuitry 2008 and/or

external port 2036.

[0048] Graphics module 2028 can include various known software components
for rendering, animating and displaying graphical objects on a display surface. In
examples in which touch I/O device 2012 is a touch sensing display (e.g., touch screen),
graphics module 2028 can include components for rendering, displaying, and animating

objects on the touch sensing display.

[0049] One or more applications 2030 can include any applications installed on
system 2000, including without limitation, a browser, address book, contact list, email,
instant messaging, word processing, keyboard emulation, widgets, JAVA-enabled
applications, encryption, digital rights management, voice recognition, voice replication,
location determination capability (such as that provided by the global positioning system

(GPS)), a music player, efc.

[0050] Touch processing module 2026 can include various software components
for performing various tasks associated with touch I/0O device 2012 including but not
limited to receiving and processing touch input received from I/O device 2012 via touch

1/0O device controller 2032.

[0051] 1/0O subsystem 2006 can be coupled to touch I/O device 2012 and one or
more other I/0 devices 2014 for controlling or performing various functions. Touch I/O
device 2012 can communicate with processing system 2004 via touch I/O device
controller 2032, which can include various components for processing user touch input
(e.g., scanning hardware). One or more other input controllers 2034 can receive/send
electrical signals from/to other 1/0 devices 2014. Other I/O devices 2014 may include
physical buttons, dials, slider switches, sticks, keyboards, touch pads, additional display

screens, or any combination thercof.

[0052] If embodied as a touch screen, touch I/0 device 2012 can display visual
output to the user in a GUI. The visual output may include text, graphics, video, and any
combination thereof. Some or all of the visual output may correspond to user-interface

objects. Touch I/0 device 2012 can form a touch sensing surface that accepts touch input
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from the user. Touch I/O device 2012 and touch screen controller 2032 (along with any
associated modules and/or sets of instructions in medium 2001) can detect and track
touches or near touches (and any movement or release of the touch) on touch I/O device
2012 and can convert the detected touch input into interaction with graphical objects,
such as one or more user-interface objects. In the case in which device 2012 is embodied
as a touch screen, the user can directly interact with graphical objects that are displayed
on the touch screen. Alternatively, in the case in which device 2012 is embodied as a
touch device other than a touch screen (e.g., a touch pad), the user may indirectly interact
with graphical objects that are displayed on a separate display screen embodied as I/O

device 2014.

[0053] Touch I/0 device 2012 may be analogous to the multi-touch sensing
surface described in the following U.S. Patents: 6,323,846 (Westerman et al.), 6,570,557
(Westerman et al.), and/or 6,677,932 (Westerman), and/or U.S. Patent Publication
2002/0015024A1, each of which is hereby incorporated by reference.

[0054] In examples for which touch I/O device 2012 is a touch screen, the touch
screen may use LCD (liquid crystal display) technology, LPD (light emitting polymer
display) technology, OLED (organic LED), or OEL (organic electro luminescence),

although other display technologies may be used in other examples.

[0055] Feedback may be provided by touch I/O device 2012 based on the user’s
touch input as well as a state or states of what is being displayed and/or of the computing
system. Feedback may be transmitted optically (e.g., light signal or displayed image),
mechanically (e.g., haptic feedback, touch feedback, force feedback, or the like),
electrically (e.g., electrical stimulation), olfactory, acoustically (e.g., beep or the like), or

the like or any combination thereof and in a variable or non-variable manner.

[0056] System 2000 can also include power system 2044 for powering the various
hardware components and may include a power management system, one or more power
sources, a recharging system, a power failure detection circuit, a power converter or
inverter, a power status indicator and any other components typically associated with the

generation, management and distribution of power in portable devices.

[0057] In some examples, peripherals interface 2016, one or more processors

2018, and memory controller 2020 may be implemented on a single chip, such as
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processing system 2004. In some other examples, they may be implemented on separate

chips.

[0058] Examples of the disclosure can be advantageous in allowing for an
electronic device to obtain a heart rate signal with reduced noise due to motion artifacts,

making for a more accurate reading of heart rate.

[0059] In some examples, a method of an electronic device including a plurality
of light emitters, a plurality of light sensors, and a plurality of light guides is disclosed.
The method may include: emitting light from each of the plurality of light emitters
through respective light guides, wherein a contacting light guide may be configured to
contact tissue of a user and a non-contacting light may be configured not to contact tissue
of the user; receiving first light information from the contacting light guide; receiving
second light information from the non-contacting light guide; and computing a heart rate
signal based on the first and second light information. Additionally or alternatively to
one or more of the above examples, a surface of the contacting light guide may be curved
such that the surface is configured to contact tissue of the user. Additionally or
alternatively to one or more of the above examples, the non-contacting light guide may be
recessed with respect to the electronic device such that the non-contacting light guide
may be configured not to contact tissue of the user. Additionally or alternatively to one
or more of the above examples, computing the heart rate signal based on the first and
second light information may include performing blind source separation on the first and
second light information. Additionally or alternatively to one or more of the above
examples, computing the heart rate signal based on the first and second light information
may include performing cross-correlation on the first and second light information.
Additionally or alternatively to one or more of the above examples, emitting light through
the contacting light guide may include emitting light of a plurality of wavelengths
through the contacting light guide: and wherein computing the heart rate signal may
include performing blind source separation on light information of the plurality of
wavelengths. Additionally or alternatively to one or more of the above examples, the
plurality of wavelengths may include wavelengths of red, green, and blue light.
Additionally or alternatively to one or more of the above examples, one or more of the

plurality of light sensors may be in contact with respective light guides through which
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light is sensed, and one or more of the plurality of light sensors may be not in contact

with respective light guides through which light is sensed.

[0060] In some examples, a non-transitory computer readable medium is
disclosed. The non-transitory computer readable medium may contain instructions that,
when executed, perform a method of an electronic device including a plurality of light
emitters, a plurality of light sensors, and a plurality of light guides. The method may
include: emitting light from each of the plurality of light emitters through respective light
guides, wherein a contacting light guide may be configured to contact tissue of a user and
a non-contacting light may be configured not to contact tissue of the user; receiving first
light information from the contacting light guide; receiving second light information from
the non-contacting light guide; and computing a heart rate signal based on the first and
second light information. Additionally or alternatively to one or more of the above
examples, a surface of the contacting light guide may be curved such that the surface is
configured to contact tissue of the user. Additionally or alternatively to one or more of
the above examples, the non-contacting light guide may be recessed with respect to the
electronic device such that the non-contacting light guide may be configured not to
contact tissue of the user. Additionally or alternatively to one or more of the above
examples, computing the heart rate signal based on the first and second light information
may include performing blind source separation on the first and second light information.
Additionally or alternatively to one or more of the above examples, computing the heart
rate signal based on the first and second light information may include performing cross-
correlation on the first and second light information. Additionally or alternatively to one
or more of the above examples, emitting light through the contacting light guide may
include emitting light of a plurality of wavelengths through the contacting light guide;
and wherein computing the heart rate signal may include performing blind source
separation on light information of the plurality of wavelengths. Additionally or
alternatively to one or more of the above examples, the plurality of wavelengths may
include wavelengths of red, green, and blue light. Additionally or alternatively to one or
more of the above examples, one or more of the plurality of light sensors may be in
contact with respective light guides through which light is sensed, and one or more of the
plurality of light sensors may be not in contact with respective light guides through which

light is sensed.
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[0061] In some examples, an electronic device is disclosed. The electronic device
may include: a processor to execute instructions; a plurality of light emitters; a plurality
of light sensors; a plurality of light guides; and a memory coupled with the processor to
store instructions, which when executed by the processor, may cause the processor to
perform operations to generate an application programming interface (API) that allows an
API-calling component to perform a method. The method may include: emitting light
from each of the plurality of light emitters through respective light guides, wherein a
contacting light guide may be configured to contact tissue of a user and a non-contacting
light may be configured not to contact tissue of the user; receiving first light information
from the contacting light guide; receiving second light information from the non-
contacting light guide; and computing a heart rate signal based on the first and second
light information. Additionally or alternatively to one or more of the above examples, a
surface of the contacting light guide may be curved such that the surface is configured to
contact tissue of the user. Additionally or alternatively to one or more of the above
examples, the non-contacting light guide may be recessed with respect to the electronic
device such that the non-contacting light guide may be configured not to contact tissue of
the user. Additionally or alternatively to one or more of the above examples, computing
the heart rate signal based on the first and second light information may include
performing blind source separation on the first and second light information.
Additionally or alternatively to one or more of the above examples, computing the heart
rate signal based on the first and second light information may include performing cross-
correlation on the first and second light information. Additionally or alternatively to one
or more of the above examples, emitting light through the contacting light guide may
include emitting light of a plurality of wavelengths through the contacting light guide;
and wherein computing the heart rate signal may include performing blind source
separation on light information of the plurality of wavelengths. Additionally or
alternatively to one or more of the above examples, the plurality of wavelengths may
include wavelengths of red, green, and blue light. Additionally or alternatively to one or
more of the above examples, one or more of the plurality of light sensors may be in
contact with respective light guides through which light is sensed, and one or more of the
plurality of light sensors may be not in contact with respective light guides through which

light is sensed.
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[0062] Although the disclosed examples have been fully described with reference
to the accompanying drawings, it is to be noted that various changes and modifications
will become apparent to those skilled in the art. Such changes and modifications are to be

understood as being included within the scope of the disclosed examples as defined by the

appended claims.
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WHAT IS CLAIMED IS:

1. A method of an electronic device including a plurality of light emitters, a
plurality of light sensors, and a plurality of light guides, the method comprising:

emitting light from each of the plurality of light emitters through respective light
guides, wherein a contacting light guide is configured to contact tissue of a user and a
non-contacting light is configured not to contact tissue of the user;

receiving first light information from the contacting light guide;

receiving second light information from the non-contacting light guide; and

computing a heart rate signal based on the first and second light information.

2. The method of claim 1, wherein a surface of the contacting light guide is

curved such that the surface is configured to contact tissue of the user.

3. The method of claim 1, wherein the non-contacting light guide is recessed with
respect to the electronic device such that the non-contacting light guide is configured not

to contact tissue of the user.

4. The method of claim 1, wherein computing the heart rate signal based on the
first and second light information includes performing blind source separation on the first

and second light information.

5. The method of claim 1, wherein computing the heart rate signal based on the
first and second light information includes performing cross-correlation on the first and

second light information.

6. The method of claim 1, wherein emitting light through the contacting light
guide includes emitting light of a plurality of wavelengths through the contacting light
guide; and

wherein computing the heart rate signal includes performing blind source

separation on light information of the plurality of wavelengths.
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7. The method of claim 6, wherein the plurality of wavelengths include

wavelengths of red, green, and blue light.

8. The method of claim 1, wherein one or more of the plurality of light sensors
are in contact with respective light guides through which light is sensed, and one or more
of the plurality of light sensors are not in contact with respective light guides through

which light is sensed.

9. A non-transitory computer readable medium, the computer readable medium
containing instructions that, when executed, perform a method of an electronic device
including a plurality of light emitters, a plurality of light sensors, and a plurality of light
guides, the method comprising:

emitting light from each of the plurality of light emitters through respective light
guides, wherein a contacting light guide is configured to contact tissue of a user and a
non-contacting light is configured not to contact tissue of the user;

receiving first light information from the contacting light guide;

receiving second light information from the non-contacting light guide; and

computing a heart rate signal based on the first and second light information.

10. The non-transitory computer readable medium of claim 9, wherein a surface
of the contacting light guide is curved such that the surface is configured to contact tissue

of the user.

11. The non-transitory computer readable medium of claim 9, wherein the non-
contacting light guide is recessed with respect to the electronic device such that the non-
contacting light guide is configured not to contact tissue of the user.

12. The non-transitory computer readable medium of claim 9, wherein computing

the heart rate signal based on the first and second light information includes performing

blind source separation on the first and second light information.
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13. The non-transitory computer readable medium of claim 9, wherein computing
the heart rate signal based on the first and second light information includes performing

cross-correlation on the first and second light information.

14. The non-transitory computer readable medium of claim 9, wherein emitting
light through the contacting light guide includes emitting light of a plurality of
wavelengths through the contacting light guide; and

wherein computing the heart rate signal includes performing blind source

separation on light information of the plurality of wavelengths.

15. The non-transitory computer readable medium of claim 14, wherein the

plurality of wavelengths include wavelengths of red, green, and blue light.

16. The non-transitory computer readable medium of claim 9, wherein one or
more of the plurality of light sensors are in contact with respective light guides through
which light is sensed, and one or more of the plurality of light sensors are not in contact

with respective light guides through which light is sensed.

17. An electronic device, comprising:
a processor to execute instructions;
a plurality of light emitters;
a plurality of light sensors;
a plurality of light guides; and
a memory coupled with the processor to store instructions, which when executed
by the processor, cause the processor to perform operations to generate an application
programming interface (API) that allows an API-calling component to perform a method
comprising:
emitting light from each of the plurality of light emitters through
respective light guides, wherein a contacting light guide is configured to contact tissue of
a user and a non-contacting light is configured not to contact tissue of the user;
receiving first light information from the contacting light guide;
receiving second light information from the non-contacting light guide;

and
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computing a heart rate signal based on the first and second light

information.

18. The electronic device of claim 17, wherein a surface of the contacting light

guide is curved such that the surface is configured to contact tissue of the user.

19. The electronic device of claim 17, wherein the non-contacting light guide is
recessed with respect to the electronic device such that the non-contacting light guide is

configured not to contact tissue of the user.

20. The electronic device of claim 17, wherein computing the heart rate signal
based on the first and second light information includes performing blind source

separation on the first and second light information,

21. The electronic device of claim 17, wherein computing the heart rate signal
based on the first and second light information includes performing cross-correlation on

the first and second light information.

22. The electronic device of claim 17, wherein emitting light through the
contacting light guide includes emitting light of a plurality of wavelengths through the
contacting light guide; and

wherein computing the heart rate signal includes performing blind source

separation on light information of the plurality of wavelengths.

23. The electronic device of claim 22, wherein the plurality of wavelengths

include wavelengths of red, green, and blue light.
24. The electronic device of claim 17, wherein one or more of the plurality of
light sensors are in contact with respective light guides through which light is sensed, and

one or more of the plurality of light sensors are not in contact with respective light guides

through which light is sensed.
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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.
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enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
14/875,709 10/06/2015 2688 730 OMNI 0105 PUSP1 20 3
CONFIRMATION NO. 7496
109543 FILING RECEIPT
Brooks, Kushman P.C./Cheetah Omni MedSci
1000 Town Genter A S

Twenty Second Floor
Southfield, MI 48075

Date Mailed: 10/26/2015

Receipt is acknowledged of this non-provisional 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 APPLICANT, 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 Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections 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

Inventor(s)

Mohammed N. Islam, Ann Arbor, MI;
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 14/108,986 12/17/2013 PAT 9164032
which claims benefit of 61/747,487 12/31/2012

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 - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 10/22/2015

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/875,709

Projected Publication Date: To Be Determined - pending completion of Corrected Papers

Non-Publication Request: No

Early Publication Request: No
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Title

SHORT-WAVE INFRARED SUPER-CONTINUUM LASERS FOR DETECTING COUNTERFEIT OR
ILLICIT DRUGS AND PHARMACEUTICAL PROCESS CONTROL

Preliminary Class
369
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

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 USPTO 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-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

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.

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.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
14/875,709 10/06/2015 Mohammed N. Islam OMNI 0105 PUSP1
CONFIRMATION NO. 7496
109543 FORMALITIES LETTER
Brooks, Kushman P.C./Cheetah Omni MedSci
1000 Town Center 0 T

Twenty Second Floor
Southfield, MI 48075
Date Mailed: 10/26/2015

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

+ A substitute specification in compliance with 37 CFR 1.52, 1.121(b)(3), and 1.125, is required. The substitute
specification must be submitted with markings and be accompanied by a clean version (without markings) as
set forth in 37 CFR 1.125(c) and a statement that the substitute specification contains no new matter (see 37
CFR 1.125(b)). The specification, claims, and/or abstract page(s) submitted is not acceptable and cannot be
scanned or properly stored because:

+ The application contains drawings, but the specification does not contain a brief description of the several
views of the drawings as required by 37 CFR 1.74 and 37 CFR 1.77(b)(9).

+ Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:

* More than one figure is present and each figure is not labeled "Fig." with a consecutive Arabic numeral (1,
2, etc.) or an Arabic numeral and capital letter in the English alphabet (A, B, etc.)(see 37 CFR 1.84(u)(1)).
See Figure(s) 9. A brief description of the several views of the drawings (see 37 CFR 1.74) should be
added or amended to correspond to the corrected numbering of the figures. See also 37 CFR 1.77(b)(9).

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

page 1 of 2

Petitioner Apple Inc. - Ex. 1002, p. 242



Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https:/sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

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.

/tanguyen/
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:
Group Art Unit: 2688
Mohammed N. ISLAM

Examiner:
Serial No.: 14/875,709
Filed: October 6, 2015
For: SHORT-WAVE INFRARED SUPER-CONTINUUM LASERS

FOR DETECTING COUNTEREFEIT OR ILLICIT DRUGS AND
PHARMACEUTICAL PROCESS CONTROL

Attorney Docket No.: OMNI 0105 PUSP1

RESPONSE TO NOTICE TO FILE CORRECTED PAPERS

Mail Stop Issue Fee
Commissioner for Patents

U.S. Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

In response to the Notice to File Corrected Application Papers mailed October 26, 2015,
Applicant submits herewith a substitute specification with markings accompanied by a clean
version (without markings) so that the Brief Description of the Drawings identifies Figures 9A
and 9B. The previously submitted drawings have been reviewed and are believed to meet the
requirements with respect to each figure being labeled “Fig.” with a consecutive Arabic numeral

and capital letter in the English alphabet. No new matter has been added.
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Serial No. 14/875,709

Atty. Dkt. No. OMNI 0105 PUSP1

Please charge any fees or credit any overpayments as a result of the filing of this paper to

our Deposit Account No. 02-3978.

Date: November 3, 2015

BROOKS KUSHMAN P.C.
1000 Town Center, 22nd Floor
Southfield, MI 48075-1238
Phone: 248-358-4400

Fax: 248-358-3351

Respectfully submitted,
Mohammed N. ISLAM

By:_ /David S. Bir/
David S. Bir
Reg. No. 38,383
Attorney/Agent for Applicant
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If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
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OMNI 0105 PUSP1 Specification — Marked-Up Copy

SHORT-WAVE INFRARED SUPER-CONTINUUM LASERS FOR DETECTING
COUNTERFEIT OR ILLICIT DRUGS AND PHARMACEUTICAL PROCESS CONTROL

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation of U.S. application Serial No. 14/108,986 filed
December 17, 2013, which claims the benefit of U.S. provisional application Serial No. 61/747,487
filed December 31, 2012, the disclosures of which are hereby incorporated in their entirety by

reference herein.

[0002] This application is related to U.S. provisional applications Serial Nos. 61/747,477
filed December 31, 2012; Serial No. 61/747,481 filed December 31, 2012; Serial No. 61/747,485
filed December 31, 2012; Serial No. 61/747,472 filed December 31, 2012; Serial No. 61/747,492
filed December 31, 2012; Serial No. 61/747,553 filed December 31, 2012; and Serial No.
61/754,698 filed January 21, 2013, the disclosures of which are hereby incorporated in their entirety

by reference herein.

[0003] This application is also related to International Application No. PCT/US2013/075700
(Publication No. W0/2014/105520) entitled Near-Infrared Lasers For Non-Invasive Monitoring Of
Glucose, Ketones, HBAIC, And Other Blood Constituents; International Application
PCT/US2013/075736 (Publication No. WO/2014/105521) entitled Short-Wave Infrared Super-
Continuum Lasers For Early Detection Of Dental Caries; U.S. Application 14/108,995 (Publication
No. 2014/0188092) entitled Focused Near-Infrared Lasers For Non-Invasive Vasectomy And Other
Thermal Coagulation Or Occlusion Procedures; International Application PCT/US2013/075767
(Publication No. WO0/2014/143276) entitled Short-Wave Infrared Super-Continuum Lasers For
Natural Gas Leak Detection, Exploration, And Other Active Remote Sensing Applications; U.S.
Application 14/108,974 (Publication No. 2014/0188094) entitled Non-Invasive Treatment Of
Varicose Veins; and U.S. Application 14/109,007 (Publication No. 2014/0236021) entitled Near-
Infrared Super-Continuum Lasers For Early Detection Of Breast And Other Cancers, the disclosures

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

[0004] Counterfeiting of pharmaceuticals is a significant issue in 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.

[0005] 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
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.

[0006] 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
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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.

[0007] In one embodiment, a measurement system includes a light source configured to
generate an output optical beam comprising one or more semiconductor sources configured to
generate an input beam, one or more optical amplifiers configured to receive at least a portion of the
input beam and to deliver an intermediate beam to an output end of the one or more optical
amplifiers, and one or more optical fibers configured to receive at least a portion of the intermediate
beam and to deliver at least the portion of the intermediate beam to a distal end of the one or more
optical fibers to form a first optical beam. A nonlinear element is configured to receive at least a
portion of the first optical beam and to broaden a spectrum associated with the at least a portion of
the first optical beam to at least 10nm through a nonlinear effect in the nonlinear element to form the
output optical beam with an output beam broadened spectrum, wherein at least a portion of the
output beam broadened spectrum comprises a short-wave infrared wavelength between
approximately 1400 nanometers and approximately 2500 nanometers, and wherein at least a portion
of the one or more fibers is a fused silica fiber with a core diameter less than approximately 400
microns. A measurement apparatus is configured to receive a received portion of the output optical
beam and to deliver a delivered portion of the output optical beam to a sample for a non-destructive
and non-contact measurement, wherein the delivered portion of the output optical beam is
configured to generate a spectroscopy output beam from the sample. A receiver is configured to
receive at least a portion of the spectroscopy output beam having a bandwidth of at least 10
nanometers and to process the portion of the spectroscopy output beam to generate an output signal,
and wherein at least a part of the delivered portion of the output optical beam is at least partially
transmitting through a packaging material covering at least a part of the sample, and wherein the

output signal is based on a chemical composition of the sample.
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[0008] In another embodiment, a measurement system includes a light source configured to
generate an output optical beam comprising a plurality of semiconductor sources configured to
generate an input optical beam, a multiplexer configured to receive at least a portion of the input
optical beam and to form an intermediate optical beam, and one or more fibers configured to receive
at least a portion of the intermediate optical beam and to form the output optical beam, wherein the
output optical beam comprises one or more optical wavelengths. A measurement apparatus is
configured to receive a received portion of the output optical beam and to deliver a delivered portion
of the output optical beam to a sample, wherein the delivered portion of the output optical beam is
configured to generate a spectroscopy output beam from the sample. A receiver is configured to
receive at least a portion of the spectroscopy output beam and to process the portion of the
spectroscopy output beam to generate an output signal, wherein the receiver comprises a Fourier
transform infrared (FTIR) spectrometer or a dispersive spectrometer, and wherein at least a part of
the delivered portion of the output optical beam is at least partially transmitting through a packaging

material covering at least a part of the sample.

[0009] In yet another embodiment, a method of measuring includes generating an output
optical beam comprising generating an input optical beam from a plurality of semiconductor sources,
multiplexing at least a portion of the input optical beam and forming an intermediate optical beam,
and guiding at least a portion of the intermediate optical beam and forming the output optical beam,
wherein the output optical beam comprises one or more optical wavelengths. The method may also
include receiving a received portion of the output optical beam and delivering a delivered portion of
the output optical beam to a sample, wherein the sample comprises an organic compound with an
overtone or combinational absorption band in the wavelength range between approximately 1 micron
and approximately 2.5 microns. The method may further include generating a spectroscopy output
beam having a bandwidth of at least 10 nanometers from the sample using a Fourier transform
infrared (FTIR) spectrometer or a dispersive spectrometer, receiving at least a portion of the
spectroscopy output beam, and processing the portion of the spectroscopy output beam and

generating an output signal.

[0010] With the growing obesity epidemic, the number of individuals with diabetes is

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

[0011] 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.

[0012] 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.

[0013] 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
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communicating the monitored data to a handheld device such as a smart phone, and then wirelessly
communicating the processed data to the cloud for storing, processing, and transmitting to several

locations.

[0014] In various embodiments, a measurement system includes a light source configured to
generate an output optical beam that includes one or more semiconductor sources configured to
generate an input beam, one or more optical amplifiers configured to receive at least a portion of the
input beam and to output an intermediate beam from at least one of the one or more optical
amplifiers; and one or more optical fibers configured to receive at least a portion of the intermediate
beam and to communicate at least part of the portion of the intermediate beam to a distal end of the
one or more optical fibers to form a first optical beam. The light source may also include a nonlinear
element configured to receive at least a portion of the first optical beam and to broaden a spectrum
associated with the at least a portion of the first optical beam to at least 10nm through a nonlinear
effect in the nonlinear element to form the output optical beam with an output beam broadened
spectrum. The at least a portion of the output beam broadened spectrum comprises a near-infrared
wavelength between approximately 700nm and approximately 2500nm, and at least a portion of the
one or more fibers is a fused silica fiber with a core diameter less than approximately 400 microns.
The system may also include a measurement apparatus configured to receive a received portion of
the output optical beam and to deliver to a sample an analysis output beam, which is a delivered
portion of the output optical beam and wherein the delivered portion of the output optical beam is a
spatially coherent beam, and a receiver configured to receive and process at least a portion of the
analysis output beam reflected or transmitted from the sample having a bandwidth of at least 10
nanometers and to generate an output signal. In addition, a personal device comprising a wireless
receiver, a wireless transmitter, a display, a microphone, a speaker, one or more buttons or knobs, a
microprocessor and a touch screen may be configured to receive and process at least a portion of the
output signal, wherein the personal device is configured to store and display the processed output
signal, wherein at least a portion of the processed output signal is configured to be transmitted over a

wireless transmission link.

[0015] In another embodiment, a measurement system includes a light source comprising a

plurality of semiconductor sources configured to generate an output optical beam with one or more
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optical wavelengths, wherein at least a portion of the one or more optical wavelengths is a near-
infrared wavelength between 700 nanometers and 2500 nanometers. A measurement apparatus is
configured to receive a received portion of the output optical beam and to deliver to a sample an
analysis output beam, which is a delivered portion of the output optical beam; and a receiver is
configured to receive and process at least a portion of the analysis output beam reflected or
transmitted from the sample and to generate an output signal. The system includes a personal device
comprising a wireless receiver, a wireless transmitter, a display, a microphone, a speaker, one or
more buttons or knobs, a microprocessor and a touch screen, the personal device configured to
receive and process at least a portion of the output signal, wherein the personal device is configured
to store and display the processed output signal, and wherein at least a portion of the processed
output signal is configured to be transmitted over a wireless transmission link, and a remote device
configured to receive over the wireless transmission link a received output status comprising the at
least a portion of the processed output signal, to buffer the received output status, to process the

received output status to generate processed data and to store the processed data.

[0016] Other embodiments may include a measurement system comprising a wearable
measurement device for measuring one or more physiological parameters, including a light source
comprising a plurality of semiconductor sources configured to generate an output optical beam with
one or more optical wavelengths, wherein at least a portion of the one or more optical wavelengths is
a near-infrared wavelength between 700 nanometers and 2500 nanometers. The wearable
measurement device is configured to receive a received portion of the output optical beam and to
deliver to a sample an analysis output beam, which is a delivered portion of the output optical beam.
The wearable measurement device further comprises a receiver configured to receive and process at
least a portion of the analysis output beam reflected or transmitted from the sample and to generate
an output signal. The system also includes a personal device comprising a wireless receiver, a
wireless transmitter, a display, a microphone, a speaker, one or more buttons or knobs, a
microprocessor and a touch screen, the personal device configured to receive and process at least a
portion of the output signal, wherein the personal device is configured to store and display the
processed output signal, and wherein at least a portion of the processed output signal is configured to

be transmitted over a wireless transmission link and a remote device configured to receive over the
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wireless transmission link a received output status comprising the at least a portion of the processed
output signal, to buffer the received output status, to process the received output status to generate
processed data and to store the processed data, and wherein the remote device is capable of storing a

history of at least a portion of the received output status over a specified period of time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] 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:

[0018] FIGURE 1 shows the absorbance for two common plastics, polyethylene and
polystyrene.
[0019] FIGURE 2 illustrates one example of the difference in near-infrared spectrum

between an authentic tablet and a counterfeit tablet.

[0020] FIGURE 3 shows the second derivative of the spectral comparison of Prozac and a

similarly formulated generic.

[0021] FIGURE 4 illustrates an example of the near infrared spectra for different pure

components of a studied drug.

[0022] FIGURE 5 shows the mid-wave infrared and long-wave infrared absorption spectra

for various illicit drugs.

[0023] FIGURE 6 shows the absorbance versus wavelength in the near-infrared region for

four classes of illegal drugs.

[0024] FIGURE 7 illustrates the diffuse reflectance near-infrared spectrum of heroin
samples.
[0025] FIGURE 8 illustrates the diffuse reflectance near-infrared spectra of different seized

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

8
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[0026] HGURE 9 1istsFIGURES 9A and 9B list possible band assignments for the various

spectral features in pure heroin.

[0027] FIGURE 10 shows the diffuse reflectance near-infrared spectra of different

compounds that may be frequently employed as cutting agents.

[0028] FIGURE 11 provides one example of a flow-chart in the process analytical

technology for the pharmaceutical industry.
[0029] FIGURE 12 illustrates the typical near-infrared spectra of a variety of excipients.

[0030] FIGURE 13 exemplifies the absorbance from the blending process of a

pharmaceutical compound.

[0031] FIGURE 14 shows what might be an eventual flow-chart of a smart manufacturing
process.

[0032] FIGURE 15A illustrates the near-infrared reflectance spectrum of wheat flour.

[0033] FIGURE 15B shows the near-infrared absorbance spectra obtained in diffusion

reflectance mode for a series of whole ‘Hass’ avocado fruit.

[0034] FIGURE 16A is a schematic diagram of the basic elements of an imaging
spectrometer.
[0035] FIGURE 16B illustrates one example of a typical imaging spectrometer used in

hyper-spectral imaging systems.
[0036] FIGURE 17 shows one example of the Fourier transform infrared spectrometer.

[0037] FIGURE 18 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.

[0038] FIGURE 19 illustrates a block diagram or building blocks for constructing high

power laser diode assemblies.
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[0039] FIGURE 20 shows a platform architecture for different wavelength ranges for an all-

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

[0040] FIGURE 21 illustrates one embodiment for a short-wave infrared super-continuum

light source.

[0041] FIGURE 22 shows the output spectrum from the SWIR SC laser of FIGURE 21 when
about a 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.

[0042] 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).

[0043] FIGURE 24 schematically shows a medical measurement device as 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.

DETAILED DESCRIPTION

[0044] 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
limiting, but merely as a representative basis for teaching one skilled in the art to variously employ

the present disclosure.

[0045] 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

10
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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.

[0046] 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.

[0047] 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.
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[0048] 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.

[0049] 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 the light source, or by using a broadband light source

and analyzing the signal using a spectrometer, wavemeter, or optical spectrum analyzer.

[0050] 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
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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.

[0051] 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.

[0052] As wused 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.

[0053] 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.

13

Petitioner Apple Inc. - Ex. 1002, p. 260



OMNI 0105 PUSP1

[0054] 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.

IDENTIFICATION OF COUNTERFEIT DRUGS

[0055] 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.”

[0056] 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
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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.

[0057] 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.

[0058] 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 there are
large wavelength windows where the plastics are transparent. FIGURE 1 illustrates the absorbance
100 for two common plastics: polyethylene 101 and polystyrene 102. 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=0, 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
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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.

[0059] 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.

[0060] FIGURE 2 illustrates one example of the difference in near-infrared spectrum 200
between an authentic tablet and a counterfeit tablet. Two grades of film coated tablets comprising
drugs were investigated: curve 201 is the genuine drug, while 202 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.

[0061] 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, FIGURE 3
shows the second derivative 300 of the spectral comparison of Prozac 301 and a similarly formulated
generic 302, 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.
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[0062] 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.

[0063] FIGURE 4 shows an example of the near-infrared spectra 400 for different pure
components of a studied drug. The spectrum for the active pharmaceutical ingredient (API) 401 is
plotted, along with the spectra for five different excipients 402, 403, 404, 405 and 406. 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 4
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.

RAPID SCREENING FOR ILLICIT DRUGS

[0064] Thus, FIGURES 2-4 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,
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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 5
shows the mid-wave infrared and long-wave infrared absorption spectra 500 for various illicit drugs.
The absorbance for cocaine 501, methamphetamine 502, MDMA (ecstasy) 503, and heroin 504 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 h