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

P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
17/260,664 03/08/2022 11266345 046905/554252 1082
826 7590 02/16/2022
ALSTON & BIRD LLP
ONE SOUTH AT THE PLAZA
101 SOUTH TRYON STREET
SUITE 4000

CHARLOTTE, NC 28280-4000

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

INVENTORC(S) (Please see PAIR WEB site http://pair.uspto.gov for additional inventors):

Guennadi SAIKO, Mississauga, CANADA;
Kenneth MACKO, Toronto, CANADA;
Andrei BETLEN, Pickering, CANADA;

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Swift Medical Inc., Toronto, CANADA;

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 USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

826 7590 11/03/2021 Certificate of Mailing or Transmission

ALSTON & BIRD LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
ONE SOUTH AT THE PLAZA addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
101 SOUTH TRYON STREET the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
SUITE 4000 (Typed or printed name)
CHARLOTTE, NC 28280-4000 Signature)
(Date)|
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

17/260,664 01/15/2021 Guennadi SAIKO 046905/554252 1082

TITLE OF INVENTION: APPARATUS FOR VISUALIZATION OF TISSUE

| APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 02/03/2022
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
ABOUELELA, MAY A 3791 600-306000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys Alston & Bird LLP
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of upto 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address" indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

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

|95}

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Swift Medical Inc. Toronto, CANADA

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual @ Corporation or other private group entity (] Government

4a. Fees submitted: Klissue Fee (JPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

X Etectronic Payment via EFS-Web (] Enclosed check (] Non-electronic payment by credit card (Attach form PTO-2038)
X The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 160605

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature __/Christopher P. Lightner/ Date 2022-01-19
Typed or printed name _Christopher P. Lightner Registration No. 62156
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number: 17260664

Filing Date: 15-Jan-2021

Title of Invention: APPARATUS FOR VISUALIZATION OF TISSUE
First Named Inventor/Applicant Name: Guennadi SAIKO

Filer: Christopher Patrick Lightner/Grace Caffey
Attorney Docket Number: 046905/554252

Filed as Large Entity

Filing Fees for U.S. National Stage under 35 USC 371

Description Fee Code Quantity Amount Suz—;l'g(t;)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1200 1200

Petitioner's Exhibit 1002
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Description Fee Code Quantity Amount Suz';;(t:)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1200
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Electronic Acknowledgement Receipt

EFS ID: 44778976
Application Number: 17260664
International Application Number:
Confirmation Number: 1082

Title of Invention:

APPARATUS FOR VISUALIZATION OF TISSUE

First Named Inventor/Applicant Name:

Guennadi SAIKO

Customer Number:

826

Filer:

Christopher Patrick Lightner/Grace Caffey

Filer Authorized By:

Christopher Patrick Lightner

Attorney Docket Number: 046905/554252
Receipt Date: 19-JAN-2022
Filing Date: 15-JAN-2021
Time Stamp: 15:47:40

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $1200

RAM confirmation Number

E202211F47574475

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Petitioner's Exhibit 1002
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
117163
1 Issue Fee Payment (PTO-85B) 2022-01-1 9_554t25j:cssueFeePa no 1
ymen p 02756699c70e27268ecaed9c729%a53a98a5|
a07fe
Warnings:
Information:
37751
2 Fee Worksheet (SB06) fee-info.pdf no 2
9ddf68aSaec57a20518922b273aec4a194e|
ag93e
Warnings:
Information:
Total Files Size (in bytes){ 154914

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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DocuSign Envelope ID: DCDE4317-400A-4229-A2DB-C09D7CF769D7

Attorney Docket: 046905/554252

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN
APPLICATION USING AN APPLICATION DATA SHEET (37 CFR 1.76)

Title of

. APPARATUS FOR VISUALIZATION OF TISSUE
Invention

As the below named inventor, I hereby declare that:
This declaration is directed to:
] The attached application, or

X United States application or PCT international application number 17/260,664
filed on January 15, 2021.

The above-identified application was made or authorized to be made by me.

I believe that I am the original inventor or an original joint inventor of a claimed
invention in the application.

I hereby acknowledge that any willful false statement made in this declaration is
punishable under 18 U.S.C. 1001 by fine or imprisonment of not more than five (5) years, or
both.

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

I acknowledge the duty to disclose information which is material to patentability as
defined in 37 CFR 1.56, including for continuation-in-part applications, material information
which became available between the filing date of the prior application and the national or PCT
international filing date of the continuation-in-part application.

WARNING: Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a
check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an
application. If this type of personal information is included in documents submitted to the USPTO, petitioners/applicants should consider
redacting such personal information from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record
of a patent application is available to the public after publication of the application (unless a non-publication request in compliance with 37 CFR
1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the
public if the application is referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization
forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Guennadi SAIKO Citizenship: Canada

A DesuSigned by

‘ Gommadi Sas

§
T A S LSS

Signature: / / Date (Optional):

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must
accompany this form. Use an additional PTO/AIA/01 form for each additional inventor.

LEGAL02/40362977v1
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DocuSign Envelope ID: DCDE4317-400A-4229-A2DB-C09D7CF769D7

Attorney Docket: 046905/554252

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN
APPLICATION USING AN APPLICATION DATA SHEET (37 CFR 1.76)

Title of

. APPARATUS FOR VISUALIZATION OF TISSUE
Invention

As the below named inventor, I hereby declare that:
This declaration is directed to:
] The attached application, or

X United States application or PCT international application number 17/260,664
filed on January 15, 2021.

The above-identified application was made or authorized to be made by me.

I believe that I am the original inventor or an original joint inventor of a claimed
invention in the application.

I hereby acknowledge that any willful false statement made in this declaration is
punishable under 18 U.S.C. 1001 by fine or imprisonment of not more than five (5) years, or
both.

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

I acknowledge the duty to disclose information which is material to patentability as
defined in 37 CFR 1.56, including for continuation-in-part applications, material information
which became available between the filing date of the prior application and the national or PCT
international filing date of the continuation-in-part application.

WARNING: Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a
check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an
application. If this type of personal information is included in documents submitted to the USPTO, petitioners/applicants should consider
redacting such personal information from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record
of a patent application is available to the public after publication of the application (unless a non-publication request in compliance with 37 CFR
1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the
public if the application is referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization
forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

.- . Canada
Citizenship:

Inventor: Kenneth MACKO

e BocuSigred by

cnnttle Marks /  Date (Optional):

RIS

Signature: /

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must
accompany this form. Use an additional PTO/AIA/01 form for each additional inventor.

LEGAL02/40362977v1
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DocuSign Envelope ID: DCDE4317-400A-4229-A2DB-C09D7CF769D7

Attorney Docket: 046905/554252

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN
APPLICATION USING AN APPLICATION DATA SHEET (37 CFR 1.76)

Title of

. APPARATUS FOR VISUALIZATION OF TISSUE
Invention

As the below named inventor, I hereby declare that:
This declaration is directed to:
] The attached application, or

X United States application or PCT international application number 17/260,664
filed on January 15, 2021.

The above-identified application was made or authorized to be made by me.

I believe that I am the original inventor or an original joint inventor of a claimed
invention in the application.

I hereby acknowledge that any willful false statement made in this declaration is
punishable under 18 U.S.C. 1001 by fine or imprisonment of not more than five (5) years, or
both.

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

I acknowledge the duty to disclose information which is material to patentability as
defined in 37 CFR 1.56, including for continuation-in-part applications, material information
which became available between the filing date of the prior application and the national or PCT
international filing date of the continuation-in-part application.

WARNING: Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a
check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an
application. If this type of personal information is included in documents submitted to the USPTO, petitioners/applicants should consider
redacting such personal information from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record
of a patent application is available to the public after publication of the application (unless a non-publication request in compliance with 37 CFR
1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the
public if the application is referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization
forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Andrei BETLEN Citizenship: Canada

g BocuSigeed by

e
//’?r éé‘."ﬂ[,@ Date (Optional):

TSR A

Signature: /

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must
accompany this form. Use an additional PTO/AIA/01 form for each additional inventor.

LEGAL02/40362977v1
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Electronic Acknowledgement Receipt

EFS ID: 44763889
Application Number: 17260664
International Application Number:
Confirmation Number: 1082

Title of Invention:

APPARATUS FOR VISUALIZATION OF TISSUE

First Named Inventor/Applicant Name:

Guennadi SAIKO

Customer Number:

826

Filer:

Christopher Patrick Lightner/Grace Caffey

Filer Authorized By:

Christopher Patrick Lightner

Attorney Docket Number: 046905/554252
Receipt Date: 18-JAN-2022
Filing Date: 15-JAN-2021
Time Stamp: 13:36:58

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
174562
2022-01-18_554252Declaration
1 df yes 3
S-p 0dce20eb2dc46bf982aaBb2bad9e873eal3|

foéc1
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Multipart Description/PDF files in .zip description
Document Description Start End

Oath or Declaration filed 1 1

Oath or Declaration filed 2 2

Oath or Declaration filed 3 3
Warnings:
Information:

Total Files Size (in bytes){ 174562

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

Petitioner's Exhibit 1002
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No.: 17/260,664 Confirmation No.: 1082
Applicant(s): Saiko, et al.
Filed: January 15, 2021

Art Unit: 3791
Examiner: Abouelela, May A.
Title: APPARATUS FOR VISUALIZATION OF TISSUE

Docket No.:  046905/554252
Customer No.: 00826

Submitted via EFS-Web
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO NOTIFICATION TO FILE CORRECTED APPLICATION PAPERS

In response to the Notification to File Corrected Application Papers mailed November
10, 2021, please amend the above-identified application as follows:

Amendments to the Drawings are reflected on page 2 of this paper and in the
Replacement Sheet attached herewith.

Remarks begin on page 3 of this paper.

An Appendix containing a single Replacement Sheet is attached following page 3 of
this paper.

A copy of the Notice to File Corrected Application Papers is also attached for reference.

LEGAL02/41339458v1
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REPLACEMENT SHEET
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450
WAYW.USPLO goy

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR [ ATTORNEY DOCKET NO. | CONFIRMATION NO. |
17/260.664 01/15 2021 Guennadi SAIKO 046905/554252 1082
826 7390 111072021
EXAMINER
ALSTON & BIRD LLP I I
ONE SOUTH AT THE PLAZA ABOUELELA. MAY A
101 SOUTH TRYON STREET
SUITE 4000 I ART UNIT I PAPER NUMBER I

CHARLOTTE, NC 28280-4000

3791

I NOTIFICATION DATE I DELIVERY MODE

11/10/2021 ELECTRONIC
Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

usptomail@alston.com

PTOL-90A (Rev. 04 07)
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Application No. : 17260664
Applicant : Saiko
Filing Date : 01/15/2021
Date Mailed : 11/10/2021

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Notice of Allowance Mailed

This application has been accorded an Allowance Date and is being prepared for issuance. The
application, however, is incomplete for the reasons below.

Applicant is given two (2) months from the mail date of this Notice within which to respond. This
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS.

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the
abstract, specification (including claims) or drawings, the informality must be corrected with an
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR
1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of
informalities noted herein. See Waiver of 37 CFR 1.312 for Documents Required by the Office of Patent
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(1)(iv), “all outstanding
requirements” will be considered to have been satisfied when the informality has been corrected. A
failure to respond within the above-identified time period will result in the application being
ABANDONED.

See attachment(s).

A copy of this notice MUST be returned with the reply. Please address response to
“Mail Stop Issue Fee, Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450".

/Anita Grimmage/
Publication Branch

Office of Data Management
(571) 272-4200

Petitioner's Exhibit 1002
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Application No. 17260664 Drawings filed: 01/15/2021

S OO OO 0DoOU OO0 0o

o O oo

IDENTIFICATION OF DRAWING DEFICIENCIES

There is a hole or the image thereof within the illustration. FIG(s)

The illustration is penetrated or traversed by a solid or broken line that is not intended to be part of the
drawing, such as a dark line caused by a flaw in the copying process. FIG(s)

An ink stamp or the image thereof obscures part of the illustration. FIG(s)

The drawing is marred by black smudges, obliterations, or fax/copier marks (for example, speckles or dots
in a substantial portion of the drawing). FIG(s)

Figure numbers are duplicated or missing. FIG(s)
Drawing sheet or figure is missing. FIG(s)

Numbers, letters, or reference characters in the drawing have been crossed out or are illegibly handwritten.
FIG(s)

The character of the lines, numbers, and letters is poor. FIG(s)

The drawing's background shows that the original drawing was made on graph paper or other paper with a
pattern or decoration. FIG(s)

The FIG. number label is placed in a location that causes the drawing to be read upside down. FIG(s)

Data, a reference number, or part of the drawing is truncated or missing, or a lead line has no reference
number. FIG(s)

The drawing and/or the FIG. label contain(s) foreign language. FIG(s)

This utility application contains a photograph of a view that is capable of being illustrated as a line drawing.
FIG(s) 8

A petition under 37 CFR 1.84(a)(2) to accept color drawings has been granted, but the brief description of
the drawings in the specification does not contain (or has not been amended to contain) the paragraph

required by 37 CFR 1.84(a)(2)(iii).

This reissue application contains added and/or amended drawings that are not labeled as “New” or
“Amended” or “Canceled” as required by 37 CFR 1.173(b)(3). FIG(s)

This Design reissue application contains a drawing that is labeled as “Canceled” but is not surrounded by
brackets, or a drawing that is surrounded by brackets but is not labeled as “Canceled.” See 37 CFR
1.173(b)(3). FIG(s)

OTHER:

COMMENTS:

Petitioner's Exhibit 1002
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Electronic Acknowledgement Receipt

EFS ID: 44708154
Application Number: 17260664
International Application Number:
Confirmation Number: 1082
Title of Invention: APPARATUS FOR VISUALIZATION OF TISSUE
First Named Inventor/Applicant Name: Guennadi SAIKO
Customer Number: 826
Filer: Christopher Patrick Lightner/Grace Caffey
Filer Authorized By: Christopher Patrick Lightner
Attorney Docket Number: 046905/554252
Receipt Date: 10-JAN-2022
Filing Date: 15-JAN-2021
Time Stamp: 16:36:24
Application Type: U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)

273528

2022-01-10_554252ResponseN

TFCAP pdf yes /

5a1d9ca804b9dd71180e1b0c1 14c32384af|
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Multipart Description/PDF files in .zip description
Document Description Start End

Applicant Response to Pre-Exam Formalities Notice 1 1

Drawings-only black and white line drawings 2 2

Applicant Arguments/Remarks Made in an Amendment 3 3

Drawings-only black and white line drawings 4 4

Miscellaneous Incoming Letter 5 7

Warnings:
Information:
Total Files Size (in bytes){ 273528

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Appl No.: 17/260,664
Amdt. dated January 10, 2022

Amendments to the Drawings:

Please amend the originally filed drawings with the attached Replacement Sheet.
Applicant respectfully submits that no new matter has been introduced herewith. Instead, the
Replacement Sheet merely formalizes the previously photographic nature of Figure 8, as
highlighted in the received Notice. Entry of this Replacement Sheet is thus respectfully

requested.

LEGAL02/41339458v1
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Appl No.: 17/260,664
Amdt. dated January 10, 2022

REMARKS

In response to the Notification to File Corrected Application Papers, please amend the
originally filed drawings with the attached Replacement Sheet. Applicant respectfully submits
that no new matter has been introduced herewith. Instead, the Replacement Sheet merely
formalizes the previously photographic nature of Figure 8, as highlighted in the received Notice.
Entry of this Replacement Sheet is thus respectfully requested, and Applicant respectfully
submits that the same fully addresses and overcomes all the issues raised in the received
Notification to File Corrected Application Papers.

It is not believed that extensions of time or fees for net addition of claims are required,
beyond those that may otherwise be provided for in documents accompanying this paper.
However, in the event that additional extensions of time are necessary to allow consideration of
this paper, such extensions are hereby petitioned under 37 CFR § 1.136(a), and any fee required
therefor (including fees for net addition of claims) is hereby authorized to be charged to Deposit

Account No. 16-0605.

Respectfully submitted,

/Christopher P. Lightner/

Christopher P. Lightner
Registration No. 62,156

CUSTOMER NO. 00826

ALSTON & BIRD LLP

Bank of America Plaza

101 South Tryon Street, Suite 4000
Charlotte, NC 28280-4000

Tel Atlanta Office (404) 881-7000

Fax Atlanta Office (404) 881-7777

ELECTRONICALLY FILED USING THE EFS-WEB ELECTRONIC FILING SYSTEM OF THE UNITED STATES PATENT &
TRADEMARK OFFICE ON January 10, 2022,

LEGAL02/41339458v1
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450
WAYW.USPLO goy

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR [ ATTORNEY DOCKET NO. | CONFIRMATION NO. |
17/260.664 01/15 2021 Guennadi SAIKO 046905/554252 1082
826 7390 111072021
EXAMINER
ALSTON & BIRD LLP I I
ONE SOUTH AT THE PLAZA ABOUELELA. MAY A
101 SOUTH TRYON STREET
SUITE 4000 I ART UNIT I PAPER NUMBER I

CHARLOTTE, NC 28280-4000

3791

I NOTIFICATION DATE I DELIVERY MODE

11/10/2021 ELECTRONIC
Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

usptomail@alston.com

PTOL-90A (Rev. 04 07)
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Application No. : 17260664
Applicant : Saiko
Filing Date : 01/15/2021
Date Mailed : 11/10/2021

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Notice of Allowance Mailed

This application has been accorded an Allowance Date and is being prepared for issuance. The
application, however, is incomplete for the reasons below.

Applicant is given two (2) months from the mail date of this Notice within which to respond. This
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS.

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the
abstract, specification (including claims) or drawings, the informality must be corrected with an
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR
1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of
informalities noted herein. See Waiver of 37 CFR 1.312 for Documents Required by the Office of Patent
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(1)(iv), “all outstanding
requirements” will be considered to have been satisfied when the informality has been corrected. A
failure to respond within the above-identified time period will result in the application being
ABANDONED.

See attachment(s).

A copy of this notice MUST be returned with the reply. Please address response to
“Mail Stop Issue Fee, Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450".

/Anita Grimmage/
Publication Branch

Office of Data Management
(571) 272-4200
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Application No. 17260664 Drawings filed: 01/15/2021

S OO OO 0DoOU OO0 0o

o O oo

IDENTIFICATION OF DRAWING DEFICIENCIES

There is a hole or the image thereof within the illustration. FIG(s)

The illustration is penetrated or traversed by a solid or broken line that is not intended to be part of the
drawing, such as a dark line caused by a flaw in the copying process. FIG(s)

An ink stamp or the image thereof obscures part of the illustration. FIG(s)

The drawing is marred by black smudges, obliterations, or fax/copier marks (for example, speckles or dots
in a substantial portion of the drawing). FIG(s)

Figure numbers are duplicated or missing. FIG(s)
Drawing sheet or figure is missing. FIG(s)

Numbers, letters, or reference characters in the drawing have been crossed out or are illegibly handwritten.
FIG(s)

The character of the lines, numbers, and letters is poor. FIG(s)

The drawing's background shows that the original drawing was made on graph paper or other paper with a
pattern or decoration. FIG(s)

The FIG. number label is placed in a location that causes the drawing to be read upside down. FIG(s)

Data, a reference number, or part of the drawing is truncated or missing, or a lead line has no reference
number. FIG(s)

The drawing and/or the FIG. label contain(s) foreign language. FIG(s)

This utility application contains a photograph of a view that is capable of being illustrated as a line drawing.
FIG(s) 8

A petition under 37 CFR 1.84(a)(2) to accept color drawings has been granted, but the brief description of
the drawings in the specification does not contain (or has not been amended to contain) the paragraph

required by 37 CFR 1.84(a)(2)(iii).

This reissue application contains added and/or amended drawings that are not labeled as “New” or
“Amended” or “Canceled” as required by 37 CFR 1.173(b)(3). FIG(s)

This Design reissue application contains a drawing that is labeled as “Canceled” but is not surrounded by
brackets, or a drawing that is surrounded by brackets but is not labeled as “Canceled.” See 37 CFR
1.173(b)(3). FIG(s)

OTHER:

COMMENTS:

Petitioner's Exhibit 1002
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

826 7590 11/03/2021 | EXAMINER |
ALSTON & BIRD LLP ABOUELELA, MAY A
ONE SOUTH AT THE PLAZA
101 SOUTH TRYON STREET | ARTUNIT PAPERNUMBER |
SUITE 4000 3791

CHARLOTTE, NC 28280-4000 DATE MAILED: 11/03/2021

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

17/260.,664 01/15/2021 Guennadi SAIKO 046905/554252 1082

TITLE OF INVENTION: APPARATUS FOR VISUALIZATION OF TISSUE

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 02/03/2022

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3

PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

826 7590 11/03/2021 Certificate of Mailing or Transmission

ALSTON & BIRD LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
ONE SOUTH AT THE PLAZA addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
101 SOUTH TRYON STREET the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
SUITE 4000 (Typed or printed name)
CHARLOTTE, NC 28280-4000 Signature)
(Date)|
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

17/260,664 01/15/2021 Guennadi SAIKO 046905/554252 1082

TITLE OF INVENTION: APPARATUS FOR VISUALIZATION OF TISSUE

| APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 02/03/2022
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
ABOUELELA, MAY A 3791 600-306000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of upto 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address" indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

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

|95}

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual [ Corporation or other private group entity (] Government

4a. Fees submitted: [MIssue Fee (JPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Blectronic Payment via EFS-Web (] Enclosed check (] Non-electronic payment by credit card (Attach form PTO-2038)

[ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

I APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/260,664 01/15/2021 Guennadi SAIKO 046905/554252 1082
826 7590 11/03/2021 | EXAMINER |
ALSTON & BIRD LLP ABOUELELA, MAY A
ONE SOUTH AT THE PLAZA
101 SOUTH TRYON STREET | ART UNIT PAPERNUMBER |
SUITE 4000 3791

CHARLOTTE, NC 28280-4000 DATE MAILED: 11/03/2021

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3

PTOL-85 (Rev. 02/11)
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IApplication No. [Applicant(s)

. .. 17/260,664 iGuennadi SAIKO
Notice Requiring Inventor’s
Oath or Declaration Examiner [Art Unit
IABOUELELA, MAY A 3791

This notice is an attachment to the Notice of Allowability (PTOL-37), or the Notice of Allowability For A Design
Application (PTOL-37D).

An inventor’s oath or declaration in compliance with 37 CFR 1.63 or 1.64 executed by or with respect to each
inventor has not yet been submitted.

An oath or declaration in compliance with 37 CFR 1.63, or a substitute statement in compliance with 37 CFR 1.64,
executed by or with respect to each inventor (for any inventor for which a compliant oath, declaration, or substitute
statement has not yet been submitted) MUST be filed no later than the date on which the issue fee is paid. See 35
U.S.C. 115(f). Failure to timely comply will result in ABANDONMENT of this application.

A properly executed inventor’s oath to declaration has not been received for the following inventor(s):

If applicant previously filed one or more oaths, declarations, or substitute statements, applicant may have received
an informational notice regarding deficiencies therein.

The following deficiencies are noted:

INFORMAL ACTION PROBLEMS
* Properly executed inventor's oath or declaration for the following inventor(s) has not been submitted: Guennadi
SAIKO, Kenneth MACKO, and Andrei BETLEN

Questions relating to this Notice should be directed to the Application Assistance Unit at 571-272-4200.

U.S. Patent and Trademark Office
PTO-2306 (01-13) Notice Requiring Inventor’s Oath or Declaration
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes 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, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
. » 17/260,664 SAIKO et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
MAY A ABOUELELA 3791 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4) This communication is responsive to 10/12/2021.
[J A declaration(s)affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 22-41 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:
a) JAIl b) (J Some* ¢) [J None of the:
1. [0 Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

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

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

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

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front {(not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

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

Attachment(s)

1.} Notice of References Cited (PTO-892) 5. (¥} Examiner's Amendment/Comment

2.0 Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. ¥} Other ANE.

of Biological Material
4.[V) Interview Summary (PTO-413),
Paper No./Mail Date. 10/19/2021.
IMAY A ABOUELELA/
Primary Examiner, Art Unit 3791

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20211019
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Notice of Pre-AIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

EXAMINER’S AMENDMENT
2. Authorization for this examiner's amendment was given in an interview with

CHRISTOPHER P. LIGHTNER on 10/19/2021.

The claims should be amended as follows:

Claim 22 should be amended as follow:

22. (Currently Amended) A portable illumination apparatus for facilitating visualizations
of tissue, the apparatus comprising:

a portable housing for detachable attachment proximal to an image capturing unit; and
an illumination unit comprising one or more narrow band light sources configured to

shine m flashes of light on a target area of the tissue at n predetermined

wavelengths, wherein: n/4 <m <n; and m is ke a number of light flashes in one cycle

and n is the a number of wavelengths.

Claim 23 should be amended as follow:

23. (Currently Amended) The portable illumination apparatus of claim 22, wherein the
illumination unit further comprises a lens covering the one or more light sources, the
lens having a focal length that is 80%-120% of a working distance between the

illumination unit and & the target area of the tissue.
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Claim 28 should be amended as follow:

28. (Previously Presented) The illumination apparatus according to claim 22, wherein
the portable housing comprises a compression clip or a spring clip for mounting the

apparatus on a-+roebile-device-aleng at least one edge of the a mobile device and

proximal to a camera of the mobile device.

Claim 29 should be amended as follow:

29. (Currently Amended) A tissue imaging system for visualizing of tissue health
indicators, the system comprising: a portable computing device, an image capture unit,
and an illumination unit, wherein: the illumination unit comprises one or more narrow

band light sources configured to shine m flashes of light on a target area of the tissue

at n predetermined wavelengths, wherein n/4 <m < n; and wherein m is the a number of
light flashes in one cycle and n is the a number of wavelengths;

the image capture unit and the illumination unit are configured to capture measurement
data for a the target area of the tissue; and

the computing device comprises a processor configured to access and execute
instructions in accordance with a tissue visualization application stored in a non-
transitory computer-readable memory of the computing device, for capturing
measurement data, and pre-processing and processing the measurement data to

generate the tissue health indicators.
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Claim 34 should be amended as follow:

34. (Currently Amended) A method for generating visualizations of tissue, the method
comprising:

positioning a computing device at a proper distance from a target area of the tissue for
capturing an image of the target area, the computing device comprising a processor and
a non- transitory computer-readable memory storing computer-executable instructions
comprising a tissue visualization application;

capturing measurement data using an image capturing unit and an illumination unit, the
image capturing unit and the illumination unit communicatively coupled to the computing

device and the illumination unit configured to shine m flashes of light on the target

area of the tissue at n predetermined wavelengths during capturing of the

measurement data, wherein n/4 < m < n; and wherein m is the a number of light flashes
in one cycle and n is the a number of wavelengths;

pre-processing the measurement data using the tissue visualization application to
obtain reflectance images;

extracting indications of tissue health indicators from the pre-processed measurement
data;

generating interface elements corresponding to the visualization tissue health
indicators; and

at least one of storing or transmitting the extracted indications of the tissue health

indicators.
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Claim 38 should be amended as follow:

38. (Currently Amended) The method according to claim 34, wherein pre-processing
comprises at least one of:

(i) registering images to avoid camera motion artifacts,

(i) subtracting images with no illumination from the illumination unit from images with
illumination from the illumination unit to account for the a presence of ambient light,
(iii) recalibrating each measurement accordingly to control parameters related to
intensity of illumination using a self-reference object positioned within the target area,
(iv) dividing the captured images on reference images to obtain reflectance images, or

(v) flattening the reflectance images to account for reflections from curved surfaces.

Claim 39 should be amended as follow:

39. (Currently Amended) The method according to claim 34, wherein exposure time of

the image capturing unit is T and a flash time is said T or any whele-rumber multiple of

said T.
Allowable Subject Matter
3. Claims 22-41 are allowed.
4, The following is an examiner's statement of reasons for allowance: the most

pertinent art does not teach, disclose and/or fairly suggest a tissue imaging system for
visualizing of tissue health indicators, the system comprising: a portable computing
device, an image capture unit, and an illumination unit, wherein: the illumination unit

comprises one or more narrow band light sources configured to shine m flashes of light
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on atarget area of the tissue at n predetermined wavelengths, wherein n/4 <m <n; and
wherein mis a number of light flashes in one cycle and nis a number of wavelengths.
Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MAY A ABOUELELA whose telephone number is
(671)270-7917. The examiner can normally be reached 8-5.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, JACQUELINE CHENG can be reached on 5712725596. The fax phone
number for the organization where this application or proceeding is assigned is 571-

2

7 Information regarding the status of published or unpublished applications may be
Bbtained from Patent Center. Unpublished application information in Patent Center is
available to registered users. To file and manage patent submissions in Patent Center,
@isit: https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-

3

0
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center for more information about Patent Center and
https://www.uspto.gov/patents/docx for information about filing in DOCX format. For
additional questions, contact the Electronic Business Center (EBC) at 866-217-9197
(toll-free). If you would like assistance from a USPTO Customer Service
Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/MAY A ABOUELELA/
Primary Examiner, Art Unit 3791
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. ayx . i A AlA (First | t P:
Examiner-initiated Interview Summary E’f\'(“ An:rBOU ELELA Urntit to Fi(le;r;tatn:: " 9
3791 Yes 1o0f1

MAY A ABOUELELA Primary Examiner Telephonic
CHRISTOPHER P. LIGHTNER Attorney of Record

Date of Interview: 19 October 2021

Issues Discussed:

35U.8.C. 112

Applicant and Examiner discussed the claims set mailed on 10/12/2021. Applicant and Examiner
discussed the claim language with respect to the applied prior art and the disclosure. Applicant and
Examiner discussed proposed claim amendments represented by the Examiner to overcome 112
rejection. The Applicant has authorized the Examiner to amend the claims.

/MAY A ABOUELELA/
Primary Examiner, Art Unit 3791

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

Applicant recordation instructions:It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete
and proper recordation including the identification of the general thrust of each argument or issue discussed, a general
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the
interview, to include an indication as to whether or not agreement was reached on the issues raised.

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20211019
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Receipt date: 10/12/2021 17/260,664 - GAU: 3781

PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No.: 17/260,664 Confirmation No.: 1082
Applicant(s): Saiko, et al.
Filed: January 15, 2021

Art Unit: 3791
Examiner: Abouelela, May A.
Title: APPARATUS FOR VISUALIZATION OF TISSUE

Docket No.:  046905/554252

Customer No.: 00826
OR TO ENTER: /M.A.A&/

Submitted via EFS-Web

Commissioner for Patents 10/18/2021
P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT UNDER 37 CFR § 1.111

In response to the Office Action dated July 12, 2021 please amend the above-identified
application as follows:

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

Remarks/Arguments begin on page 7 of this paper.

LEGAL02/40815550v1
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No.: 17/260,664 Confirmation No.: 1082
Applicant(s): Saiko, et al.
Filed: January 15, 2021

Art Unit: 3791
Examiner: Abouelela, May A.
Title: APPARATUS FOR VISUALIZATION OF TISSUE

Docket No.:  046905/554252
Customer No.: 00826

Submitted via EFS-Web
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT UNDER 37 CFR § 1.111

In response to the Office Action dated July 12, 2021 please amend the above-identified
application as follows:

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

Remarks/Arguments begin on page 7 of this paper.
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Appl. No. 17/260,664
Response dated October 12, 2021

AMENDMENTS TO THE CLAIMS

1-21. (Cancelled)

22, (Currently Amended) A portable illumination apparatus for facilitating visualizations of
tissue, the apparatus comprising:
a portable housing for detachable attachment proximal to an image capturing unit; and
an illumination unit comprising one or more narrow band light sources configured to shine
m flashes at n predetermined wavelengths,
wherein;
/4 <m <n; and

m is the number of flashes in one cycle and n is the number of wavelengths.

23, (Currently Amended) The portable illumination apparatus of claim 22, wherein the
illumination unit further comprises a lens covering the one or more light sources, the lens having
a focal length that is 80%-120% of a working distance between the illumination unit and a target

area of the tissue.

24, (Currently Amended) The portable illumination apparatus according to claim 22, wherein
the one or more light sources is configured to provide flashes that are at least one of:
(1) 405+10nm wavelength, and having at least one of: (a) a long pass filter with a cut-on
wavelength of 450+25nm or (b) a bandpass filter with transmission in a 425nm-1000nm range,
(i1) two wavelengths in a 450nm-750nm range, at least one of which in a the green range,
(iii) three wavelengths in a 450nm-750nm range, at least one of which in the green range,
or

(iv) 970+10nm wavelength.

25. (Previously Presented) The portable illumination apparatus according to claim 22, wherein
the illumination unit further comprises at least one of’

(1) a controller to control illumination of the one or more light sources, or
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(i1) a rechargeable battery for powering the apparatus.

26.  (Currently Amended) The illumination apparatus according to claim 22, wherein the one

or more light sources are arranged about a central aperture of the illumination unit, the central

aperture having a radius of 0.5-3cm.

27.  (Previously Presented) The illumination apparatus of claim 26, wherein the one or more

light sources are arranged in a ring having a radius of 1.5-6¢cm.

28. (Previously Presented) The illumination apparatus according to claim 22, wherein the
portable housing comprises a compression clip or a spring clip for mounting the apparatus on a
mobile device along at least one edge of the mobile device and proximal to a camera of the mobile

device.

29.  (Currently Amended) A tissue imaging system for visualizing visualization—of tissue
health indicators, the system comprising:
a portable computing device,
an image capture unit, and
an illumination unit,
wherein:
the illumination unit comprises one or more narrow band light sources configured

to shine m flashes at n predetermined wavelengths, wherein n/4 <m < n, and wherein m

is the number of flashes in one cycle and n is the number of wavelengths:

the image capture unit and the illumination unit are configured to capture
measurement data for a target area of the tissue; and

the computing device comprises a processor configured to access and execute
instructions in accordance with a tissue visualization application stored in a non-transitory
computer-readable memory of the computing device, for capturing measurement data, and
pre-processing and processing the measurement data to generate the tissue health

indicators.
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30. (Previously Presented) The tissue imaging system of claim 29, wherein the computing
device comprises a mobile device and the image capture unit is a camera integrated with the mobile

device.

31 (Currently Amended) The tissue imaging system according to claim 29, wherein the

illumination unit comprises:

a portable housing for detachable attachment proximal to the an image capturing unit;-and

whereinn/d<m<n.
32. (Previously Presented) The tissue imaging system according to claim 29, wherein the
portable illumination unit further comprises a wireless communication module for receiving

commands from the computing device.

33. (Currently Amended) A tissue visualization system operatively connected to one or more
tissue imaging systems according to claim 29, comprising a communications module for
communicating with the one or more tissue imaging systems, a system processor, and system non-
transitory computer-readable memory thereon, configured to receive the measurement data and
the tissue health indicators from the one or more tissue imaging systems and to generate a
visualization of tissue health indicators of tissue images received from the one or more tissue

imaging systems, for display to a user display unit.

34,  (Currently Amended) A method for generating visualizations of tissue, the method
comprising:

positioning a computing device at a proper distance from a target area of the tissue for
capturing an image of the target area, the computing device comprising a processor and a non-
transitory computer-readable memory storing computer-executable instructions comprising a

tissue visualization application;
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capturing measurement data using an image capturing unit and an illumination unit, the
image capturing unit and the illumination unit communicatively coupled to the computing device
and the illumination unit configured to shine m flashes at n predetermined wavelengths during

capturing of the measurement data, wherein n/4 <m <n, and wherein m is the number of flashes

in one cycle and n is the number of wavelengths;

pre-processing the measurement data using the tissue visualization application to obtain
reflectance normalized images;

extracting indications of tissue health indicators from the pre-processed measurement data;

generating interface elements corresponding to the visualization tissue health indicators;
and

at least one of storing or transmitting the extracted indications of the tissue health

indicators.

35. (Previously Presented) The method of claim 34 further comprising, prior to capturing the
measurement data, capturing a reference image, wherein the positioning the computing device for
the reference image capturing comprises positioning the computing device using a reference

object.

36. (Previously Presented) The method of claim 34, wherein the illumination unit and the
computing device are configured to provide a working distance of 15+5cm from the target area of

tissue.

37. (Previously Presented) The method of claim 36, wherein the positioning of the computing
device for capturing the measurement data comprises positioning the computing device using a

self-reference object.

38. (Currently Amended) The method according to claim 34, wherein pre-processing
comprises at least one of:

(i) registering images to avoid camera motion artifacts,
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(ii) subtracting images with no illumination from the illumination unit from images with
illumination from the illumination unit to account for the presence of ambient light,

(iii) recalibrating each measurement accordingly to control parameters related to intensity
of illumination using a self-reference object positioned within the target area,

(iv) dividing the captured intensity images on reference images to obtain reflectance
normalized images, or

(v) flattening the reflectance ebtained images to account for reflections from curved

surfaces.

39. (Currently Amended) The method according to claim 34, wherein eamera exposure time
of the image capturing unit is T and a flash time is said T or any whole number multiple of said
T.

40.  (Currently Amended) The method according to claim 39, wherein the eamera exposure

time of the image capturing unit is 50ms.

41. (Previously Presented) The method according to claim 34, wherein the measurement data

comprises wound-related data.
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REMARKS

This Amendment is filed in response to the Office Action dated July 12, 2021. Of note, no
substantive prior art-based rejections were raised in the Office Action; only a series of claim
objections and indefiniteness-related rejections are present for Applicant’s review and response.
In view of the amendments and remarks provided herein—all without introduction of any new
matter and submitted as a complete response to the Office Action—reconsideration and allowance

of the present application is respectfully requested.

A. Claim Objections

Applicant respectfully submits that the amendments and remarks provided herein fully
address and overcome all the claim objections raised in the Office Action.

Specifically, Applicant has herein amended Claim 23 to recite “the tissue” for appropriate
antecedent basis support. In Claim 29, “of tissue health indicators” has been changed to “tissue
health indicators” in the preamble, followed by “the tissue” and “the tissue health indicators” in
the body of the claim. Recitation of “the measurement data” and “the tissue health indicators” also
now appears in Claim 33. Each of these amendments follows direction and/or recommendations
set forth in the Office Action itself.

Withdrawal of all claim objections raised in the Office Action and mailing of a Notice of

Allowance is thus respectfully requested.

B. Rejections under § 112

In the Office Action, certain of Claims 22-41 were rejected for alleged indefiniteness.
Applicant respectfully submits that the amendments and remarks provided herein fully address
and overcome all the rejections on this basis raised in the Office Action.

Specifically, regarding Claims 22, 29, and 34, Applicant references the terms “m flashes”
and “n predetermined wavelengths.” As amended herein, these claims now explicitly and clearly
define that “m is the number of flashes in one cycle and n is the number of wavelengths.” Support
for this definition can be traced, as a non-limiting example, to at least [0159] and [0178] of
Applicant’s original disclosure. Withdrawal of the indefiniteness rejection with respect to Claims

22,29, and 34 is thus respectfully requested.
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Regarding Claim 26, the Office Action alleged that the features recited in the expression
“the one or more light sources are arranged about a central aperture” are not defined such that
those of ordinary skill in the industry would know which structural element includes the recited
“central aperture” and/or the light sources. Although Applicant does not necessarily agree, to
facilitate an immediate allowance of this claim (and others presently pending) Applicant has herein
clarified this claim to explicitly recite that the “central aperture” is that of the “illumination unit.”
Support for this structural configuration may be traced, as a non-limiting example, to at least
[0103] and Figure 8 of Applicant’s original disclosure. Withdrawal of the indefiniteness rejection
with respect to Claim 26 is thus respectfully requested.

In amending Claim 31 herein, Applicant has removed the features duplicated therein, as
compared to independent Claim 29. Antecedent basis has also been appropriately updated in this
claim. Withdrawal of the indefiniteness rejection with respect to Claim 31 is thus respectfully
requested.

Regarding Claims 34-35 and 38, according to the Office Action the following features are
unclear and/or insufficiently defined: “obtain normalized image” (Claim 34); “reference image”
(Claim 35); “subtracting images” (Claim 38); “intensity images on reference images to obtain
normalized images” (Claim 38); and “obtained images” (Claim 38). Although Applicant does not
necessarily agree with the bases of these rejections, to facilitate allowance of these claims (and
other remaining pending claims) without delay, claim amendments have been made herein to each.
Specifically, instances of “normalized” and “obtained” images have been replaced with consistent
and supported usage of the terminology “reflectance image.” The term “intensity” has also been
replaced with “captured.” Withdrawal of the indefiniteness rejections on this basis with respect to
Claims 34-35 and 38 is thus respectfully requested.

Addressing the expression “reference image”—as located in Claim 35—further, Applicant
also notes that those of ordinary skill in the industry would have readily understood and
appreciated that this relates to an image taken for calibration (e.g., reference) purposes. Support
for this may also be seen in [0216] of Applicant’s original disclosure, cited as a mere non-limiting
example. Therein it is stated that the reference image is captured using a reference object, which
“refers to an object with known homogeneous optical properties.” Similarly, with reference to at

least [0221] and [0223] of Applicant’s original disclosure, Applicant respectfully submits that
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those of ordinary skill in the industry would have readily understood and appreciated what
“subtracting images” in Claim 38 entails. Withdrawal of the indefiniteness rejections on this basis
with respect to Claims 35 and 38 is thus respectfully requested.

Claim 34 was also rejected in the Office Action with respect to the feature of “generating
interface elements.” For clarification, Applicant cites to—as a non-limiting example—at least
[0077] and Figure 5 of Applicant’s original disclosure. Based thereon and based further upon the
common general knowledge and understanding, Applicant respectfully submits that those of
ordinary skill in the industry would have readily appreciated the scope of this limitation.
Withdrawal of the indefiniteness rejection on this basis is thus respectfully requested.

In the Office Action, both of Claims 39-40 were rejected as allegedly being incomplete for
omitting essential structural cooperative relationships of elements. To address, Applicant has
amended Claim 39 to positively recite that the “exposure time of the image capturing unit is T and
a flash time is said T or any whole number multiple of T.” Similar amendments have been made
in Claim 40. Of note, Applicant respectfully emphasizes and submits that, with reference to at
least [0160]-[0161] of Applicant’s original disclosure, those of ordinary skill in the industry would
have readily understood and appreciated the value of T may be any “exposure time,” with a non-
limiting example of T=50ms being provided. Relatedly, those of ordinary skill in the industry
would have readily understood and appreciated from Applicant’s original disclosure that any
“whole number multiple of T” could be the non-limiting example of “2T” given or any other whole
number contemplated (e.g., 5T, 7T, 3T, or the like). These features, as amended herein, are thus
clear and in conformance with US practice (i.e., not narrative in form). Still further, it is well-
established that breadth of claim is not necessarily indefiniteness in this context (see MPEP 2173
generally). Withdrawal of the indefiniteness rejection on this basis with respect to Claims 39-40
is thus respectfully requested.

Lastly, regarding the antecedent basis issues identified in Claims 24, 34, and 38, although
not necessarily in agreement therewith, Applicant has herein amended these claims to positively

EX 43

recite “a green range,” “the extracted indications,” and “the captured images.” Applicant thus
respectfully submits that appropriate antecedent basis appears in these claims, along with all others
presently pending. Withdrawal of the indefiniteness rejection on this basis with respect to Claims

24, 34, and 38 is thus respectfully requested.
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C. Conclusion

The foregoing is submitted as a full and complete response to the Non-Final Office Action
dated July 12, 2021. The foregoing amendments and remarks are believed to have placed the
present application in condition for allowance, and such action is respectfully requested. The

Examiner is encouraged to contact Applicant’s undersigned attorney at gliris fighinerdalston. com,

404/881/7882 or 678/517/6662 to resolve any remaining issues in order to expedite examination
of the present application.

It is not believed that extensions of time or fees for net addition of claims are required,
beyond those that may otherwise be provided for in documents accompanying this paper.
However, in the event that additional extensions of time are necessary to allow consideration of
this paper, such extensions are hereby petitioned under 37 CFR §1.136(a), and any fee required
therefore (including fees for net addition of claims) is hereby authorized to be charged to Deposit

Account No. 16-0605.

Respectfully submitted,
/Christopher P. Lightner/

Christopher P. Lightner
Registration No. 62,156

Customer No. 00826

ALSTON & BIRD LLP

Bank of America Plaza

101 South Tryon Street, Suite 4000
Charlotte, NC 28280-4000

Tel Atlanta Office (404) 881-7000

Fax Atlanta Office (404) 881-7777
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Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 17/260,664

Filing Date 01-15-2021

Guennadi SAIKO
First Named Inventor

Title APPARATUS FOR VISUALIZATION OF TISSUE

Art Unit 3791

Examiner Name ABOUELELA, MAY A.

Attorney Docket Number |046905/554252

SIGNATURE of Applicant or Patent Practitioner

Sonature [Christopher P. Lightner/ |o«12021-08-27

Name Christopher P. Lightner Registration 62156

Number

Title (if Applicantis a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

*Total of j] forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. 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
1.11 and 1.14. This collection is estimated to take 3 minutes 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.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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DocuSign Envelope ID: 76EFA8AD-37D0-45D0-935E-A3FAAF94BEOF

T PTO/AIA/82B (07-13)
Document Description: Power of Attorney Approved for use through 03/31/2021. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or
the boxes below.

Application Number Filing Date

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.)

| hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal letter (form PTO/AIA/82A) or identified above:

OR 00826

|:| | hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to:

The address associated with the above-mentioned Customer Number
OR

|:| The address associated with Customer Number:
OR

D Firm or
Individual Name

Address

City [ state | Zip |
Country

Telephone I Email |

| am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

Swift Medical Inc.

I:l Inventor or Joint Inventor (title not required below)

I:l Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below)
Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer’s title if applicant is a juristic entity)

El Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the
application or is concurrently being filed with this document) (provide signer’s title if applicant is a juristic entity)

SIGNATURE of Applicant for Patent
The undersigned (whose title is supplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature . | Date (Optional) | 8/20/2021
Name €arlo Perez
Title CEO , of Swift Medical Inc.

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements
and certifications. If more than one applicant, use multiple forms.

|:|Tota| of forms are submitted.

—— —
This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. 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 1.11 and 1.14. This collection is estimated to take 3 minutes 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.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Information:

Total Files Size (in bytes){ 217981

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

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

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

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

New International Application Filed with the USPTO as a Receiving Office

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
17/260,664 01/15/2021 Guennadi SAIKO 046905/554252

CONFIRMATION NO. 1082

826 PUBLICATION NOTICE

ALSTON & BIRD LLP

ONE SOUTH AT THE PLAZA R AP0 AR

101 SOUTH TRYON STREET 000000127987656

SUITE 4000

CHARLOTTE, NC 28280-4000

Title:APPARATUS FOR VISUALIZATION OF TISSUE

Publication No.US-2021-0259625-A1
Publication Date:08/26/2021

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
17/260,664 01/15/2021 Guennadi SAIKO 046905/554252 1082
826 7590 07/12/2021 | EXAMINER |
ALSTON & BIRD LLP
ONE SOUTH AT THE PLAZA ABOUELELA, MAY A
101 SOUTH TRYON STREET
SUITE 4000 | ART UNIT | PAPER NUMBER |
CHARLOTTE, NC 28280-4000 3791
| NOTIFICATION DATE | DELIVERY MODE |
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Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

usptomail @alston.com
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Application No. Applicant(s)

17/260,664 SAIKO etal.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
MAY A ABOUELELA 3791 Yes

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

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

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

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 01/15/2021.
UJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)(] This action is FINAL. 2b) [v] This action is non-final.

3)(OJ An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

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

Disposition of Claims*
5) Claim(s) 22-41 is/are pending in the application.

5a) Of the above claim(s) ____is/are withdrawn from consideration.
6) (O Claim(s) ___ is/are allowed.
7) Claim(s) 22-41 is/are rejected.
8) [0 Claim(s) ___is/are objected to.
9) (O Claim(s) are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see

http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(0J The specification is objected to by the Examiner.
11) The drawing(s) filed on 01/15/2021 is/are: a)¥) accepted or b)(J objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)@ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)M All b)(J Some**  ¢)(J None of the:
1.4 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

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

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

Attachment(s)

1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)

Paper No(s)/Mail Date
4) [J Other: .

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)
Paper No(s)/Mail Date

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20210707
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Application/Control Number: 17/260,664 Page 2
Art Unit: 3791

Notice of Pre-AIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

Priority

2. Receipt is acknowledged of certified copies of papers required by 37 CFR 1.55.

Information Disclosure Statement
3. The information disclosure statement (IDS) submitted on 01/15/2021. The
submission is in compliance with the provisions of 37 CFR 1.97. Accordingly, the

information disclosure statement is being considered by the examiner.

Claim Objections
4. Claim 23 is objected to because of the following informalities: the phrase “tissue’

in line 3 should be amended to read —the tissue--. Appropriate correction is required.

5. Claim 29 is objected to because of the following informalities: the phrase “of
tissue health indicators” in line 1 should be amended to read —tissue health indicators--,
the phrase “tissue” in line 10 should be amended to read —the tissue--, and the phrase
“tissue health indicators” in line 14 should be amended to read —the tissue health

indicators-- . Appropriate correction is required.
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6. Claim 33 is objected to because of the following informalities: the phrase
“‘measurement data” in line 4 should be amended to read —the measurement data--, and
the phrase “tissue health indicators” in line 4 should be amended to read —the tissue

health indicators--. Appropriate correction is required.

Claim Interpretation

7. The following is a quotation of 35 U.S.C. 112(f):

(f) Elementin Claim fora Combination.— An elementin a claim fora combination maybe
expressed as ameans or step for performing a specified function without the recital of
structure, material, or acts in supportthereof,and such claim shall be construed to cover the
corresponding structure, material, or acts described in the specification and equivalents
thereof.

The following is a quotation of pre-AlA 35 U.S.C. 112, sixth paragraph:

An elementinaclaim fora combination maybe expressed as a means or step for performing
a specified function without the recital of structure, material, or acts in supportthereof, and
such claim shall be construed to cover the corresponding structure, material, or acts
described in the specification and equivalents thereof.

The claims in this application are given their broadest reasonable interpretation
using the plain meaning of the claim language in light of the specification as it would be
understood by one of ordinary skill in the art. The broadest reasonable interpretation of
a claim element (also commonly referred to as a claim limitation) is limited by the
description in the specification when 35 U.S.C. 112(f) or pre-AlA 35 U.S.C. 112, sixth
paragraph, is invoked.

As explained in MPEP § 2181, subsection |, claim limitations that meet the
following three-prong test will be interpreted under 35 U.S.C. 112(f) or pre-AlA 35

U.S.C. 112, sixth paragraph:
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(A)  the claim limitation uses the term “means” or “step” or a term used as a substitute
for “means” that is a generic placeholder (also called a nonce term or a non-
structural term having no specific structural meaning) for performing the claimed
function;

(B) the term “means” or “step” or the generic placeholder is modified by functional
language, typically, but not always linked by the transition word “for” (e.g.,
“‘means for”) or another linking word or phrase, such as “configured to” or “so
that”; and

(C) the term “means” or “step” or the generic placeholder is not modified by sufficient
structure, material, or acts for performing the claimed function.

Use of the word “means” (or “step”) in a claim with functional language creates a
rebuttable presumption that the claim limitation is to be treated in accordance with 35
U.S.C. 112(f) or pre-AIA 35 U.S.C. 112, sixth paragraph. The presumption that the claim
limitation is interpreted under 35 U.S.C. 112(f) or pre-AlA 35 U.S.C. 112, sixth
paragraph, is rebutted when the claim limitation recites sufficient structure, material, or
acts to entirely perform the recited function.

Absence of the word “means” (or “step”) in a claim creates a rebuttable
presumption that the claim limitation is not to be treated in accordance with 35 U.S.C.
112(f) or pre-AlA 35 U.S.C. 112, sixth paragraph. The presumption that the claim
limitation is not interpreted under 35 U.S.C. 112(f) or pre-AlA 35 U.S.C. 112, sixth
paragraph, is rebutted when the claim limitation recites function without reciting

sufficient structure, material or acts to entirely perform the recited function.
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Claim limitations in this application that use the word “means” (or “step”) are
being interpreted under 35 U.S.C. 112(f) or pre-AIA 35 U.S.C. 112, sixth paragraph,
except as otherwise indicated in an Office action. Conversely, claim limitations in this
application that do not use the word “means” (or “step”) are not being interpreted under
35 U.S.C. 112(f) or pre-AIA 35 U.S.C. 112, sixth paragraph, except as otherwise
indicated in an Office action.

This application includes one or more claim limitations that do not use the word
‘means,” but are nonetheless being interpreted under 35 U.S.C. 112(f) or pre-AlA 35
U.S.C. 112, sixth paragraph, because the claim limitation(s) uses a generic placeholder
that is coupled with functional language without reciting sufficient structure to perform
the recited function and the generic placeholder is not preceded by a structural modifier.
Such claim limitation(s) is/are:

Limitation “image capturing unit” in claims 22, 29, 31 and 34, the claims does not

recite sufficient structure to correspond to the claimed “image capturing unit”.

Limitation “controller” in claim 25, the claim does not recite sufficient structure to

correspond to the claimed “controller”.

Limitation “communication(s) module” in claims 32 and 33, does not recite

sufficient structure to correspond to the claimed “communication(s) module”.

Because this/these claim limitation(s) is/are being interpreted under 35 U.S.C.

112(f) or pre-AlA 35 U.S.C. 112, sixth paragraph, it/they is/are being interpreted to
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cover the corresponding structure described in the specification as performing the
claimed function, and equivalents thereof.

If applicant does not intend to have this/these limitation(s) interpreted under 35
U.S.C. 112(f) or pre-AIA 35 U.S.C. 112, sixth paragraph, applicant may: (1) amend the
claim limitation(s) to avoid it/them being interpreted under 35 U.S.C. 112(f) or pre-AlA
35 U.S.C. 112, sixth paragraph (e.g., by reciting sufficient structure to perform the
claimed function); or (2) present a sufficient showing that the claim limitation(s) recite(s)
sufficient structure to perform the claimed function so as to avoid it/them being

interpreted under 35 U.S.C. 112(f) or pre-AlA 35 U.S.C. 112, sixth paragraph.

8. This application includes one or more claim limitations that use the word “means”
or “step” but are nonetheless not being interpreted under 35 U.S.C. 112(f) or pre-AlA 35
U.S.C. 112, sixth paragraph because the claim limitation(s) recite(s) sufficient structure,

materials, or acts to entirely perform the recited function. Such claim limitation(s) is/are:

Limitation “illumination unit” in claims 22, 29, 31, 34, 36 and 38, the claims recite “one or
more narrow band light sources” that corresponds to the structure of the claimed

“illumination unit”.

Limitation “image capture unit” in claim 30, the claim recite “a camera” that corresponds

to the structure of the claimed “image capture unit”.
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Because this/these claim limitation(s) is/are not being interpreted under 35
U.S.C. 112(f) or pre-AlA 35 U.S.C. 112, sixth paragraph, it/they is/are not being
interpreted to cover only the corresponding structure, material, or acts described in the
specification as performing the claimed function, and equivalents thereof.

If applicant intends to have this/these limitation(s) interpreted under 35 U.S.C.
112(f) or pre-AlA 35 U.S.C. 112, sixth paragraph, applicant may: (1) amend the claim
limitation(s) to remove the structure, materials, or acts that performs the claimed
function; or (2) present a sufficient showing that the claim limitation(s) does/do not recite

sufficient structure, materials, or acts to perform the claimed function.

Claim Rejections - 35 USC § 112

9. The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing outand distinctlyclaiming the subject matter which the inventor or a jointinventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:
The specificationshall conclude with one or more claims particulatypointing outand distinctly
claiming the subjectmatter which the applicantregards as his invention.

Claims 22-41 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA),
second paragraph, as being indefinite for failing to particularly point out and distinctly
claim the subject matter which the inventor or a joint inventor (or for applications subject

to pre-AlA 35 U.S.C. 112, the applicant), regards as the invention.

10. Claims 22, 29 and 34, recite the limitation “m flashes” and “n predetermined

wavelengths” these limitations are not defined by the claims, which renders the claims
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indefinite. The specification does not provide a standard for ascertaining the requisite
degree, and one of ordinary skill in the art would not be reasonably apprised of the
scope of the invention. It also doesn’t change the fact that under the broadest
reasonably interpretation one with ordinary skill in the art isn’t sure what parameters the
claimed “m” and “n” refers to and/or represents. The scope of the claim remains

indeterminate because of the claimed “m flashes” and “n predetermined wavelengths”.

11.  Claim 26 recite the limitation “the one or more light sources are arranged about a
central aperture” in lines 1-2. This limitation is not defined by the claims, and one with
ordinary skill in the art wouldn’t be able to know which structural element has/comprises
the claimed “central aperture”, and/or the light sources are arranged on which structural
element. As broadly as claimed the scope of the claim is indeterminate with respect to

the claimed “central aperture”.

12.  Claim 31 recite the limitation “the illumination unit comprises: a portable housing
for detachable attachment proximal to an image capturing unit; and an illumination unit
comprising one or more narrow band light sources” this limitation is not defined by the
claims, which renders the claims indefinite. One with ordinary skill in the art isn’t sure if
the claimed “image capturing unit’, “illumination unit” and “light sources” in claim 31 are
the same and/or different than the clamed in claim 29. The scope of the claim remains
indeterminate because of the claimed “the illumination unit comprises: a portable

housing for detachable attachment proximal to an image capturing unit; and an

illumination unit comprising one or more narrow band light sources”.
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13. Claim 34 recite the limitation “obtain normalized images” in line 11, claim 35
recite the limitation “reference image” in line 2, claim 38 recite the limitations
“subtracting mages” in line 4, “intensity images on reference images to obtain
normalized images” in line 10, and “the obtained images” in line 11, these limitations are
not defined by the claims which renders the claims indefinite. The specification does not
provide a standard for ascertaining the requisite degree, and one of ordinary skill in the
art would not be reasonably apprised of the scope of the invention. It also doesn’t
change the fact that under the broadest reasonably interpretation one with ordinary skill
in the art isn’t sure the claimed “images” are images of which parameter/structure. The

scope of the claim remains indeterminate because of the claimed limitations above.

14.  Claim 34 recite the limitation “generating interference elements” in line 13, The
specification does not provide a standard for ascertaining the requisite degree, and one
of ordinary skill in the art would not be reasonably apprised of the scope of the
invention. It also doesn’t change the fact that under the broadest reasonably
interpretation one with ordinary skill in the art isn't sure what the claimed “interference
elements” must or must not include. The scope of the claim remains indeterminate

because of the claimed “generating interference elements”.

15.  Claim 35 recite the limitation “reference object” in line 3, claims 37 and 38 recite
the limitation “self-reference object” in line 2 and line 8, respectively. These limitations
are not defined by the claims, which renders the claims indefinite. One with ordinary skill

in the art isn’t sure what structural elements the claimed “reference object” must or must
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not include. As broadly as claimed the scope of the claim is indeterminate with respect

to the claimed “reference object” and “self-reference object”.

16.  Claims 39-40 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA),
second paragraph, as being incomplete for omitting essential structural cooperative
relationships of elements, such omission amounting to a gap between the necessary
structural connections. See MPEP § 2172.01. The omitted structural cooperative
relationships are: claim 39 recite the limitation “camera exposure time” in line 1, one
with ordinary skill in the art isn’t sure what is the structural relationship between the
claimed “camera” in claim 39 and the claimed “computing device, image capturing unit,

and illumination unit” in claim 34.

17.  Claims 39-40 are generally narrative and indefinite, failing to conform with current
U.S. practice. They appear to be a literal translation into English from a foreign
document and are replete with grammatical and idiomatic errors.

For example: claim 39 recite the limitation “camera exposure time is T and a
flash time is said T or any whole number multiple of said T” one with ordinary skill in the

art wouldn’t be able to know what is “any whole number multiple of said T”.

18.  Claim 24 recites the limitation "the green range" in line 6. There is insufficient

antecedent basis for this limitation in the claim.

19. Claim 34 recites the limitation "the indications" in line 15. There is insufficient

antecedent basis for this limitation in the claim.
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20. Claim 38 recites the limitation "the presence of ambient light" in line 5, the
limitation “the intensity images” in line 10. There is insufficient antecedent basis for
these limitations in the claim.

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MAY A ABOUELELA whose telephone number is
(671)270-7917. The examiner can normally be reached on 8-5.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, JACQUELINE CHENG can be reached on 5712725596. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see https://ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

If you would like assistance from a USPTO Customer Service Representative or access
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to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000.

/MAY A ABOUELELA/
Primary Examiner, Art Unit 3791
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In re Application of
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For: APPARATUS FOR VISUALIZATION

OF TISSUE

This is a decision on the request to participate in the Patent Prosecution Highway (PPH) program and
the petition under 37 C.F.R. § 1.102(a), filed 04 May 2021, to make the above-identified application
special.

The request and petition under 37 C.F.R. § 1.102(a) are GRANTED.
DISCUSSION
A grantable request to participate in the PPH pilot program and petition to make special require:

1. The U.S. application for which participation in the Global/IP5 PPH pilot program is
requested must have the same earliest date, whether this is the priority date or filing date, as
that of a corresponding national or regional application filed with another Global/IP5 PPH
participating office or a corresponding PCT international application for which one of the
Global/IP5 PPH participating offices was the International Searching Authority (ISA) or the
International Preliminary Examining Authority (IPEA);

2. Applicant must:
a. Ensure all the claims in the U.S. application must sufficiently correspond or be
amended to sufficiently correspond to the allowable/patentable claim(s) in the
corresponding Office of Earlier Examination (OEE) application and
b. Submit a claims correspondence table in English;

3. Examination on the merits of the U.S. application has not begun;

4. Applicant must submit:
a. Documentation of prior office action:
i. acopy of the office action(s) just prior to the “Decision to Grant a Patent”
from each of the Global/TP5 PPH participating office application(s) containing
the allowable/patentable claim(s) or
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ii. if the allowable/patentable claims(s) are from a “Notification of Reasons

for Refusal” then the Notification of Reasons for Refusal or

iii. if the Global/IP5 PPH participating office application is a first action

allowance then no office action from the Global/IP5 PPH participating office is

necessary should be indicated on the request/petition form or

iv. the latest work product in the international phase of the OEE PCT application;
b. An English language translation of the Global/IP5 PPH participating office action or
work product from (4)(a)(i)-(ii) or (iv) above; and

5. Applicant must submit:
a. An IDS listing the documents cited by the Global/IP5 PPH participating office
examiner in the Global/IP5 PPH participating office action or work product (unless
already submitted in this application) and
b. Copies of the documents except U.S. patents or U.S. patent application publications
(unless already submitted in this application).

The request to participate in the PPH pilot program and petition comply with the above requirements.
Accordingly, the above-identified application has been accorded “special” status.

Telephone inquiries concerning this decision should be directed to Tamie Jarrett at (571) 270-1309.

All other inquiries concerning the examination or status of the application are accessible in the PAIR
system at fit§g/fportal. uspto.govd.

[Ungela Walkeer|
Angela Walker
Paralegal Specialist, OPET

Petitioner's Exhibit 1002
Page 97 of 384



PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 17/260,664
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
o ) B o 0 N/A N/A N/A N/A 320
SEARCH FEE
P e A, N/A N/A N/A N/A 540
EXAMINATION FEE
AU N/A N/A N/A N/A 800
TOTAL CLAIMS ]
(37 CFR 1.16()) 20 minus 20= OR [x 100 - 0.00
INDEPENDENT CLAIMS *
(37 CFR 1.16(h)) 3 minus 3 = x 480 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL TOTAL 1660
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(®) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
LU Total . i - =
=S (37 CF(:H 16(7)) Minus = OR |[«x =
% Independent * Minus | *** =
& (37 CFR 1.16(h) = OR |x -
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total * Minus | ** = =
= (37 CF?H.IB(H) OR |«x -
% Independent * Minus | *** = _ OR M _
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

PO. Box 1450

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

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| U.S. APPLICATION NO. FIRST NAMED INVENTOR ATTY. DOCKET NO. |
17/260,664 Guennadi SAIKO 046905/554252

826 [ INTERNATIONAL APPLICATION NO. |

ALSTON & BIRD LLP PCT/CA2019/050981

ONE SOUTH AT THE PLAZA LA. FILING DATE PRIORITY DATE

101 SOUTH TRYON STREET 07/16/2019 07/16/2018

SUITE 4000
CHARLOTTE, NC 28280-4000

Date Mailed: 05/20/2021

CONFIRMATION NO. 1082
371 ACCEPTANCE LETTER

T

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office, in its capacity as a
Designated / Elected Office (37 CFR 1.495), has ACCEPTED the above identified international application for
national patentability examination in the United States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above. A Filing Receipt will be
issued for the present application in due course. THE DATE APPEARING ON THE FILING RECEIPT AS THE
"FILING DATE or 371(c) DATE" IS THE DATE ON WHICH THE LAST OF THE 35 U.S.C. 371 (c)(1) and (c)(2)
REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE IS SHOWN BELOW. The filing date of
the above identified application is the international filing date of the international application (Article 11(3) and 35

U.S.C. 363)

01/15/2021
DATE OF RECEIPT OF 35 U.S.C.
371(c)(1) and (c)(2) REQUIREMENTS

The following items have been received:

« Copy of the International Application filed on 01/15/2021

+ Copy of the International Search Report filed on 01/15/2021
+ Preliminary Amendments filed on 01/15/2021

« Information Disclosure Statements filed on 01/15/2021

* Request for Immediate Examination filed on 01/15/2021

+ U.S. Basic National Fees filed on 01/15/2021

+ Authorize Access to Search Results filed on 01/15/2021

+ Priority Documents filed on 01/15/2021

+ Authorization to Permit Access filed on 01/15/2021

+ Application Data Sheet (37 CFR 1.76) filed on 01/15/2021

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.495(c).

* Properly executed inventor's oath or declaration for the following inventor(s) has not been submitted:

Guennadi SAIKO, Kenneth MACKO, and Andrei BETLEN

page 1of 2

FORM PCT/DO/EO/903 (371 Acceptance Notice)
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

NINA D MOTLEY

Telephone: (703) 756-1751

page 2 of 2

FORM PCT/DO/EO/903 (371 Acceptance Notice)
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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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
17/260,664 01/15/2021 1820 046905/554252 20
CONFIRMATION NO. 1082
826 FILING RECEIPT

ONE SOUTH AT THE PLAZA OO B LA A

101 SOUTH TRYON STREET
SUITE 4000
CHARLOTTE, NC 28280-4000

Date Mailed: 05/20/2021

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Guennadi SAIKO, Mississauga, CANADA;
Kenneth MACKO, Toronto, CANADA;
Andrei BETLEN, Pickering, CANADA;
Applicant(s)
Swift Medical Inc., Toronto, ON, CANADA;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/CA2019/050981 07/16/2019
which claims benefit of 62/698,799 07/16/2018

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

page 1 of 3
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 05/18/2021

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 17/260,664

Projected Publication Date: 08/26/2021

Non-Publication Request: No

Early Publication Request: No

Title

APPARATUS FOR VISUALIZATION OF TISSUE

Preliminary Class

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).

page 2 of 3
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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.

page 3 of 3
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MULTIPLE DEPENDENT CLAIM Application Number Filing Date
FEE CALCULATION SHEET 17260664
b o PO e Gugnadl SAIKO
* May be used for additional claims or amendments
CLAIMS AS FILED AFTER FIRST AFTER SECOND * * *
AMENDMENT AMENDMENT
Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend
1 1 - --- 51
2 1 52
3 2 53
4 (1) 54
5 (1) 55
) (1) 56
7 (1) 57
8 (1) 58
9 1 59
10 1 50
11 2 61
12 (1) 62
13 (1) 63
14 1 64
15 1 65
16 2 66
17 2 - - 67
18 (1) 68
19 (1) 69
20 (1) 70
2 () 71
22 1 72
23 1 73
24 1 74
25 1 75
26 1 76
27 1 77
28 1 78
29 1 79
30 1 80
31 1 81
32 1 82
33 1 83
34 1 84
35 1 85
36 1 86
37 1 87
38 1 88
39 1 89
40 1 90
41 1 91
42 92
43 93
44 94
45 95
46 96
47 97
48 98
49 99
50 100
Total Indep 3 3 0
Total 22 ‘J 17 ‘J 0 4_]
Depend
. N N N
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Doc Code: PPH.PET.652 PTO/SB/20GLBL (12-16)

Document Description: Petition to make special under Patent Pros Hwy Approved for use through 04/30/2018. OMB 0651-0058
U.S. Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE

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

REQUEST FOR PARTICIPATION IN THE GLOBAL/IPS
PATENT PROSECUTION HIGHWAY (PPH) PILOT PROGRAM IN THE USPTO

Application No.: | 1 7/260,664 First Named Inventor: | Guennadi SAIKO
Filing Date: 01/15/2021 Attoney DocketNo.: | 046905/554252
Thectthe | APPARATUS FOR VISUALIZATION OF TISSUE

THIS REQUEST FOR PARTICIPATION IN THE PPH PILOT PROGRAM ALONG WITH THE REQUIRED DOCUMENTS MUST BE
SUBMITTED VIA EFS-WEB. INFORMATION REGARDING EFS-WEB IS AVAILABLE AT
HITP AW USSP T COVIPATENTE -APPUIC ATION-PROCESS/APPL YING-ONLINE ABQUT-EFS-WER

APPLICANT HEREBY REQUESTS PARTICIPATION IN THE PATENT PROSECUTION HIGHWAY (PPH) PILOT PROGRAM AND
PETITIONS TO MAKE THE ABOVE-IDENTIFIED APPLICATION SPECIAL UNDER THE PPH PILOT PROGRAM.

Office of earlier examination (OEE): United States (United States Patent and Trademark Office)

OEE application number: PCT/CA2019/050981

Both the OEE application and the above-identified U.S. application
have the following earliest date (filing or priority date): July 16, 2018

Type of OEE work product relied upon: Written Opinion of the International Searching Authority (WO/ISA)

Mailing date of OEE work product: October 9, 2019

Supporting Documents

1. OEE Work Product and Translation
A copy of the OEE work product and translation if not already in English:

DAttached Previously submitted DNot required because the decision to grant a patent was the first office action

DAppIicant requests the USPTO to attempt to obtain the OEE work product from the Dossier Access System or PATENTSCOPE

NOTE: If the applicant requests the USPTO to obtain the OEE work product electronically and such attempt is unsuccessful, the
applicant will be required to supply the document. Accordingly, to avoid dismissal of the initial PPH request and potential denial of
participation in the PPH program, the applicant should verify that the OEE work product is actually available via the Dossier Access
System or PATENTSCOPE before requesting retrieval. If the applicant is unable to verify availability, then the applicant should submit
the document with the PPH request.

2. References Cited in OEE Work Product

An information disclosure statement (IDS) listing the references cited in the OEE work product and document copies (except U.S. patents
and U.S. published patent applications):

I:IAttached Previously Submitted D Not required because no references were cited in the OEE work product

[Page 1 of 2]

This collection of information is required by 35 U.S.C. 119, 37 CFR 1.55, and 37 CFR 1.102(d). 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
1.11 and 1.14. This collection is estimated to take 2 hours 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
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PTO/SB/20GLBL (05-16)
Approved for use through 04/30/2018. OMB 0651-0058
U.S. Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE

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

REQUEST FOR PARTICIPATION IN THE GLOBAL/IP5 PPH PILOT PROGRAM IN THE USPTO

(continued)

Application No.: 1 7/260 ’ 664

First Named Inventor: Guennadi SAI KO

3. Claims Correspondence Certification Statement

All of the claims in this application sufficiently correspond to the patentable/allowable claims in the OEE application.

4. Claims Correspondence Table

Claims in U.S. Application

Patentable Claims
in OEE Application

Explanation Regarding the Correspondence

1-21 (Canceled) N/A These claims were canceled in the US Preliminary Amendment.
22-27 1-6 Identical but for non-substantive changes for US practice.
28 7-8 Identical but for combining compression and spring clips in single claim.
29-41 9-21

Identical but for non-substantive changes for US practice.

signature/Christopher P. Lightner/

vate May 4, 2021

Name (print or type) Christopher P. Lightner Registration Number 62,156

[Page 2 of 2]
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Privacy Act Statement

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

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

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

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

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

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

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

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

7. Arecord 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 {.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

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

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

EFS ID: 42634049
Application Number: 17260664
International Application Number:
Confirmation Number: 1082

Title of Invention:

APPARATUS FOR VISUALIZATION OF TISSUE

First Named Inventor/Applicant Name:

Guennadi SAIKO

Customer Number:

826

Filer:

Christopher Patrick Lightner/Grace Caffey

Filer Authorized By:

Christopher Patrick Lightner

Attorney Docket Number: 046905/554252
Receipt Date: 04-MAY-2021
Filing Date:
Time Stamp: 16:11:04

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
95976
1 Petition to make special under Patent | 2021-05-04_554252PPHReques| no 3

Prosecution Hwy

t.pdf
08b4fadf59c46a09b6007539442afa017b2e)
5c47

Warnings:
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Information:

Total Files Size (in bytes){ 95976

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

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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FTO-1300 (10-20)

Approved for uss through 10/31:2022, OMB 06510021

U5, Patent and Tradamark Offices; 1.8, DERARTMEMT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no peraong are required to respond to a collecton of infarmation unless it di&ﬁavs a vaiid OMEB control nurmber

TRANSMITTAL LETTER TO THE UNITED STATES  |giaoosneiohs
DESIGNATED/ELECTED OFFICE (DO/EO/US) S, Apnloation No. (T known see 37 CFR 151
CONCERNING A SUBMISSION UNDER 35 U.S.C. 371 Filed Concurrently Herewith
intermnational Application No. riternationat Filing Date Priority Date Claimed
PCT/CA2019/050981 July 16, 2019 July 16, 2018
Title of invention
APPARATUS FOR VISUALIZATION OF TISSUE

First Named tnventor

Guennadi SAIKO

Applicant herewith submiis to the United States Designated/Elected Office (DO/EQ/US) the folowing items and other information.

1. @ This is an express request o begin national examination procedures (35 U.S.C. 37 1)} NOTE: The sxpress request under
35 UL.8.C. 37 1) will not be effective unless the requirements under 35 U.S.C. 371{c){1), {2), and {4} for payment of the basic
national fer, copy of the International Application and English translation thereof {if required), and the oath or declaration of the
inveninr{s) have been received,

2. A copy of the Interpationat Applcation {35 U.8.C. 37 H{c}2)} is altached hereto {hot required if the Infermnational Application was
praviously communicated by the Intemnational Bureau or was filed in the United Stales Receiving Office (RO/USY)).

3. An English tanguage transiation of the {ntemational Application (35 U.S.C. 371{cy2)
D is attached herato.
Ej has been previously submitted under 35 U.8.C. 154{d}4).
4. An vath or declaration of the inveritor{s) (35 U.8.C. 371{c){4}}
a. D is attached.
b. D was previously filed in the intemational phase under PCT Rule 4.17{v).

v ow

ltems 5 to 8 below concern amendments made in the infernational phase.
PCT Articls 185 and 34 amendmenis

{:} Amendments to the claims under PCT Article 19 are attached (hot required if communicated by the international Bureau}
{35 U.S.C 371{c}3)).
6. {3 English transtation of the PCT Atlicle 19 amendmaent is sttached (35 U 8.C. 37 H{c¥3hn.

7. English transtation of annexes (Article 19 andior 34 amendmeants only) of the International Preliminary Examination Report is
atfached {35 U.8.C. 3¥1{c)s))

Cancellation of amendments made in the interational phase

Ba. EE Do ricd enter the amendment made in the international phase under PCT Article 18
&b, D Do not enter the amendment made in the intermnational phase under PCT Article 34,

NOTE: A proper amendment made in English under Adicle 19 or 34 will be entered in the U.8. national phase application absent a clear
instruction from applicant not to enter the amendment{s).

The following items 9 to 17 concern a document(s} or information included.

&, E An Information Disclosure Statement under 37 CFR 1.67 and 1.88.

10. @ A prafirinary amendmant.

11. {m] An Application Data Shest under 37 GFR 1.76.

12. {3 A substitute specification, NQTE: A substitute specification cannot include claims. See 37 CFR 1.125(b).

13. D A power of sftomey andior change of address letter.

14 m A computer-readable form of the seguerce listing in sccordance with PCT Rule 13#er3 and 37 CFR 1.821-1.825 {not required if
sequence listing in text format was indicated on the PCT Request as part of the international Application and the sequence listing

was published as part of the intemational application).

15. m Assignment papers {cover sheet and document(s}). Name of Assignee:

18. m 37 CFR 3.73{c) Staternent {when there is an Assignes).

Tris colisetion of inforration is reguived by 37 CFR 1.414 and 1.499-1.482. The infarmation & required o oblain or retatn & beaeft by the public, asseh s o s
{and by the LSPTO 1o process) an application. Lonfidentiatity is governed by 38 UL.S.C. 122 and 7 CFR 1.1 and 1.14. This collection is fstmated o take 15
minutes to comptets, including gathering, prepanng, amd subrmitting the c‘ompleted applicatinn form to the USPTQ. Time will vary depenrding spor the individual
case. Any eomrmsats on ths smount of times yesd cagutire to compleste this form andéor suggestions for reducing this mrém showtd bes secd to the Chief Ieformatios
Gificer, U.S. Patent and Trademank Office, LS, Depavtment of Commerce, P.O. Box 1453, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESE. SEND TO: Mad Stop PCT, Commissioner for Patents, P.O. Box 1458, Alexandria, VA 22313-1450.
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FTC-1390 {10-20)

Approved for pes through 16/31:22022. OMB 0851-0021
U.B. Patent and Tradamark Offics, 1.8, DERARTMEMT OF COMMERCE

Under the Paperwork Feduction Act of 18898, no pemons are required to respond to a collection of information unlass it di&ﬁay@ @ valid OM.F.A contol number
LS. APPLN. No. {if known — see 37 CFR 1.5} INTERNATIONAL APPLICATION Na. ATTORNEY DOCKET No.
Filed Concurrently Herewith | PCT/CA2019/050981 046905/554252
17. [j Other items or information:
The following fees have been submitted. CALCULATHONS
18. (@] Basic national fee (37 GFR LAGZM)) .. oo esooe oo $320 § $ 320
19, E] Exarination fee (37 CFR 1.492(c)} 800
«  [f the written opinion prepared by ISAUS or the intemational preliminary examination report $
prepared by PEA/US indicates all claims satisfy provisions of PCT Article 33(1)~(4).............. $0
v AOEr SHUSHONS .. e e $806
20 @ Search fee {37 CFR 1.492{(b}} 540
» [ the written opinion prepared by ISA/US or the intemational preliminary examination report $
prepared by IPEAJUS indicates sl claims satisfy provisions of PCT Aricle 33(13-(4).............. $0
. Search fee (37 CFR 1.445(a){2)} has been paid on the intemnational application {o the USPTO as
an nternational Searching Authorily ..., $140
« International Search Repoti prepared by an 1SA other than the US and provided to the Office or
previously communicated fothe US by the IB ... $540
= Al gther situations
TOTAL OF 18, 18, and 20 = | $ 1860
D Additinnal fee for specification and drawings filed in paper over 100 shests (excluding sequence listing
i cormpliance with 37 CFR 1.821{c} or {e} in an electronic mediurt or computer prograre listing in an §
elactronic medium) (37 CFR 1.492(1.
Fee for each additional 50 sheets of paper or fraction thereof ... $420
Nurnber of exch additional 50 or fraction
Total Sheets | Extra Sheets thereaf (round up to a whole number) RATE
- {00 = {50 = x $420
Surcharge for furnishing any of the search fee, examiration fee, or the oath or declaration after the date of s
commancement of the national stage (37 CFR1A92(B)). ..ot . $160 160
CLAIMS NUMBER FILED NUMBER EXTRA RATE
Total claims 20 -20= 0 x $100 $0
Independent claims {3 3w 0O x $480 $0
MULTHPLE DEPENDENT CLAIM(S) {if applicable) + 5860 $
Fae for submission of Sequence Listing text file of 300 MB to 800 MB (37 CFR 12101} ..o $1,060 | 3
Fae for submission of Sequence Listing text fite of more than 800 MB (37 CFR 1.24a)2h. .o oo ... 510,500 | 5
Processing fee for furtishing the English trarslalion fater than 38 mionths from the earfiest claimed priority dale 3
TOTAL OF ABOVE CALCULATIONS = | § 1820
[:E Applicant asserts small entily status, See 537 CFR 1.27. Fose above ars reduced by 1.
D Applicant certifies micro entity status. Ses 37 CFR 1.29. Feas above are reducad by %,
Appiicant must attach form PTO/SRBIEA o B or aqrivalent,
TOTAL NATIONAL FEE = | $ 1820
Fee for recording the enclosed assignment {37 CFR 1.21{h})). The assignment must be accomparnied by an $
appropriate cover sheet (37 CFR 328, 331 ..o 980000 per property €
TOTAL FEES ENCLOSED = | $1820

Pags 2 of 3§
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FTO-1300 (10-20)
Approved for use thwough 16:34:2622. OMB 0851-0021
U.5. Patent and Tradamark Offics, 1.8, DERARTMEMT OF COMMERCE

Under the Paperwork Feduction Act of 1988, no pemons are required to respond to a collection of information uniess it di&ﬁay@ g walid OM.F.A control number,
a. {:} A check in the amount of § 1o cover the above fees is enclosed.
b, EI Please charge my Deposit Account No. 180805 int the amount of § 3820 o cover the above fees.

c E The Diractor is hereby autharized o charge additional fees which miay be required, or credit any overpayment, to Depaosit Account
Nog, 18608 as follows:

L[] any required fes.

i, @ any required fee except for excess claims fees required under 37 CFR 1.482(d) and (&) and multiple dependent claim fee
required under 37 CFR 1.482(f).
qd. B Feas are to be charged fo a8 credit card, WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-2038. The PTO-2038 should only be mailed or
faxed to the USPTO. However, when paying the basic national fee, the PTO-2038 may NOT be faxed to the USPTO.

ADVISORY: M filing by EFSWeb, do NOT attach the PTO-2038 form as a PUF along with your EFS-Web submission. Please be
advised that this is not recommended and by doing so your eredit card information may be displayed via PAIR. To protect your
information. it is recommended to pay fees online by using the electronic payment method.

NOTE: Wher an appropriate time Emit under 37 CFR 1.455 has not been met, a pefition to revive (37 CFR 1.137{a) or (b)) must be
filed and granted to restore the International Application {o pending status,

Statement under 37 GFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications
This application {1} claims priority to or the benefit of an application fled before March 16, 2013, and (2) also contains, or contained &t
any time. a claim to a claimead invention that has an effective filing date on or sfter March 18. 2013,
NOTE {: By providing this staternert under 37 CFR 1.85 or 1.78, this application, with a filing date on or after March 16, 2013, will be
examined under the first inventor io file provisions of the AlA.

NOTE 2: A U8 national stage application may not claim pricrity to the international application of which itis the national phase. The filing
date of a U.8. national stage application is the international fiting date. Ser 35 U.8.C. 363,

Correspondence Address

00826

Ei The address associated with Customer Number: OR D Corrgspondence address below

Name

Address

City State Zip Code

Courtry Telephone

Email

sgrawre | [Cristopher P. Lightner/ oas | 2021-01-15

e |Christopher P. Lightner imneynaers | 62,156

[Page 3 of 3}
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you he given cerlain information in connection with your
submission of the atlached form related to a patent application or palent. 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}2Y. (2}
furnishing of the information solicited is voluntary; and (3} the principal purpose for which the information is used by the
L.S. Patent and Trademark Office is lo process andior examine your submission related 1o a patent application or
patent. If you do nol furnish the requested information, {he U.8. 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 palent,

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

1.

i

The information on this form will be freated confidentially to the exient allowed under the Fresedom of
Information Act {5 U.5.C. 552} and the Privacy Act (5 U.8.C 552a). Records from this system of records may
be disclosad o the Depariment of Justice {o determine whether disclosure of these records is required by the
Fraedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative iribunal, including disclosures 1o apposing counsel in the course of
selilement negotiations.

A record in this sysiem of records may be disclosed, as a routine use, to a Member of Congress submiiting a
requeast involving an individual, lo whom the record perfains, when the individual has requesled assistance from
the Member with raspeact to the subjact matter of the record.

A record in this system of records may he disclosed, as a roudline use, to a contracior of the Agency having
need for the information in order lo parform a canlracl. Recipiends of information shall be reguired to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant {o 5 U.S.C. 552a{m).

A record relaled o an International Application filed under the Patent Cooperalion Trealy in this system of
records may be disclosed, as a routine use, io the International Bureau of the World inteflectual Property
Organization, pursuani to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C, 181) and for review pursuant to the Atomic Energy Act (42 U.8.C.
218{cy).

A record from this system of records may be disclosed, as a routine use, o the Administrator, Genaral
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility fo recommend improvementis in records management practices and programs, under authority of
44 4.8.C, 2804 and 2806. 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 delerminations about individuals.

A record from this system of records may be disclosed, as a routine use, o the public after either publication of
the application pursuant to 35 U.S.C. 122(b} or issuance of g patent pursuant to 35 U.5.C. 151, Further, a
record may be disclosed, subject {o the limitations of 37 CFR 1.14, as a routine use, to the public if the record
was filed in an application which became abandoned or in which the proceedings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued
patent.

A record from this system of records may be disclosed, as a routing use, fo 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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INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2019/050981

A. CLASSIFICATION OF SUBJECT MATTER
IPC: GO3B 15/03 (2006.01), A61B 5/00 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC(2006.01): GO3B, A61B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

narrow band light; flash; wavelength)

Electronic database(s) consulted during the intemational search (name of database(s) and, where practicable, search terms used)

Questel Orbit: (Keywords: multispectral imaging; skin/tissue; capture image/data; smartphone; illumination; portable housing; detachable;

C. DOCUMENTS CONSIDERED TO BE RELEVANT

* Whole document *

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2017/155265 A1 (HWANG et al.) 14 September 2017 (14-09-2017) 1-21
* Whole document *
A WO 2017/012675 A1 (SPIGULIS et al.) 26 January 2017 (26-01-2017) 121

I”"  Further documents are listed in the continuation of Box C.

W see patent family annex.

* |Special categories of cited documents:

“A” |document defining the general state of the art which is not considered
to be of particular relevance

“D” |document cited by the applicant in the international application

“E” |earlier application or patent but published on or after the international
filing date

“L” |document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” |document referring to an oral disclosure, use, exhibition or other means

“P” |document published prior to the international filing date but later than
the nriarity date clai d

“T” |later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

e

oy

&

Date of the actual completion of the international search
26 September 2019 (26-09-2017)

Date of mailing of the international search report
09 October 2019 (09-10-2019)

Name and mailing address of the ISA/CA
Canadian Intellectual Property Office

Place du Portage I, C114 - 1st Floor, Box PCT
50 Victoria Street

Gatineau, Quebec K1A 0C9

Facsimile No.: 819-953-2476

Authorized officer

Patrick Abou-Antoun (819) 639-1681

Form PCT/ISA/210 (second sheet ) (July 2019) Page 2 of 3
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INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members PCT/CA2019/050981

Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

WO02017155265A1 14 September 2017 (14-09-2017) WO02017155265A1 14 September 2017 (14-09-2017)
KR20170104708A 18 September 2017 (18-09-2017)
KR101799184B1 20 November 2017 (20-11-2017)
US2019090751A1 28 March 2019 (28-03-2019)

WO02017012675A1 26 January 2017 (26-01-2017) None

Form PCT/ISA/210 (patent family annex ) (July 2019) Page 3 of 3
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Attorney Docket No. 046905/554252
IN THE UNITED STATES DESIGNATED OFFICE (DO/US)

In re: Guennadi Saiko Attn: DO/US
International Appln No.: PCT/CA2019/050981

International Filing Date: July 16, 2019

For: APPARATUS FOR VISUALIZATION OF TISSUE

Submitted via EFS-Web
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Attached is a list of documents on form PTO-SBOS.

The listed documents were cited in the International Search Report, the United States
priority Application No. 62/698,799, and/or the specification of International Application No.
PCT/CA2019/050981. A copy of the International Search Report is enclosed for the Examiner's
convenience.

In accordance with the Office waiver published July 11, 2003, copies of the cited U.S.
patents and patent application publications are not enclosed. Applicant does enclose copies of any
cited foreign patent documents and non-patent literature in accordance with 37 CFR 1.98(a)(2).

The Examiner may wish to consider the notations on the International Search Report itself
regarding the relevance of each item. It is requested that the Examiner consider these references
and officially make them of record in accordance with the provisions of 37 CF.R. § 1.97 and
Section 609 of the MPEP. By identifying the listed documents, Applicant in no way makes any
admission as to the prior art status of the listed documents, but is instead submitting the listed
documents for the sake of full disclosure.

Respectfully submitted,
/Christopher P. Lightner/

Christopher P. Lightner
Registration No. 62,156

ALSTON & BIRD LLP

Bank of America Plaza

101 South Tryon Street, Suite 4000
Charlotte, NC 28280-4000

Tel Atlanta Office (404) 881-7000
Fax Charlotte Office (704) 444-1111
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Substitute for form 1449/PTO Complete if Known
(Revised 072007 Int'l Application Number | PCT/CA2019/05098 1
INFORMATION DISCLOSURE Int’l Filing Date July 16,2019
STATEMENT BY APPLICANT First Named Inventor Guennadi Saiko
(Use as many sheets as necessary) Art Unit Not Yet Assigned
Examiner Name Not Yet Assigned
Sheet 1 of | 1 Attorney Docket Number | 046905/554252

U.S. PATENT DOCUMENTS

Document Number Name of Patentee or

Examiner Cite = Publication Date . . Pages, Columns, Lines, Where Relevant
Initials* | No. |\ mber - Kind Code (if known) | MMDD-YYYY Appllalff:umn?;g ed Passages of Relevant Figures Appear
1. US-2019/0090751 A1l 03-28-2019 | Hwang et al.
FOREIGN PATENT DOCUMENTS
Foreign Patent Document Pages, Columns,
Examiner | Cite Publication Date N:m?igzria;?g?;gr ReIl‘elil:;’t \;;1;:? o | EnglishLanguage
Initials No. Country Code - Number Kind MM-DD-YYYY ppDocument or Relevantg Translation Attached
Code (if known) Figures Appear
2. WO0-2017/012675 Al 01-26-2017 | Latvijas Universitate
3. | WO-2017/155265 A1 09-14-2017 | Dacgu Gyeongbuk Abstract;
Ins Science & Tech English
Equivalent US
2019/0090751
Al
OTHER DOCUMENTS
English
E . Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item Laﬁgglizge
Ixfammer e (book, magazine, journal, setial, symposium, catalog, e¢tc.), date, page(s) , volume-issue number(s), publisher, Translation
nitials* No. f :
city and/or countty where published. Attached
4. INTERNATIONAL SEARCHING AUTHORITY, International Search Report
and Written Opinion for Intemational Application No. PCT/CA2019/050981;
October 9, 2019, (6 pages), Canadian Intellectual Property Office, Quebec,
Canada.
Examiner Date
Signature Considered

*Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference FOR FURTHER ACTION
38753-2010 see Form PC17ISA/220 as well as, where applicable, item 5 below
International application No. International filing date (day/month/year) (Earliest)Priority date (day/month/year)
PCT/CA2019/050981 16 July 2019 (16-07-2019) 16 July 2018 (16-07-2018)

Applicant

SWIT'T MEDICAL INC.

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant according to
Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a lotal of 3 sheets.

[

Té 30 alon annmamainiad L o crimeant oitad in thic rana e
it 18 4180 accompanica o CUment Citcd i Lis repoit.

¥ a copy of

1. Basis of the report
4. With regard to the language, the intemational scarch was carricd out on the basis of:
[¥  the international application in the language in which it was filed.

[ atranslation of the intcrnational application into which is the language of
a translation furnished for the purpescs of intcmational scarch (Rules 12.3(a) and 23.1(b)).

b. [} Thisintemational search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis{a)).

¢ I3 Withregard to any nucleotide and/or amino acid sequence disclosed in the infernational application, scc Box No. L
2 [} Certain claims werce found unscarchable (see Box No. IT).

3. % Unity of invention is lacking (see Box No. Tl).
4. With regard to the title,

W  the text is approved as submitted by the applicant.
{™  the text has been established by this Authority to read as follows:

5. With regard to the abstract,

W  the text is approved as submitted by the applicant.

[™  the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. 1V. 'The applicant may,
within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a.  the figure of the drawings to be published with the abstract is Figure No. 4
W assuggested by the applicant.
I as selected by this Authority, because the applicant failed to suggest a figure.
[ as selected by this Authority, because (his figure betler characierizes the invention.

b. I none of the fi gures is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (July 2019) Page 1 of 3
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2019/050981

A. CLASSIFICATION OF SUBJECT MATTER
IPC: GO3B 15/03 (2006.01), A61B 5/00 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

PC(2006.01): GO3B, A61B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

narrow band light; flash; wavelength)

Electronic database(s) consulted during the international search {name of database(s) and, where practicable, search terms used)

Questel Orbit: (Keywords: multispectral imaging; skin/tissue; caplure image/data; smartphone; illumination; porlable housing; detachable;

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

* Whole document *

* Whole document *

A WO 2017/155265 A1 (HWANG et al.) 14 September 2017 (14-09-2017)

A WO 2017/012675 Al (SPIGULIS et al.) 26 January 2017 (26-01-2017)

121

1-21

rui Further documents are listed in the continuation of Box C.

‘r:; See patent family annex.

Special categories of cited documents:

“A” |document defining the general state of the art which is not considered
to be of particular relevance

1> |document cited by the applicant in the international application
carlier application or patent but published on or atter the international
filing date

“L™ [document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specitied)

“0 |document referring to an oral disclosure, use, exhibition or other means

“P” |document published prior to the international filing date but later than

the ariaeiic date olaimod

“1” |later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” |document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone
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Novelty and Inventive Step
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figure 1), and an illumination unit comprising one or more narrow band light sources (see figure 2; paragraphs [63]-[64]).

Regarding independent claims 1, 9, 13 and 14, D2 discloses a portable illumination apparatus (see figure 1a) for facilitating visualizations of
tissue (abstract), the apparatus comprising a portable housing (see figure 1a) for detachable attachment proximal to an image capturing umt (3 in
figure 1b), and an illumination unit comprising one or more narrow band light sources (7 in figure 2; page 5, lines 24-25).

However, regarding independent claims I, 9, 13 and 14, neither D1 nor D2, alone or in combination, teach or [airly suggest a porlable
illumination apparatus, tissue imaging system, or method for generating visualizations of tissue, comprising an illumination unit having one or

more narrow band light sources configured to shine m flashes at n predetermined wavelengths, whereinn/4 <m <n.

As such, claims 1-21 are considered novel and inventive as required by PCT Articles 33(2) and 33(3).

Industrial Applicability

Claims 1-21 are directed to a portable illumination apparatus, lissue imaging system, and method (or generating visualizations of tissue. As such,
the subject matter of claims 1-21 is considered to be industrially applicable, and thus the claims comply with the requirements of Article 33(4) of
the PCT.
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Method and device for smartphone mapping of tissue compounds

Technical field

The invention relates to imaging technologies, in particular to remote imaging of tissue
chromophore and/or fluorophore distribution by means of a smartphone or a similar mobile

device.

Backeround art

Distribution maps of tissue compounds, e.g. skin chromophores, provide diagnostic
information about the tissue condition and its changes during physiological processes like
inflammations, post-therapy recovery, burn healing, development of tumours and bruises,
etc. Three main chromophores that determine skin colour in normal conditions are
melanin, oxy-haemoglobin and deoxy-haemoglobin (A. R. Young, “Chromophores in
human skin”, Phys. Med. Biol. 42, 789, 1997). Content of another skin chromophore —
bilirubin increases in result of liver insufficiency and/or mechanical interventions (bruises,
post-surgery healing; as a reference, see L.L.Randeberg et al., “Skin changes following
minor trauma.” Lasers Surg. Med. 39(5), 403—413, 2007). Fast and reliable 2D-mapping
of the named chromophores in pathologic cases is of interest for dermatologists,
oncologists, forensic experts, intensive care physicians, family doctors and other

professionals, as well as for wider audience interested in self-monitoring, e-medicine,

personalized healthcare and similar aspects.

Tissue chromophore maps can be derived from large data sets of multi-spectral and/or
hyperspectral reflection images, by means of spectral fitting algorithms with respect to
absorption properties of the chromophores under interest (e.g. D. Jakovels and J. Spigulis,
“2-D mapping of skin chromophores in the spectral range 500-700 nm”, J. Biophoton. v.3,
No. 3, pp. 125-129, 2010 ). To avoid errors due to detection of tissue specular reflection,
such systems usually comprise two mutually crossed polarizers — one in front of the
illuminator and the other in front of the imaging camera (US2005030372 Al Method and
apparatus for characterization of chromophore content and distribution in skin using
cross-polarized diffuse reflectance imaging). Digital RGB cameras are also well-suited for

chromophore mapping, since the red (R), green (G) and blue (B) spectral images of the
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target can be separated and/or specifically related (e.g. Kapsokalyvas D. et al.,. “Spectral
morphological analysis of skin lesions with a polarization multispectral dermoscope.” Opt.
Express. 21(4), 482640, 2013). To acquire spectral images, also spectrally narrowband tissue
illumination can be used, e.g. by means of different colour LEDs (D.Jakovels et al.,
“Noncontact monitoring of vascular lesion phototherapy efficiency by RGB multispectral
imaging”, J. Biomed. Opt. 18(12), 126019, 2013). In this and similar studies three
illumination spectral bands are exploited, each in frame of one photo-detection sensitivity
band (R, G or B) of the image sensor; the three main chromophore content at each image

pixel (or selected pixel group) are found by solving a system of 3 equations:

{ log 2% = [ M (WLa(R) - (Zi W& (W)dA +
+ [ MWL) - (T CIOE DA+ [ MILa(®) - (2 Cil(A)e (A))dA
K=RGB
(1,

where C- concentrations of particular chromophores to be calculated, £- extinction
1 1

coefficients of the chromophores, IOR, IOG, IOB- detected R, GG, B signals from the white

reference, IR, IC, IB — detected R, G, B signals from the target tissue, MR(K), M(_(?L), MB(X)

— R, G and B spectral sensitivity bands of the image sensor, LR(;\.), LG(PL), LB(}L) -

illumination spectra at the three spectral intervals, I(A)- absorption path length in tissue at

the particular wavelength.

Skin fluorescence is useful technique for imaging of hidden tissue structures
(US2014364745 Al), Multi-spectral tissue imaging). Skin fluorophore distributions can be
mapped using specific lifetime imaging (as example - A.Ehlers et al,, “Fluorescence
lifetime imaging of human skin and hair”, Proc. SPIE, v. 6089, 60890N, 2006) or imaging
of fluorescence photo-bleaching rates (J.Spigulis et al., "Imaging of laser-excited tissue
autofluorescence bleaching rates,” Appl. Opt., v. 48, No. 10, pp. D163-DI168, 2009).
Fluorescence lifetime imaging devices usuvally are large-sized and robust, therefore not
well-suited for clinical environment, while the known photo-bleaching rate distribution
imagers typically need external computer for image processing. Wider applications of

fluorescence techniques would require more compact designs.
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Portable handheld devices with built-in illumination, imaging and processing units able to
map skin chromophores and fluorophores are known, as well (e.g. LVI4749A),
Multimodal displaying device for non-contact skin diagnosis; J.Spigulis et al., “Sklmager:
a concept device for in-vivo skin assessment by multimodal imaging”, Proc. Est. Acad. Sci.
03(3). 213-220, 2014). The proposed concept and prototype are at an early development

stage and need further clinical validation.

There are now close to 2 billion smartphone users
(http://www.emarketer.com/Article/Smartphone-Users-Worldwide-Will-Total-175-Billion-
2014/1010536). Many of them, especially those involved in healthcare sector, would like
to use smartphone also as a tool for assessment of health condition and tissue composition.
Smartphones, tablet PCs, laptop PCs and similar mobile devices of the latest generations
comprise elements that are commonly exploited for mapping of tissue compounds - high-
resolution digital RGB cameras, liquid-crystal displays, powerful processing units and
white LED light source(s) on the rear panel. It was proposed earlier to use these features of
smartphones for optical skin assessment (https://www.skinvision.com/; US2014313303 Al,
Longitudinal dermoscopic study employing smariphone-based image registration;
JP2014131121 A, Skin imaging system). External optical filters can be applied to the white
LED and/or to the RGB camera of smartphone in order to modify spectral sensitivity of the
imaging system. A smartphone with rear camera covered by special three-band
transmission filter was used to estimate skin bilirubin content under the white LED
illumination (C.A.Patil et al., Feasibility of mobile phone based transcutaneous
bilirubinometry, Proc.SPIE, 9303, 2015). However, such filters with acceptable
performance are expensive and need specific designs for simultaneous detection of several
different chromophores. The front-camera of smartphone also can be exploited for tissue
analysis, e.g. under liquid crystal display illumination (U/S20/5005644 Al, Dermoscopic
data acquisition employving display illumination). This technique eventually may be
adapted also for tissue chromophore mapping. Spectrally specific illumination makes
possible to map the distributions of skin chromophores by RGB cameras very rapidly, even
by a single snapshot. Simultaneous illumination of tissue by discrete spectral lines allows
extracting several monochromatic spectral images from single RGB image data set
(WO02013135311 Al, Method and device for imaging of spectral reflectance al several
wavelength bands). Snapshot mapping of three main skin chromophores under triple-laser

illumination has been demonstrated recently (J.Spigulis and 1.Oshina, “Snapshot RGB
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mapping of skin melanin and haemoglobin”, I.Biomed.Opt, 20(5), 050503, 2015). This

approach might be efficient if smartphone is used for image acquisition.

Generally, the regarded background information confirms that smartphones and/or similar
mobile devices might be applied efficiently for distant mapping of tissue compounds if

appropriate methods and supporting devices become available.

Disclosure of the invention

Goal of the invention is to ensure easy use of smartphones (or similar mobile devices,
originally comprising at least one camera, display, processing unit and battery) for remote

mapping of tissue compounds.

Invention proposes tissue chromophore and/or fluorophore mapping and/or indication of
clinically critical values of their content on the display of smartphone by converting
images of the same tissue area taken by smartphone camera under spectrally specific
illumination and using the internal computing resources of smartphone for image
processing. Five supporting device designs are proposed along with two methods used for

image processing.

Brief description of the drawings

Fig.l presents design scheme of the embodiment | without smartphone (a) and with

smartphone (b).

Fig.2 specifies design of the ring light source covered by diffusive film and polarizer of the

embodiment 1.
Fig.3 illustrates design of the embodiment | with conical shielding wall,

Fig.4 shows design scheme of the embodiment 3 with cylindrical (a) and conical (b)

shielding wall.

Fig.5 presents the measured emission spectra from mono-coloured displays of the Sony

Xperia Go smartphone: B —blue, G — green, R — red.

Fig.6 provides scheme for image capturing by front camera ot smartphone with side-turned

display illumination of the tissue.
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Fig.7 illustrates design scheme of the embodiment 4 without (a) and with (b) smartphone.

Fig.8 explains optical system of the embodiment 5 providing tissue illumination at several

laser wavelengths.
Fig.9a and 9b specifies design of laser illumination system of the embodiment 5.

Fig.10 presents the scheme of image-processing algorithm for mapping of tissue

chromophores.

Fig.11 presents the scheme of image-processing algorithm for mapping of tissue

fluorophores.

Embodiment 1. Universal platform for tissue chromophore mapping by smartphone.

The proposed device (Fig.1) comprises a flat platform 1 with first polarizer-covered
opening 2 for the rear camera of a smartphone 3 or similar mobile device with installed
appropriate software. The platform 1 is covered with a sticky non-smearing substance able
to fix the smartphone, tablet computer or other mobile device with its camera against the
opening 2 during the image acquisition, This design is universal because any model of
smartphone, tablet computer or other mobile device can be used, independently on its size

and specifications.

On the other side of platform | a compartment 4 for rechargeable batteries and electronic
circuits is mounted, as well as non-transparent cylindrical light shielding wall 5 that also
ensures fixed distance between the camera objective and the examined tissue, placed under
the cylinder in contact with it. In order to image smaller tissue areas under examination, on
the bottom of shielding cylinder 5 manually tuneable iris diaphragm 6 or, alternatively, a

set of shielding rings with internal openings of different diameters, is mounted.

Spectrally-specific illumination of tissue is performed by a ring of suitable narrowband
LEDs 7 with internal diameter larger than that of the opening 2 (Fig.2). The LED ring 7 is
mounted on the down-side side of platform 1 within the shielding cylinder 5 and is covered
by a ring of diffusive film § that provides uniform illumination of the target area, and,
behind it, by a ring of polarizing film 9 with orthogonal orientation relatively to the first
polarizer 10, so preventing detection of the tissue surface-reflected radiation. The ring 7

comprises a set of narrowband LEDs emitting at least in the blue, green and red spectral
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ranges. Each emission colour is sequentially 0.1...1.0 second switched on by a driver
mounted in the compartment 4 for taking one or several spectral images; the driver is
managed by smartphone’s software using either cable or wireless connection. The LEDs
can be also switched on simultaneously to provide white illumination for taking a colour
photo of the tissue under examination. All acquired images are further processed using the
method described below; the calculated tissue chromophore maps appear on the screen of
smartphone within few seconds and can be examined visually and/or saved for further

analysis in the smartphone memory card.

Another design option of embodiment 1 is presented on Fig.3, To ensure better access to
curved, caved or hard-to-reach tissue areas, the cylindrical shielding unit is replaced by a

conical shielding nozzle 11 with correspondingly reduced image field.

Embodiment 2. Universal platform for tissue fluorophore mapping by smartphone.

Device comprises most of the elements of the embodiment 1, with some modifications to
adapt the device for fluorescence measurements. The ring-shaped LED illuminator 7 is
uncovered and comprises one or several LEDs suitable for tissue fluorescence excitation,
e.g. emitting in the spectral range 400-450nm, and one or several white LEDs for obtaining
colour photos of the tissue area under examination by the smartphone camera. Instead of
the first polarizer 10, the opening 2 is covered by an optical filter, cutting-off the

wavelengths used for fluorescence excitation.

LEDs are operated by the smartphone software; they are continuously emitting for a pre-
defined time interval. Fluorescence images of the same tissue area are recorded by
smartphone camera in video-mode for at least 20 seconds with framerate at least 1 fr/s. The
B-output signals of each image pixel or selected pixel group are used for reference, while
the G- and R-outputs are imaging the tissue fluorescence and detecting its photo-bleaching
over time. If several fluorophores are excited, their photo-bleaching rates may differ,
causing temporal changes in output signals of the G- and R-detection bands. The tissue
flourophores and/or their groups are identified and mapped using the method described
below; the resulting maps and/or videos of tissue fluorophore distribution appear on the
smartphone display and can be saved for further analysis in the memory card of

smartphone.
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Embodiment 3. Compact design for tissue chromophore and/or fluorophore mapping by

smartphone.

In order to reduce size of the embodiment 1 and/or embodiment 2, the platform 1
represents a disc with external diameter equal to that of the shielding cylinder 5 or
basement of the shielding cone 10 (Fig.4). Both power supply and management of the LED
ring 7 operation is provided by the smartphone battery and the installed appropriate
software, respectively, via a flexible cable 12 connected to the USB port of the
smartphone. Image processing, display and saving of the tissue chromophore and/or
fluorophore maps is performed as described above. This design is handier than the two
previously described, but it is not that universal due to limitations of LED current provided

by the battery of the specified model of smartphone or similar mobile device.

Embodiment 4. Smartphone holder with light-turning element for tissue chromophore
mapping.

Our laboratory measurements confirmed that mono-coloured display of smartphone can
emit relatively narrow spectral bands, comparable to those of LEDs (Fig.5). It opens the
possibility to perform spectrally selective tissue illumination directly by smartphone’s
display, avoiding the need of external multi-coloured LEDs for obtaining the set of tissue
spectral images. Front camera of smartphone (usually located in the upper corner of front
panel) can be used for image acquisition; however, the drawback is uneven illumination of

the camera’s field of view, if smartphone is used without any additional components.

To assure uniform illumination of the tissue area facing the front camera, micro-structured
prism film (http://www film-optics.co.uk/index.php/lighting) or similar light turning
element is proposed to be attached to the smartphone display, with respect to the
geometrical condition for distance x between the front panel of smartphone and the
examined tissue: x = A . ctg o, where A is the distance between the middle-points of the

display and the front camera, respectively, and a is the light turning angle (Fig.6).

The device according to the present embodiment represents a hollow holder with light-
shielding walls 13, placed on the tissue surface. Holder has and upper surface adapted to

size of the smartphone with properly oriented micro-structured prism film (or similar light
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turning element) 14 supposed to be in contact with the illuminating display of smartphone
(Fig.7). The upper surface also comprises an opening for the front camera of smartphone,
possibly covered by a properly oriented polarizing film to minimize detection of surface-
reflected light. The upper surface of holder is fixed at the distance x from the tissue
surface. Extension of the shielding wall 15 provides optimal field of view of the front

camera.

Alternatively, display of the smartphone remains open while a sloped mirror, transparent

wedge or other optical element turning the front camera’s field of view for the angle «

. observing the same geometrical condition for the distance x) is attached to the front camera

of smartphone so that the display-illuminated area of tissue is optimally imaged.

Embodiment 5. Universal platform for single-snapshot mapping of tissue chromophores.

Our previous studies demeonstrated that uniform illumination of tissue simultaneously by a
fixed number of discrete spectral lines assures extraction of the same number of
monochromatic spectral images from a single RGB image data set, with their further
conversion into chromophore maps (J.Spigulis and 1.Oshina, “Snapshot RGB mapping of
skin melanin and haemoglobin®, J.Biomed.Opt, 20(5), 050503, 2015). This concept is

implemented in device-5 for smartphone snapshot mapping of tissue chromophores.

Device comprises elements 1-5 of the device-1 (Fig.1), as well as the ring-shaped
polarizing film 9. For tissue illumination the LED ring 7 is replaced by a flat diffusive disc
16 with round central opening, made of a milk-glass or similar material. Disc 16 is tightly
covered by another ring-shaped disc 17 of the same thickness but made of a transparent
material, e.g. glass, with polished 45deg-sloped external edge; the upper surfaces and
sloped edges of both discs are mirror-coated (Fig.8). Inside the shielding cylinder 5 a
number of laser modules 18 emitting spectral lines with selected wavelengths are fixed so
that their output beams are directed to the sloped mirrored edge of the external disc 17 and
after reflection are directed radially to the diffusive disc 16. The scattered in disc 16 laser
light provides uniform illumination of the examined tissue surface at all exploited laser

wavelengths (Fig.9).
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Alternatively, the external disc 17 is replaced by a set of radially oriented flexible optical
fibres or other appropriate light guide(s) that deliver the laser radiation to the diffusive ring

16 from the laser modules that are placed elsewhere.

If compared with known laser illumination methods that exploit beam-expanding or
scattering elements located between the laser source and target area, the proposed design
provides more uniform illumination of the selected tissue surface because disc 16 acts as

an isotropic surface emitter, not as a point-source.

The single snapshot of selected tissue area is taken by smartphone rear camera when all
lasers are switched on. Image processing for obtaining tissue chromophore maps on the
smartphone display is performed by software installed on the smartphone using the

algorithm from the above-cited publication.

Method for tissue chromophore mapping

To determine spectral reflectance or optical density in reflection mode as proposed by eq.
(1), a reference signal from specific reflector is needed. Most commeonly a white reflector
(e.g. white ceramic plate, white paper) is used for reference. However, it may cause
significant errors in tissue chromophore maps, especially if specular reflection from the
tissue swiface if prevented by combination of linearly polarized illumination and detection
via orthogonally oriented polarizer and only diffusely scattered light is detected. The
scattering anisotropy factor g, defined as g = <cos ¢>, where d) photon deflection angle at
single scattering event, may be essentially different within the reference material and
within the tissue. From this point, more reliable reference could be specifically selected
area(s) of the tissue under examination, thanks to similar internal structure and scattering

properties.

Invention proposes to exploit as reference for chromophore mapping the area(s) of healthy
tissue adjacent to the pathology region or sufficiently close to it - e.g. in cases when the
adjacent part is inflamed or when the pathology covers nearly all field of view.
Smartphone software establishes equally sized regions of interest (Rol) for further analysis
— e.g, at least one in central (pathology) region of the image and four at all corners of
image (or a different number of differently located Rols), with subsequent averaging of the

reference values of reflected intensity. In the cases when the adjacent to pathology part of

Petitioner's Exhibit 1002
Page 133 of 384



10

15

20

25

30

WO 2017/012675 PCT/EP2015/066913
10

tissue is inflamed or when the pathology covers nearly all field of view, additional
reference image has to be taken from completely healthy tissue near to the pathology

region.

The scheme of image-processing algorithm is presented on Fig.10. The process of
obtaining chromophore distribution maps starts with reference image obtaining 801. For
reference data image of patient skin without damage is used. The reference images are
obtained for every illumination wavelength. Then operator chooses priority chromophore
mapping 802 which are most interesting - PH. The next step 803 is obtaining 3 images [; -
one per one illumination wavelength, where every image is dedicated to chromephore 1.
After that 2 algorithm variables are initialized for every chromophore i mapping — split
factor for images N; 804 and speed factor SF; 805. Speed factor SF specifies how fast
algorithm converges and is adjusted for computing platform according to requirements for
mapping obtaining speed and available computing resources. Split every image pixels into
eroups 807. On every group pixels intensity is replaced with average intensity of group’s
pixels. After that 808 using average intensities are solved equation system (1) or using
mathematical optimization found values for C; from equation (1) minimizing error over all
pixels between intensities on captured images I; and calculated using (1). Obtained values
are stored for later post processing. Every loop 806-809 produces new values C; for every
pixel on image I;. New values for Nj are calculated 809 using current values N; and speed
factor SF;. If for any of i (Image I; width / N; < 1 or Image I; height/ N;< 1), collected
chromophore distribution mapping value sets are analyzed §10. During analyzing are
removed values < 0 and values that differ from the rest too much. The final stage is

creating chromophore map using the filtered values.

After chromophore mapping, the smartphone software calculates and shows on its display

value(s) of physiologically and clinically significant criteria - spectral reflectance
k) = IAVLA) 2,

where I(2) and I,(A) are intensities detected at wavelength Lifrom the target and reference,

respectively, and/or optical density
OD(A) =log k(A) (3),
and/or the pathology criterion

Z = C(pat)/ C(hea) 4),
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related to the derived concentrations of particular chromophore in the pathology region

C(pat) and in the reference (healthy tissue) region C(hea).

Relative concentrations of chromophores are calculated from the measurement data by
solving eq. (1) or by any other suitable algorithm. Then the smartphone software compares
the obtained values with pre-defined clinical threshold values related to severity of the
examined tissue pathology and indicates the severity level of the displayed values by
different colour coding, flashing the displayed numbers at different frequencies, sound

signalling, or similar.

Method for tissue fluorophore mapping

Invention proposes o map tissue [luorophores or their groups accordingly to the recorded
photo-bleaching rate distributions as detected separately in the G- and R-channels of the
smartphone image sensor, and additionally to characterize the dynamics of photo-
bleaching by providing sequential parametric images formed by the ratios of the G- and R-
signals recorded from each pixel or group of pixels over time (e.g. by creating a parametric
video file). Both static fluorophore distribution maps and the dynamic video-recordings are

displayed on the smartphone touch-screen,
The processing procedure involves the following steps:

1. RGB image snapshot under white LED illumination Ry =f[R,G,B]

2. Periodic capture of the set of spectrally filtered tissue AF images during the 20
seconds with 1fr/sec framerate under continuous 405 nm LED excitation

3. Creating from AF images a coordinate-color-time data array Ay =[R.G.,B,tsc]

4. Calculating the difference of color components between AF image at excitation
start moment (t=0) and AF image of time moment t (t=1:20 sec.): Dy ;=G0 - Re

5. Define the mask according to the threshold: if D,,>0 then M, =255, else
My y,=0.

6. Mark areas of R, , image within mask M, y,.

7. Creating an image sequence R, , within the masks M, ,

The scheme of image-processing algorithm is presented on Fig.11, where abbreviation AF

means “autofluorescence”,
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Claims

1. A device for mapping of tissue chromophores on a display of smartphone or similar
mobile device using transformations of spectral images taken from the same tissue area by
RGB digital camera of smartphone at sequential tissue illumination by narrowband
radiation with different central wavelengths within the RGB sensitivity interval, the device
comprising a flat sticky platform with a first polarizer-covered opening for the rear camera
of smartphone or similar mobile device with installed appropriate software, a compartment
for rechargeable batteries and/or electronic circuits, a ring of suitable light emitting diodes
(LED) covered with diffuser and polarizing film oriented orthogonally to the first
polarizer, situated around said opening at the other side of platform and placed within a
cylindrical or conical light shielding wall which is also adapted to ensure fixed distance

between the camera and the examined tissue.

2. The device according to Claim 1, wherein the platform represents a disc with
external diameter equal to that of the shielding cylinder or cone basement and both power
supply and management of the LED ring emission is provided by the battery and software
of the smartphone or similar mobile device, respectively, via flexible cable connected to
the USB port of the smartphone, while the captured images are processed by appropriate

smartphone software.

3. The device according to Claim 1 or 2, wherein to assure mapping of tissue
fluorophores the first polarizer is replaced by cut-off optical filter and the LED ring
comprises one or several light emitting diodes suitable for tissue fluorescence excitation,
e.g. emitting in the spectral range 400-450 nm, and at least one white light emitting diode

for tissue illumination to ensure capturing of colour photo of the tissue.

4. The device according to Claim 1 or 2, wherein spectrally specific sequential tissue
illumination is provided by mono-coloured display of smartphone or similar mobile device
with appropriate software and tissue images are taken by front camera of the smartphone,
providing that a micro-structured prism film or other light turning element is attached to
the smartphone display so that the display-emitted light is side-directed and provides
optimal illumination of the tissue area facing the front-camera of smartphone and the
distance between them is x = A « ctg o, where A is the distance between the middle-points
of the display and the front camera, respectively, and a is the light turning angle, where the

light shielding is ensured by means of a hollow smartphone holder placed on the tissue
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surface and having upper surface comprising an opening for the front camera objective,
possibly covered by a properly oriented polarizing film; alternatively, the upper surface of
the holder comprises a sloped mirror, transparent wedge or another element that turns aside
field-of-view of the front camera for angle o so ensuring optimal imaging of the display-

illuminated tissue surface placed at the distance x from the front panel of smartphone.

5. The device according to Claim 1 or 2, wherein the LED ring covered with diffuser
is replaced by a disc-shaped scattering diffuser with round central opening which is
radially side-illuminated by several laser beams with different wavelengths, emitted from a
number of laser modules placed inside the cylindrical wall, using appropriate optical
element for laser beam management, e.g. external transparent disc with sloped edge;
alternatively, laser modules are placed elsewhere and laser beams are radially illuminating

the disc-shaped diffuser via flexible optical fibres or other light guide(s).

6. A method for tissue chromophore mapping providing that selected area(s) of
healthy tissue adjacent to the pathology region or sufficiently close to it is/are exploited as
the reference(s) for determination of spectral reflectance and/or optical density of
reflectance by defining specific areas of interest at the images captured by smartphone
camera and using the recorded reflected signals for quantifying severity of the particular
pathology by their comparing with pre-defined threshold values of spectral reflectance,
optical density and/or the criterion [C(pat)/C(hea)], where C(pat) and C(hea) are the
derived chromophore concentrations in the pathology region and in the healthy tissue
region, respectively, with indicating the severity level(s) of pathology(-ies) on the

smartphone display by different colours, flashing signs, sound signal(s), or similar.

7. A method for mapping of tissue fluorophores using video-images taken by RGB
digital camera of a smartphone or similar mobile device under temporally stable irradiation
by light emitting diode(s) or other light source(s) emitting wavelength(s) fitting within the
absorption band(s) of particular fluorophore(s), typically in the violet-blue spectral range
400-450 nm, providing that fluorescence images of the specified tissue area are
sequentially recorded for at least 20 seconds with a period 1 second or less, wherein the B-
output signal of each image pixel or selected pixel group is used for reference while the G-
and R-output signals are used to monitor tissue fluorescence and its photo-bleaching over
time, resulting in identification of fluorophores or their groups by analysis of parametric

maps of photo-bleaching rate distribution and/or video file(s) or similar format that

Petitioner's Exhibit 1002
Page 137 of 384



WO 2017/012675 PCT/EP2015/066913
14

properly reflects temporal changes of the parameter k = G/R, where GG an R are the G- and

R-signal output value for each image pixel or specified group(s) of pixels, respectively.
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AMENDED CLAIMS
received by the International Bureau on 22 June 2016 (22.06.2016)

1. A device for mapping of tissue chromophorcs on a display of smartphone or similar
mobile device using transformations of spectral images taken from the same tissue area by
RGB digital camera of smartphone at sequential tissue illumination by narrowband
radiation with different central wavelengthsv within the RGB sensitivity interval, the device
comprising a flat sticky platform with a first polarizer-covered opening for the rear camera
of smartphone or similar mobile device with installed appropriate software, a compartment
for rechargeable batterics and/or electronic circuits, a ring of guitable light emitting diodes
(LED) covered with diffuser and polarizing film orientcd orthogonally to the first
polarizer, situated around said opening at thc other side of platform and placed within a
cylindrical or conical light shielding wall which is also adapted to ensure fixed distance
between the camera and the examined tissue,
cxternal diameter equal to that of the shielding cylinder or cone basement and both power
supply and management of the LED ring emission is provided by the battery and sofiware
of the smartphone or similar mobile device, respectively, via flexible cable connceted to
the USB port of the smartphone, while the captured images are processcd by appropriate
smartphone software, wherein to assure mapping of tissue fluorophores the first polarizer
is replaced by cut-off optical filter and the LED ring comprises one or sevcral light
cmitting diodes suitable for tissue fluorescence excitation, e.g. emitting in the spectral
range 400-450 nm, and at least one white light emitting diode for tissuc illumination to

ensure capturing of colour photo of the tissue.

2, The device according to Claim 1, wherein spectrally specific sequential tissue
illumination is provided by mono-coloured display of smartphone or similar mobile device
with appropriate software and tissue images are taken by fron! camera of the smartphone,
providing that a micro-structured prism film or other light turning element is attachcd to
the smartphone display so that the display-emitted light is side-dirceted and provides
optimal illumination of the tissue arca facing the front-camera of smartphone and the
distance between them is x = A « ctg a, where A is the distance between the middle-points
of the display and the front camera, respectively, and o is the light tuming anglc, where the
light shielding is ensurcd by means of a hollow smartphone holder placed on the tissue
surface and having upper surface comprising an opening for the front camera objective,

possibly covered by a properly oricnted polarizing film; alternatively, the upper surface of

AMENDED SHEET (ARTICLE 19)
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the holder comprises a sloped mirror, transparent wedge or another clement that turns aside
field-of-view of the front camera for angle ¢ so ensuring optimal imaging of the display-

illuminated tissuc surface placed at the distance x from the front panel of smartphonc.

3. The device according to Claim 1, wherein the LED ring covered with diffuser is
replaccd by a disc-shaped scattering diffuser with round centyal opening which is radially
side-illuminated by several laser beams with differcnt wavelengths, cmitted from a number
of laser modules placed inside the cylindrical wall, using appropriate optical element for
laser beam management, e.g. external transparent disc with sloped edpe; alternatively, laser
modules are placed elsewhere and laser beams arc radially jlluminating the disc-shaped

diffuser via flexible optical fibres or other light guide(s).

4. A method for mapping of tissue fluorophores using video-images taken by RGB
digital camcra ol'a smartphone or similar mobilc device under temporally stable irradiation
by light emitting diode(s) or other light source(s) emitting wavelength(s) fitting within the
absorption band(s) of particular fluorophore(s), typically in the viclet-blue spectral range
400-450 nm, providing that fluorescence images of the specificd lissue area are
sequentially recorded for at lcast 20 seconds with a period 1 sgeond or less, wherein the B-
output signal of each image pixel or selected pixel group is used for reference while the G-
and R-output sigﬁals arc used to monitor tissue fluorescence and its photo-bleaching over
time, resulting in identification of fluorophorcs or their groups by analysis of parametric
maps of photo-blcaching rate distribution and/or video file(s) or similar format that
properly reflects temporal changes of the parameter k = G/R, where G and R are the G- and

R-signal outpul value for each image pixel or specified group(s) of pixels, respectively,
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1.RGB image snapshot under white LED
illumination R,.=f[R,G,B]
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TECHNOLOGY) [KR/KR]; 42988 1A 247 & ZM, ZW), 2 4] o} (AM, AZ, BY, KG, KZ, RU, TJ,
A H T =590 E 333, Daegu (KR). ™), §-5 (AL, AT, BE, BG, CH, CY, CZ, DF, DK, FF,

ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC,

2} BA 3, Jae Youn); 42 4] =
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(74) A=) 5832 59 (MUHANN PATENT & LAW
FIRM), 06044 A 54] 2%k she2 32 9,55 (=3
%, M99 ™), Seoul (KR).
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~

(54) Title: MULTISPECTRAL IMAGING DEVICE
G Ege B3F . ofE 22 o|o|H clHlol A

1

\

]
1
- ‘
122 124 26 128

(57) Abstract: A multispectral imaging device in accordance with one embodiment comprises: an illumination unit lor emitling LED
lighting to the skin for skin illumination; and a detection unit for causing light reflected from the skin to be incident on a camera,
wherein the illumination unit is arranged on the outer side of the detection unit, so that a path of the LED lighting emitted from the
illumination unit is formed on the outer side of the deteetion unit, and a path of the light reflected from the skin is formed on the in-
ner side of the detection unit.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention: APPARATUS FOR VISUALIZATION OF TISSUE
First Named Inventor/Applicant Name: Guennadi SAIKO

Filer: Christopher Patrick Lightner/Grace Caffey
Attorney Docket Number: 046905/554252

Filed as Large Entity

Filing Fees for U.S. National Stage under 35 USC 371

Description Fee Code Quantity Amount Suz—;l'g(t;)l in
Basic Filing:
NATIONAL STAGE FEE 1631 1 320 320
NATL STAGE SEARCH FEE - REPORT PROVIDED 1642 1 540 540
NATIONAL STAGE EXAM - ALL OTHER CASES 1633 1 800 800
Pages:
Claims:
Miscellaneous-Filing:
OATH/DECL > 30 MOS FROM 371 COMMENCEMENT 1617 1 160 160

Petition:
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Description Fee Code Quantity Amount Sullaj-;l';(t:)l in
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1820
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Electronic Acknowledgement Receipt

EFS ID: 41657686
Application Number: 17260664
International Application Number: PCT/CA2019/050981
Confirmation Number: 1082

Title of Invention:

APPARATUS FOR VISUALIZATION OF TISSUE

First Named Inventor/Applicant Name:

Guennadi SAIKO

Customer Number:

826

Filer:

Christopher Patrick Lightner/Grace Caffey

Filer Authorized By:

Christopher Patrick Lightner

Attorney Docket Number: 046905/554252
Receipt Date: 15-JAN-2021
Filing Date:
Time Stamp: 12:32:37

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $1820

RAM confirmation Number E20211EC32532647

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:
Document . . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (if appl.)
1256294
1 Application Data Sheet 2021-01-15_554252ADS.pdf no 9
277777d58bb32968aaef1ab1fc2574dd8a4)
b7179
Warnings:
Information:
196318
2021-01-15_554252Preliminary|
2 Amendment.pdf yes o
mendamen p bd00122326466823462b7067a1299b74c6
Oe23ca
Multipart Description/PDF files in .zip description
Document Description Start End
Preliminary Amendment 1 1
Specification 2 3
Claims 4 8
Applicant Arguments/Remarks Made in an Amendment 9 9
Warnings:
Information:
393301
3 Transmittal of New Application 2021-01 _1’\‘5—534252;?”5"]'“3' no 4
ew ppp 5d10332f9cd9bae0dca3ad87 1ad799b39d8
10a72
Warnings:
Information:
2912816
4 2021-01-15_554252W0202001 yes 56
4779pdf 20647140c9617196e27dacd43e81f36ad7d|
Multipart Description/PDF files in .zip description
Document Description Start End
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Abstract 1 2
Specification 3 39
Claims 40 44
Drawings-only black and white line drawings 45 54
Documents submitted with 371 Applications 55 56
Warnings:
Information:
96740
5 Transmittal Letter 2021-01-15_554252IDS.pdf no 1
a4b0a5897be2b0ca5d46b5d4eb2ad 14af7l
20670
Warnings:
Information:
136099
6 Information DFlscIOSL;EOSStatement (IDS) 2021-01-15_5542525B08.pdf no ]
orm ( ) €3a7556d8ba25115e064c674d3f88ed6cbal
0427a
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
993143
7 Non Patent Literature 2021-01-15_554252NPL.pdf no 6
01bd0ae1dd61e425220cc93f3865396b7e|
Warnings:
Information:
10595770
3 2021-01-1 5_554jf52Fore|gnRer yes 60
S-p 20a9377b8bdBa5f108f87e7d2db55fe277¢|
8a780
Multipart Description/PDF files in .zip description
Document Description Start End
Foreign Reference 1 26
Foreign Reference 27 60
Warnings:
Information:
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37112

9 Fee Worksheet (SB06) fee-info.pdf no 2
78dee6f16e835e585a0cd97fdbc89a796c92)
Warnings:
Information:
Total Files Size (in bytes){ 16617593

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIA/14 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032

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

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

046905/554252

Application Number

Title of Invention

APPARATUS FOR VISUALIZATION OF TISSUE

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

document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

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

Inventor Information:

Inventor |1

Remove

Legal Name

Prefix| Given Name

Middle Name

Family Name Suffix

‘ El Fuennadi

bAIKo ‘ E

Residence Information (Select One)

US Residency

e Non US Residency

Active US Military Service

City |Mississauga

| country of Residence |

E I

Mailing Address of Inventor:

Address 1

P474 Trondheim Cr

Address 2

City | I\/Iississauga

| State/Province

| o

Postal Code | ‘LSN 1P4

| Countryi

| oA

Inventor |2

Remove

Legal Name

Prefix| Given Name

Middle Name

Family Name Suffix

‘ El I(enneth

Macko ‘ [

Residence Information (Select One)

US Residency

(® Non US Residency

Active US Military Service

City |[foronto

|| country of Residence i

E |

Mailing Address of Inventor:

Address 1 715-80 St Patrick St

Address 2

City | Il'oronto I State/Province | ION
Postal Code | ‘MST 2X6 | Countryi | )CA

Inventor B

Remove

Legal Name

EFS Web 2213
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | 046905/554252

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | APPARATUS FOR VISUALIZATION OF TISSUE

Prefix| Given Name Middle Name Family Name Suffix

| [ oo | BETLEN I
Residence Information (Select One) US Residency (8 Non US Residency Active US Military Service

City  |Pickering || Country of Residence i EA |

Mailing Address of Inventor:

Address 1 76 Eyer Dr

Address 2

City | Fickering I State/Province | ION

Postal Code | [[w ac2 | Countryi | fcA

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button.

Correspondence Information:

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

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

Customer Number 0826

Email Address | | Add Email | [Remove Email

Application Information:

Title of the Invention APPARATUS FOR VISUALIZATION OF TISSUE

Attorney Docket Number| 046905/554252 Small Entity Status Claimed [ ]

Application Type Nonprovisional -
Subject Matter | Hility -
Total Number of Drawing Sheets (if any) 10 Suggested Figure for Publication (if any)

Filing By Reference:

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

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). )
1
Application number of the previously Filing date {YYYY-MM-DD) Intellectual Property Authority or Country
filed application

EFS Web 2.2.13
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

046905/554252

Application Number

Title of Invention

APPARATUS FOR VISUALIZATION OF TISSUE

Publication Information:

[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

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

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

publication at eighteen months after filing.

Representative Information:

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

Number will be used for the Representative Information during processing.

Please Select One: °

Customer Number

US Patent Practitioner

O Limited Recognition (37 CFR 11.9)

Customer Number

0826

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes

the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.
When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending v Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

A 371 of international

4

PCT/CA2019/050981

2019-07-16

Prior Application Status | [Expired -
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
PCT/CA2019/050981 Claims benefit of provisional |~} 62698799 2018-07-16
Additional Domestic Benefit/National Stage Data may be generated within this form Add

by selecting the Add button.

Foreign Priority Information:

EFS Web 2.2.13

Petitioner's Exhibit 1002

Page 192 of 384



PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | 046905/554252

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | APPARATUS FOR VISUALIZATION OF TISSUE

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

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

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | 046905/554252

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | APPARATUS FOR VISUALIZATION OF TISSUE

Authorization or Opt-Out of Authorization to Permit Access:

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

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

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

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

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIP0O), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related biblicgraphic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

().

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

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

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

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authocrize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | 046905/554252

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | APPARATUS FOR VISUALIZATION OF TISSUE

Applicant Information:

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

Applicant }

If the applicant is the inventor (or the remaining jeint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

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

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

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name Lwift Medical Inc.

Mailing Address Information For Applicant:

Address 1 Richmond Street West

Address 2 Suite 500

City oronto State/Province ION
Country ‘ CA Postal Code M5H 3wW4
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

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

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | 046905/554252

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | APPARATUS FOR VISUALIZATION OF TISSUE

Assignee (1

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

If the Assignee or Non-Applicant Assignee is an Organization check here. []
Prefix Given Name Middle Name Family Name Suffix

] | i

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City I State/Province
Countryi I Postal Code
Phone Number | Fax Number

Email Address

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

Signature:

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

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

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature ([/Christopher P. Lightner/ Date (YYYY-MM-DD)| [2021-01-15
First Name Fhristopher Last Name | Pghlner Registration Number 2156
Additional Signature may be generated within this form by selecting the Add button.
EFS Web 2.2.13
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L Attorney Docket Number
Application Data Sheet 37 CFR 1.76

046905/554252

Application Number

Title of Invention | APPARATUS FOR VISUALIZATION OF TISSUE

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFS Web 2.2.13
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Privacy Act Statement

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

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

1

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

Arecord 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.

Arecord 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
acontract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.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 CooperationTreaty.

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
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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.5.C.
122(b) or issuance of a patent pursuant to 35U.5.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 viclation of law or regulation.
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Attn: DO/US

IN THE UNITED STATES DESIGNATED OFFICE (DO/US)

Applicant(s): Saiko, et al.

International Appl. No.: PCT/CA2019/050981

International Filing Date: July 16, 2019

Title: APPARATUS FOR VISUALIZATION OF TISSUE

Docket No.: 046905/554252
Customer No.: 00826

Mail Stop PCT
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT
37 CFR § 1.115

Please enter this Preliminary Amendment before calculating the claim fee and amend the
above-identified application as follows:

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims are reflected in the listing of claims beginning on page 4 of
this paper.

Remarks begin on page 9 of this paper.

LEGAL02/40361017v1
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In re: Saiko, et al.
Inter’l Appl. No.: PCT/CA2019/050981
Page?2 of 9

Amendments to the Specification:

1) On page 1 of the published International Application, please amend the existing

title as follows:

HHEEAPPARATFUHS FORMSEALZATHON-OFEHSSUE

APPARATUS FOR VISUALIZATION OF TISSUE

2) On page 1, before the existing header before paragraph [0001] of the published

International Application, please insert the following headings and paragraph:

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application is a National Stage Application, filed under 35 U.S.C. § 371, of
International Application No. PCT/CA2019/050981, filed July 16, 2019, which claims
priority to United States Provisional Application No. 62/698.799, filed July 16, 2018; the

contents of both of which as are hereby incorporated by reference in their entireties.

BACKGROUND
Related Field

3) On page 1 of the published International Application, please delete the existing
“FIELD” header.

LEGAL02/40361017v1
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In re: Saiko, et al.
Inter’l Appl. No.: PCT/CA2019/050981
Page 3 of 9

4) On page 1, line 4 of the published International Application, please amend the
existing “BACKGROUND?” header, as follows:

BACKGROLND
Description of Related Art

5) On page 1, line 27 of the published International Application, please amend the
existing “SUMMARY” heading as follows:

SEMMARY
BRIEF SUMMARY

6) On page 5, line 24 of the published International Application, please amend the
existing “DESCRIPTION OF THE FIGURES” heading as follows:

DESCRIPHON-OFTHEHGURES
BRIEF DESCRIPTION OF THE FIGURES

7 On page 6, line 15 of the published International Application, please amend the
existing “DETAILED DESCRIPTION” heading as follows:

DEFAILED DESCRIPHON
DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

LEGAL02/40361017v1
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In re: Saiko, et al.
Inter’l Appl. No.: PCT/CA2019/050981
Page 4 of 9

Amendments to the Claims:

1-21. (Cancelled)

22, (New) A portable illumination apparatus for facilitating visualizations of tissue, the
apparatus comprising:

a portable housing for detachable attachment proximal to an image capturing unit; and

an illumination unit comprising one or more narrow band light sources configured to shine
m flashes at n predetermined wavelengths,

wherein n/4 <m <n.

23, (New) The portable illumination apparatus of claim 22, wherein the illumination unit
further comprises a lens covering the one or more light sources, the lens having a focal length that

is 80%-120% of a working distance between the illumination unit and a target area of tissue.

24, (New) The portable illumination apparatus according to claim 22, wherein the one or more
light sources is configured to provide flashes that are at least one of:

1) 405+10nm wavelength, and having at least one of (a) a long pass filter with a cut-
on wavelength of 450+25nm or (b) a bandpass filter with transmission in a 425nm-
1000nm range,

(i)  two wavelengths in a 450nm-750nm range, at least one of which in the green range,

(iii)  three wavelengths in a 450nm-750nm range, at least one of which in the green
range, or

(iv)  970+10nm wavelength.

25. (New) The portable illumination apparatus according to claim 22, wherein the illumination
unit further comprises at least one of’
Q) a controller to control illumination of the one or more light sources, or

(i1)  arechargeable battery for powering the apparatus.

LEGAL02/40361017v1
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In re: Saiko, et al.
Inter’l Appl. No.: PCT/CA2019/050981
Page 5 of 9

26. (New) The illumination apparatus according to claim 22, wherein the one or more light

sources are arranged about a central aperture having a radius of 0.5-3cm.

27. (New) The illumination apparatus of claim 26, wherein the one or more light sources are

arranged in a ring having a radius of 1.5-6¢m.

28. (New) The illumination apparatus according to claim 22, wherein the portable housing
comprises a compression clip or a spring clip for mounting the apparatus on a mobile device along

at least one edge of the mobile device and proximal to a camera of the mobile device.

29. (New) A tissue imaging system for visualization of tissue health indicators, the system
comprising:
a portable computing device,
an image capture unit, and
an illumination unit,
wherein:
the illumination unit comprises one or more narrow band light sources configured
to shine m flashes at n predetermined wavelengths, wherein n/4 <m <n;
the image capture unit and the illumination unit are configured to capture
measurement data for a target area of tissue; and
the computing device comprises a processor configured to access and execute
instrutions in accordance with a tissue visualization application stored in a non-transitory
computer-readable memory of the computing device, for capturing measurement data, and

pre-processing and processing the measurement data to generate tissue health indicators.

30.  (New) The tissue imaging system of claim 29, wherein the computing device comprises a

mobile device and the image capture unit is a camera integrated with the mobile device.

LEGAL02/40361017v1
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In re: Saiko, et al.
Inter’l Appl. No.: PCT/CA2019/050981
Page 6 of 9

31 (New) The tissue imaging system according to claim 29, wherein the illumination unit
comprises:

a portable housing for detachable attachment proximal to an image capturing unit; and

an illumination unit comprising one or more narrow band light sources configured to shine
m flashes at n predetermined wavelengths,

wherein n/4 <m <n.

32. (New) The tissue imaging system according to claim 29, wherein the portable illumination
unit further comprises a wireless communication module for receiving commands from the

computing device.

33. (New) A tissue visualization system operatively connected to one or more tissue imaging
systems according to claim 29, comprising a communications module for communicating with the
one or more tissue imaging systems, a system processor, and system non-transitory computer-
readable memory thereon, configured to receive measurement data and tissue health indicators
from the one or more tissue imaging systems and to generate a visualization of tissue health
indicators of tissue images received from the one or more tissue imaging systems, for display to a

user display unit.

34, (New) A method for generating visualizations of tissue, the method comprising:

positioning a computing device at a proper distance from a target area of the tissue for
capturing an image of the target area, the computing device comprising a processor and a non-
transitory computer-readable memory storing computer-executable instructions comprising a
tissue visualization application;

capturing measurement data using an image capturing unit and an illumination unit, the
image capturing unit and the illumination unit communicatively coupled to the computing device
and the illumination unit configured to shine m flashes at n predetermined wavelengths during
capturing of the measurement data, wherein n/4 <m <n;

pre-processing the measurement data using the tissue visualization application to obtain

normalized images;

LEGAL02/40361017v1
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In re: Saiko, et al.
Inter’l Appl. No.: PCT/CA2019/050981
Page 7 of 9

extracting indications of tissue health indicators from the pre-processed measurement data;
generating interface elements corresponding to the visualization tissue health indicators;
and

at least one of storing or transmitting the indications of the tissue health indicators.

35. (New) The method of claim 34 further comprising, prior to capturing the measurement
data, capturing a reference image, wherein the positioning the computing device for the reference

image capturing comprises positioning the computing device using a reference object.

36. (New) The method of claim 34, wherein the illumination unit and the computing device

are configured to provide a working distance of 15+5cm from the target area of tissue.

37. (New) The method of claim 36, wherein the positioning of the computing device for

capturing the measurement data comprises positioning the computing device using a self-reference

object.
38. (New) The method according to claim 34, wherein pre-processing comprises at least one
of:

1 registering images to avoid camera motion artifacts,

(i)  subtracting images with no illumination from the illumination unit from images
with illumination from the illumination unit to account for the presence of ambient
light,

(iii)  recalibrating each measurement accordingly to control parameters related to
intensity of illumination using a self-reference object positioned within the target
area,

(iv)  dividing the intensity images on reference images to obtain normalized images, or

) flattening the obtained images to account for reflections from curved surfaces.

LEGAL02/40361017v1
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In re: Saiko, et al.
Inter’l Appl. No.: PCT/CA2019/050981
Page 8 of 9

39.  (New) The method according to claim 34, wherein camera exposure time is T and a flash

time is said T or any whole number multiple of said T.
40. (New) The method according to claim 39, wherein the camera exposure time is S0ms.

41.  (New) The method according to claim 34, wherein the measurement data comprises

wound-related data.
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In re: Saiko, et al.
Inter’l Appl. No.: PCT/CA2019/050981
Page 9 of 9

REMARKS

The above amendments are made to remove multiple dependencies of the claims to save
claim fees and to place the claims in better form for U.S. examination. Please enter these
amendments prior to calculation of any filing-related fees (including excess claim fees) and

examination.

Respectfully submitted,
/Christopher P. Lightner/

Christopher P. Lightner
Registration No. 62,156

Customer No. 00826

ALSTON & BIRD LLP

Bank of America Plaza

101 South Tryon Street, Suite 4000
Charlotte, NC 28280-4000

Tel Atlanta Office (404) 881-7000

Fax Atlanta Office (404) 881-7777

ELECTRONICALLY FILED USING THE EFS-WEB ELECTRONIC FILING SYSTEM OF THE UNITED STATES PATENT &
TRADEMARK OFFICE ON January 15, 2021.
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FIG. 4

(57) Abstract: A tissue imaging system comprising a computing device,
tissue visualization application, image capturing unit, and an illumination
unit, is configured to capture measurement data. The visualization applica-
tion extracts visualizations of tissue health indicators from the measurement
data. The application generates an interface with one or more interface ele-
ments corresponding to the visualization of tissue health indicators.

[Continued on next page]
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U._S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Apparatus for visualization of tissue

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:
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application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

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

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

Publication Information:

[[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under
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subject of an application filed in another country, or under a multilateral international agreement, that requires
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Representative Information:
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Application Number Countryi Filing Date (YYYY-MM-DD) Access Code' (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
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Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
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[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AlA.
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Authorization or Opt-Out of Authorization to Permit Access:

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

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

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

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

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

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

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

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

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Applicant Information:

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

Applicant 1

If the applicant is the inventor {or the remaining joint inventor or inventers under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {(assignee, perscon to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

Assignee Legal Representative under 35 U.S.C. 117 e Joint Inventor

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

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

-

Name of the Deceased or Legally Incapacitated Inventor: |

If the Applicant is an Organization check here. [l

Prefix Given Name Middle Name Family Name Suffix
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Mailing Address Information For Applicant:
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1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, perscn to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

Assignee Legal Representative under 35 U.S.C. 117 @ Joint Inventor

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

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

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix
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Mailing Address Information For Applicant:
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Country | FA Postal Code M5T2X6
Phone Number Fax Number
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Additional Applicant Data may be generated within this form by selecting the Add button.

Applicant |3 Remove

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, perscn to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

Assignee Legal Representative under 35 U.S.C. 117 @ Joint Inventor

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

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

-
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Assignee (1
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NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

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

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature ([/guennadisaiko/ Date (YYYY-MM-DD)| [2018-07-15
First Name IGuennadi Last Name ’ Faiko Registration Number
Additional Signature may be generated within this form by selecting the Add button. Add
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NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

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

See 37 CFR 1.4(d) for the manner of making signatures and certifications.
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entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventers whao are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.
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is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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The Privacy Act of 1974 (P.L. $3-579) 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 sclicited 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 (5U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord 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 tc opposing counsel in the course of settlement negotiations.

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

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

5. Arecord 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 CooperationTreaty.

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

7. Arecord 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.5.C. 2604 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8.  Arecord 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.5.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9.  Arecord 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 violaticn or potential viclation of law or regulation.
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TITLE: APPARATUS FOR VISUALIZATION OF TISSUE
FIELD
[0001] The improvements generally relate to the field of medical devices.
INTRODUCTION

[0002] People suffer from chronic and compromised wounds with debilitating pain and
reduced quality of life for those whose health is already compromised. Patients with this
condition often present to a doctor at late stages of the disease, which leads to many
amputations, which may be avoidable. Moreover, proper diagnostics requires specialized
vascular labs, which precludes these types of tests from being performed outside major
hospitals and in an expedited fashion.

[0003] The wound is considered chronic if it is not healed within four weeks. The tissue
health and wound healing process can be compromised by various factors, including
insufficient blood supply, edema, and the presence of bacteria. These factors
(oxygenation/perfusion, subepidermal moisture, and bacteria presence) among others will be
referred to as tissue health indicators.

[0004] Multispectral (hyperspectral) imaging is a promising non-invasive optical modality
for early detection of problematic wounds.

[0005] Visualization of skin distribution of oxyhemoglobin and deoxyhemoglobin can give
insight into perfusion and oxygenation of the tissue. It can be used for assessment of tissue
health (for example, ischemia).

[0006] Such as elevated levels of subepidermal moisture are typical for pressure injuries,
visualization of water distribution in tissue can be used for early (pre-ulcer) diagnostics of
pressure injuries.

[0007] Fluorescence imaging is a promising non-invasive optical modality for detection of
bacterial burden. Visualization of bacterial burden can be used to assess bacterial burden

and guide swabbing and cleansing.
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SUMMARY

[0008] In accordance with an aspect, there is provided a process for generating
visualizations of tissue. The process captures measurement data by a user device (e.g.,
smartphone), and processes the measurement data using the visualization application. The
process extracts indications of tissue health from the processed measurement data, and
stores or transmits the underlying data. The process generates interface elements
corresponding to the visualization tissue health indicators.

[0009] In some embodiments, the process involves calibrating the visualization application
using a reference object;

[0010] In some embodiments, a small self-reference can be used to position the device
properly

[0011] In some embodiments, a small self-reference can be used to calibrate the
measurement data based on an intensity of illumination.

[0012] In some embodiments, an illumination unit independent of the mobile device can
be used for calibration and capture measurements together with a camera, laptop, or tablet.
[0013] In accordance with an aspect, there is provided a tissue imaging system comprised
of a user device with a visualization application, an image capturing unit, and an illumination
unit. The illumination unit is configured to illuminate the target area; the image capturing unit
captures measurement data, the visualization application extracts visualizations of tissue
health indicators from the measurement data and generates an interface with one or more
interface elements corresponding to the visualization of tissue health indicators.

[0014] In accordance with an aspect, there is provided a tissue visualization system
connected to a tissue imaging system (user device with a visualization application, an image
capturing unit, and an illumination unit). The illumination unit illuminates the target area; the
image capturing unit captures measurement data. The visualization application extracts
visualization of tissue health indicators from the measurement data and transmits the
visualization of tissue health indicators or underlying data to the tissue visualization system.
The tissue visualization system processes and stores the visualization of tissue health

indicators or underlying data, and displays them on user devices.
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3.

[0015] Many further features and combinations thereof concerning embodiments
described herein will appear to those skilled in the art following a reading of the instant
disclosure.

DESCRIPTION OF THE FIGURES

[0016] Embodiments will now be described, by way of example only, with reference to the
attached figures, wherein in the figures:

[0017] Fig. 1 is a view of an example of the overall system architecture with various
configurations of tissue imaging systems according to some embodiments;

[0018] Fig. 2 is a view of an example of a tissue visualization system according to some
embodiments;

[0019] Fig. 3 is a view of an example of the illumination unit and a mobile device
according to some embodiments;

[0020] Fig. 4 is a flowchart of an example method for capturing measurements and
visualizing tissue according to some embodiments;

[0021] Fig. 5 is a view of an example interface for visualizing tissue according to some
embodiments;

[0022] Fig. 6 is a diagram of an example architecture of a mobile device according to
some embodiments;

[0023] Fig. 7 is an example of illumination and image capturing scheme according to
some embodiments;

[0024] Fig. 8 is a view of example illumination units according to some embodiments.
[0025] Fig. 9 is an example of the workflow used to take reference images; and

[0026] Fig. 10 is a view of a schematic of imaging tissue and self-reference objects.
DETAILED DESCRIPTION

[0027] Some clinical-grade tools can only be used in specialized medical establishments.
They can be large, require special training, and are mostly suitable for the use in inpatient
settings only. For example, they cannot be easily carried to a patient’'s home or remote
communities. Thus, these solutions cannot be used as early diagnostic tools as a patient
would have to be referred to a hospital having one of these tools.
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[0028] Many people suffer from diabetes. Diabetic foot ulcers (DFU) and the resulting
lower extremity amputations are a frequent, disabling and costly complication of diabetes.
Many diabetics can develop a foot ulcer. DFU is a cause of non-traumatic below knee
amputation. In addition to the reduced quality of life, amputees might not survive for that long
after amputation. Consequently, early detection of DFU can lead to better outcomes, thus
saving limbs and lives.

[0029] Peripheral vascular disease (PVD) affects arteries (peripheral arterial disease,
PAD) and veins (chronic venous insufficiency, CVI). PAD is of particular importance, such as
it affects about eight million Americans and is responsible for 10% of all leg ulcers.

[0030] Pressure ulcers (PU) or pressure injuries represent a serious health problem to
patients impacting up to 25-50% of patients across acute and long-term care settings.

[0031] The cost of treatment of diabetic foot ulcer, pressure ulcer, and leg ulcer is high.
Diagnosing these conditions at an earlier stage (e.g., before actual ulceration) might be able
to save significant money for healthcare systems and patients.

[0032] Other clinical indications associated with abnormal blood perfusion and/or
oxygenation, such as skin cancer (angiogenesis), port-wine stains, and skin disorders, can
benefit from a system for tissue imaging.

[0033] Subepidermal moisture, a measure of localized edema, is associated with
erythema, Stage | and Il PUs [Bates-Jensen 2007, Bates-Jensen 2008, Guihan 2012, Ching 2011],
and can (ii) differentiate between healthy skin and skin with pressure-induced tissue damage
[Harrow 2014] and (iii) serve as a predictor of imminent ulceration (PUs, sDTIs) in various
populations [Bates-Jensen 2007, Bates-Jensen 2008, Bates-Jensen 2009]. Thus, changes in
measures of subepidermal moisture could be utilized for both prevention and detection of
PUs. Radiofrequency impedance measurement with spatially separated electrodes is a
current standard way to measure skin moisture including subepidermal moisture. However, it
is a contact single-point measurement technique, which may suffer from operator
inconsistency.

[0034] NIR reflectance can be used to determine water content in the skin. Water
spectrum dominating NIR spectra with overtone bands of the O-H bonds with peak
absorption at 760 nm, 970 nm (due to the second overtone of the O-H stretching band),

1190nm (the combination of the first overtone of the O-H stretching and the O-H bending
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band), 1450 nm first overtone of the OH-stretching band and a combination band), and 1940
nm (combination of the O-H stretching band and the O-H bending band) [Luck 1974]

[0035] Water absorption at 1440nm is 30 times stronger than at 1190nm, which in turn
more than two times stronger than absorption at 970nm. Thus, 1440nm and 1920nm
wavelengths are suitable for imaging of water content in uppermost skin layers (stratum
corneum), while 970nm and 1190nm can be used for water content determination and
imaging in deeper skin layers, including epidermis, dermis (1190nm) and even
subcutaneous tissues (970nm).

[0036] Bacteria presence can significantly impact tissue health and wound healing
progress. Bacteria are always present in the wound. There are several distinct levels of
bacterial burden in the wound: contamination, colonization, and infection.

[0037] Wound contamination is the presence of non-replicating organisms in the wound.
All chronic wounds are contaminated. These contaminants come from the indigenous
microflora and/or the environment.

[0038] Wound colonization: the presence of replicating microorganisms adherent to the
wound in the absence of injury to the host. Most of these organisms are normal skin flora:
Staphylococcus epidermidis, another coagulase negative Staph., Corynebacterium sp.,
Brevibacterium sp., Proprionibacterium acnes, Pityrosporum sp..

[0039] Wound Infection: the presence of replicating microorganisms within a wound that
cause host injury. Primarily pathogens are of concern here: Staphylococcus aureus, Beta-
hemolytic Streptococcus (S. pyogenes, S. agalactiae), E. coli, Proteus, Klebsiella,
anaerobes, Pseudomonas, Acinetobacter, Stenotrophomonas (Xanthomonas).

[0040] Contamination and colonization by low concentrations of microbes are considered
normal and are not believed to inhibit healing. However, critical colonization and infection are
associated with a significant delay in wound healing.

[0041] Clinical test for bacterial presence include swabs from the tissue. In addition to
long processing time (several days) these tests suffer from possible contamination during
swabbing and randomness in the selection of swabbing sites. Thus, current clinical
diagnostics techniques are sub-optimal.

[0042] Portable fluorescence imaging can be used for visualization of bacterial presence.
It was found that while excited at 405nm, S. aureus, S. epidermidis, Candida, S.

marcescens, Viridans streptococci, Corynebacterium diphtheriae, S. pyogenes,
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Enterobacter, and Enterococcus produced red (610-640nm) fluorescence from porphyrin
[Kjeldstad 1985] while P. aeruginosa produced a bluish-green (490-550nm) fluorescence from
pyoverdin [Cody 1987]. Thus, fluorescence imaging can be used to assess bacterial burden
and guide swabbing and wound cleansing.

[0043] Thus, multispectral/hyperspectral-based reflectance imaging, fluorescence imaging
or their combination can provide valuable insights on tissue health and wound healing
potential.

[0044] Embodiments described herein can provide a tool for tissue imaging.

[0045] Fig. 1 is a view of an example tissue visualization system 100 that connects to a
tissue imaging system 105.

[0046] Tissue imaging system 105 is a device for visualization of abnormalities of blood
circulation, moisture distribution, and bacterial burden in surface tissues (skin or mucosa).
For example, the device can be used for identification of ischemic or angiogenic conditions.
It can be used by primary care physicians, nurses, or even patients themselves in any type
of settings: inpatient, outpatient, long-term facilities, patient's home, and so on, thus allowing
earlier identification of problematic wounds. Tissue imaging system 105 contains a mobile
device 108, tissue visualization app 112, image capturing unit 103, and the illumination unit
104.

[0047] A mobile device 108 can be an off-the-shell computing device (a mobile device,
smartphone, tablet, laptop, a personal computer) or a custom-built computing device. In a
preferred embodiment, the mobile device 108 is a smartphone.

[0048] Tissue visualization app 112 is installed and run on mobile device 108. Tissue
visualization app 112 coordinates image capturing unit 103 and illumination unit 104 during
data capturing, process images, display results on a mobile device 108 and transmit data to
tissue visualization system 100.

[0049] Image capturing unit 103 is an internal (built-in mobile device 108) or external
device capable of capturing images. In a preferred embodiment, it is a 3 channel (RGB) or 4
channel (RGB-NIR) camera.

[0050] The illumination unit 104 is an internal (built-in the mobile device 108) or external
device (multispectral flash) capable of illuminating a target area with required intensity,

wavelengths, and duration.
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[0051] Typical tissue imaging system 105 architectures are presented on Fig.1: In some
embodiments, the tissue imaging system 105 can be a single device. In some embodiments,
the tissue imaging system 105 can have two separate parts (e.g., image capturing unit 103
built-in mobile device 108 and separate illumination unit 104 or illumination unit 104 built-in
mobile device 108 and separate image capturing unit 103). In some embodiments, the tissue
imaging system 105 can have three separate parts (a mobile device 108, an image capturing
unit 103, and a separate illumination unit 104)

[0052] In a preferred embodiment, the illumination unit 104 can be a device attached
(e.g., clip-on or by compression clip) to a mobile device 108, such as a smartphone.

[0053] In some embodiments, the illumination unit 104 can be connected or synchronized
with the tissue visualization application 112 (installed or accessible by mobile device 108) for
example by Bluetooth, optic or optoelectric couping, or wired connection. In some
embodiments, the illumination unit 104 can be triggered manually, and the visualization
application 112 recognizes the light sequence and synchronizes image capturing.

[0054] In some embodiments, the image capturing unit 103 can connect to the tissue
visualization application 112 (installed or accessible by mobile device 108) for example by
Bluetooth, optoelectric couping, or wired connection.

[0055] The tissue visualization application 112 can, in turn, be connected to tissue
visualization system 100 (e.g., backend server). The tissue visualization system 100 can
collect data from tissue visualization applications 112. The tissue visualization system 100
can transmit the data (or transformations and aggregations of the data) to user device 102
(e.g., computer, laptop, tablet, or smartphone) which can be operated by a physician or other
user. Thus, a qualified specialist may review the data collected in a different location by a
frontline health practitioner (e.g., nurse) or patient. This may facilitate early diagnostic by the
physician.

[0056] The tissue imaging system 105 can capture measurement data as images of a
patient’s tissue. The visualization application 112 can extract visualizations of tissue health
indicators from the measurement data. The visualization application 112 can generate one
or more interface elements corresponding to the visualization of tissue health indicators. The
interface elements populate an interface for display on the mobile device 108.

[0057] In some embodiments, the mobile device 108 can connect to a tissue visualization

system 100 to transmit the measurement data and the visualization of tissue health
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indicators, for example. The tissue visualization system 100 can aggregate the
measurement data and the visualization of tissue health indicators from multiple tissue
imaging systems 105. The tissue visualization system 100 can process and store the
measurement data and the visualization of tissue health indicators.

[0058] In some embodiments, the tissue imaging system 105 can connect to a user
device 102. The mobile device 108 with tissue visualization app 112 can aggregate the
measurement data and generate the visualization of tissue health indicators from multiple
tissue imaging system 105 for transmission to tissue visualization system 100. The tissue
visualization system 100 can aggregate the measurement data and the visualization of
tissue health indicators from multiple tissue imaging systems 105.

[0059] The tissue visualization system 100 receives imaging data from the tissue imaging
system 105 to generate a visualization of tissue and detect wounds and abnormalities. The
tissue visualization system 100 and tissue imaging system 105 connects to other
components in various ways including directly coupled and indirectly coupled via the
network. Network 110 (or multiple networks) is capable of carrying data and can involve
wired connections, wireless connections, or a combination thereof. Network 110 may involve
different network communication technologies, standards, and protocols.

[0060] Fig. 2 is a view of an example tissue visualization system according to some
embodiments.

[0061] Tissue visualization system 100 receives imaging data from the tissue imaging
system 105 via data I/O unit 218. Data 1/0 unit 218 facilitates transmission of data to data
processing unit 220. Data processing unit 220 processes data received from the data 1/0O
unit 218 or one or more databases 224. For example, data processing unit 220 can apply
one or more algorithms or extract data that may be used for, or that may facilitate the
visualization or processing related to detection of problematic wounds or abnormalities of
blood circulation, for example, in surface tissues. Data processing unit 220 can extract,
create, and/or aggregate from that data a wound size and/or a map, visualization, or
indication of oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion, water, bacteria
presence, and/or other indicia that may suggest abnormalities of tissue health, for example,
in surface tissues.

[0062] Data processing unit 220 can receive via data I/O unit 218 instructions for

computation from one or more external systems 106, user device 102, tissue imaging
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system 105, and/or tissue visualization app 112. The instructions for computation can be
used by data processing unit 220 to facilitate the extraction, creation, and/or aggregation of
data providing a wound size and/or a map, visualization, or indication of oxygenation,
oxyhemoglobin, deoxyhemoglobin, perfusion, water, bacterial presence and/or other indicia
that may suggest abnormalities of tissue health, for example, in surface tissues. In some
embodiments, data processing unit 220 can process imaging data to prepare the data for
presentation via the interface unit 222 in an appropriate form or to prepare the data for
transmission to an external system 106, user device 102, and/or tissue imaging system 105
to be presented in an appropriate form.

[0063] Data processing unit 220 can receive data or processed data from aggregation unit
226 and may extract, create, and/or aggregate from that data, data providing a wound size
and/or a map, visualization, or indication of oxygenation, oxyhemoglobin, deoxyhemoglobin,
perfusion, water, bacterial presence and/or other indicia that may suggest abnormalities of
tissue health, for example, in surface tissues. The map, visualization, or other indication that
can be extracted, created, and/or aggregated by data processing unit 220 can reflect
imaging data or measurements corresponding to a plurality of patients. The data processed
by data processing unit 220 may be imaging data collected at one or more tissue imaging
systems 105 and/or one or more user devices 102. The data processed by data processing
unit 220 may be measurement data reflecting one or more images of a patient’s tissue.
[0064] Aggregation unit 226 can receive via data I/O unit 218 and/or one or more
databases 224 imaging data corresponding to a plurality of patients, tissue imaging systems
105, or user devices 102. Aggregation unit 226 can aggregate or modify the data by
applying instructions for computation. Aggregation unit 226 can cause the aggregated or
modified data to be transmitted to data processing unit 220 where the data can be
processed to prepare the data for presentation via interface unit 222 in an appropriate form
or to prepare the data for transmission to an external system 106, user device 102, and/or
tissue imaging system 105 to be presented in an appropriate form.

[0065] Aggregation unit 226 can receive processed data from data processing unit 220
corresponding to a plurality of patients, tissue imaging system 105, or user devices 102.
Aggregation unit 226 can aggregate or modify the processed data by applying the
instructions for computation. Aggregation unit 226 can cause the aggregated or modified

data to be transmitted to data processing unit 220 where the data can be further processed
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to prepare the data for presentation via interface unit 222 in an appropriate form or to
prepare the data for transmission to an external system 106, user device 102, and/or tissue
imaging system 105 to be presented in an appropriate form.

[0066] Aggregation unit 226 can receive via data I/O unit 218 and instructions for
computation from one or more external systems 106, user device 102, tissue imaging
system 105, and/or tissue visualization app 112. The instructions for computation can be
used by aggregation unit 226 to facilitate aggregation of imaging data corresponding to a
plurality of patients.

[0067] Tissue visualization system 100 can receive imaging data, for example, aggregate
imaging data, from mobile device 108 via data I/O unit 218. Tissue visualization system 100
can receive imaging data, for example, aggregate imaging data, from external systems 102
via data 1/0 unit 218. Tissue visualization system 100 can receive computer instructions for
processing or computation from external systems 106. External systems 106 can store,
cause to be stored, and/or receive data from one or more external databases 216.

[0068] Aggregation unit 226 can receive via data I/O unit 218 the instructions for
computation from one or more external systems 106, user device 102, tissue imaging
system 105, and/or tissue visualization application 112.

[0069] Tissue visualization system 100 can be associated with one or more databases or
data storages 224, for example, one or more local databases. The one or more databases
224 can store or processed data received or transmitted by data /O unit 218, data
processing unit 220, and/or aggregation unit 226. The data stored in the one or more
databases 224 can be accessed by various units including these. For example, data I/O unit
218 may cause database 224 to store data received via network 110 and/or from user
device 102, external systems 106, tissue imaging system 105, and/or tissue visualization
app 112. Data processing unit 220 and aggregation unit 226 can cause data to be retrieved
from database 224, for example, before processing or aggregating the data.

[0070] Data processing unit 220 can cause data to be stored in database or data storage
224 after it processes the data by applying instructions or extracting data that may be used
for or facilitate the visualization or processing related to detection of problematic wounds or
abnormalities of blood circulation in surface tissues. Data processing unit 220 can retrieve

the processed data from database or data storage 224 and cause the processed data to be
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transmitted to the interface unit 222 or network 110, for example, for presentation to a
patient or physician.

[0071] Data processing unit 220 can cause data to be stored in database or data storage
224 after it extracts, creates, and/or aggregates data providing a wound size and/or a map,
visualization, or indication of oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion,
water, bacterial presence and/or other indicia that may suggest abnormalities of tissue
health, for example, in surface tissues.

[0072] Data processing unit 220 can use Machine Learning (including supervised ML and
unsupervised ML) to extract information from collected images and other data. In particular,
data processing unit 220 can build and train models, which can discriminate between various
conditions and provide users with additional information. In some embodiments data
processing unit 220 uses convolutional neural networks for automatic or semi-automatic
detection and/or classification of the skin or wound conditions. In some embodiments, ML
models built and trained using other tools and deployed to data processing unit 220 for
image/data detection/classification.

[0073] Aggregation unit 226 can cause data to be stored in database 224 after it
aggregates imaging data or processed data that corresponds to a plurality of patients and/or
user devices 102. Aggregation unit 226 can retrieve the aggregated data from one or more
databases 224 and cause the aggregated data to be transmitted to the interface unit 222 or
network 110, for example, for presentation to a patient or physician.

[0074] Tissue visualization system 100 can cause data to be displayed on interface unit
222, for example, aggregated and/or processed data providing a wound size and/or a map,
visualization, or indication of oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion,
water, bacterial presence and/or other indicia that may suggest abnormalities of tissue
health in surface tissues. Patients and physicians can engage with an interface unit to view
or analyze the indicia.

[0075] Tissue visualization system 100 can cause data, for example, aggregated data,
processed data, imaging data, and/or data providing a wound size and/or a map,
visualization, or indication of oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion,
water, bacterial presence and/or other indicia that may suggest abnormalities of tissue

health in surface tissues, to be transmitted to one or more external systems 106.
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[0076] For example, tissue visualization system 100 can receive imaging data from a
plurality of tissue imaging systems 105, process and/or aggregate the data using data
processing unit 220 and/or aggregation unit 226, and cause the data to be routed, via one or
more networks 110, to a proper physician (e.g., family doctor) for evaluation. The physician
may be engaged with a user device 102, an external system 106, or a tissue imaging system
105.

[0077] A user device 102 may receive, process, and/or aggregate data from a multiplicity
of tissue imaging system 105 and/or corresponding to a multiplicity of patients or tissue
measurements. User device 102 may receive instructions for computation from one or more
external systems 106 or tissue imaging system 105.

[0078] Tissue visualization system 100 can connect to various components, including
user device 102, tissue imaging system 105, external systems 106, external database 216,
in various ways including directly coupled and indirectly coupled via network 110 (or multiple
networks). Each of these components can connect to each other in various ways including
directly coupled and indirectly coupled via network 110 (or multiple networks).

[0079] Fig. 3 is a view of an example of tissue imaging system 105 comprised of the
illumination unit 104 and mobile device 108 with the internal image capturing unit 103 and
installed app 112 according to some embodiments.

[0080] A tissue imaging system 105 is associated with an image capture unit 103. The
image capture unit 103 can be a smartphone camera (front or back), for example.

[0081] A mobile device 108 is associated with a display interface 318. The display
interface 318 can be a screen or viewfinder, for example. In some embodiments, a mobile
device 108 is associated with an app I/O unit 322 that may facilitate data transmission
between an illumination unit 104 and the mobile device 108.

[0082] An illumination unit 104 is associated with a mobile device 108, for example,
through a physical connector 302 that attaches the illumination unit 104 to the mobile device
108. An illumination unit 104, which acts as an external flash is associated with a lighting
unit 300, which may include multiple light sources 300. The light units 300 may be arranged
in a circle on illumination unit 104, for example. In the preferred embodiment, light units 300
are arranged in the circle around the central aperture.

[0083] In some embodiments, an I/O unit 304 associated with the illumination unit 104

may facilitate data transmission between the illumination unit 104 and the mobile device 108.
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For example, 1/0 unit 304 may send and receive data from an app I/0 unit 322. 1/O unit 304
and app /O unit 322 may implement connectivity via Bluetooth, a cable (e.g., USB, lightning,
audio jack), WiFi, near-field communication, optic or optoelectronic coupling, or other means.
This communication can facilitate synchronization of the lighting unit 300 and the data
capture by image capture unit 103, for example, in accordance with an illumination schema
that can account for various types of external illumination.

[0084] A controller 301 causes light sources to flash in a predetermined fashion. The
controller 301 can receive commands from I/O unit 304 or be triggered manually (e.g., using
a button). The controller 301 can be based on any type of general-purpose microprocessor
or microcontroller, a digital signal processing (DSP) processor, an integrated circuit, a
central processing unit (CPU), a graphics processing unit (GPU), a field programmable gate
array (FPGA), a reconfigurable processor, a programmable read-only memory (PROM), or
any combination thereof). In the preferred embodiment, the controller 301 is based on a
microcontroller.

[0085] In some embodiments, the lens 307 covering the light sources 300 can be used to
homogenize the light distribution on the target area. In the preferred embodiment, the
Fresnel lens is used. The focal length of the lens can be chosen in the range 80-120% of the
working distance between the illumination unit 104 and the target area. In the preferred
embodiment, the focal length of the lens is equal to the working distance.

[0086] For bacterial burden measurements, the emission filter 305 covering the image
capturing unit 103 (e.g., the camera of a smartphone) is used to block the excitation
illumination at 405+10nm. In the preferred embodiment, the emission filter is attached to the
illumination unit 104. In some embodiments, the emission filter 305 is a long pass filter with
cut-on wavelength 450+25nm. In some embodiments, the emission filter is a band pass filter
with the transmission in the 425-750nm range, which has the lower cut-on wavelength in the
450+25nm range.

[0087] A mobile device 108 supports a tissue visualization application 112. A mobile
device 108 may run on any operating system such as iOS, Android, or Windows. The tissue
visualization app 112 can help position the smartphone at a proper distance to a target area;
can synchronize flashes from an illumination unit 104 with the image capturing unit 103; can
cause or coordinate the capture of a set of images; can cause or facilitate local processing of

the images or of data captured; can cause capturing target area info (e.g., location, laterality,
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description, wound size, tissue type, patient ID, etc); can cause or facilitate the extract,
creation, and/or aggregation of data providing a map, visualization, or indication of
oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion, water, bacterial presence and/or
other indicia that may suggest abnormalities of tissue health in surface tissues; can cause or
facilitate storing data on mobile device 108; and can cause or facilitate data to be transmitted
over one or more networks 110.

[0088] The tissue visualization app 112 includes a positioning unit 324, pre-processing
unit 326, calibration unit 328, and app processing unit 330.

[0089] Positioning unit 324 can cause or facilitate the positioning of the image capture unit
103 in relation to an area of patient tissue targeted for measurement.

[0090] For example, in some embodiments, positioning unit 324 can use a reference
object (e.g., a white circle, square, rectangle, or another shape, colour, or object) on the
target area, where the reference object and target area can be imaged through a viewfinder
or screen associated with the mobile device 108. In some embodiments, the positioning unit
324 can recognize the reference object and cause an overlay to be presented on the display
interface 318.

[0091] In some embodiments, the overlay can be marks, lines, arrows, shapes, and/or
other attributes that can be used by a person engaged with the display interface 318 to move
the mobile device 108, for example, forwards and/or backward to create appropriate
positioning of the image capture unit 103. The tissue visualization app 112 can adjust the
presentation of the overlay on the display interface 318 in relation to the presentation of the
reference object or tissue on the display interface 318. This may help guide the person’s
movement of the image capture unit 103 or mobile device 108 to achieve proper positioning
of the image capture unit 103 or mobile device 108 in relation to the area of patient tissue
targeted for measurement.

[0092] In some embodiments, the overlay presented on the display interface 318 can be
of a predetermined size and presented at predetermined locations on the display interface
318.

[0093] In some embodiments, positioning unit 324 can use the size of the reference object
to trigger automatic data capturing when the mobile device 108 or image capturing unit 103

is on a certain distance from the target area.
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[0094] In some embodiments, positioning unit 324 can guide a user to move the mobile
device 108, for example, forwards and/or backward to create appropriate positioning of the
image capture unit 103, by graphical, text or voice commands

[0095] In some embodiments, reference objects may be used to facilitate calculation of a
distance from a wound and/or to rescale images or measurement data.

[0096] In some embodiments, image capture unit 103 may be positioned at a proper
distance from a target area, for example, a wound, by other means such as using a
rangefinder or ruler.

[0097] The tissue visualization app 112 may help control the illumination of the patient
tissue targeted for measurement and/or the illumination of one or more images captured by
image capture unit 103 to help ensure the illumination is stable and/or predictable. The
intensity of illumination may depend on the distance of the image capture unit 103 to the
target area and the stability of LED intensity, which may degrade with time or within a battery
cycle. This control may be facilitated by pre-processing unit 326. For example, the tissue
visualization app 112 may use a self-reference object (e.g., white or gray circle) that is
placed within a target area to find the proper position or find the distance of the mobile
device 108 or image capture unit 103 from the target area. The pre-processing unit 326 can
use the self-reference object to measure the intensity of each channel in each flash and
recalibrate each measurement accordingly. A single measurement can include multiple
flashes and channels.

[0098] In some embodiments, the pre-processing unit 326 can compare the intensity of a
self- reference object in the target image with the intensity of the same region in the
reference image and uses the ratio between the two to scale the intensity of the target image
pixel-by-pixel.

[0099] For reflectance images, app processing unit 330 can process image data captured
by image capture unit 103 and pre-processed by unit 326. For example, the user or app
processing unit 330 can compare one or more images or patient measurements of a
suspicious area to one or more images or patient measurements of a non-affected area.
[00100] An observation may consist of one or more measurements on a patient. The one
or more images or patient measurements of a non-affected area (control sites) can be used
to establish a baseline for a particular patient. ldeally, one can select a control site as a spot

with intact skin symmetrical to the suspicious area. However, if it is not possible (e.g., limb
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amputation or widespread ulcers), then other locations (e.g., antecubital fossa) can be used
as a control site. In the case of a single measurement (e.g., suspicious area only), the
suspicious area readings can be compared with an area on the same image distant from the
suspicious area.

[00101] In some embodiments, tissue visualization app 112 can compare an image of a
suspicious area to one or more images of control sites. The tissue visualization app 112 can
process an image and can also operate in video mode to the process of series of images or
video frames.

[00102] App processing unit 330 can use the data captured by image capture unit 103 to
facilitate the extraction, creation, and/or aggregation of data providing a map, visualization,
or indication of oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion, water, bacteria
presence and/or other indicia that may suggest abnormalities of tissue health, for example,
in surface tissues.

[00103] The outcome of the system can be a false color or grayscale 2D maps of tissue
health indicators. These maps can be presented via the display interface 318 and/or
transmitted over one or more networks 110, for example, to a tissue visualization system
100 or a user device 102. For example, levels of oxygenation and perfusion can highlight
areas with abnormal blood supply, namely ischemic (significantly reduced perfusion and
oxygenation) and angiogenic (increased perfusion) areas. A trained physician will be able to
interpret these 2D maps to assess the significance of findings and decide on next steps, for
example, requesting further studies, monitoring the progress, or dismissing.

[00104] App processing unit 330 can cause the processed data to be presented via display
interface 318 and/or transmitted over a network 110.

[00105] In some embodiments, app processing unit 330 can cause transmission over a
network 110 preprocessed images (after step 406)

[001086] In some embodiments app processing unit 330 can use Machine Learning
(including supervised ML and unsupervised ML) to extract information from collected images
and other data. In particular, app processing unit 330 can build and train models, which can
discriminate between various conditions and provide users with additional information. In
some embodiments, the app processing unit 330 uses convolutional neural networks for
automatic or semi-automatic detection and/or classification of the skin or wound conditions.

In some embodiments, ML models can be built and trained using other tools (e.g., the data
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processing unit 220) and deployed to app processing unit 330 for image/data
detection/classification.

[00107] Fig. 4 is a flowchart of an example method for capturing measurements and
visualizing tissue according to some embodiments.

[00108] At 402, a mobile device 108 is positioned at a proper distance (working distance) in
relation to an area of tissue (e.g., using a positioning unit 324). In some embodiments, the
mobile device 108 or image capturing unit 103 is positioned 10-30cm from the tissue. In the
preferred embodiment, the image capturing unit 103 is positioned 15cm from the tissue.
[00109] At 404, image capture unit 103 in conjunction with illumination unit 104 captures a
measurement of tissue according to an illumination schema.

[00110] At 406, in some embodiments, pre-processing unit 326 preprocesses the
measurement data by a) registering (aligning) images to avoid camera motion artifacts, b)
subtracting image with no illumination from images with illumination, ¢) recalibrating each
measurement accordingly in order to control parameters related to the intensity of
illumination, d) dividing the intensity images on reference images to obtain normalized
images. In other embodiment, the frequency domain processing (e.g. fast Fourier
transformation) has been used.

[00111] In some embodiments, registration (alignment) of images can be done using phase
correlation or block matching algorithms (e.g., using a self-reference object)

[00112] In some embodiments, recalibration can be done by pre-processing unit 326 using
a self-reference object to measure the intensity of each channel in each flash

[00113] In some embodiments, any or all steps after the step 406 can be skipped.

[00114] In some embodiments, app processing unit 330 can send to the network 110 data
after the step 406. In this case data processing unit 220 will extract and visualize tissue
health indicators.

[00115] At 408, app processing unit 330 extracts concentrations of tissue chromophores. In
some embodiments, it extracts indications of oxyhemoglobin and deoxyhemoglobin. In some
embodiments, in addition to oxy- and deoxyhemoglobin it extracts the indication of melanin.
In some embodiments app processing unit additionally extracts water content.

[00116] In some embodiments, the least square fitting (with or without regularization) can

be used to extract the concentration of each chromophore
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[00117] At 410, app processing unit 330 extracts indicia that allows the tissue health
indicators of the imaged tissue to be presented. For example, the indicia may allow the
oxygenation and/or perfusion to be presented as a map.

[00118] In some embodiments, app processing unit 330 can send to the network 110 data
from the step 408. In this case data processing unit 220 will visualize tissue health
indicators.

[00119] At 412 tissue visualization app 112 generates a visualization of the tissue health
indicators of the imaged tissue and causes same to be presented via the display interface
318.

[00120] At 414 the tissue visualization app 112 collects data related to the image (e.g.,
patient ID, laterality, location, diagnosis, comments, measurements) using user interface. In
some embodiments, the graphical user interface is used. In some embodiments, the speech-
recognition system is used to collect data.

[00121] At 418, tissue visualization app 112 causes a results file of the data or indicia to be
stored and/or transmitted, for example, over a network 110 to a user device 102, tissue
visualization system 100, and/or external systems 106.

[00122] Fig. 5 is a view of an example interface for visualizing tissue according to some
embodiments.

[00123] In some embodiments, the color bar 502 can be implemented to guide the user
[00124] In some embodiments, the averaging tool (which averages tissue health index
within the small area) 504 can be implemented to assist the user. In some embodiments, the
averaging tool 504 can be a small circle on a touchscreen.

[00125] Fig. 6 is a schematic diagram of mobile device 108, an exemplary embodiment. As
depicted, mobile device 108 includes at least one processor 602, memory 604, at least one
I/0 interface 606, and at least one network interface 608.

[00126] Each processor 602 may be, for example, any type of general-purpose
microprocessor or microcontroller, a digital signal processing (DSP) processor, an integrated
circuit, a central processing unit (CPU), a graphics processing unit (GPU), a field
programmable gate array (FPGA), a reconfigurable processor, a programmable read-only
memory (PROM), or any combination thereof.

[00127] Memory 604 may include a suitable combination of any type of computer memory

that is located either internally or externally such as, for example, random-access memory
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(RAM), read-only memory (ROM), compact disc read-only memory (CDROM), electro-optical
memory, magneto-optical memory, erasable programmable read-only memory (EPROM),
and electrically-erasable programmable read-only memory (EEPROM), Ferroelectric RAM
(FRAM) or the like.

[00128] Each I/O interface 606 enables mobile device 108 to interconnect with one or more
input devices, such as a keyboard, mouse, camera, touch screen and a microphone, or with
one or more output devices such as a display screen and a speaker.

[00129] Each network interface 608 enables mobile device 108 to communicate with other
components, to exchange data with other components, to access and connect to network
resources, to serve applications, and perform other computing applications by connecting to
a network (or multiple networks) capable of carrying data.

[00130] Mobile device 108 is operable to register and authenticate users (using a login,
unique identifier, and password for example) prior to providing access to applications, a local
network, network resources, other networks and network security devices. Computing
devices 102 may serve one user or multiple users.

[00131] Fig. 7 is an example of illumination and image capturing scheme according to
some embodiments. Other illumination and image capturing schemas can be used. |n order
to account for external illumination, the image capturing/illumination schema in Fig.7 has
been developed.

[00132] Fig. 7 plots the flash 702 coordinated by illumination unit 104, as a function of time.
The device uses the synchronization of flash if the illumination unit 104 is used to provide the
external flash. As shown at 702, the illumination schema (cycle) consists of m flashes and
one period without flash, with n/4=m=n, where n is the number of channels. Cycles can be
repeated continuously for a video mode capturing.

[00133] The exposure time for each frame (in milliseconds) can be selected as T=k/2*f,
where K is an integer, f is the utility frequency for a particular country in Hz (e.g., 60Hz for
North America, 50Hz for Europe). In a video mode, the framerate can be selected as
fps=2*f/k (e.g., 30, 24, 20, 15, 12, and 10 fps for North America and 25, 20, and 10 fps for
Europe. The frame rate of 20fps (T=50ms) can be an example of selection. It can work
without any configurations with external light sources connected to any grid (50Hz or 60Hz).

Other frame rates can also be used.
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[00134] The duration of each flash can be T or 2T. Thus, the cycle consists of m back to
back flashes with duration T or 2T milliseconds each, followed by no lit period T or 2T
milliseconds long (702).

[00135] In some embodiments, mobile device 108 associated with an illumination unit 104
may use the same frame to capture an image illuminated at 2, 3, or 4 wavelengths
(channels), which can be captured by different color channels of an RGB camera (e.g. 480
and 660nm, which will be captured by blue and red channels, respectively) or RGB-NIR
camera.

[00136] Fig. 8 is a view of example illumination units according to some embodiments.
[00137] An illumination unit 104 can be an external flash that can be attached to a
smartphone. In some embodiments, it can be synchronized with a tissue visualization app
112 or mobile device 108 using Bluetooth or other connectivity. In some embodiments, the
illumination unit 104 can be built into a case for a mobile device 108. In some embodiments,
the illumination unit 104 receives power from the mobile device 108 or an external source
(e.g., wall charger).

[00138] In some embodiments, illumination unit 104 has its battery. The illumination unit
104 can be chargeable using a standard micro USB port, wirelessly or by way of inductive
charging.

[00139] The illumination unit 104 can be used with front- or back camera of a mobile device
108. lllumination unit view 806 illustrates an illumination unit 104 used in conjunction with a
front-facing camera of a user device 108.

[00140] In some embodiments, the illumination unit 104 can be optimally designed to
associate with a mobile device 108 by way of a clip or other means 302 that can be attached
to the mobile device 108, with the thickness up to 15mm, as shown in views 802 and 804.
[00141] In the preferred embodiment, the illumination unit 104 uses a compression clip that
can be attached to the mobile device 108, with the thickness up to 15mm, as shown in view
802. In some embodiments, the illumination unit 104 can be mounted using a spring clip, as
shown in views 804 and 806.

[00142] The illumination unit 104 can produce a sequence of flashes of predetermined
length. A channel can refer to light sources shining at the same wavelength, with the
possibility of multiple channels shining in a single flash. Each of flashes may shine at 1-4

particular wavelengths (channels).
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[00143] The illumination unit 104 can use narrow band high-efficiency light sources 300
such as LEDs. The light source in the illumination unit 104 may contain single wavelength or
multi-wavelengths LEDs.

[00144] As shown in view 802, the light sources 300 can be preferably arranged in a circle,
with a center close to the center of a camera 103 of mobile device 108.

[00145] In some embodiments, each channel can consist of two or four light sources 300,
arranged in a symmetrical pattern on an illumination unit 104 (e.g., every 180 or 90 degrees
on a circle).

[00146] For oxygenation measurements, the illumination unit 104 can use two or more
channels in the range of 450-750nm. For measurements of oxygenation and perfusion and
the compensation of skin color (melanin), the illumination unit 104 can use three or more
channels in the range of 450-750nm. In the preferred embodiment 450-650nm range is
used.

[00147] Wavelengths can be selected from one or more of the following regions: a) biggest
discrimination in light absorption between oxy- and deoxyhemoglobin: 450-500nm and 600-
750nm, b) isobestic points (e.g., 510x10nm, 525+10nm, and 590+10nm), c) largest
absorption by oxy- and deoxyhemoglobin: 540-580nm.

[00148] For water content measurement in addition to two or more channels in 450-750nm
(or preferably 450-650nm) range a channel with a central wavelength 970+10nm is used
[00149] For bacterial burden measurements, a channel with a center wavelength
405x10nm is used. In some embodiments, it can be combined with two or more channels in
450-750nm (or preferably 450-650nm) range, which capture reflectance images

[00150] For bacterial burden measurements, the illumination unit 104 or image capture unit
103 contains the emission filter 305. In the preferred embodiment, the emission filter is
attached to the illumination unit 104. In some embodiments, the emission filter 305 is a long
pass filter with cut-on wavelength 450+25nm. In some embodiments, the emission filter is a
band pass filter with the transmission in the 425-750nm range, which has the lower cut-on
wavelength in the 450+25nm range.

[00151] The illumination unit 104 can be synchronized with an image capture unit 103 of
mobile device 108 to produce an illumination schema. The illumination unit 104 associated

with an image capture unit 103 can follow an illumination schema where each channel

-21 -

Petitioner's Exhibit 1002
Page 247 of 384



10

15

20

25

30

-22 -

shines sequentially (n=m, where n is the number of channels, m is the number of flashes in
one measurement).

[00152] In various embodiments, lighting unit 300 configured to engage with a mobile
device 108 or image capture unit 103 can have the following implementations:

- the lighting unit 300 may provide light from sources arranged in a circle or otherwise

- the lighting unit 300 may use two, four or another number of light sources per
channel

- the lighting unit 300 may use light sources with central wavelength 405+10nm for
bacteria imaging

- the lighting unit 300 may use an additional 750-1000nm range for user devices 102
without an IR filter on camera (e.g., front-facing camera on a smartphone)

- the lighting unit 300 may use light sources with central wavelength 970£10nm for
water imaging for user devices 102 without an IR filter on camera (e.g., front-facing
camera on a smartphone)

- the illumination unit 104 and/or lighting unit 300 and a mobile device 108 can be
mounted on an extension device (e.g., on a selfie stick)

- theimaging unit 104 can be associated with an external lens (e.g., macro lens),
emission filter, polarizer or not

[00153] In some embodiments, the illumination unit 104, for example, including a
multispectral external flash, can be operable with an image capture unit 103 or another
recording device, for example, integrated with a personal computer, tablet, or otherwise.
[00154] The system offers distinct advantages. These include the flash design, which can
be used with any smartphone (iOS, Android, etc.) of any shape; the flash/image capturing
schema, which allows measurements in any type of ambient lights and with any type of a
smartphone; self-calibration using a self-reference object to increase accuracy; proper
positioning of the camera (distance from the wound) using a self-reference object (e.g. a
circle); and the illumination schema, which produces reproducible and homogeneous
illumination.

[00155] The system can overcome challenges, for example, of building the flash in the
case for a smartphone, such as a challenge that each smartphone can have its own form-
factor and thus would require multiple cases to be built at least for the most popular models.

Other challenges that the system can overcome include:
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- use of IR filter on some smartphone cameras. These filters, which are used to
improve the quality of pictures, filter out light with wavelengths over 750nm and are
being used mostly on more expensive smartphones. Typical pulse oximetry schemas
employ 660 and 900nm bands. Thus, these schemas cannot be employed
universally on smartphones.

- A plurality of with existing EHR systems.

- Motion artifacts (e.g., due to tremor) while taking measurements

- Taking images in various light conditions (e.g., indirect sunlight, office light,
observation room, etc.). Thus, flickering, high dynamic range, etc. is combatted.

- Various utility frequencies (causing flickering) in different countries

- Producing predictable light distribution, not very sensitive to slight misplacements of
the flash or the smartphone.

- Difficulty in synchronizing the phone and external flash.

- Use of the lens (e.g., Fresnel lens) covering the light sources homogenizes the light
distribution on the target area, thus extending dynamic range and increasing the
accuracy of measurements

- use of multiwavelength LEDs (e.g., RGB LEDs) creates the similar intensity
distribution for each channel and save space on the illumination unit

- The intensity of illumination can vary, for example, based on the distance to a target
area and the stability of LED intensity (e.g., LED intensity may change with time,
temperature, or within battery cycle).

- porphirin and pyoverdine have an absorption peak in Soret band, where
oxyhemoglobin and deoxyhemoglobin have absorption peaks as well. The presence
of blood component may significantly impact porphyrin/pyoverdine emission. True
fluorescence intensity can be deconvoluted using known oxyhemoglobin and
deoxyhemoglobin concentrations

[00156] A tissue imaging system 105 can be used in a variety of applications, including in
the following scenarios.

[00157] Use case 1: The doctor at a hospital during a physical exam of a patient in acute
care found a suspicious wound on the leg. The patient has diabetes, so the MD has a
suspicion that it can be a non-healing DFU. The current standard of care for this is
angiography, which is not available in his community hospital. It will cost around $20,000 for
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the procedure and arrange medical transportation to/from another hospital. However, using
the device he can screen the wound on the spot and see whether it is ischemic (and require
angiography for proper assessment) or nonischemic (and will heal well without any extra
efforts).

[00158] Use case 2: The family doctor during an annual checkup found a suspicious
wound on the leg. The patient has diabetes, so the MD has a suspicion that it can be non-
healing DFU. The current standard of care for this is angiography. However, it can be
performed in major hospitals only. It is associated with $1,500 per procedure (in the US) or
waiting time (41 days in Ontario). Using the device he can screen the wound on the spot and
see whether it is ischemic (and require angiography for proper assessment) or nonischemic
(and will heal well without any extra efforts).

[00159] Use case 3. The family doctor during an annual checkup found a suspicious
wound on the leg. The patient has diabetes, so the MD has a suspicion that it can be a non-
healing DFU. The current standard of care for this is angiography. It can be performed in
major hospitals only. It is associated with $1,500 per procedure (in the US) or waiting time
(41days in Ontario). Using the device, he captures images of the wound on the spot.
However, such as he does not have significant experience in wound care, he decided to
send images to a podiatrist, who provides him with an assessment whether it is ischemic
(and require angiography for proper assessment) or nonischemic (and will heal well without
any extra efforts). The doctor sends a referral to the patient.

[00160] Use case 4: A nurse is attending a small rural community. During an exam of a
patient, she found suspicious ulceration near the small toe. She has a suspicion that it can
be a peripheral arterial disease. She uses the device to take a snapshot of the wound using
the device and sends images to a family physician (if the patient has it) or a podiatrist. The
doctor reviews the images and provides guidance within a few hours. The nurse returns to
the patient and instructs him on further actions.

[00161] Use case 5. A medical nurse is attending a small long-term residence. During an
exam of a patient, she found suspicious ulceration near the big toe. She has a suspicion that
it can be a peripheral arterial disease. She uses the device to take a snapshot of the wound
using the device and send images to a family physician (if the patient has it) or a podiatrist.
The doctor reviews images and provides guidance within a few hours. The nurse returns to

the patient and instructs him on further actions.
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[00162] Use case 6: The senior with diabetes found a suspicious cut on his heel. He is
aware of the dreadful consequences of DFU, so he decides to buy the device in a drugstore.
With the help of his wife he takes images of the wound and sends them to his family doctor.
The doctor makes an assessment and advises the patient within a few hours.

[00163] Use case 7: The senior with diabetes found a suspicious cut on her forefoot. She
is aware of the dreadful consequences of DFU, so she told her concerns to a daughter. The
daughter bought a flash attachment 104 in the drugstore, attached it to her smartphone 108,
downloads the app, and takes images of the wound. As her mother does not have a family
doctor, she sends images to a podiatrist. The doctor makes an assessment and sends a
referral within a few hours.

[00164] Use case 8: The family doctor during an annual checkup found a suspicious mole.
Using the device, he can screen the mole on the spot and see whether it is suspicious (has
increased blood supply and require additional studies) or not suspicious.

[00165] Use case 9: The nurse in long-term facility checks a bed-bound patient for
potential pressure ulcers. Using the device, she can screen bony prominence areas and see
whether it is suspicious.

[00166] Use case 10: The advanced wound care nurse cleanses the existing wound. She
uses the device to visualize bacteria presence and guide debridement

[00167] Use case 11: The nurse takes a swab from the existing wound. She uses the
device to visualize bacteria presence and guide swabbing

[00168] The accuracy of measurements can be improved if the light intensity distribution
produced by illumination unit 104 is known. In a preferred embodiment, to capture light
intensity distribution produced by illumination unit 104, the reference image is used

[00169] Fig. 9 shows the workflow used to take reference images. In some embodiments,
the reference image can be captured by calibration unit 328 of tissue visualization app 112
and then used by the tissue imaging system 105 or tissue visualization system 100 to obtain
a processed measurement 501.

[00170] The reference image is captured using a reference object 901. Reference object
refers to an object with known homogeneous optical properties (e.g., spectral dependence of
reflectance). Reference object 901 can be various shapes such as a circle or rectangle. The
preferred embodiment is a rectangle with an aspect ratio of 4:3. Various colors can be used

for reference object 901 such as white or gray. The preferred embodiment is an 18% gray.

-25-

Petitioner's Exhibit 1002
Page 251 of 384



10

15

20

25

30

-26 -

[00171] In one embodiment, screen markers 902 displayed on a screen of the mobile
device 108 can be used to position the device the optimal distance away from the reference
object 901. The screen markers 902 should line up with the reference object 901 to ensure
an optimal distance. If in some embodiments, measurements taken by conventional distance
measuring devices such as a rangefinder or ruler can be used to position device at the
optimal distance. In one preferred embodiment, the device object recognition can be used to
position the device.

[00172] In the preferred embodiment, the device can take the required reference image
automatically upon proper placement of the device. In other embodiments, the device can
take the image upon manual user initiation. The device takes several images. In the
preferred embodiment, one or more images are taken with flash, and one is taken without.
Alternatively, images can be taken only with flash.

[00173] The device can pre-process the reference image to improve the image quality. The
pre-processing may contain the following steps: a) image registration, b) image subtraction.
[00174] In some embodiments, the device uses image registration to reduce shake during
capturing. This can be accomplished using phase correlation or block matching algorithms.
[00175] In some embodiments, the device uses image subtraction to remove ambient light
in the image. In this case, the image without external illumination (no flash) is subtracted
from images with external illumination (with flash). Image subtraction is not required if only
images with flash are used.

[00176] The reference image can be stored locally on the mobile device 108 or remotely for
future use.

[00177] The reference image can be captured before the first measurement and at any
time later. There is no need to capture reference images before every measurement

[00178] Fig. 10 is an example of a primary workflow outlining steps taken by the disclosed
invention to produce measurement map 501.

[00179] The mobile device 108 is held at a specific distance away from the human body in
order to optimally image the area of interest.

[00180] In some embodiments, a self-reference object 1002 is used to ensure the proper
distance from the human body. A self-reference object 1002 is placed within the device
target area 1001 imaged by the mobile device 108. The preferred embodiment of the self-

reference object 1002 is an 18% gray circle 1-2 cm in diameter.
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[00181] In some embodiments, the mobile device 108 or image capturing unit 103 is
moved so that the screen marker 1003 is shown as the same size as self-reference object
1002 on the device target area 1001.

[00182] In a preferred embodiment, the device uses object recognition to trigger automatic
image capturing upon certain screen size of the self-reference object in pixels.

[00183] Alternatively, other means of measuring a distance such as a rangefinder or a ruler
can be used to position the device at the proper distance from the area of interest.

[00184] Once the optimal distance from the human body is determined, the device can take
the required images. In a preferred embodiment, the device takes the required image
automatically upon the proper placement of the mobile device 108 or image capturing unit
103. The device takes several images. In a preferred embodiment, one or more images will
be taken with flash, and one will be taken without.

[00185] The device pre-processes the image in order to improve the quality of the image
and the future measurement map 501. The pre-processing may contain the following steps:
a) image registration, b) image subtraction,

[00186] In some embodiments, the device uses image registration to reduce shake. This
can be accomplished through phase correlation or block matching.

[00187] In some embodiments, the device uses image subtraction to remove ambient light
in the image. In this case, the image without external illumination (flash) is subtracted from
images with external illumination (flash).

[00188] To further increase the quality of results, the self-calibration of each measurement
using a self-reference object 1002 can be implemented. In this case the pre-processing may
contain the following steps: a) image registration, b) image subtraction, c) self-calibration,
and d) division on the reference image

[00189] If the embodiment utilizes self-reference object 1002, the intensity of the image is
adjusted using the self-reference object to account for any imperfections or changes in
intensity In the preferred embodiment, pre-processing unit 328 can compare the intensity of
a self- reference object in the target image with the intensity of the same region in the
reference image and uses the ratio between the two to scale the intensity of the target image

pixel-by-pixel.
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[00190] . If the embodiment utilizes previously taken reference images, the device finds the
normalized image by dividing pixel-by-pixel image onto reference image and multiplying by a
known reflectance of the reference object.

[00191] In some embodiments, the tissue imaging system 105 can perform the processing
of the image to obtain measurements. This can be achieved through all or some of the
following steps: a) The absorption coefficient is determined from reflectance (e.g., using
Beer-Lambert, or modified Beer-Lambert law). b) The chromophore concentration is
determined from the absorption coefficient (e.g., using least square fitting). ¢) The perfusion
and oxygenation is determined from the chromophore concentration (oxygenation =
oxyhemoglobin/(oxyhemoglobin+deoxyhemoglobin), perfusion= oxyhemoglobin +
deoxyhemoglobin).

[00192] In some embodiments, the pre-processed measurement (normalized image) is
taken on the device then sent through the network to the tissue visualization system 100.
[00193] Bacterial burden indicator can be used stand-alone or in combination with
reflectance images. Porphyrin and pyoverdine have an absorption peak in Soret band,
where oxyhemoglobin and deoxyhemoglobin have absorption peaks as well. Thus, the
presence of blood component may significantly impact porphyrin/pyoverdine emission. True
fluorescence intensity can be deconvoluted using known oxyhemoglobin and
deoxyhemoglobin concentrations found in step 410. In the preferred embodiment, a light
source with the center wavelength 405+£10nm is used in combination with 2 or 3 wavelengths
from the 450-650nm range.

[00194] Once tissue health indicators levels are found, the invention presents the color or
grayscale maps through processing via tissue visualization system 100 or tissue imaging
system 105. These results can be stored locally on the device or remotely. The pre-
processed normalized image and the processed tissue health indicators maps can all be
stored.

[00195] The embodiments of the devices, systems, and methods described herein may be
implemented in a combination of both hardware and software. These embodiments may be
implemented on programmable computers, each computer including at least one processor,
a data storage system (including volatile memory or non-volatiie memory or other data

storage elements or a combination thereof), and at least one communication interface.
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[00196] Program code is applied to input data to perform the functions described herein
and to generate output information. The output information is applied to one or more output
devices. In some embodiments, the communication interface may be a network
communication interface. In embodiments in which elements may be combined, the
communication interface may be a software communication interface, such as those for
inter-process communication. In still other embodiments, there may be a combination of
communication interfaces implemented as hardware, software, and combination thereof.
[00197] Throughout the foregoing discussion, numerous references will be made regarding
servers, services, interfaces, portals, platforms, or other systems formed from computing
devices. It should be appreciated that the use of such terms is deemed to represent one or
more computing devices having at least one processor configured to execute software
instructions stored on a computer-readable tangible, non-transitory medium. For example, a
server can include one or more computers operating as a web server, database server, or
another type of computer server in a manner to fulfill described roles, responsibilities, or
functions.

[00198] Various example embodiments are described herein. Although each embodiment
represents a single combination of inventive elements, all possible combinations of the
disclosed elements include the inventive subject matter. Thus if one embodiment comprises
elements A, B, and C, and a second embodiment comprises elements B and D, then the
inventive subject matter is also considered to include other remaining combinations of A, B,
C, or D, even if not explicitly disclosed.

[00199] The term “connected” or "coupled to" may include both direct coupling (in which
two elements that are coupled to each other contact each other) and indirect coupling (in
which at least one additional element is located between the two elements).

[00200] The technical solution of embodiments may be in the form of a software product.
The software product may be stored in a non-volatile or non-transitory storage medium,
which can be a compact disk read-only memory (CD-ROM), a USB flash disk, or a
removable hard disk. The software product includes a number of instructions that enable a
computer device (personal computer, server, or network device) to execute the methods
provided by the embodiments.

[00201] The embodiments described herein are implemented by physical computer

hardware, including computing devices, servers, receivers, transmitters, processors,
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memory, displays, and networks. The embodiments described herein provide useful physical
machines and particularly configured computer hardware arrangements. The embodiments
described herein are directed to electronic machines and methods implemented by
electronic machines adapted for processing and transforming electromagnetic signals which
represent various types of information.

[00202] Although the embodiments have been described in detail, it should be understood
that various changes, substitutions, and alterations can be made herein without departing
from the scope as defined by the appended claims.

[00203] Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As one of ordinary skill in the art
will readily appreciate from the disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or steps, presently existing or later to
be developed, that perform substantially the same function or achieve substantially the same
result as the corresponding embodiments described herein may be utilized. Accordingly, the
appended claims are intended to include within their scope such processes, machines,
manufacture, compositions of matter, means, methods, or steps.

[00204] As can be understood, the examples described above and illustrated are intended
to be exemplary only.
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WHAT IS CLAIMED IS:

1.

A process for generating visualizations of tissue comprising
Positioning the device at a proper distance from a target area

capture measurement data using the image capturing unit and the

ilumination unit;

pre-process the measurement data using the tissue visualization

application to obtain normalized images;

extract indications of tissue health indicators (tissue oxygenation,
perfusion, subepidermal water content, bacterial burden) from the

processed measurement data;

generate interface elements corresponding to the visualization tissue
health indicators,

collect wound-related data (e.g., laterality, location); and
store or transmit the indications of tissue health indicators

The process of claim 1 wherein the positioning of the device for reference

image capturing comprises positioning the user device using a reference object;

The process of claim 1 wherein the positioning of the device for measurement

capturing comprises positioning the user device using a self-reference object;

The process of claim 1 wherein self-calibration of light intensity during
measurement comprises using a self-reference object positioned within a target

area.

The process of claim 1, which uses T=50ms exposure time and T or 2T flash

time
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6. A tissue imaging system consisting of the mobile device with visualization
application, image capturing unit, and an illumination unit, is configured to
capture measurement data, the visualization application extracts visualizations
of tissue health indicators from the measurement data and generates an
interface with one or more interface elements corresponding to the visualization

of tissue health indicators according to claims 1-5.

7. A tissue visualization system connected to a tissue imaging system consisting
of mobile device with tissue visualization application, image capturing unit, and
an illumination unit, Image capturing unit and an illumination unit capture
measurement data, the tissue visualization application pre-process and process
the measurement data and transmits the processed or pre-processed images to
the tissue visualization system, the tissue visualization system processing,

storing, and displaying the visualization of tissue health indicators.

8. The illumination unit of claim 6, which contains a lens (including Fresnel lens)
covering some or all light sources with the focal length 80-120% of the working

distance between the portable illumination unit and the target area

9. The illumination unit of claim 6, which uses light sources at the 970+£10nm
range and/or 2 or 3 wavelengths in the 450-750nm range

10. The illumination unit of claim 6, which has a light source with the center
wavelength 405x10nm and a long pass filter with a cut-on wavelength in the
450+25nm range

11. The illumination unit of claim 6, which has a light source with the center
wavelength 405£10nm and a bandpass filter with transmission somewhere in
the 425-750nm range, which has the lower cut-on wavelength in the 450+25nm

range

12. The illumination unit of claims 10 or 11, which uses 2 or 3 wavelengths in the
450-750nm range

-33-
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13. The illumination unit according to claims 8-12 with working distance15+5cm
from the target area

14. A portable illumination unit according to claims 1-13, wherein the illumination

unit comprises

A clip-based housing; which can be mounted on one edge of a mobile device

close to the device’s camera.

One or multiple narrow band light sources, which shine m flashes at n
predetermined wavelengths (channels). n/4 <m =<n

A controller connected to light sources, which can generate a required

illumination sequence.

15. The portable illumination unit of claim 14, which has a round shape with the

radius 2-6cm and the central aperture with the radius 0.5-3cm.

16. The portable illumination unit of claim 14, which uses compression clip for

mounting on the mobile device

17. The portable illumination unit of claim 14, which uses spring clip for mounting
on the mobile device

-34-
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ABSTRACT

A tissue imaging system consisting of mobile device, tissue visualization application, image
capturing unit, and an illumination unit, is configured to capture measurement data, the
visualization application extracts visualizations of tissue health indicators from the measurement
data. The application generates an interface with one or more interface elements corresponding
to the visualization of tissue health indicators. Devices, systems, and processes are also
described.
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WHAT IS CLAIMED IS:

1. A portable illumination apparatus for facilitating visualizations of tissue, the

apparatus comprising:

a portable housing for detachable attachment proximal to an image capturing

unit; and

an illumination unit comprising one or more narrow band light sources
configured to shine m flashes at n predetermined wavelengths, wherein n/4 = m

s=n.

2. The portable illumination apparatus of claim 1, wherein the illumination unit
further comprises a lens covering the one or more light sources, the lens having
a focal length that is 80%-120% of a working distance between the illumination

unit and a target area of tissue.

3. The portable illumination apparatus according to any one of claims of 1-2,
wherein the one or more light sources is configured to provide flashes that are

at least one of

(i) 405+10nm wavelength, and having at least one of (a) a long pass filter with a
cut-on wavelength of 450+25nm or (b) a bandpass filter with transmission in a

425nm-1000nm range,

(i) two wavelengths in a 450nm-750nm range, at least one of which in the

green range,

(iii) three wavelengths in a 450nm-750nm range, at least one of which in the

green range, or
(iv) 970+£10nm wavelength.

4. The portable illumination apparatus according to any one of claims 1-3, wherein

the illumination unit further comprises at least one of (i) a controller to control

-38-
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ilumination of the one or more light sources and (ii) a rechargeable battery for

powering the apparatus.

5. The illumination apparatus according to any one of claims 1-4, wherein the one
or more light sources are arranged about a central aperture having a radius of
0.5-3cm.

6. The illumination apparatus of claim 5, wherein the one or more light sources are

arranged in a ring having a radius of 1.5-6¢cm.

7. The illumination apparatus according to any one of claims of 1-6, wherein the
portable housing comprises a compression clip for mounting the apparatus on a
mobile device along at least one edge of the mobile device and proximal to a

camera of the mobile device.

8. The illumination apparatus according to any one of claims of 1-6, wherein the
portable housing comprises a spring clip for mounting the apparatus on a
mobile device along at least one edge of the mobile device and proximal to a

camera of the mobile device.

9. A tissue imaging system for visualization of tissue health indicators comprising

a portable computing device, an image capture unit, and an illumination unit;

the illumination unit comprising one or more narrow band light sources
configured to shine m flashes at n predetermined wavelengths, wherein n/4 = m

<n;

the image capture unit and the illumination unit being configured to capture

measurement data for a target area of tissue;

the computing device comprising a processor configured to access and execute
instrutions in accordance with a tissue visualization application stored in a non-
transitory computer-readable memory of the computing device, for capturing
measurement data, and pre-processing and processing the measurement data

to generate tissue health indicators.
-39-
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10. The tissue imaging system of claim 9, wherein the computing device comprises
a mobile device and the image capture unit is a camera integrated with the

mobile device.

11. The tissue imaging system according to any one of claims of 9-10, wherein the
illumination unit comprises the illumination apparatus according to any one of

claims of 1-8.

12. The tissue imaging system according to any one of claims 10-11, wherein the
portable illumination unit further comprises a wireless communication module

for receiving commands from the computing device.

13. A tissue visualization system operatively connected to one or more tissue
imaging systems according to any one of claims of 9-12, comprising a
communications module for communicating with the one or more tissue imaging
systems, a system processor, and system non-transitory computer-readable
memory thereon, configured to receive measurement data and tissue health
indicators from the one or more tissue imaging systems and to generate a
visualization of tissue health indicators of tissue images received from the one

or more tissue imaging systems, for display to a user display unit.
14. A method for generating visualizations of tissue, the method comprising:

positioning a computing device at a proper distance from a target area
of the tissue for capturing an image of the target area, the computing
device comprising a processor and a non-transitory computer-readable
memory storing computer-executable instructions comprising a tissue

visualization application;

capturing measurement data using an image capturing unit and an
illumination unit, the image capturing unit and the illumination unit
communicatively coupled to the computing device and the illumination
unit configured to shine m flashes at n predetermined wavelengths

during capturing of the measurement data, wherein n/4 <= m < n;

- 40 -
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pre-processing the measurement data using the tissue visualization

application to obtain normalized images;

extracting indications of tissue health indicators from the pre-processed

measurement data;

generating interface elements corresponding to the visualization tissue

health indicators; and
storing and/or transmitting the indications of the tissue health indicators.

15. The method of claim 14 further comprising, prior to capturing the measurement

data:

capturing a reference image, wherein the positioning the computing
device for the reference image capturing comprises positioning the

computing device using a reference object.

16. The method of any one of claims 14-15, wherein the illumination unit and the
computing device are configured to provide a working distance of 15+£5cm from

the target area of tissue.

17. The method of claim 16 wherein the positioning of the computing device for
capturing the measurement data comprises positioning the computing device

using a self-reference object.

18. The method according to any one of claims of 14-17 wherein pre-processing
comprises at least one of (i) registering images to avoid camera motion
artifacts, (ii) subtracting images with no illumination from the illumination unit
from images with illumination from the illumination unit to account for the
presence of ambient light, (iii) recalibrating each measurement accordingly to
control parameters related to intensity of illumination using a self-reference
object positioned within the target area, (iv) dividing the intensity images on
reference images to obtain normalized images, and/or (v) flattening the

obtained images to account for reflections from curved surfaces.
-41 -
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19. The method according to any one of claims of 14-18, wherein camera exposure

time is T and a flash time is said T or any whole number multiple of said T.
20. The method according to claim 19, wherein the camera exposure time is 50ms.

21. The method according to any one of claims of 14-19, wherein the measurement

data comprises wound-related data.
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TITLE: APPARATUS FOR VISUALIZATION OF TISSUE
FIELD
[0001] The improvements generally relate to the field of medical devices.
BACKGROUND

[0002] People suffer from chronic and compromised wounds with debilitating pain and
reduced quality of life for those whose health is already compromised. Patients with this
condition often present to a doctor at late stages of the disease, which leads to many
amputations, which may be avoidable. Moreover, proper diagnostics requires specialized
vascular labs, which precludes these types of tests from being performed outside major
hospitals and in an expedited fashion.

[0003] The wound is considered chronic if it is not healed within four weeks. The tissue
health and wound healing process can be compromised by various factors, including
insufficient blood supply, edema, and the presence of bacteria. These factors
(oxygenation/perfusion, subepidermal moisture, and bacteria presence) among others will be
referred to as tissue health indicators.

[0004] Multispectral (hyperspectral) imaging is a promising non-invasive optical modality
for early detection of problematic wounds.

[0005] Visualization of skin distribution of oxyhemoglobin and deoxyhemoglobin can give
insight into perfusion and oxygenation of the tissue. It can be used for assessment of tissue
health (for example, ischemia).

[0006] Such as elevated levels of subepidermal moisture are typical for pressure injuries,
visualization of water distribution in tissue can be used for early (pre-ulcer) diagnostics of
pressure injuries.

[0007] Fluorescence imaging is a promising non-invasive optical modality for detection of
bacterial burden. Visualization of bacterial burden can be used to assess bacterial burden

and guide swabbing and cleansing.
SUMMARY

[0008] In accordance with an aspect, there is provided a process for generating
visualizations of tissue. The process captures measurement data by a user device (e.g.,

smartphone), and processes the measurement data using the visualization application. The
-1-
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process extracts indications of tissue health from the processed measurement data, and
stores or transmits the underlying data. The process generates interface elements
corresponding to the visualization tissue health indicators.

[0009] In some embodiments, the process involves calibrating the visualization application
using a reference object.

[0010] In some embodiments, a small self-reference can be used to position the device
properly.

[0011] In some embodiments, a small self-reference can be used to calibrate the
measurement data based on an intensity of illumination.

[0012] In some embodiments, an illumination unit independent of the mobile device can
be used for calibration and capture measurements together with a camera, laptop, or tablet.
[0013] In accordance with an aspect, there is provided a tissue imaging system comprised
of a user device with a visualization application, an image capturing unit, and an illumination
unit. The illumination unit is configured to illuminate the target area; the image capturing unit
captures measurement data, the visualization application extracts visualizations of tissue
health indicators from the measurement data and generates an interface with one or more
interface elements corresponding to the visualization of tissue health indicators.

[0014] In accordance with an aspect, there is provided a tissue visualization system
connected to a tissue imaging system (user device with a visualization application, an image
capturing unit, and an illumination unit). The illumination unit illuminates the target area; the
image capturing unit captures measurement data. The visualization application extracts
visualization of tissue health indicators from the measurement data and transmits the
visualization of tissue health indicators or underlying data to the tissue visualization system.
The tissue visualization system processes and stores the visualization of tissue health
indicators or underlying data, and displays them on user devices.

[0015] In accordance with an aspect, there is provided a portable illumination apparatus
for facilitating visualizations of tissue. The apparatus comprises: a portable housing for
detachable attachment proximal to an image capturing unit; and an illumination unit
comprising one or more narrow band light sources configured to shine m flashes at n

predetermined wavelengths, wherein n/4 =m < n.
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[0016] In accordance with a further aspect, the illumination unit further comprises a lens
covering the one or more light sources, and having a focal length that is 80%-120% of a
working distance between the illumination unit and a target area of tissue.

[0017] In yet a further aspect, the one or more light sources is configured to provide
flashes that are at least one of: (i) 405+10nm wavelength, and having at least one of (a) a
long pass filter with a cut-on wavelength of 450+25nm or (b) a bandpass filter with
transmission in a 425nm-1000nm range; (ii) two wavelengths in a 450nm-750nm range, at
least one of which in the green range; (iii) three wavelengths in a 450nm-750nm range, at
least one of which in the green range; or (iv) 970+£10nm wavelength.

[0018] In accordance with a further aspect, the illumination unit further comprises at least
one of (i) a controller to control illumination of the one or more light sources, and (ii) a
rechargeable battery for powering the apparatus.

[0019] In accordance with another aspect, the one or more light sources are arranged
along a central aperture having a radius of 0.5-3cm.

[0020] In accordance with a further aspect, the one or more light sources are arranged in
aring having a radius of 1.5-6¢cm.

[0021] In accordance with an aspect, the portable housing comprises a compression clip
for mounting the apparatus on a mobile device along at least one edge of the mobile device
and proximal to a camera of the mobile device.

[0022] In accordance with another aspect, the portable housing comprises a spring clip for
mounting the apparatus on a mobile device along at least one edge of the mobile device and
proximal to a camera of the mobile device.

[0023] In accordance with a further aspect, there is provided a tissue imaging system for
visualization of tissue health indicators comprising a portable computing device, an image
capture unit, and an illumination unit. The illumination unit comprises one or more narrow
band light sources configured to shine m flashes at n predetermined wavelengths, wherein
n/4 <m < n. The image capture unit and the illumination unit are configured to capture
measurement data for a target area of tissue. The computing device comprises a processor
configured to access and execute instrutions in accordance with a tissue visualization
application stored in a non-transitory computer-readable memory of the computing device,
for capturing measurement data, and pre-processing and processing the measurement data

to generate tissue health indicators.
-3-
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[0024] In accordance with an aspect, the computing device comprises a mobile device
and the image capture unit is a camera integrated with the mobile device.

[0025] In accordance with a further aspect, the illumination unit of the tissue imaging
system comprises any of the embodiments of the illumination apparatus described above.
[0026] In accordance with yet a further aspect, the portable illumination unit further
comprises a wireless communication module for receiving commands from the computing
device.

[0027] In accordance with a further aspect, there is provided a tissue visualization system
operatively connected to one or more tissue imaging systems (such as any of the tissue
imaging systems described above), comprising a communications module for
communicating with the one or more tissue imaging systems, a system processor, and
system non-transitory computer-readable memory thereon, configured to receive
measurement data and tissue health indicators from the one or more tissue imaging systems
and to generate a visualization of tissue health indicators of tissue images received from the
one or more tissue imaging systems, for display to a user display unit.

[0028] In accordance with a further aspect, there is provided a method for generating
visualizations of tissue. The method comprises: positioning a computing device at a proper
distance from a target area of the tissue for capturing an image of the target area, the
computing device comprising a processor and a non-transitory computer-readable memory
storing computer-executable instructions comprising a tissue visualization application;
capturing measurement data using an image capturing unit and an illumination unit, the
image capturing unit and the illumination unit communicatively coupled to the computing
device and the illumination unit configured to shine m flashes at n predetermined
wavelengths during capturing of the measurement data, wherein n/4 < m =< n; pre-processing
the measurement data using the tissue visualization application to obtain normalized
images; extracting indications of tissue health indicators from the pre-processed
measurement data; generating interface elements corresponding to the visualization tissue
health indicators; and storing and/or transmitting the indications of the tissue health
indicators.

[0029] In accordance with an aspect, the method further comprises, prior to capturing the
measurement data: capturing a reference image, wherein the positioning the computing
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device for the reference image capturing comprises positioning the computing device using a
reference object.

[0030] In accordance with a further aspect, the illumination unit and the computing device
are configured to provide a working distance of 15£5cm from the target area of tissue.

[0031] In accordance with yet a further aspect, the positioning of the computing device for
capturing the measurement data comprises positioning the computing device using a self-
reference object.

[0032] In accordance with another aspect, pre-processing comprises at least one of (i)
registering images to avoid camera motion artifacts, (ii) subtracting images with no
illumination from the illumination unit from images with illumination from the illumination unit
to account for the presence of ambient light, (iii) recalibrating each measurement accordingly
to control parameters related to intensity of illumination using a self-reference object
positioned within the target area, (iv) dividing the intensity images on reference images to
obtain normalized images, and/or (v) flattening the obtained images to account for reflections
from curved surfaces.

[0033] In accordance with an aspect, camera exposure time is T and a flash time is T or
any whole number muiltiple of T.

[0034] In accordance with another aspect, the camera exposure time is 50ms.

[0035] In accordance with a further aspect, the measurement data comprises wound-
related data.

[0036] Many further features and combinations thereof concerning embodiments
described herein will appear to those skilled in the art following a reading of the instant

disclosure.
DESCRIPTION OF THE FIGURES

[0037] Embodiments will now be described, by way of example only, with reference to the
attached figures, wherein in the figures:

[0038] Fig. 1 depicts a view of an example of the overall system architecture with various
configurations of tissue imaging systems according to some embodiments;

[0039] Fig. 2 depicts a view of an example of a tissue visualization system according to

some embodiments;
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[0040] Fig. 3 depicts a view of an example of the illumination unit and a computing device
according to some embodiments;

[0041] Fig. 4 depicts a flowchart of an example method for capturing measurements and
visualizing tissue according to some embodiments;

[0042] Fig. 5 depicts a view of an example interface for visualizing tissue according to
some embodiments;

[0043] Fig. 6 depicts a diagram of an example architecture of a computing device
according to some embodiments;

[0044] Fig. 7 depicts an example of illumination and image capturing scheme according to
some embodiments;

[0045] Fig. 8 depicts a view of example illumination units according to some
embodiments;

[0046] Fig. 9 depicts an example of the workflow used to take reference images; and
[0047] Fig. 10 depicts a view of a schematic of imaging tissue and self-reference objects.

DETAILED DESCRIPTION

[0048] Some clinical-grade tools can only be used in specialized medical establishments.
They can be large, require special training, and are mostly suitable for the use in inpatient
settings only. For example, they cannot be easily carried to a patient's home or remote
communities. Thus, these solutions cannot be used as early diagnostic tools as a patient
would have to be referred to a hospital having one of these tools.

[0049] Many people suffer from diabetes. Diabetic foot ulcers (DFU) and the resulting
lower extremity amputations are a frequent, disabling and costly complication of diabetes.
Many diabetics can develop a foot ulcer. DFU is a cause of non-traumatic below knee
amputation. In addition to the reduced quality of life, amputees might not survive for that long
after amputation. Consequently, early detection of DFU can lead to better outcomes, thus
saving limbs and lives.

[0050] Peripheral vascular disease (PVD) affects arteries (peripheral arterial disease,
PAD) and veins (chronic venous insufficiency, CVI). PAD is of particular importance, as it
affects about eight million Americans and is responsible for 10% of all leg ulcers.

[0051] Pressure ulcers (PU) or pressure injuries represent a serious health problem to

patients impacting up to 25-50% of patients across acute and long-term care settings.
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[0052] The cost of treatment of diabetic foot ulcer, pressure ulcer, and leg ulcer is high.
Diagnosing these conditions at an earlier stage (e.g., before actual ulceration) might result in
significant financial savings for healthcare systems and patients.
[0053] Other clinical indications associated with abnormal blood perfusion and/or
oxygenation, such as skin cancer (angiogenesis), port-wine stains, and skin disorders, can
benefit from a system for tissue imaging.
[0054] Subepidermal moisture, a measure of localized edema, is associated with
erythema, Stage | and Il PUs [Bates-Jensen 2007, Bates-Jensen 2008, Guihan 2012, Ching 2011],
and can (ii) differentiate between healthy skin and skin with pressure-induced tissue damage
[Harrow 2014] and (iii) serve as a predictor of imminent ulceration (PUs, sDTIs) in various
populations [Bates-Jensen 2007, Bates-Jensen 2008, Bates-Jensen 2009]. Thus, changes in
measures of subepidermal moisture could be utilized for both prevention and detection of
PUs. Radiofrequency impedance measurement with spatially separated electrodes is a
current standard way to measure skin moisture including subepidermal moisture. However, it
is a contact single-point measurement technique, which may suffer from operator
inconsistency.
[0055] Near-Infrared spectroscopy (NIR) reflectance can be used to determine water
content in the skin. Water spectrum dominating NIR spectra with overtone bands of the O-H
bonds with peak absorption at 760 nm, 970 nm (due to the second overtone of the O-H
stretching band), 1190nm (the combination of the first overtone of the O-H stretching and the
O-H bending band), 1450 nm (first overtone of the OH-stretching band and a combination
band), and 1940 nm (combination of the O-H stretching band and the O-H bending band).
[Luck 1974]
[0056] Water absorption at 1440nm is 30 times stronger than at 1190nm, which in turn is
more than two times stronger than absorption at 970nm. Thus, 1440nm and 1920nm
wavelengths are suitable for imaging of water content in uppermost skin layers (stratum
corneum), while 970nm and 1190nm can be used for water content determination and
imaging in deeper skin layers, including epidermis, dermis (1190nm) and even
subcutaneous tissues (970nm).
[0057] Bacteria presence can significantly impact tissue health and wound healing
progress. Bacteria are always present in the wound. There are several distinct levels of
bacterial burden in the wound: contamination, colonization, and infection.

-7-
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[0058] Wound contamination is the presence of non-replicating organisms in the wound.
All chronic wounds are contaminated. These contaminants come from the indigenous
microflora and/or the environment.

[0059] Wound colonization is the presence of replicating microorganisms adherent to the
wound in the absence of injury to the host. Most of these organisms are normal skin flora;
such as Staphylococcus epidermidis, another coagulase negative Staph., Corynebacterium
sp., Brevibacterium sp., Proprionibacterium acnes, and Pityrosporum sp..

[0060] Wound Infection is the presence of replicating microorganisms within a wound that
cause host injury. Primarily, pathogens are of concern here, such as Staphylococcus aureus,
Beta-hemolytic Streptococcus (S. pyogenes, S. agalactiae), E. coli, Proteus, Klebsiella,
anaerobes, Pseudomonas, Acinetobacter, and Stenofrophomonas (Xanthomonas).

[0061] Contamination and colonization by low concentrations of microbes are considered
normal and are not believed to inhibit healing. However, critical colonization and infection are
associated with a significant delay in wound healing.

[0062] Clinical testing for bacterial presence includes analysis of swabs from the tissue. In
addition to long processing time (several days), these tests suffer from possible
contamination during swabbing and randomness in the selection of swabbing sites. Thus,
current clinical diagnostics techniques are sub-optimal.

[0063] Portable fluorescence imaging can be used for visualization of bacterial presence.
It was found that while excited at 405nm, S. aureus, S. epidermidis, Candida, S.
marcescens, Viridans streptococci, Corynebacterium diphtheriae, S. pyogenes,
Enterobacter, and Enterococcus produced red (610-640nm) fluorescence from porphyrin
[Kjeldstad 1985] while P. aeruginosa produced a bluish-green (450-520nm) fluorescence from
pyoverdin [Cody 1987]. Thus, fluorescence imaging can be used to assess bacterial burden
and guide swabbing and wound cleansing.

[0064] Thus, multispectral/hyperspectral-based reflectance imaging, fluorescence imaging
or their combination can provide valuable insights on tissue health and wound healing
potential.

[0065] Embodiments described herein can provide a tool for tissue imaging.

[0066] Fig. 1 depicts a view of an example tissue visualization system 100 that connects
to tissue imaging systems 105 via network 110.
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[0067] Tissue imaging system 105 is a device for visualization of abnormalities of blood
circulation, moisture distribution, and bacterial burden in surface tissues (skin or mucosa).
For example, the device can be used for identification of ischemic or angiogenic conditions.
It can be used by primary care physicians, nurses, or even patients themselves in any type
of settings: inpatient, outpatient, long-term facilities, patient's home, and so on, thus allowing
earlier identification of problematic wounds. Tissue imaging system 105 may comprise a
computing device 108 which may comprise a mobile device 108, processor(s) 108a, non-
transitory computer readable storage medium or memory 108b, image capturing unit 103,
and illumination unit 104. Memory 108b may comprise computer executable instructions
comprising tissue visualization app 112.

[0068] Computing device 108 may be an off-the-shell computing device (for example, a
mobile device, smartphone, tablet, laptop, a personal computer) or a custom-built computing
device. In an example embodiment, computing device 108 comprises a smartphone.

[0069] Tissue visualization app 112 coordinates image capturing unit 103 and illumination
unit 104 during data capturing, process images, display results on computing device 108,
and store and/or transmit data to tissue visualization system 100.

[0070] Image capturing unit 103 may comprise an internal (built-in to computing device
108) or external device capable of capturing images. In an example embodiment, image
capturing unit 103 comprises a 3 channel (RGB) or 4 channel (RGB-NIR) camera.

[0071] [lHlumination unit 104 may comprise an internal (built-in to computing device 108) or
external device (e.g., multispectral flash) capable of illuminating a target area with required
intensity, wavelengths, and duration.

[0072] Example tissue imaging system 105 architectures are presented on Fig.1. In some
embodiments, the tissue imaging system 105 can be a single device. In some embodiments,
the tissue imaging system 105 can have two separate parts (e.g., image capturing unit 103
built-in to computing device 108 and a separate illumination unit 104, or illumination unit 104
built-in to computing device 108 (e.g., a mobile device 108) and a separate image capturing
unit 103). In some embodiments, tissue imaging system 105 can have three separate parts
(for example, a computing device 108, a separate image capturing unit 103, and a separate
illumination unit 104). The separate components of tissue imaging system 105 may

communicate by known wired or wireless communications protocols.
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[0073] In an example embodiment, illumination unit 104 can be a device attached (e.g.,
clip-on or by compression clip) to a computing device 108, such as a mobile device or
smartphone.

[0074] In some embodiments,illumination unit 104 can be connected or synchronized with
the tissue visualization application 112 (installed on or otherwise accessible by computing
device 108) for example by known wireless connections (for example, Bluetooth™), optic or
optoelectric coupling, or wired connection. In some embodiments, the illumination unit 104
can be triggered manually, and the visualization application 112 recognizes the light
sequence and synchronizes image capturing.

[0075] In some embodiments, the image capturing unit 103 can connect to the tissue
visualization application 112 (installed on or otherwise accessible by computing device 108
(e.g., a mobile device 108)) for example by known wireless connections (for example,
Bluetooth™), optic or optoelectric coupling, or wired connection.

[0076] The tissue visualization application 112 can, in turn, be connected to tissue
visualization system 100 (which may comprise, e.g., a backend server). The tissue
visualization system 100 can collect data from tissue visualization applications 112 of tissue
imaging systems 105, via network 110. The tissue visualization system 100 can transmit the
data (or transformations and aggregations of the data) to user device 102, which may
comprise any device with computer processing capability (e.g., computer, laptop, tablet, or
smartphone) for use by a user (e.g. a physician or other user). Thus, a qualified specialist
may review the data collected by tissue visualization system 100 from one or more tissue
imaging systems 105 used to capture image(s) in a different location by, e.g., a frontline
health practitioner (e.g., nurse) or patient. This may facilitate early diagnostic by the
physician.

[0077] Tissue imaging system 105 can capture measurement data as images of a
patient’s tissue. The visualization application 112 can extract visualizations of tissue health
indicators from the measurement data. The visualization application 112 can generate one
or more interface elements corresponding to the visualization of tissue health indicators. The
interface elements populate an interface for display on the computing device 108 (e.g., a
mobile device 108).

[0078] In some embodiments, the computing device 108 can connect to a tissue

visualization system 100 to transmit the measurement data and the visualization of tissue
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health indicators, for example. The tissue visualization system 100 can aggregate the
measurement data and the visualization of tissue health indicators from multiple tissue
imaging systems 105. The tissue visualization system 100 can process and store the
measurement data and the visualization of tissue health indicators.
[0079] In some embodiments, tissue imaging system 105 can connect to a user device
102. In some embodiments, the computing device 108 (e.g., a mobile device 108) with tissue
visualization app 112 can receive and aggregate measurement data from multiple tissue
imaging system(s) 105, and generate the visualization of tissue health indicators for
transmission to tissue visualization system 100. The tissue visualization system 100 can
aggregate the measurement data and the visualization of tissue health indicators from
multiple tissue imaging systems 105.
[0080] The tissue visualization system 100 receives imaging data from the tissue imaging
system(s) 105 to generate a visualization of tissue and detect wounds and abnormalities.
The tissue visualization system 100 and tissue imaging system(s) 105 connect to other
components in various ways including directly coupled, and indirectly coupled via network
110. Network 110 (which may comprise multiple communications networks) is capable of
carrying data and can involve wired connections, wireless connections, or a combination
thereof. Network 110 may involve different network communication technologies, standards,
and protocols.
[0081] Fig. 2 depicts a view of an example tissue visualization system 100 according to
some embodiments, interfaced with system components.
[0082] Tissue visualization system 100 receives imaging data from the tissue imaging
system 105 via data 1/0 unit 218. Data I/O unit 218 facilitates transmission of data to data
processing unit 220. Data processing unit 220 processes data received from the data I/O
unit 218 or one or more databases 224. For example, data processing unit 220 can apply
one or more algorithms or extract data that may be used for, or that may facilitate the
visualization or processing related to detection of problematic wounds or abnormalities of
blood circulation, for example, in surface tissues. Data processing unit 220 can extract,
create, and/or aggregate from that data a wound size and/or a map, visualization, or
indication of oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion, water, bacteria
presence, and/or other indicia that may suggest abnormalities of tissue health, for example,
in surface tissues.

- 11 -

Petitioner's Exhibit 1002
Page 294 of 384



10

15

20

25

30

WO 2020/014779 PCT/CA2019/050981

[0083] Data processing unit 220 can receive, via data I/O unit 218 and network 110,
instructions for computation from one or more external systems 106, user device 102, tissue
imaging system 105, and/or tissue visualization app 112. The instructions for computation
can be used by data processing unit 220 to facilitate the extraction, creation, and/or
aggregation of data providing a wound size and/or a map, visualization, or indication of
oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion, water, bacterial presence and/or
other indicia that may suggest abnormalities of tissue health, for example, in surface tissues.
In some embodiments, data processing unit 220 can process imaging data to prepare the
data for presentation via the interface unit 222 in an appropriate form or to prepare the data
for transmission to an external system 106, user device 102, and/or tissue imaging system
105 to be presented in an appropriate form.

[0084] Data processing unit 220 can receive data or processed data from aggregation unit
226 and may extract, create, and/or aggregate from that data, data providing a wound size
and/or a map, visualization, or indication of oxygenation, oxyhemoglobin, deoxyhemoglobin,
perfusion, water, bacterial presence and/or other indicia that may suggest abnormalities of
tissue health, for example, in surface tissues. The map, visualization, or other indication that
can be extracted, created, and/or aggregated by data processing unit 220 can reflect
imaging data or measurements corresponding to a plurality of patients. The data processed
by data processing unit 220 may be imaging data collected at one or more tissue imaging
systems 105 and/or one or more user devices 102. The data processed by data processing
unit 220 may be measurement data reflecting one or more images of a patient’s tissue.
[0085] Aggregation unit 226 can receive via data I/O unit 218 and/or one or more
databases 224 imaging data corresponding to a plurality of patients, tissue imaging systems
105, or user devices 102. Aggregation unit 226 can aggregate or modify the data by
applying instructions for computation, and so may comprise one or more processors.
Aggregation unit 226 can cause the aggregated or modified data to be transmitted to data
processing unit 220 where the data can be processed to prepare the data for presentation
via interface unit 222 in an appropriate form or to prepare the data for transmission to an
external system 106, user device 102, and/or tissue imaging system 105 to be presented in
an appropriate form.

[0086] Aggregation unit 226 can receive processed data from data processing unit 220

corresponding to a plurality of patients, tissue imaging systems 105, or user devices 102.
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Aggregation unit 226 can aggregate or modify the processed data by applying the
instructions for computation. Aggregation unit 226 can cause the aggregated or modified
data to be transmitted to data processing unit 220 where the data can be further processed
to prepare the data for presentation via interface unit 222 in an appropriate form or to
prepare the data for transmission to an external system 106, user device 102, and/or tissue
imaging system 105 to be presented in an appropriate form.

[0087] Aggregation unit 226 can receive via data I/O unit 218 and instructions for
computation from one or more external systems 106, user device 102, tissue imaging
system 105, and/or tissue visualization app 112. The instructions for computation can be
used by aggregation unit 226 to facilitate aggregation of imaging data corresponding to a
plurality of patients.

[0088] Tissue visualization system 100 can receive imaging data, for example, aggregate
imaging data, from computing device 108 (e.g., a mobile device 108) via data /O unit 218.
Tissue visualization system 100 can receive imaging data, for example, aggregate imaging
data, from external systems 106 via data I/O unit 218. Tissue visualization system 100 can
receive computer instructions for processing or computation from external systems 106.
External systems 106 can store, cause to be stored, and/or receive data from one or more
external databases 216.

[0089] Aggregation unit 226 can receive via data I/O unit 218 and network 110 the
instructions for computation from one or more external systems 106, user device 102, tissue
imaging system 105, and/or tissue visualization application 112.

[0090] Tissue visualization system 100 can be associated with one or more databases or
data storages 224, for example, one or more local databases. The one or more databases
224 can store or process data received or transmitted by data 1/O unit 218, data processing
unit 220, and/or aggregation unit 226. The data stored in the one or more databases 224
can be accessed by various units, including data I/O unit 218, data processing unit 220,
and/or aggregation unit 226. For example, data 1/O unit 218 may cause database 224 to
store data received via network 110 and/or from user device 102, external systems 106,
tissue imaging system 105, and/or tissue visualization app 112. Data processing unit 220
and aggregation unit 226 can cause data to be retrieved from database 224, for example,

before processing or aggregating the data.
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[0091] Data processing unit 220 can cause data to be stored in database or data storage
224 after it processes the data by applying instructions or extracting data that may be used
for or facilitate the visualization or processing related to detection of problematic wounds or
abnormalities of blood circulation in surface tissues. Data processing unit 220 can retrieve
the processed data from database or data storage 224 and cause the processed data to be
transmitted to the interface unit 222 or network 110, for example, for presentation to a
patient or physician using user device 102, 105 or 106, for example.
[0092] Data processing unit 220 may cause data to be stored in database or data storage
224 after it extracts, creates, and/or aggregates data providing a wound size and/or a map,
visualization, or indication of oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion,
water, bacterial presence and/or other indicia that may suggest abnormalities of tissue
health, for example, in surface tissues.
[0093] Data processing unit 220 may use Machine Learning (including supervised ML and
unsupervised ML) to extract information from collected images and other data. In particular,
data processing unit 220 can build and train models, which can discriminate between various
conditions and provide users with additional information. In some embodiments, data
processing unit 220 uses convolutional neural networks for automatic or semi-automatic
detection and/or classification of the skin or wound conditions. In some embodiments, ML
models built and trained using other tools may be deployed to data processing unit 220 for
image/data detection/classification, such as from an external system 106.
[0094] Aggregation unit 226 can cause data to be stored in database 224 after it
aggregates imaging data or processed data that corresponds to a plurality of patients and/or
user devices 102. Aggregation unit 226 can retrieve the aggregated data from one or more
databases 224 and cause the aggregated data to be transmitted to the interface unit 222 or
network 110, for example, for presentation to a patient or physician using user device 102,
105 or 106, for example.
[0095] Tissue visualization system 100 can cause data to be displayed on interface unit
222, for example, aggregated and/or processed data providing a wound size and/or a map,
visualization, or indication of oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion,
water, bacterial presence and/or other indicia that may suggest abnormalities of tissue
health in surface tissues. Patients and physicians can engage with an interface unit to view
or analyze the indicia.
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[0096] Tissue visualization system 100 can cause data, for example, aggregated data,
processed data, imaging data, and/or data providing a wound size and/or a map,
visualization, or indication of oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion,
water, bacterial presence and/or other indicia that may suggest abnormalities of tissue
health in surface tissues, to be transmitted to one or more external systems 106, such as via
network 110.

[0097] For example, tissue visualization system 100 can receive imaging data from a
plurality of tissue imaging systems 105, process and/or aggregate the data using data
processing unit 220 and/or aggregation unit 226, and cause the data to be routed, via one or
more networks 110, to, e.g. the appropriate physician (e.g., family doctor) for evaluation.
The physician may be engaged with a user device 102, an external system 106, or a tissue
imaging system 105.

[0098] A user device 102 may receive, process, and/or aggregate data from a plurality of
tissue imaging systems 105 and/or corresponding to a plurality of patients or tissue
measurements. User device 102 may receive instructions for computation from one or more
external systems 106 or tissue imaging systems 105.

[0099] Tissue visualization system 100 can connect to various components, including
user device 102, tissue imaging system 105, external systems 106, external database 216,
in various ways including directly coupled and indirectly coupled via network 110 (which may
comprise multiple networks). Each of these components can connect to each other in
various ways including directly coupled and indirectly coupled via network 110 (or multiple
networks).

[00100] Fig. 3 depicts a view of an example of tissue imaging system 105 comprised of the
illumination unit 104 and computing device 108 (e.g., a mobile device 108) comprising an
internal image capturing unit 103 and installed tissue visualization app 112, according to
some embodiments.

[00101] A tissue imaging system 105 is associated with an image capture unit 103. The
image capture unit 103 may comprise a smartphone camera (front or back), for example.
[00102] A computing device 108 (e.g., a mobile device 108) is associated with a display
interface 318. The display interface 318 can be a screen or viewfinder, for example. In
some embodiments, a computing device 108 (e.g., a mobile device 108) is associated with
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an app /O unit 322 that may facilitate data transmission between an illumination unit 104
and the computing device 108.

[00103] An illumination unit 104 may be associated with a computing device 108, for
example, through a physical connector 302 that attaches the illumination unit 104 to the
computing device 108, such as mobile device 108. An illumination unit 104, which acts as
an external flash-generating device, is associated with a lighting unit 300, which may include
multiple light sources 300. The light units 300 may be arranged in a circle on illumination
unit 104, for example. In an example embodiment, light units 300 are arranged in a circular
configuration around a central aperture.

[00104] In some embodiments, an I/O unit 304 associated with the illumination unit 104
may facilitate data transmission between the illumination unit 104 and the computing device
108. For example, I/O unit 304 may send and receive data from an app /O unit 322. 1/O
unit 304 and app I/0 unit 322 may implement connectivity via Bluetooth, a cable (e.g., USB,
lightning, audio jack), WiFi, near-field communication, optic or optoelectronic coupling, or
other means. This communication can facilitate synchronization of the lighting unit 300 and
the data capture by image capture unit 103, for example, in accordance with an illumination
schema that can account for various types of external illumination.

[00105] A controller 301 causes light sources to flash in a predetermined fashion. The
controller 301 can receive commands from I/O unit 304 or be triggered manually (e.g., using
a button). The controller 301 can be based on any type of general-purpose microprocessor
or microcontroller, a digital signal processing (DSP) processor, an integrated circuit, a
central processing unit (CPU), a graphics processing unit (GPU), a field programmable gate
array (FPGA), a reconfigurable processor, a programmable read-only memory (PROM), or
any combination thereof. In an example embodiment, the controller 301 is based on a
microcontroller.

[00106] In some embodiments, the lens 307 covering the light sources 300 can be used to
homogenize the light distribution on the target area. In an example embodiment, the Fresnel
lens is used. The focal length of the lens can be chosen in the range 80-120% of the working
distance between the illumination unit 104 and the target area. In the preferred embodiment,
the focal length of the lens is equal to the working distance. Such a focal length tends to

create a homogeneous illumination light distribution on the target area, which tends to result
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in more optimal use of dynamic range and higher accuracy of measurements on periphery of
the target area.
[00107] For bacterial burden measurements, the emission filter 305 covers the image
capturing unit 103 (e.g., the camera of a smartphone) to block the excitation illumination at
405+10nm. In an example embodiment, the emission filter is attached to the illumination unit
104. In some embodiments, the emission filter 305 is a long pass filter with cut-on
wavelength 450+25nm. In some embodiments, the emission filter is a band pass filter with
the transmission in the 425-750nm range, which has the lower cut-on wavelength in the
450+25nm range.
[00108] Computing device 108 (e.g., a mobile device 108) supports a tissue visualization
application 112. Computing device 108 may run on any suitable operating system such as
iOS, Android, or Windows. The tissue visualization app 112 can help position the computing
device, e.g. a smartphone, at a proper distance to a target area; can synchronize flashes
from an illumination unit 104 with the image capturing unit 103; can cause or coordinate the
capture of a set of images; can cause or facilitate local processing of the images or of data
captured; can cause capturing target area info (e.g., location, laterality, description, wound
size, tissue type, patient ID, etc.); can cause or facilitate the extraction, creation, and/or
aggregation of data providing a map, visualization, or indication of oxygenation,
oxyhemoglobin, deoxyhemoglobin, perfusion, water, bacterial presence and/or other indicia
that may suggest abnormalities of tissue health in surface tissues; can cause or facilitate
storing data on computing device 108; and can cause or facilitate data to be transmitted over
one or more networks 110.
[00109] The tissue visualization app 112 includes a positioning unit 324, pre-processing
unit 326, calibration unit 328, and app processing unit 330.
[00110] Positioning unit 324 can cause or facilitate the positioning of the image capture unit
103 in relation to an area of patient tissue targeted for measurement.
[00111] For example, in some embodiments, positioning unit 324 can use a reference (or
self-reference) object (e.g., a white circle, square, rectangle, or another shape, colour, or
object) on the target area, where the reference (or self-reference) object and target area can
be imaged through a viewfinder or screen associated with the, for example, mobile device
108. In some embodiments, the positioning unit 324 can recognize the reference object and
cause an overlay to be presented on the display interface 318.
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[00112] In some embodiments, the overlay can be marks, lines, arrows, shapes, and/or
other attributes that can be used by a person engaged with the display interface 318 to move
the computing device 108 (e.g. mobile device 108), for example, forwards and/or backward
to create appropriate positioning of the image capture unit 103. The tissue visualization app
112 can adjust the presentation of the overlay on the display interface 318 in relation to the
presentation of the reference object or tissue on the display interface 318. This may help
guide the user’s movement of the image capture unit 103 or computing device 108 (e.g., a
mobile device 108) to achieve proper positioning of the image capture unit 103 or computing
device 108 (e.g., mobile device 108) in relation to the area of patient tissue targeted for
measurement.
[00113] In some embodiments, the overlay presented on the display interface 318 can be
of a predetermined size and presented at predetermined locations on the display interface
318.
[00114] In some embodiments, positioning unit 324 can use the size of the reference object
to trigger automatic data capturing when the computing device 108 (e.g. mobile device) or
image capturing unit 103 is at a certain distance from the target area.
[00115] In some embodiments, positioning unit 324 can guide a user to move the
computing device 108 (e.g. mobile device), for example, forwards and/or backward to create
appropriate positioning of the image capture unit 103, by graphical, text or voice commands.
[00116] In some embodiments, reference objects may be used to facilitate calculation of a
distance from a wound and/or to rescale images or measurement data.
[00117] In some embodiments, image capture unit 103 may be positioned at a proper
distance from a target area, for example, a wound, by other means such as using a
rangefinder or ruler.
[00118] The tissue visualization app 112 may help control the illumination of the patient
tissue targeted for measurement and/or the illumination of one or more images captured by
image capture unit 103 to help ensure the illumination is stable and/or predictable. The
intensity of illumination may depend on the distance of the image capture unit 103 to the
target area and the stability of, for example, intensity of the light source, e.g. LED, which
may degrade with time or within a battery cycle. Control of such factors may be facilitated by
pre-processing unit 326. For example, the tissue visualization app 112 may use a self-
reference object (e.g., white or gray circle) that is placed within a target area to measure the
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intensity of each wavelength in each flash and recalibrate each measurement accordingly. A
single measurement can include multiple flashes and wavelengths.

[00119] In some embodiments, the pre-processing unit 326 can compare the intensity of a
self-reference object in the target image with the intensity of the same region in the
reference image and uses the ratio between the two to scale the intensity of the target image
pixel-by-pixel.

[00120] For reflectance images, app processing unit 330 can process image data captured
by image capture unit 103 and pre-processed by pre-processing unit 326. For example, the
user or app processing unit 330 can compare one or more images or patient measurements
of a suspicious area to one or more images or patient measurements of a non-affected area.
[00121] An observation may consist of one or more measurements on a patient. The one
or more images or patient measurements of a non-affected area (control sites) can be used
to establish a baseline for a particular patient. |deally, one can select a control site as a spot
with intact skin symmetrical with respect to the spinal cord (e.g. on another extremity) to the
suspicious area (this may be another extremity; for example, if the left ankle of a person is
affected, then the right ankle may be selected as the control site). However, if it is not
possible (e.g., limb amputation or widespread ulcers), then other locations (e.g., antecubital
fossa) can be used as a control site. In the case of a single measurement (e.g., suspicious
area only), the suspicious area readings can be compared with an area on the same image
distant from the suspicious area.

[00122] In some embodiments, tissue visualization app 112 can compare an image of a
suspicious area to one or more images of control sites. The tissue visualization app 112 can
process an image and can also operate in video mode to process a series of images or
video frames.

[00123] App processing unit 330 can use the data captured by image capture unit 103 to
facilitate the extraction, creation, and/or aggregation of data providing a map, visualization,
or indication of oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion, water, bacteria
presence, and/or other indicia that may suggest abnormalities of tissue health, for example,
in surface tissues.

[00124] The outcome of the system can be a false color or grayscale 2D map of tissue
health indicators. These maps can be presented via the display interface 318 and/or

transmitted over one or more networks 110, for example, to a tissue visualization system
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100 or a user device 102. For example, levels of oxygenation and perfusion can highlight
areas with abnormal blood supply, namely ischemic (significantly reduced perfusion and
oxygenation) and angiogenic (increased perfusion) areas. A trained physician will be able to
interpret these 2D maps to assess the significance of findings and decide on next steps, for
example, requesting further study, monitoring progress, or dismissing the matter.

[00125] App processing unit 330 can cause the processed data to be presented via display
interface 318 and/or transmitted over a network 110.

[00126] In some embodiments app processing unit 330 can use Machine Learning
(ML)(including supervised ML and unsupervised ML) to extract information from collected
images and other data. In particular, app processing unit 330 can build and train models,
which can discriminate between various conditions and provide users with additional
information. In some embodiments, the app processing unit 330 uses convolutional neural
networks for automatic or semi-automatic detection and/or classification of the skin or wound
conditions. In some embodiments, ML models can be built and trained using other tools
(e.g., the data processing unit 220) and deployed to app processing unit 330 for image/data
detection/classification.

[00127] Fig. 4 is a flowchart of an example method for capturing measurements and
visualizing tissue according to some embodiments.

[00128] At 402, a computing device 108 (e.g. a mobile device 108) is positioned at a proper
distance (working distance) in relation to an area of tissue (e.g., using a positioning unit
324). In some embodiments, the computing device 108 or image capturing unit 103 is
positioned 10-30cm from the tissue. In an embodiment, the image capturing unit 103 is
positioned 10-15cm from the tissue.

[00129] At 404, image capture unit 103 in conjunction with illumination unit 104 captures a
measurement of tissue according to an illumination schema.

[00130] At 406, in some embodiments, pre-processing unit 326 preprocesses the
measurement data by a) registering (aligning) images to avoid camera motion artifacts, b)
subtracting image with no illumination from images with illumination to account for the
presence of an ambient light.

[00131] In some embodiments, the step 406 may include any or all additional steps: c)
recalibrating each measurement accordingly in order to control parameters related to the

intensity of illumination, d) dividing the intensity images on reference images to obtain
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normalized images, e) flattening the images. In other embodiments, the filtering and
frequency domain processing (e.g. fast Fourier transformation) may be used additionally for
denoising.
[00132] Recalibration of each measurement using a self-reference object may take into
account any possible drift or degradation of illumination light intensity, which will tend to
improve the quality of results.
[00133] Dividing the intensity images on reference images may take into account the
heterogeneity of illumination light distribution on a target area, resulting in normalized
images that tend to improve quality of results
[00134] Imaging of body parts with high curvature (for example, heels or toes) can pose a
significant clinical challenge. Different parts of the target area are on different distance from
the illumination unit and the camera, and since the camera registers light intensity that
depends on that distance, the curvature(s) can negatively affects accuracy of measurements
or may produce erroneous results. In an embodiment, the step of flattening images is to take
into account the reflection of light from curved surfaces. This can be achieved by plurality of
methods. In some embodiments, approximation of the shape of the body part and rescaling
normalized image to compensate for these deviations from the working distance is used. In
other embodiments, shape fitting (for example, spherical, ellipsoidal, or cylindrical) may be
used.
[00135] In some embodiments, registration (alignment) of images can be done using phase
correlation or block matching algorithms (e.g., using a self-reference object).
[00136] In some embodiments, recalibration can be done by pre-processing unit 326 using
a self-reference object to measure the intensity of each wavelength in each flash.
[00137] In some embodiments, any or all steps after the step 406 can be skipped.
[00138] In some embodiments, app processing unit 330 can cause transmission over
network 110 of data, such as pre-processed images after step 4086. In this case, upon receipt
of the data, data processing unit 220 of tissue visualization system 100 may extract and
visualize tissue health indicators.
[00139] At 408, app processing unit 330 processes the images to extract information, such
as concentrations of tissue chromophores. In some embodiments, app processing unit 330
extracts indications of oxyhemoglobin and deoxyhemoglobin. In some embodiments, in
addition to oxy- and deoxyhemoglobin, app processing unit 330 extracts the indication of
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melanin. In some embodiments, app processing unit 330 additionally extracts water content
indications.

[00140] In some embodiments, indications of oxyhemoglobin, deoxyhemoglobin, and water
can be extracted directly from the obtained images using a Beer-Lambert or modified Beer-
Lambert model.

[00141] In an exemplary embodiment, an additional step is taken to extract tissue
absorption coefficients from the obtained images using a tissue optical model (or a tissue
light propagation model). A tissue optical model would link the reflected signal with optical
properties of the tissues, namely coefficients of absorption and scattering. Various light
propagation models (for example, diffuse approximation model) can be used to extract such
relationship. The appropriate model can be selected based on acceptable accuracy vs.
computational intensity considerations.

[00142] In some embodiments, the least squares fitting, or LSF (with or without
regularization) can be used to extract the concentration of each chromophore. In some
embodiments, LSF extracts indications of chromophores directly from the obtained images.
In an exemplary embodiment, LSF is applied after extraction of indication of absorption
coefficient using the tissue light propagation model.

[00143] In other embodiments, other curve fitting methods (for example, least absolute
deviations) may be used to extract indications of chromophores.

[00144] At 410, app processing unit 330 extracts indicia that allows the tissue health
indicators of the imaged tissue to be presented. For example, the indicia may allow the
oxygenation and/or perfusion to be presented as a map.

[00145] In some embodiments, app processing unit 330 can send to the network 110 data
from the step 408. In this case, data processing unit 220 will visualize tissue health
indicators.

[00146] At 412, tissue visualization app 112 generates a visualization of the tissue health
indicators of the imaged tissue and causes the visualization to be presented via the display
interface 318.

[00147] In some embodiments, computing device 108 comprises a graphical user interface
displayed on display interface 318 by app processing unit 330. At 414, the tissue
visualization app 112 collects data related to the image (e.g., patient ID, laterality, location,
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diagnosis, comments, measurements). In some embodiments, a speech-recognition system
is used to collect data.

[00148] At 416, tissue visualization app 112 causes a results file of the data or indicia to be
stored and/or transmitted, for example, over a network 110 to a user device 102, tissue
visualization system 100, and/or external system(s) 106.

[00149] Fig. 5 is a view of an example interface for visualizing tissue according to some
embodiments.

[00150] In some embodiments, a color bar 502 can be implemented to guide the user when
viewing the image.

[00151] In some embodiments, the averaging tool 504 (which averages tissue health index
within a defined area) can be implemented to assist the user. In some embodiments, the
averaging tool 504 can be a small circle on a touchscreen, such as the relatively small area
shown in Fig. 5.

[00152] Fig. 6 is a schematic diagram of an exemplary embodiment of computing device
108. As depicted, computing device 108 (e.g. mobile device 108) includes at least one
processor 602, memory 604, at least one /O interface 606, and at least one network
interface 608.

[00153] Each processor 602 may be, for example, any type of general-purpose
microprocessor or microcontroller, a digital signal processing (DSP) processor, an integrated
circuit, a central processing unit (CPU), a graphics processing unit (GPU), a field
programmable gate array (FPGA), a reconfigurable processor, a programmable read-only
memory (PROM), or any combination thereof.

[00154] Memory 604 may include a suitable combination of any type of computer memory
that is located either internally or externally such as, for example, random-access memory
(RAM), read-only memory (ROM), compact disc read-only memory (CDROM), electro-optical
memory, magneto-optical memory, erasable programmable read-only memory (EPROM),
and electrically-erasable programmable read-only memory (EEPROM), Ferroelectric RAM
(FRAM), or the like.

[00155] Each I/O interface 606 enables computing device 108 (e.g., a mobile device 108)
to interconnect with one or more input devices, such as a keyboard, mouse, camera, touch
screen, and a microphone, or with one or more output devices such as a display screen and

a speaker.
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[00156] Each network interface 608 enables computing device 108 (e.g., a mobile device
108) to communicate with other components, to exchange data with other components, to
access and connect to network resources, to serve applications, and perform other
computing applications by connecting to a network (or multiple networks) capable of carrying
data.

[00157] Computing device 108 is operable to register and authenticate users (using a
login, unique identifier, and password, for example) prior to providing access to applications,
a local network, network resources, other networks, and network security devices.
Computing devices 108 may serve one user or multiple users.

[00158] Fig. 7 is an example of an illumination and image capturing schema according to
some embodiments. Other illumination and image capturing schemas can be used. |n order
to account for external illumination, the example image capturing/illumination schema in
Fig.7 has been developed.

[00159] Fig. 7 plots the flash 702 coordinated by illumination unit 104, as a function of time.
Computing device 108 (e.g., a mobile device 108) uses the synchronization of flash if the
illumination unit 104 is used to provide the external flash. As shown at 702, the illumination
schema (cycle) consists of m flashes (with m=2 in the example of Fig. 7) and one period
without flash, with n/4<m=n, where n is the number of wavelengths. Cycles can be repeated
continuously during video mode capturing.

[00160] The exposure time (T) for each frame (in milliseconds) can be selected as T=k/2*f,
where Kk is an integer, and f is the utility frequency for a particular country in Hz (e.g., 60Hz
for North America, 50Hz for Europe). In a video mode, the framerate can be selected as
fps=2*f/k (e.g., 30, 24, 20, 15, 12, and 10 fps for North America and 25, 20, and 10 fps for
Europe). The frame rate of 20fps (T=50ms) is an example selection. It can work without any
configurations with external light sources connected to any electrical grid (50Hz or 60Hz).
Other frame rates can also be used.

[00161] The duration of each flash can be T or any whole number multiple of T. This
arrangement facilitates easy optical synchronization between illumination unit and image
capturing unit. For example, the cycle consists of m back to back flashes with duration 2T
milliseconds each, followed by no lit period 2T milliseconds long, as shown in the plot 702.
[00162] In some embodiments, computing device 108 (e.g. mobile device 108) associated

with an illumination unit 104 may use the same frame to capture an image illuminated at 2,
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3, or 4 wavelengths, which can be captured by different color wavelengths of an RGB
camera (e.g. 480 and 660nm, which will be captured by blue and red wavelengths,
respectively) or an RGB-NIR camera.

[00163] Fig. 8 is a view of example illumination units according to some embodiments.
[00164] An illumination unit 104 can be an external flash device that can be attached to a
computing device 108, for example, a smartphone. In some embodiments, it can be
synchronized with a tissue visualization app 112 or computing device 108 (e.g., a mobile
device 108) using Bluetooth or other connectivity. In some embodiments, the illumination
unit 104 can be built into a case for a computing device 108 (e.g., a mobile device 108). In
some embodiments, the illumination unit 104 receives power from the computing device 108
(e.g., a mobile device 108) or an external source (e.g., wall charger).

[00165] In some embodiments, illumination unit 104 comprises a battery. The illumination
unit 104 can also be chargeable using a standard micro USB port, wirelessly or by way of
inductive charging.

[00166] The illumination unit 104 can be used with a front- or back camera of a mobile
device 108, for example. lllumination unit view 806 illustrates an illumination unit 104 used in
conjunction with a front-facing camera of a user computing device 108.

[00167] In some embodiments, the illumination unit 104 can be optimally designed to
associate with a computing device 108 (e.g. mobile device 108) by way of a clip or other
means 302 that can be attached to the computing device 108 (e.g. mobile device 108) with
the thickness of up to 15mm, as shown in views 802 and 804.

[00168] In an example embodiment, illumination unit 104 uses a compression clip that can
be attached to the computing device 108 (e.g. mobile device 108), with the thickness up to
15mm, as shown in view 802. In some embodiments, the illumination unit 104 can be
mounted using a spring clip, as shown in views 804 and 806.

[00169] The illumination unit 104 can produce a sequence of flashes of predetermined
length. A wavelength can refer to light sources shining at the same wavelength, or the
possibility of multiple wavelengths shining in a single flash. Each of the flashes may shine at
1-4 particular wavelengths.

[00170] The illumination unit 104 can use narrow band high-efficiency light sources 300,
such as LEDs. The light source in the illumination unit 104 may contain single wavelength or

multi-wavelength LEDs.
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[00171] As shown in view 802, the light sources 300 can be arranged in a circle, with a
center close to the center of a camera 103 of computing device 108 (e.g. mobile device
108).

[00172] In some embodiments, each wavelength can consist of two or four light sources
300, arranged in a symmetrical pattern on an illumination unit 104 (e.g., every 180 or 90
degrees on a circle).

[00173] For oxygenation measurements, the illumination unit 104 can use two or more
wavelengths in the range of 450-750nm. For measurements of oxygenation and perfusion
and the compensation of skin color (melanin), the illumination unit 104 can use three or more
wavelengths in the range of 450-750nm. In an example embodiment, 450-650nm range is
used.

[00174] Wavelengths can be selected from one or more of the following regions: a) biggest
discrimination in light absorption between oxy- and deoxyhemoglobin: 450-500nm and 600-
750nm, b) isobestic points (e.g., 510£10nm, 525+10nm, and 590x10nm), c¢) largest
absorption by oxy- and deoxyhemoglobin: 540-580nm.

[00175] For water content measurement in addition to two or more wavelengths in 450-
750nm (or preferably 450-650nm) range a wavelength of 970+10nm is used.

[00176] For bacterial burden measurements, a wavelength of 405+£10nm is used. In some
embodiments, it can be combined with two or more wavelengths in 450-750nm (or preferably
450-650nm) range, which captures reflectance images.

[00177] For bacterial burden measurements, the illumination unit 104 or image capture unit
103 may contain emission filter 305. In an example embodiment, the emission filter is
attached to the illumination unit 104. In some embodiments, the emission filter 305 is a long
pass filter with cut-on wavelength 450+25nm. In some embodiments, the emission filter is a
band pass filter with the transmission in the 425-750nm range, which has the lower cut-on
wavelength in the 450+25nm range.

[00178] The illumination unit 104 can be synchronized with an image capture unit 103 of
computing device 108 (e.g. mobile device 108) to produce an illumination schema. The
illumination unit 104 associated with an image capture unit 103 can follow an illumination
schema where each wavelength shines sequentially (n=m, where n is the number of

wavelengths, m is the number of flashes in one cycle).
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[00179] In some embodiments, lighting unit 300 configured to engage with a computing

device 108 (e.g. mobile device 108) or image capture unit 103 may have the following

example implementations:

the lighting unit 300 may provide light from sources arranged in a circle or otherwise;
the lighting unit 300 may use two, four or another number of light sources per
wavelength;

the lighting unit 300 may use light sources with central wavelength 405+10nm for
bacteria imaging;

the lighting unit 300 may use an additional 750-1000nm range for user devices 102
without an IR filter on camera (e.g., front-facing camera on a smartphone);

the lighting unit 300 may use light sources with a central wavelength of 970+10nm for
water imaging for user devices 102 without an IR filter on camera (e.g., front-facing
camera on a smartphone);

the illumination unit 104 and/or lighting unit 300 and a computing device 108 (e.qg.
mobile device 108) can be mounted on an extension device (e.g., on a selfie stick);
the imaging unit 104 can be associated with an external lens (e.g., macro lens),

emission filter, polarizer, or not.

[00180] In some embodiments, illumination unit 104, for example, including a multispectral

external flash, can be operable with an image capture unit 103 or another recording device.

For example, illumination unit 104 may be integrated with a personal computer, tablet, or

otherwise.

[00181] The systems described tends to offer distinct advantages. For example: the flash

design may be used with any computing device 108, such as a smartphone (iOS, Android,

etc.) of any shape; the flash/image capturing schema, may allow measurements in any type

of ambient light and with any type of smartphone; self-calibration using a self-reference

object increases accuracy; proper positioning of the camera (distance from the wound) is

facilitated by use of a self-reference object (e.g. a circle); and the illumination schema

produces reproducible and homogeneous illumination. The above-noted expected

advantages are examples of advantages and may not comprise all advantages of the

present systems/devices.

[00182] The system can also tend to overcome challenges, for example, of building the

flash, in the case for a smartphone, such as a challenge that each smartphone can have its
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own form-factor and thus would require multiple cases to be built at least for the most

popular models. Other challenges that the system may overcome, or benefits of the system,

include:

use of IR filter on some smartphone cameras. These filters, which are used to
improve the quality of pictures, filter out light with wavelengths over 750nm and are
being used mostly on more expensive smartphones. Typical pulse oximetry schemas
employ 660 and 900nm bands. Thus, these schemas cannot be employed
universally on smartphones.

Connection to a plurality of existing EHR systems.

Motion artifacts (e.g., due to tremor) while taking measurements.

The flickering, high dynamic range, etc. that may result from taking images in various
light conditions (e.g., indirect sunlight, office light, observation room, etc.) is
combatted.

Flickering caused by the various utility frequencies in different countries.

Producing predictable light distribution, not very sensitive to slight misplacements of
the flash or the smartphone.

Difficulty in synchronizing the phone and external flash.

Use of the lens (e.g., Fresnel lens) covering the light sources homogenizes the light
distribution on the target area, thus extending dynamic range and increasing the
accuracy of measurements.

use of multiwavelength LEDs (e.g., RGB LEDs) creates the similar intensity
distribution for each wavelength and saves space on the illumination unit.

The intensity of illumination can vary, for example, based on the distance to a target
area and the stability of LED intensity (e.g., LED intensity may change with time,
temperature, or within battery cycle). In particular, the intensity of illumination light on
the surface of the tissue drops as an inverse square with the distance from the
illumination unit to the target area. Thus, increasing working distance by 50%, will
cause drop of illumination intensity by 55%, and so the system can compensate by
capturing the intensity of illumination at the revised working distance and normalizing
images on these values.

porphirin and pyoverdine have an absorption peak in Soret band, where

oxyhemoglobin and deoxyhemoglobin have absorption peaks as well. The presence
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of a blood component may significantly impact porphyrin/pyoverdine emission. True

fluorescence intensity can be deconvoluted using known oxyhemoglobin and

deoxyhemoglobin concentrations.

- Ability to change or upgrade components of the system independently. For example,

a user can use his or her own smartphone as a computing device, and upgrade such

device with updated versions without a necessity to buy a whole new system.
[00183] A tissue imaging system 105 can be used in a variety of applications, including in
the following scenarios.
[00184] Use case 1: A doctor at a hospital during a physical exam of a patient in acute
care has found a suspicious wound on the leg. The patient has diabetes, so the MD has a
suspicion that it can be a non-healing DFU. The current standard of care for this is
angiography, which is not available in his community hospital. It will cost around $20,000 for
the procedure and arrangement of medical transportation to/from another hospital. However,
using the device the doctor can screen the wound on the spot and see whether it is ischemic
(and require angiography for proper assessment) or nonischemic (and will heal well without
any extra efforts).
[00185] Use case 2: A family doctor during an annual checkup has found a suspicious
wound on a patient’s leg. The patient has diabetes, so the MD has a suspicion that it can be
a non-healing DFU. The current standard of care for this is angiography. However, it can be
performed in major hospitals only. It is associated with $1,500 per procedure (in the US) or
waiting time (for example, 41 days in Ontario, Canada). Using the device, the doctor can
screen the wound on the spot and see whether it is ischemic (and require angiography for
proper assessment) or nonischemic (and will heal well without any extra efforts).
[00186] Use case 3: A family doctor during an annual checkup has found a suspicious
wound on a patient’s leg. The patient has diabetes, so the MD has a suspicion that it can be
a non-healing DFU. The current standard of care for this is angiography. It can be performed
in major hospitals only. It is associated with $1,500 per procedure (in the US) or waiting time
(for example, 41 days in Ontario, Canada). Using the device, the doctor captures images of
the wound on the spot. However, such as he does not have significant experience in wound
care, he decides to send images to a podiatrist, who provides him with an assessment of

whether it is ischemic (and requires angiography for proper assessment) or nonischemic

-29-

Petitioner's Exhibit 1002
Page 312 of 384



10

15

20

25

30

WO 2020/014779 PCT/CA2019/050981

(and will heal well without any extra efforts). The doctor accordingly refers the patient to the
podiatrist.
[00187] Use case 4: A nurse is attending a small rural community. During an exam of a
patient, she has found a suspicious ulceration near the small toe. She has a suspicion that it
can be a peripheral arterial disease. She uses the device to take a snapshot of the wound
and sends images to a family physician (if the patient has one) or a podiatrist. The doctor
reviews the images and provides guidance within a few hours. The nurse instructs the
patient on further actions.
[00188] Use case 5: A medical nurse is attending a small long-term residence. During an
exam of a patient, she has found a suspicious ulceration near the big toe. She has a
suspicion that it can be a peripheral arterial disease. She uses the device to take a snapshot
of the wound and sends images to a family physician (if the patient has one) or a podiatrist.
The doctor reviews the images and provides guidance within a few hours. The nurse
instructs the patient on further actions.
[00189] Use case 6: A senior with diabetes finds a suspicious cut on his heel. He is aware
of the dreadful consequences of DFU, so he decides to buy the device in a drugstore. With
the help of his wife he takes images of the wound and sends them to his family doctor. The
doctor makes an assessment and advises the patient within a few hours.
[00190] Use case 7: A senior with diabetes finds a suspicious cut on her forefoot. She is
aware of the dreadful consequences of DFU, and tells her concerns to her daughter. Her
daughter bought a flash attachment 104 in a drugstore, attaches it to her smartphone 108,
downloads the tissue visualization app 112, and takes images of the wound. As her mother
does not have a family doctor, she sends the images to a podiatrist. The doctor makes an
assessment and sends a referral within a few hours.
[00191] Use case 8: A family doctor during an annual checkup of a patient finds a
suspicious mole. Using the device, he can screen the mole on the spot and see whether it is
suspicious (has increased blood supply and requires additional study) or not suspicious.
[00192] Use case 9: The nurse in a long-term care facility checks a bed-bound patient for
potential pressure ulcers. Using the device, she can screen bony prominence areas to
determine if any are suspicious.
[00193] Use case 10: An advanced wound care nurse cleanses an existing wound. She
uses the device to visualize bacterial presence and to guide debridement.
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[00194] Use case 11: A nurse takes a swab from an existing wound. She uses the device
to visualize bacterial presence and to guide swabbing.

[00195] The accuracy of measurements can be improved if the light intensity distribution
produced by illumination unit 104 is known. In an example embodiment, to capture light
intensity distribution produced by illumination unit 104, a reference image is used.

[00196] With reference to Fig. 9, example features used for capturing reference images are
depicted. In some embodiments, the reference image can be captured by calibration unit
328 of tissue visualization app 112 and then used by the tissue imaging system 105 or tissue
visualization system 100 to obtain a processed measurement 501 (an example of which is
shown in FIG. 5).

[00197] The reference image is captured using a reference object 901. Reference object
refers to an object with known homogeneous optical properties (e.g., spectral dependence of
reflectance). Reference object 901 can be various shapes, such as a circle or rectangle. In
an example embodiment, reference object 901 is a rectangle with an aspect ratio of 4:3.
Various colors can be used for reference object 901, such as white or gray (for example, an
18% gray rectangle on a white background 904, such as a white sheet of paper).

[00198] In one embodiment, screen markers 902 displayed on a screen 318 of the
computing device 108 (e.g. mobile device 108) can define a target area 903 which can be
used to position the device an optimal distance away from the reference object 901. The
computing device 108 should be positioned such that screen markers 902 line up with the
reference object 901 to ensure an optimal image-capturing distance is achieved. Other
distance measuring devices, such as a rangefinder or ruler, can be used to position device
at the optimal distance. In an example embodiment, object recognition by tissue visualization
app 112 can be used to position the device at the optimal image capturing distance.

[00199] In an example embodiment, the computing device 108 (e.g., a mobile device 108)
can take the required reference image automatically upon proper placement of the device. In
other embodiments, the computing device 108 takes the image upon manual user initiation.
In an embodiment, upon activation of the image capture unit 103, the computing device 108
takes several images. In an example embodiment, one or more images are taken with flash,

and one is taken without. Alternatively, images can be taken only with flash.
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[00200] The computing device 108 (e.g., a mobile device 108) can pre-process the
reference image to improve the image quality. The pre-processing may comprise the
following steps: a) image registration, b) image subtraction.

[00201] In some embodiments, computing device 108 (e.g., a mobile device 108) uses
image registration to reduce shake during image capturing. This can be accomplished using
phase correlation or block matching algorithms.

[00202] In some embodiments, computing device 108 (e.g., a mobile device 108) uses
image subtraction to remove ambient light in the image. In this case, the image without
external illumination (no flash) is subtracted from images with external illumination (with
flash). Image subtraction is not required if only images with flash are used.

[00203] The reference image can be stored locally on the computing device 108 (e.g.
mobile device 108) or remotely, for future use.

[00204] The reference image can be captured before the first measurement and at any
time thereafter. There is no need to capture reference images before every measurement.
[00205] Steps for producing measurement map 501 are now discussed, with respect to Fig.
10.

[00208] Computing device 108 (e.g. mobile device 108) is held at a specific distance away
from the subject, for example a human body, in order to optimally image the area of interest.
[00207] In some embodiments, a self-reference object 1002 is used to ensure the proper
distance from the human body. A self-reference object 1002 is placed within the device
target area 1001 imaged by the computing device 108 (e.g., a mobile device 108). In an
example embodiment, the self-reference object 1002 comprises an 18% gray circle 1-2 cm
in diameter.

[00208] In some embodiments, the computing device 108 (e.g. mobile device 108) or
image capturing unit 103 is moved so that a predefined screen marker 1003 is shown as the
same size as self-reference object 1002 on the device target area 1001, so as to guide the
user to the optimal image capturing distance.

[00209] In an example embodiment, computing device 108 (e.g., a mobile device 108)
uses object recognition to trigger automatic image capturing upon a certain screen size of
the self-reference object, in pixels, being achieved.

[00210] Alternatively, other means of measuring a distance, such as a rangefinder or a

ruler, can be used to position the device at the proper distance from the area of interest.
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[00211] Once the optimal distance from the human body is determined, computing device
108 (e.g., a mobile device 108) can take the required images. In an example embodiment,
the device takes the required image automatically upon the proper placement of the
computing device 108 (e.g., a mobile device 108) or image capturing unit 103. The device
may take several images. In an example embodiment, one or more images will be taken with
flash, and one will be taken without flash.

[00212] The device pre-processes the image in order to improve the quality of the image
and measurement map 501. The pre-processing may contain the following steps: a) image
registration, b) image subtraction.

[00213] In some embodiments, the device uses image registration to reduce shake. This
can be accomplished through phase correlation or block matching.

[00214] In some embodiments, the device uses image subtraction to remove ambient light
in the image. In this case, the image without external illumination (flash) is subtracted from
images with external illumination (flash).

[00215] To further increase the quality of results, the self-calibration of each measurement
using a self-reference object 1002 can be implemented. In this case the pre-processing may
contain the following steps: a) image registration, b) image subtraction, c) self-calibration,
and d) division on the reference image, e) flattening the images.

[00216] If the embodiment utilizes self-reference object 1002, the intensity of the image is
adjusted using the self-reference object to account for any imperfections or changes in
intensity. In an example embodiment, pre-processing unit 328 can compare the intensity of a
self- reference object in the target image with the intensity of the same region in the
reference image and use the ratio between the two to scale the intensity of the target image
pixel-by-pixel.

[00217] If the embodiment utilizes previously taken reference images, the device finds the
normalized image by dividing pixel-by-pixel image onto the reference image and multiplying
by a known reflectance of the reference object.

[00218] In some embodiments, the tissue imaging system 105 can perform the processing
of the image to obtain measurements. This can be achieved through all or some of the
following steps: a) the absorption coefficient is determined from reflectance (e.g., using
Beer-Lambert, or modified Beer-Lambert law); b) the chromophore concentration is

determined from the absorption coefficient (e.g., using least square fitting); c) the perfusion
-33-

Petitioner's Exhibit 1002
Page 316 of 384



10

15

20

25

30

WO 2020/014779 PCT/CA2019/050981

and oxygenation is determined from the chromophore concentration (oxygenation =
oxyhemoglobin/(oxyhemoglobin+deoxyhemoglobin), perfusion= oxyhemoglobin +
deoxyhemoglobin).

[00219] In some embodiments, the pre-processed measurement (normalized image) is
taken on computing device 108 (e.g., a mobile device 108) and then sent through network
110 to the tissue visualization system 100.

[00220] Bacterial burden indicator can be used stand-alone or in combination with
reflectance images. Porphyrin and pyoverdine have an absorption peak in the Soret band,
where oxyhemoglobin and deoxyhemoglobin have absorption peaks as well. Thus, the
presence of a blood component may significantly impact porphyrin/pyoverdine emission.
With reference to Fig. 4, true fluorescence intensity can be deconvoluted using known
oxyhemoglobin and deoxyhemoglobin concentrations found in step 410. In an example
embodiment, a light source with the center wavelength of 405+10nm is used in combination
with 2 or 3 wavelengths from the 450-650nm range.

[00221] Once tissue health indicators levels are found, the invention presents the color or
grayscale maps through processing via tissue visualization system 100 or tissue imaging
system 105. These results can be stored locally on the device or remotely. The pre-
processed normalized image and the processed tissue health indicators maps can all be
stored in local or remote storage.

[00222] The embodiments of the devices, systems, and methods described herein may be
implemented in a combination of both hardware and software. These embodiments may be
implemented on programmable computers, each computer including at least one processor,
a data storage system (including volatile memory or non-volatiie memory or other data
storage elements or a combination thereof), and at least one communication interface.
[00223] Program code is applied to input data to perform the functions described herein
and to generate output information. The output information is applied to one or more output
devices. In some embodiments, the communication interface may be a network
communication interface. In embodiments in which elements may be combined, the
communication interface may be a software communication interface, such as those for
inter-process communication. In still other embodiments, there may be a combination of
communication interfaces implemented as hardware, software, and combination thereof.
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[00224] Throughout the foregoing discussion, references have been made to servers,
devices, systems, units, or computing devices. It should be appreciated that the use of such
terms is deemed to represent one or more computing devices having at least one processor
configured to execute software instructions stored on a computer-readable tangible, non-
transitory medium. For example, a server can include one or more computers operating as
a web server, database server, or another type of computer server in a manner to fulfill
described roles, responsibilities, or functions.

[00225] Various example embodiments are described herein. Although each embodiment
represents a single combination of inventive elements, all possible combinations of the
disclosed elements include the inventive subject-matter. Thus, if one embodiment comprises
elements A, B, and C, and a second embodiment comprises elements B and D, then the
inventive subject-matter is also considered to include other remaining combinations of A, B,
C, or D, even if not explicitly disclosed.

[00226] The term “connected” or "coupled to" may include both direct coupling (in which
two elements that are coupled to each other contact each other) and indirect coupling (in
which at least one additional element is located between the two elements).

[00227] Part of the technical solution of embodiments may be in the form of a software
product (while other required aspects, for example the image capture unit 103 and
illumination unit 104, necessitate hardware). The software product may be stored in a non-
volatile or non-transitory storage medium, which can be a compact disk read-only memory
(CD-ROM), a USB flash disk, or a removable hard disk. The software product includes a
number of instructions that enable a computer device (personal computer, server, or network
device) to execute the methods provided by the embodiments.

[00228] The embodiments described herein are implemented by physical computer
hardware, including computing devices, servers, receivers, transmitters, processors,
memory, displays, and networks. The embodiments described herein provide useful physical
machines and particularly configured computer hardware arrangements. The embodiments
described herein are directed to electronic machines and methods implemented by
electronic machines adapted for processing and transforming electromagnetic signals which

represent various types of information.
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[00229] Although the embodiments have been described in detail, it should be understood
that various changes, substitutions, and alterations can be made herein without departing
from the scope as defined by the appended claims.

[00230] Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As one of ordinary skill in the art
will readily appreciate from the disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or steps, presently existing or later to
be developed, that perform substantially the same function or achieve substantially the same
result as the corresponding embodiments described herein, may be utilized. Accordingly,
the appended claims are intended to include within their scope such processes, machines,
manufacture, compositions of matter, means, methods, or steps.

[00231] As can be understood, the examples described above and illustrated are intended

to comprise examples only.
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(57) Abstract: A tissue imaging system comprising a computing device,
tissue visualization application, image capturing unit, and an illumination
unit, is configured to capture measurement data. The visualization applica-
tion extracts visualizations of tissue health indicators from the measurement
data. The application generates an interface with one or more interface ele-
ments corresponding to the visualization of tissue health indicators.
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TITLE: APPARATUS FOR VISUALIZATION OF TISSUE
FIELD
[0001] The improvements generally relate to the field of medical devices.
BACKGROUND

[0002] People suffer from chronic and compromised wounds with debilitating pain and
reduced quality of life for those whose health is already compromised. Patients with this
condition often present to a doctor at late stages of the disease, which leads to many
amputations, which may be avoidable. Moreover, proper diagnostics requires specialized
vascular labs, which precludes these types of tests from being performed outside major
hospitals and in an expedited fashion.

[0003] The wound is considered chronic if it is not healed within four weeks. The tissue
health and wound healing process can be compromised by various factors, including
insufficient blood supply, edema, and the presence of bacteria. These factors
(oxygenation/perfusion, subepidermal moisture, and bacteria presence) among others will be
referred to as tissue health indicators.

[0004] Multispectral (hyperspectral) imaging is a promising non-invasive optical modality
for early detection of problematic wounds.

[0005] Visualization of skin distribution of oxyhemoglobin and deoxyhemoglobin can give
insight into perfusion and oxygenation of the tissue. It can be used for assessment of tissue
health (for example, ischemia).

[0006] Such as elevated levels of subepidermal moisture are typical for pressure injuries,
visualization of water distribution in tissue can be used for early (pre-ulcer) diagnostics of
pressure injuries.

[0007] Fluorescence imaging is a promising non-invasive optical modality for detection of
bacterial burden. Visualization of bacterial burden can be used to assess bacterial burden

and guide swabbing and cleansing.
SUMMARY

[0008] In accordance with an aspect, there is provided a process for generating
visualizations of tissue. The process captures measurement data by a user device (e.g.,

smartphone), and processes the measurement data using the visualization application. The
-1-
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process extracts indications of tissue health from the processed measurement data, and
stores or transmits the underlying data. The process generates interface elements
corresponding to the visualization tissue health indicators.

[0009] In some embodiments, the process involves calibrating the visualization application
using a reference object.

[0010] In some embodiments, a small self-reference can be used to position the device
properly.

[0011] In some embodiments, a small self-reference can be used to calibrate the
measurement data based on an intensity of illumination.

[0012] In some embodiments, an illumination unit independent of the mobile device can
be used for calibration and capture measurements together with a camera, laptop, or tablet.
[0013] In accordance with an aspect, there is provided a tissue imaging system comprised
of a user device with a visualization application, an image capturing unit, and an illumination
unit. The illumination unit is configured to illuminate the target area; the image capturing unit
captures measurement data, the visualization application extracts visualizations of tissue
health indicators from the measurement data and generates an interface with one or more
interface elements corresponding to the visualization of tissue health indicators.

[0014] In accordance with an aspect, there is provided a tissue visualization system
connected to a tissue imaging system (user device with a visualization application, an image
capturing unit, and an illumination unit). The illumination unit illuminates the target area; the
image capturing unit captures measurement data. The visualization application extracts
visualization of tissue health indicators from the measurement data and transmits the
visualization of tissue health indicators or underlying data to the tissue visualization system.
The tissue visualization system processes and stores the visualization of tissue health
indicators or underlying data, and displays them on user devices.

[0015] In accordance with an aspect, there is provided a portable illumination apparatus
for facilitating visualizations of tissue. The apparatus comprises: a portable housing for
detachable attachment proximal to an image capturing unit; and an illumination unit
comprising one or more narrow band light sources configured to shine m flashes at n

predetermined wavelengths, wherein n/4 <= m < n.
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[0016] In accordance with a further aspect, the illumination unit further comprises a lens
covering the one or more light sources, and having a focal length that is 80%-120% of a
working distance between the illumination unit and a target area of tissue.
[0017] In yet a further aspect, the one or more light sources is configured to provide
flashes that are at least one of: (i) 405x10nm wavelength, and having at least one of (a) a
long pass filter with a cut-on wavelength of 450+25nm or (b) a bandpass filter with
transmission in a 425nm-1000nm range; (ii) two wavelengths in a 450nm-750nm range, at
least one of which in the green range; (iii) three wavelengths in a 450nm-750nm range, at
least one of which in the green range; or (iv) 970+£10nm wavelength.
[0018] In accordance with a further aspect, the illumination unit further comprises at least
one of (i) a controller to control illumination of the one or more light sources, and (ii) a
rechargeable battery for powering the apparatus.
[0019] In accordance with another aspect, the one or more light sources are arranged
along a central aperture having a radius of 0.5-3cm.
[0020] In accordance with a further aspect, the one or more light sources are arranged in
aring having a radius of 1.5-6cm.
[0021] In accordance with an aspect, the portable housing comprises a compression clip
for mounting the apparatus on a mobile device along at least one edge of the mobile device
and proximal to a camera of the mobile device.
[0022] In accordance with another aspect, the portable housing comprises a spring clip for
mounting the apparatus on a mobile device along at least one edge of the mobile device and
proximal to a camera of the mobile device.
[0023] In accordance with a further aspect, there is provided a tissue imaging system for
visualization of tissue health indicators comprising a portable computing device, an image
capture unit, and an illumination unit. The illumination unit comprises one or more narrow
band light sources configured to shine m flashes at n predetermined wavelengths, wherein
n/4 =< m < n. The image capture unit and the illumination unit are configured to capture
measurement data for a target area of tissue. The computing device comprises a processor
configured to access and execute instrutions in accordance with a tissue visualization
application stored in a non-transitory computer-readable memory of the computing device,
for capturing measurement data, and pre-processing and processing the measurement data
to generate tissue health indicators.

-3-
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[0024] In accordance with an aspect, the computing device comprises a mobile device
and the image capture unit is a camera integrated with the mobile device.

[0025] In accordance with a further aspect, the illumination unit of the tissue imaging
system comprises any of the embodiments of the illumination apparatus described above.
[0026] In accordance with yet a further aspect, the portable illumination unit further
comprises a wireless communication module for receiving commands from the computing
device.

[0027] In accordance with a further aspect, there is provided a tissue visualization system
operatively connected to one or more tissue imaging systems (such as any of the tissue
imaging systems described above), comprising a communications module for
communicating with the one or more tissue imaging systems, a system processor, and
system non-transitory computer-readable memory thereon, configured to receive
measurement data and tissue health indicators from the one or more tissue imaging systems
and to generate a visualization of tissue health indicators of tissue images received from the
one or more tissue imaging systems, for display to a user display unit.

[0028] In accordance with a further aspect, there is provided a method for generating
visualizations of tissue. The method comprises: positioning a computing device at a proper
distance from a target area of the tissue for capturing an image of the target area, the
computing device comprising a processor and a non-transitory computer-readable memory
storing computer-executable instructions comprising a tissue visualization application;
capturing measurement data using an image capturing unit and an illumination unit, the
image capturing unit and the illumination unit communicatively coupled to the computing
device and the illumination unit configured to shine m flashes at n predetermined
wavelengths during capturing of the measurement data, wherein n/4 < m < n; pre-processing
the measurement data using the tissue visualization application to obtain normalized
images; extracting indications of tissue health indicators from the pre-processed
measurement data; generating interface elements corresponding to the visualization tissue
health indicators; and storing and/or transmitting the indications of the tissue health
indicators.

[0029] In accordance with an aspect, the method further comprises, prior to capturing the

measurement data: capturing a reference image, wherein the positioning the computing

-4-
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device for the reference image capturing comprises positioning the computing device using a
reference object.

[0030] In accordance with a further aspect, the illumination unit and the computing device
are configured to provide a working distance of 15£5cm from the target area of tissue.

[0031] In accordance with yet a further aspect, the positioning of the computing device for
capturing the measurement data comprises positioning the computing device using a self-
reference object.

[0032] In accordance with another aspect, pre-processing comprises at least one of (i)
registering images to avoid camera motion artifacts, (ii) subtracting images with no
illumination from the illumination unit from images with illumination from the illumination unit
to account for the presence of ambient light, (iii) recalibrating each measurement accordingly
to control parameters related to intensity of illumination using a self-reference object
positioned within the target area, (iv) dividing the intensity images on reference images to
obtain normalized images, and/or (v) flattening the obtained images to account for reflections
from curved surfaces.

[0033] In accordance with an aspect, camera exposure time is T and a flash time is T or
any whole number multiple of T.

[0034] In accordance with another aspect, the camera exposure time is 50ms.

[0035] In accordance with a further aspect, the measurement data comprises wound-
related data.

[0036] Many further features and combinations thereof concerning embodiments
described herein will appear to those skilled in the art following a reading of the instant

disclosure.
DESCRIPTION OF THE FIGURES

[0037] Embodiments will now be described, by way of example only, with reference to the
attached figures, wherein in the figures:

[0038] Fig. 1 depicts a view of an example of the overall system architecture with various
configurations of tissue imaging systems according to some embodiments;

[0039] Fig. 2 depicts a view of an example of a tissue visualization system according to

some embodiments;
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[0040] Fig. 3 depicts a view of an example of the illumination unit and a computing device
according to some embodiments;

[0041] Fig. 4 depicts a flowchart of an example method for capturing measurements and
visualizing tissue according to some embodiments;

[0042] Fig. 5 depicts a view of an example interface for visualizing tissue according to
some embodiments;

[0043] Fig. 6 depicts a diagram of an example architecture of a computing device
according to some embodiments;

[0044] Fig. 7 depicts an example of illumination and image capturing scheme according to
some embodiments;

[0045] Fig. 8 depicts a view of example illumination units according to some
embodiments;

[0046] Fig. 9 depicts an example of the workflow used to take reference images; and

[0047] Fig. 10 depicts a view of a schematic of imaging tissue and self-reference objects.
DETAILED DESCRIPTION

[0048] Some clinical-grade tools can only be used in specialized medical establishments.
They can be large, require special training, and are mostly suitable for the use in inpatient
settings only. For example, they cannot be easily carried to a patient's home or remote
communities. Thus, these solutions cannot be used as early diagnostic tools as a patient
would have to be referred to a hospital having one of these tools.

[0049] Many people suffer from diabetes. Diabetic foot ulcers (DFU) and the resulting
lower extremity amputations are a frequent, disabling and costly complication of diabetes.
Many diabetics can develop a foot ulcer. DFU is a cause of non-traumatic below knee
amputation. In addition to the reduced quality of life, amputees might not survive for that long
after amputation. Consequently, early detection of DFU can lead to better outcomes, thus
saving limbs and lives.

[0050] Peripheral vascular disease (PVD) affects arteries (peripheral arterial disease,
PAD) and veins (chronic venous insufficiency, CVI). PAD is of particular importance, as it
affects about eight million Americans and is responsible for 10% of all leg ulcers.

[0051] Pressure ulcers (PU) or pressure injuries represent a serious health problem to

patients impacting up to 25-50% of patients across acute and long-term care settings.
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[0052] The cost of treatment of diabetic foot ulcer, pressure ulcer, and leg ulcer is high.
Diagnosing these conditions at an earlier stage (e.g., before actual ulceration) might result in
significant financial savings for healthcare systems and patients.
[0053] Other clinical indications associated with abnormal blood perfusion and/or
oxygenation, such as skin cancer (angiogenesis), port-wine stains, and skin disorders, can
benefit from a system for tissue imaging.
[0054] Subepidermal moisture, a measure of localized edema, is associated with
erythema, Stage | and Il PUs [Bates-Jensen 2007, Bates-Jensen 2008, Guihan 2012, Ching 2011],
and can (ii) differentiate between healthy skin and skin with pressure-induced tissue damage
[Harrow 2014] and (iii) serve as a predictor of imminent ulceration (PUs, sDTIs) in various
populations [Bates-Jensen 2007, Bates-Jensen 2008, Bates-Jensen 2009]. Thus, changes in
measures of subepidermal moisture could be utilized for both prevention and detection of
PUs. Radiofrequency impedance measurement with spatially separated electrodes is a
current standard way to measure skin moisture including subepidermal moisture. However, it
is a contact single-point measurement technique, which may suffer from operator
inconsistency.
[0055] Near-Infrared spectroscopy (NIR) reflectance can be used to determine water
content in the skin. Water spectrum dominating NIR spectra with overtone bands of the O-H
bonds with peak absorption at 760 nm, 970 nm (due to the second overtone of the O-H
stretching band), 1190nm (the combination of the first overtone of the O-H stretching and the
O-H bending band), 1450 nm (first overtone of the OH-stretching band and a combination
band), and 1940 nm (combination of the O-H stretching band and the O-H bending band).
[Luck 1974]
[0056] Water absorption at 1440nm is 30 times stronger than at 1190nm, which in turn is
more than two times stronger than absorption at 970nm. Thus, 1440nm and 1920nm
wavelengths are suitable for imaging of water content in uppermost skin layers (stratum
corneum), while 970nm and 1190nm can be used for water content determination and
imaging in deeper skin layers, including epidermis, dermis (1190nm) and even
subcutaneous tissues (970nm).
[0057] Bacteria presence can significantly impact tissue health and wound healing
progress. Bacteria are always present in the wound. There are several distinct levels of
bacterial burden in the wound: contamination, colonization, and infection.

-7-
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[0058] Wound contamination is the presence of non-replicating organisms in the wound.
All chronic wounds are contaminated. These contaminants come from the indigenous
microflora and/or the environment.

[0059] Wound colonization is the presence of replicating microorganisms adherent to the
wound in the absence of injury to the host. Most of these organisms are normal skin flora;
such as Staphylococcus epidermidis, another coagulase negative Staph., Corynebacterium
sp., Brevibacterium sp., Proprionibacterium acnes, and Pityrosporum sp..

[0060] Wound Infection is the presence of replicating microorganisms within a wound that
cause host injury. Primarily, pathogens are of concern here, such as Staphylococcus aureus,
Beta-hemolytic Streptococcus (S. pyogenes, S. agalactiae), E. coli, Proteus, Klebsiella,
anaerobes, Pseudomonas, Acinetobacter, and Stenotrophomonas (Xanthomonas).

[0061] Contamination and colonization by low concentrations of microbes are considered
normal and are not believed to inhibit healing. However, critical colonization and infection are
associated with a significant delay in wound healing.

[0062] Clinical testing for bacterial presence includes analysis of swabs from the tissue. In
addition to long processing time (several days), these tests suffer from possible
contamination during swabbing and randomness in the selection of swabbing sites. Thus,
current clinical diagnostics techniques are sub-optimal.

[0063] Portable fluorescence imaging can be used for visualization of bacterial presence.
It was found that while excited at 405nm, S. aureus, S. epidermidis, Candida, S.
marcescens, Viridans streptococci, Corynebacterium diphtheriae, S. pyogenes,
Enterobacter, and Enterococcus produced red (610-640nm) fluorescence from porphyrin
[Kjeldstad 1985] while P. aeruginosa produced a bluish-green (450-520nm) fluorescence from
pyoverdin [Cody 1987]. Thus, fluorescence imaging can be used to assess bacterial burden
and guide swabbing and wound cleansing.

[0064] Thus, multispectral/hyperspectral-based reflectance imaging, fluorescence imaging
or their combination can provide valuable insights on tissue health and wound healing
potential.

[0065] Embodiments described herein can provide a tool for tissue imaging.

[0066] Fig. 1 depicts a view of an example tissue visualization system 100 that connects

to tissue imaging systems 105 via network 110.
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[0067] Tissue imaging system 105 is a device for visualization of abnormalities of blood
circulation, moisture distribution, and bacterial burden in surface tissues (skin or mucosa).
For example, the device can be used for identification of ischemic or angiogenic conditions.
It can be used by primary care physicians, nurses, or even patients themselves in any type
of settings: inpatient, outpatient, long-term facilities, patient's home, and so on, thus allowing
earlier identification of problematic wounds. Tissue imaging system 105 may comprise a
computing device 108 which may comprise a mobile device 108, processor(s) 108a, non-
transitory computer readable storage medium or memory 108b, image capturing unit 103,
and illumination unit 104. Memory 108b may comprise computer executable instructions
comprising tissue visualization app 112.

[0068] Computing device 108 may be an off-the-shell computing device (for example, a
mobile device, smartphone, tablet, laptop, a personal computer) or a custom-built computing
device. In an example embodiment, computing device 108 comprises a smartphone.

[0069] Tissue visualization app 112 coordinates image capturing unit 103 and illumination
unit 104 during data capturing, process images, display results on computing device 108,
and store and/or transmit data to tissue visualization system 100.

[0070] Image capturing unit 103 may comprise an internal (built-in to computing device
108) or external device capable of capturing images. In an example embodiment, image
capturing unit 103 comprises a 3 channel (RGB) or 4 channel (RGB-NIR) camera.

[0071] [lllumination unit 104 may comprise an internal (built-in to computing device 108) or
external device (e.g., multispectral flash) capable of illuminating a target area with required
intensity, wavelengths, and duration.

[0072] Example tissue imaging system 105 architectures are presented on Fig.1. In some
embodiments, the tissue imaging system 105 can be a single device. In some embodiments,
the tissue imaging system 105 can have two separate parts (e.g., image capturing unit 103
built-in to computing device 108 and a separate illumination unit 104, or illumination unit 104
built-in to computing device 108 (e.g., a mobile device 108) and a separate image capturing
unit 103). In some embodiments, tissue imaging system 105 can have three separate parts
(for example, a computing device 108, a separate image capturing unit 103, and a separate
illumination unit 104). The separate components of tissue imaging system 105 may

communicate by known wired or wireless communications protocols.
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[0073] In an example embodiment, illumination unit 104 can be a device attached (e.g.,
clip-on or by compression clip) to a computing device 108, such as a mobile device or
smartphone.

[0074] In some embodiments,illumination unit 104 can be connected or synchronized with
the tissue visualization application 112 (installed on or otherwise accessible by computing
device 108) for example by known wireless connections (for example, Bluetooth™), optic or
optoelectric coupling, or wired connection. In some embodiments, the illumination unit 104
can be triggered manually, and the visualization application 112 recognizes the light
sequence and synchronizes image capturing.

[0075] In some embodiments, the image capturing unit 103 can connect to the tissue
visualization application 112 (installed on or otherwise accessible by computing device 108
(e.g., a mobile device 108)) for example by known wireless connections (for example,
Bluetooth™), optic or optoelectric coupling, or wired connection.

[0076] The tissue visualization application 112 can, in turn, be connected to tissue
visualization system 100 (which may comprise, e.g., a backend server). The tissue
visualization system 100 can collect data from tissue visualization applications 112 of tissue
imaging systems 105, via network 110. The tissue visualization system 100 can transmit the
data (or transformations and aggregations of the data) to user device 102, which may
comprise any device with computer processing capability (e.g., computer, laptop, tablet, or
smartphone) for use by a user (e.g. a physician or other user). Thus, a qualified specialist
may review the data collected by tissue visualization system 100 from one or more tissue
imaging systems 105 used to capture image(s) in a different location by, e.g., a frontline
health practitioner (e.g., nurse) or patient. This may facilitate early diagnostic by the
physician.

[0077] Tissue imaging system 105 can capture measurement data as images of a
patient’s tissue. The visualization application 112 can extract visualizations of tissue health
indicators from the measurement data. The visualization application 112 can generate one
or more interface elements corresponding to the visualization of tissue health indicators. The
interface elements populate an interface for display on the computing device 108 (e.g., a
mobile device 108).

[0078] In some embodiments, the computing device 108 can connect to a tissue

visualization system 100 to transmit the measurement data and the visualization of tissue
-10-
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health indicators, for example. The tissue visualization system 100 can aggregate the
measurement data and the visualization of tissue health indicators from multiple tissue
imaging systems 105. The tissue visualization system 100 can process and store the
measurement data and the visualization of tissue health indicators.
[0079] In some embodiments, tissue imaging system 105 can connect to a user device
102. In some embodiments, the computing device 108 (e.g., a mobile device 108) with tissue
visualization app 112 can receive and aggregate measurement data from multiple tissue
imaging system(s) 105, and generate the visualization of tissue health indicators for
transmission to tissue visualization system 100. The tissue visualization system 100 can
aggregate the measurement data and the visualization of tissue health indicators from
multiple tissue imaging systems 105.
[0080] The tissue visualization system 100 receives imaging data from the tissue imaging
system(s) 105 to generate a visualization of tissue and detect wounds and abnormalities.
The tissue visualization system 100 and tissue imaging system(s) 105 connect to other
components in various ways including directly coupled, and indirectly coupled via network
110. Network 110 (which may comprise multiple communications networks) is capable of
carrying data and can involve wired connections, wireless connections, or a combination
thereof. Network 110 may involve different network communication technologies, standards,
and protocols.
[0081] Fig. 2 depicts a view of an example tissue visualization system 100 according to
some embodiments, interfaced with system components.
[0082] Tissue visualization system 100 receives imaging data from the tissue imaging
system 105 via data I/0 unit 218. Data I/O unit 218 facilitates transmission of data to data
processing unit 220. Data processing unit 220 processes data received from the data 1/O
unit 218 or one or more databases 224. For example, data processing unit 220 can apply
one or more algorithms or extract data that may be used for, or that may facilitate the
visualization or processing related to detection of problematic wounds or abnormalities of
blood circulation, for example, in surface tissues. Data processing unit 220 can extract,
create, and/or aggregate from that data a wound size and/or a map, visualization, or
indication of oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion, water, bacteria
presence, and/or other indicia that may suggest abnormalities of tissue health, for example,
in surface tissues.

-11 -
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[0083] Data processing unit 220 can receive, via data I/O unit 218 and network 110,
instructions for computation from one or more external systems 106, user device 102, tissue
imaging system 105, and/or tissue visualization app 112. The instructions for computation
can be used by data processing unit 220 to facilitate the extraction, creation, and/or
aggregation of data providing a wound size and/or a map, visualization, or indication of
oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion, water, bacterial presence and/or
other indicia that may suggest abnormalities of tissue health, for example, in surface tissues.
In some embodiments, data processing unit 220 can process imaging data to prepare the
data for presentation via the interface unit 222 in an appropriate form or to prepare the data
for transmission to an external system 106, user device 102, and/or tissue imaging system
105 to be presented in an appropriate form.
[0084] Data processing unit 220 can receive data or processed data from aggregation unit
226 and may extract, create, and/or aggregate from that data, data providing a wound size
and/or a map, visualization, or indication of oxygenation, oxyhemoglobin, deoxyhemoglobin,
perfusion, water, bacterial presence and/or other indicia that may suggest abnormalities of
tissue health, for example, in surface tissues. The map, visualization, or other indication that
can be extracted, created, and/or aggregated by data processing unit 220 can reflect
imaging data or measurements corresponding to a plurality of patients. The data processed
by data processing unit 220 may be imaging data collected at one or more tissue imaging
systems 105 and/or one or more user devices 102. The data processed by data processing
unit 220 may be measurement data reflecting one or more images of a patient’s tissue.
[0085] Aggregation unit 226 can receive via data /O unit 218 and/or one or more
databases 224 imaging data corresponding to a plurality of patients, tissue imaging systems
105, or user devices 102. Aggregation unit 226 can aggregate or modify the data by
applying instructions for computation, and so may comprise one or more processors.
Aggregation unit 226 can cause the aggregated or modified data to be transmitted to data
processing unit 220 where the data can be processed to prepare the data for presentation
via interface unit 222 in an appropriate form or to prepare the data for transmission to an
external system 106, user device 102, and/or tissue imaging system 105 to be presented in
an appropriate form.
[0086] Aggregation unit 226 can receive processed data from data processing unit 220
corresponding to a plurality of patients, tissue imaging systems 105, or user devices 102.
-12-
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Aggregation unit 226 can aggregate or modify the processed data by applying the
instructions for computation. Aggregation unit 226 can cause the aggregated or modified
data to be transmitted to data processing unit 220 where the data can be further processed
to prepare the data for presentation via interface unit 222 in an appropriate form or to
prepare the data for transmission to an external system 106, user device 102, and/or tissue
imaging system 105 to be presented in an appropriate form.

[0087] Aggregation unit 226 can receive via data I/O unit 218 and instructions for
computation from one or more external systems 106, user device 102, tissue imaging
system 105, and/or tissue visualization app 112. The instructions for computation can be
used by aggregation unit 226 to facilitate aggregation of imaging data corresponding to a
plurality of patients.

[0088] Tissue visualization system 100 can receive imaging data, for example, aggregate
imaging data, from computing device 108 (e.g., a mobile device 108) via data 1/O unit 218.
Tissue visualization system 100 can receive imaging data, for example, aggregate imaging
data, from external systems 106 via data I/0O unit 218. Tissue visualization system 100 can
receive computer instructions for processing or computation from external systems 106.
External systems 106 can store, cause to be stored, and/or receive data from one or more
external databases 216.

[0089] Aggregation unit 226 can receive via data 1/O unit 218 and network 110 the
instructions for computation from one or more external systems 106, user device 102, tissue
imaging system 105, and/or tissue visualization application 112.

[0090] Tissue visualization system 100 can be associated with one or more databases or
data storages 224, for example, one or more local databases. The one or more databases
224 can store or process data received or transmitted by data 1/0O unit 218, data processing
unit 220, and/or aggregation unit 226. The data stored in the one or more databases 224
can be accessed by various units, including data I/O unit 218, data processing unit 220,
and/or aggregation unit 226. For example, data I/O unit 218 may cause database 224 to
store data received via network 110 and/or from user device 102, external systems 106,
tissue imaging system 105, and/or tissue visualization app 112. Data processing unit 220
and aggregation unit 226 can cause data to be retrieved from database 224, for example,

before processing or aggregating the data.
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[0091] Data processing unit 220 can cause data to be stored in database or data storage
224 after it processes the data by applying instructions or extracting data that may be used
for or facilitate the visualization or processing related to detection of problematic wounds or
abnormalities of blood circulation in surface tissues. Data processing unit 220 can retrieve
the processed data from database or data storage 224 and cause the processed data to be
transmitted to the interface unit 222 or network 110, for example, for presentation to a
patient or physician using user device 102, 105 or 106, for example.
[0092] Data processing unit 220 may cause data to be stored in database or data storage
224 after it extracts, creates, and/or aggregates data providing a wound size and/or a map,
visualization, or indication of oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion,
water, bacterial presence and/or other indicia that may suggest abnormalities of tissue
health, for example, in surface tissues.
[0093] Data processing unit 220 may use Machine Learning (including supervised ML and
unsupervised ML) to extract information from collected images and other data. In particular,
data processing unit 220 can build and train models, which can discriminate between various
conditions and provide users with additional information. In some embodiments, data
processing unit 220 uses convolutional neural networks for automatic or semi-automatic
detection and/or classification of the skin or wound conditions. In some embodiments, ML
models built and trained using other tools may be deployed to data processing unit 220 for
image/data detection/classification, such as from an external system 106.
[0094] Aggregation unit 226 can cause data to be stored in database 224 after it
aggregates imaging data or processed data that corresponds to a plurality of patients and/or
user devices 102. Aggregation unit 226 can retrieve the aggregated data from one or more
databases 224 and cause the aggregated data to be transmitted to the interface unit 222 or
network 110, for example, for presentation to a patient or physician using user device 102,
105 or 106, for example.
[0095] Tissue visualization system 100 can cause data to be displayed on interface unit
222, for example, aggregated and/or processed data providing a wound size and/or a map,
visualization, or indication of oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion,
water, bacterial presence and/or other indicia that may suggest abnormalities of tissue
health in surface tissues. Patients and physicians can engage with an interface unit to view
or analyze the indicia.
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[0096] Tissue visualization system 100 can cause data, for example, aggregated data,
processed data, imaging data, and/or data providing a wound size and/or a map,
visualization, or indication of oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion,
water, bacterial presence and/or other indicia that may suggest abnormalities of tissue
health in surface tissues, to be transmitted to one or more external systems 106, such as via
network 110.

[0097] For example, tissue visualization system 100 can receive imaging data from a
plurality of tissue imaging systems 105, process and/or aggregate the data using data
processing unit 220 and/or aggregation unit 226, and cause the data to be routed, via one or
more networks 110, to, e.g. the appropriate physician (e.g., family doctor) for evaluation.
The physician may be engaged with a user device 102, an external system 106, or a tissue
imaging system 105.

[0098] A user device 102 may receive, process, and/or aggregate data from a plurality of
tissue imaging systems 105 and/or corresponding to a plurality of patients or tissue
measurements. User device 102 may receive instructions for computation from one or more
external systems 106 or tissue imaging systems 105.

[0099] Tissue visualization system 100 can connect to various components, including
user device 102, tissue imaging system 105, external systems 106, external database 216,
in various ways including directly coupled and indirectly coupled via network 110 (which may
comprise multiple networks). Each of these components can connect to each other in
various ways including directly coupled and indirectly coupled via network 110 (or multiple
networks).

[00100] Fig. 3 depicts a view of an example of tissue imaging system 105 comprised of the
illumination unit 104 and computing device 108 (e.g., a mobile device 108) comprising an
internal image capturing unit 103 and installed tissue visualization app 112, according to
some embodiments.

[00101] A tissue imaging system 105 is associated with an image capture unit 103. The
image capture unit 103 may comprise a smartphone camera (front or back), for example.
[00102] A computing device 108 (e.g., a mobile device 108) is associated with a display
interface 318. The display interface 318 can be a screen or viewfinder, for example. In

some embodiments, a computing device 108 (e.g., a mobile device 108) is associated with
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an app /O unit 322 that may facilitate data transmission between an illumination unit 104
and the computing device 108.

[00103] An illumination unit 104 may be associated with a computing device 108, for
example, through a physical connector 302 that attaches the illumination unit 104 to the
computing device 108, such as mobile device 108. An illumination unit 104, which acts as
an external flash-generating device, is associated with a lighting unit 300, which may include
multiple light sources 300. The light units 300 may be arranged in a circle on illumination
unit 104, for example. In an example embodiment, light units 300 are arranged in a circular
configuration around a central aperture.

[00104] In some embodiments, an I/O unit 304 associated with the illumination unit 104
may facilitate data transmission between the illumination unit 104 and the computing device
108. For example, I/O unit 304 may send and receive data from an app /O unit 322. 1/O
unit 304 and app I/0O unit 322 may implement connectivity via Bluetooth, a cable (e.g., USB,
lightning, audio jack), WiFi, near-field communication, optic or optoelectronic coupling, or
other means. This communication can facilitate synchronization of the lighting unit 300 and
the data capture by image capture unit 103, for example, in accordance with an illumination
schema that can account for various types of external illumination.

[00105] A controller 301 causes light sources to flash in a predetermined fashion. The
controller 301 can receive commands from /O unit 304 or be triggered manually (e.g., using
a button). The controller 301 can be based on any type of general-purpose microprocessor
or microcontroller, a digital signal processing (DSP) processor, an integrated circuit, a
central processing unit (CPU), a graphics processing unit (GPU), a field programmable gate
array (FPGA), a reconfigurable processor, a programmable read-only memory (PROM), or
any combination thereof. In an example embodiment, the controller 301 is based on a
microcontroller.

[00106] In some embodiments, the lens 307 covering the light sources 300 can be used to
homogenize the light distribution on the target area. In an example embodiment, the Fresnel
lens is used. The focal length of the lens can be chosen in the range 80-120% of the working
distance between the illumination unit 104 and the target area. In the preferred embodiment,
the focal length of the lens is equal to the working distance. Such a focal length tends to

create a homogeneous illumination light distribution on the target area, which tends to result
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in more optimal use of dynamic range and higher accuracy of measurements on periphery of
the target area.
[00107] For bacterial burden measurements, the emission filter 305 covers the image
capturing unit 103 (e.g., the camera of a smartphone) to block the excitation illumination at
405x10nm. In an example embodiment, the emission filter is attached to the illumination unit
104. In some embodiments, the emission filter 305 is a long pass filter with cut-on
wavelength 450+25nm. In some embodiments, the emission filter is a band pass filter with
the transmission in the 425-750nm range, which has the lower cut-on wavelength in the
450125nm range.
[00108] Computing device 108 (e.g., a mobile device 108) supports a tissue visualization
application 112. Computing device 108 may run on any suitable operating system such as
iOS, Android, or Windows. The tissue visualization app 112 can help position the computing
device, e.g. a smartphone, at a proper distance to a target area; can synchronize flashes
from an illumination unit 104 with the image capturing unit 103; can cause or coordinate the
capture of a set of images; can cause or facilitate local processing of the images or of data
captured; can cause capturing target area info (e.g., location, laterality, description, wound
size, tissue type, patient ID, etc.); can cause or facilitate the extraction, creation, and/or
aggregation of data providing a map, visualization, or indication of oxygenation,
oxyhemoglobin, deoxyhemoglobin, perfusion, water, bacterial presence and/or other indicia
that may suggest abnormalities of tissue health in surface tissues; can cause or facilitate
storing data on computing device 108; and can cause or facilitate data to be transmitted over
one or more networks 110.
[00109] The tissue visualization app 112 includes a positioning unit 324, pre-processing
unit 326, calibration unit 328, and app processing unit 330.
[00110] Positioning unit 324 can cause or facilitate the positioning of the image capture unit
103 in relation to an area of patient tissue targeted for measurement.
[00111] For example, in some embodiments, positioning unit 324 can use a reference (or
self-reference) object (e.g., a white circle, square, rectangle, or another shape, colour, or
object) on the target area, where the reference (or self-reference) object and target area can
be imaged through a viewfinder or screen associated with the, for example, mobile device
108. In some embodiments, the positioning unit 324 can recognize the reference object and
cause an overlay to be presented on the display interface 318.
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[00112] In some embodiments, the overlay can be marks, lines, arrows, shapes, and/or
other attributes that can be used by a person engaged with the display interface 318 to move
the computing device 108 (e.g. mobile device 108), for example, forwards and/or backward
to create appropriate positioning of the image capture unit 103. The tissue visualization app
112 can adjust the presentation of the overlay on the display interface 318 in relation to the
presentation of the reference object or tissue on the display interface 318. This may help
guide the user’s movement of the image capture unit 103 or computing device 108 (e.g., a
mobile device 108) to achieve proper positioning of the image capture unit 103 or computing
device 108 (e.g., mobile device 108) in relation to the area of patient tissue targeted for
measurement.
[00113] In some embodiments, the overlay presented on the display interface 318 can be
of a predetermined size and presented at predetermined locations on the display interface
318.
[00114] In some embodiments, positioning unit 324 can use the size of the reference object
to trigger automatic data capturing when the computing device 108 (e.g. mobile device) or
image capturing unit 103 is at a certain distance from the target area.
[00115] In some embodiments, positioning unit 324 can guide a user to move the
computing device 108 (e.g. mobile device), for example, forwards and/or backward to create
appropriate positioning of the image capture unit 103, by graphical, text or voice commands.
[00116] In some embodiments, reference objects may be used to facilitate calculation of a
distance from a wound and/or to rescale images or measurement data.
[00117] In some embodiments, image capture unit 103 may be positioned at a proper
distance from a target area, for example, a wound, by other means such as using a
rangefinder or ruler.
[00118] The tissue visualization app 112 may help control the illumination of the patient
tissue targeted for measurement and/or the illumination of one or more images captured by
image capture unit 103 to help ensure the illumination is stable and/or predictable. The
intensity of illumination may depend on the distance of the image capture unit 103 to the
target area and the stability of, for example, intensity of the light source, e.g. LED, which
may degrade with time or within a battery cycle. Control of such factors may be facilitated by
pre-processing unit 326. For example, the tissue visualization app 112 may use a self-
reference object (e.g., white or gray circle) that is placed within a target area to measure the
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intensity of each wavelength in each flash and recalibrate each measurement accordingly. A
single measurement can include multiple flashes and wavelengths.
[00119] In some embodiments, the pre-processing unit 326 can compare the intensity of a
self-reference object in the target image with the intensity of the same region in the
reference image and uses the ratio between the two to scale the intensity of the target image
pixel-by-pixel.
[00120] For reflectance images, app processing unit 330 can process image data captured
by image capture unit 103 and pre-processed by pre-processing unit 326. For example, the
user or app processing unit 330 can compare one or more images or patient measurements
of a suspicious area to one or more images or patient measurements of a non-affected area.
[00121] An observation may consist of one or more measurements on a patient. The one
or more images or patient measurements of a non-affected area (control sites) can be used
to establish a baseline for a particular patient. ldeally, one can select a control site as a spot
with intact skin symmetrical with respect to the spinal cord (e.g. on another extremity) to the
suspicious area (this may be another extremity; for example, if the left ankle of a person is
affected, then the right ankle may be selected as the control site). However, if it is not
possible (e.g., limb amputation or widespread ulcers), then other locations (e.g., antecubital
fossa) can be used as a control site. In the case of a single measurement (e.g., suspicious
area only), the suspicious area readings can be compared with an area on the same image
distant from the suspicious area.
[00122] In some embodiments, tissue visualization app 112 can compare an image of a
suspicious area to one or more images of control sites. The tissue visualization app 112 can
process an image and can also operate in video mode to process a series of images or
video frames.
[00123] App processing unit 330 can use the data captured by image capture unit 103 to
facilitate the extraction, creation, and/or aggregation of data providing a map, visualization,
or indication of oxygenation, oxyhemoglobin, deoxyhemoglobin, perfusion, water, bacteria
presence, and/or other indicia that may suggest abnormalities of tissue health, for example,
in surface tissues.
[00124] The outcome of the system can be a false color or grayscale 2D map of tissue
health indicators. These maps can be presented via the display interface 318 and/or
transmitted over one or more networks 110, for example, to a tissue visualization system
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100 or a user device 102. For example, levels of oxygenation and perfusion can highlight
areas with abnormal blood supply, namely ischemic (significantly reduced perfusion and
oxygenation) and angiogenic (increased perfusion) areas. A trained physician will be able to
interpret these 2D maps to assess the significance of findings and decide on next steps, for
example, requesting further study, monitoring progress, or dismissing the matter.

[00125] App processing unit 330 can cause the processed data to be presented via display
interface 318 and/or transmitted over a network 110.

[00126] In some embodiments app processing unit 330 can use Machine Learning
(ML)(including supervised ML and unsupervised ML) to extract information from collected
images and other data. In particular, app processing unit 330 can build and train models,
which can discriminate between various conditions and provide users with additional
information. In some embodiments, the app processing unit 330 uses convolutional neural
networks for automatic or semi-automatic detection and/or classification of the skin or wound
conditions. In some embodiments, ML models can be built and trained using other tools
(e.g., the data processing unit 220) and deployed to app processing unit 330 for image/data
detection/classification.

[00127] Fig. 4 is a flowchart of an example method for capturing measurements and
visualizing tissue according to some embodiments.

[00128] At 402, a computing device 108 (e.g. a mobile device 108) is positioned at a proper
distance (working distance) in relation to an area of tissue (e.g., using a positioning unit
324). In some embodiments, the computing device 108 or image capturing unit 103 is
positioned 10-30cm from the tissue. In an embodiment, the image capturing unit 103 is
positioned 10-15cm from the tissue.

[00129] At 404, image capture unit 103 in conjunction with illumination unit 104 captures a
measurement of tissue according to an illumination schema.

[00130] At 406, in some embodiments, pre-processing unit 326 preprocesses the
measurement data by a) registering (aligning) images to avoid camera motion artifacts, b)
subtracting image with no illumination from images with illumination to account for the
presence of an ambient light.

[00131] In some embodiments, the step 406 may include any or all additional steps: c)
recalibrating each measurement accordingly in order to control parameters related to the

intensity of illumination, d) dividing the intensity images on reference images to obtain
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normalized images, e) flattening the images. In other embodiments, the filtering and
frequency domain processing (e.g. fast Fourier transformation) may be used additionally for
denoising.
[00132] Recalibration of each measurement using a self-reference object may take into
account any possible drift or degradation of illumination light intensity, which will tend to
improve the quality of results.
[00133] Dividing the intensity images on reference images may take into account the
heterogeneity of illumination light distribution on a target area, resulting in normalized
images that tend to improve quality of results
[00134] Imaging of body parts with high curvature (for example, heels or toes) can pose a
significant clinical challenge. Different parts of the target area are on different distance from
the illumination unit and the camera, and since the camera registers light intensity that
depends on that distance, the curvature(s) can negatively affects accuracy of measurements
or may produce erroneous results. In an embodiment, the step of flattening images is to take
into account the reflection of light from curved surfaces. This can be achieved by plurality of
methods. In some embodiments, approximation of the shape of the body part and rescaling
normalized image to compensate for these deviations from the working distance is used. In
other embodiments, shape fitting (for example, spherical, ellipsoidal, or cylindrical) may be
used.
[00135] In some embodiments, registration (alignment) of images can be done using phase
correlation or block matching algorithms (e.g., using a self-reference object).
[00136] In some embodiments, recalibration can be done by pre-processing unit 326 using
a self-reference object to measure the intensity of each wavelength in each flash.
[00137] In some embodiments, any or all steps after the step 406 can be skipped.
[00138] In some embodiments, app processing unit 330 can cause transmission over
network 110 of data, such as pre-processed images after step 406. In this case, upon receipt
of the data, data processing unit 220 of tissue visualization system 100 may extract and
visualize tissue health indicators.
[00139] At 408, app processing unit 330 processes the images to extract information, such
as concentrations of tissue chromophores. In some embodiments, app processing unit 330
extracts indications of oxyhemoglobin and deoxyhemoglobin. In some embodiments, in
addition to oxy- and deoxyhemoglobin, app processing unit 330 extracts the indication of
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melanin. In some embodiments, app processing unit 330 additionally extracts water content
indications.

[00140] In some embodiments, indications of oxyhemoglobin, deoxyhemoglobin, and water
can be extracted directly from the obtained images using a Beer-Lambert or modified Beer-
Lambert model.

[00141] In an exemplary embodiment, an additional step is taken to extract tissue
absorption coefficients from the obtained images using a tissue optical model (or a tissue
light propagation model). A tissue optical model would link the reflected signal with optical
properties of the tissues, namely coefficients of absorption and scattering. Various light
propagation models (for example, diffuse approximation model) can be used to extract such
relationship. The appropriate model can be selected based on acceptable accuracy vs.
computational intensity considerations.

[00142] In some embodiments, the least squares fitting, or LSF (with or without
regularization) can be used to extract the concentration of each chromophore. In some
embodiments, LSF extracts indications of chromophores directly from the obtained images.
In an exemplary embodiment, LSF is applied after extraction of indication of absorption
coefficient using the tissue light propagation model.

[00143] In other embodiments, other curve fitting methods (for example, least absolute
deviations) may be used to extract indications of chromophores.

[00144] At 410, app processing unit 330 extracts indicia that allows the tissue health
indicators of the imaged tissue to be presented. For example, the indicia may allow the
oxygenation and/or perfusion to be presented as a map.

[00145] In some embodiments, app processing unit 330 can send to the network 110 data
from the step 408. In this case, data processing unit 220 will visualize tissue health
indicators.

[00146] At 412, tissue visualization app 112 generates a visualization of the tissue health
indicators of the imaged tissue and causes the visualization to be presented via the display
interface 318.

[00147] In some embodiments, computing device 108 comprises a graphical user interface
displayed on display interface 318 by app processing unit 330. At 414, the tissue
visualization app 112 collects data related to the image (e.g., patient ID, laterality, location,
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diagnosis, comments, measurements). In some embodiments, a speech-recognition system
is used to collect data.

[00148] At 416, tissue visualization app 112 causes a results file of the data or indicia to be
stored and/or transmitted, for example, over a network 110 to a user device 102, tissue
visualization system 100, and/or external system(s) 106.

[00149] Fig. 5 is a view of an example interface for visualizing tissue according to some
embodiments

[00150] In some embodiments, a color bar 502 can be implemented to guide the user when
viewing the image.

[00151] In some embodiments, the averaging tool 504 (which averages tissue health index
within a defined area) can be implemented to assist the user. In some embodiments, the
averaging tool 504 can be a small circle on a touchscreen, such as the relatively small area
shown in Fig. 5.

[00152] Fig. 6 is a schematic diagram of an exemplary embodiment of computing device
108. As depicted, computing device 108 (e.g. mobile device 108) includes at least one
processor 602, memory 604, at least one I/O interface 606, and at least one network
interface 608.

[00153] Each processor 602 may be, for example, any type of general-purpose
microprocessor or microcontroller, a digital signal processing (DSP) processor, an integrated
circuit, a central processing unit (CPU), a graphics processing unit (GPU), a field
programmable gate array (FPGA), a reconfigurable processor, a programmable read-only
memory (PROM), or any combination thereof.

[00154] Memory 604 may include a suitable combination of any type of computer memory
that is located either internally or externally such as, for example, random-access memory
(RAM), read-only memory (ROM), compact disc read-only memory (CDROM), electro-optical
memory, magneto-optical memory, erasable programmable read-only memory (EPROM),
and electrically-erasable programmable read-only memory (EEPROM), Ferroelectric RAM
(FRAM), or the like.

[00155] Each I/O interface 606 enables computing device 108 (e.g., a mobile device 108)
to interconnect with one or more input devices, such as a keyboard, mouse, camera, touch
screen, and a microphone, or with one or more output devices such as a display screen and

a speaker.
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[00156] Each network interface 608 enables computing device 108 (e.g., a mobile device
108) to communicate with other components, to exchange data with other components, to
access and connect to network resources, to serve applications, and perform other
computing applications by connecting to a network (or multiple networks) capable of carrying
data.
[00157] Computing device 108 is operable to register and authenticate users (using a
login, unique identifier, and password, for example) prior to providing access to applications,
a local network, network resources, other networks, and network security devices.
Computing devices 108 may serve one user or multiple users.
[00158] Fig. 7 is an example of an illumination and image capturing schema according to
some embodiments. Other illumination and image capturing schemas can be used. In order
to account for external illumination, the example image capturing/illumination schema in
Fig.7 has been developed.
[00159] Fig. 7 plots the flash 702 coordinated by illumination unit 104, as a function of time.
Computing device 108 (e.g., a mobile device 108) uses the synchronization of flash if the
illumination unit 104 is used to provide the external flash. As shown at 702, the illumination
schema (cycle) consists of m flashes (with m=2 in the example of Fig. 7) and one period
without flash, with n/4=m=n, where n is the number of wavelengths. Cycles can be repeated
continuously during video mode capturing.
[00160] The exposure time (T) for each frame (in milliseconds) can be selected as T=k/2*f,
where k is an integer, and f is the utility frequency for a particular country in Hz (e.g., 60Hz
for North America, 50Hz for Europe). |n a video mode, the framerate can be selected as
fps=2*f/k (e.qg., 30, 24, 20, 15, 12, and 10 fps for North America and 25, 20, and 10 fps for
Europe). The frame rate of 20fps (T=50ms) is an example selection. It can work without any
configurations with external light sources connected to any electrical grid (50Hz or 60Hz).
Other frame rates can also be used.
[00161] The duration of each flash can be T or any whole number multiple of T. This
arrangement facilitates easy optical synchronization between illumination unit and image
capturing unit. For example, the cycle consists of m back to back flashes with duration 2T
milliseconds each, followed by no lit period 2T milliseconds long, as shown in the plot 702.
[00162] In some embodiments, computing device 108 (e.g. mobile device 108) associated
with an illumination unit 104 may use the same frame to capture an image illuminated at 2,
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3, or 4 wavelengths, which can be captured by different color wavelengths of an RGB
camera (e.g. 480 and 660nm, which will be captured by blue and red wavelengths,
respectively) or an RGB-NIR camera.
[00163] Fig. 8 is a view of example illumination units according to some embodiments.
[00164] An illumination unit 104 can be an external flash device that can be attached to a
computing device 108, for example, a smartphone. In some embodiments, it can be
synchronized with a tissue visualization app 112 or computing device 108 (e.g., a mobile
device 108) using Bluetooth or other connectivity. In some embodiments, the illumination
unit 104 can be built into a case for a computing device 108 (e.g., a mobile device 108). In
some embodiments, the illumination unit 104 receives power from the computing device 108
(e.g., a mobile device 108) or an external source (e.g., wall charger).
[00165] In some embodiments, illumination unit 104 comprises a battery. The illumination
unit 104 can also be chargeable using a standard micro USB port, wirelessly or by way of
inductive charging.
[00166] The illumination unit 104 can be used with a front- or back camera of a mobile
device 108, for example. lllumination unit view 806 illustrates an illumination unit 104 used in
conjunction with a front-facing camera of a user computing device 108.
[00167] In some embodiments, the illumination unit 104 can be optimally designed to
associate with a computing device 108 (e.g. mobile device 108) by way of a clip or other
means 302 that can be attached to the computing device 108 (e.g. mobile device 108) with
the thickness of up to 15mm, as shown in views 802 and 804.
[00168] In an example embodiment, illumination unit 104 uses a compression clip that can
be attached to the computing device 108 (e.g. mobile device 108), with the thickness up to
15mm, as shown in view 802. In some embodiments, the illumination unit 104 can be
mounted using a spring clip, as shown in views 804 and 806.
[00169] The illumination unit 104 can produce a sequence of flashes of predetermined
length. A wavelength can refer to light sources shining at the same wavelength, or the
possibility of multiple wavelengths shining in a single flash. Each of the flashes may shine at
1-4 particular wavelengths.
[00170] The illumination unit 104 can use narrow band high-efficiency light sources 300,
such as LEDs. The light source in the illumination unit 104 may contain single wavelength or
multi-wavelength LEDs.
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[00171] As shown in view 802, the light sources 300 can be arranged in a circle, with a
center close to the center of a camera 103 of computing device 108 (e.g. mobile device
108).

[00172] In some embodiments, each wavelength can consist of two or four light sources
300, arranged in a symmetrical pattern on an illumination unit 104 (e.g., every 180 or 90
degrees on a circle).

[00173] For oxygenation measurements, the illumination unit 104 can use two or more
wavelengths in the range of 450-750nm. For measurements of oxygenation and perfusion
and the compensation of skin color (melanin), the illumination unit 104 can use three or more
wavelengths in the range of 450-750nm. In an example embodiment, 450-650nm range is
used.

[00174] Wavelengths can be selected from one or more of the following regions: a) biggest
discrimination in light absorption between oxy- and deoxyhemoglobin: 450-500nm and 600-
750nm, b) isobestic points (e.g., 510x10nm, 525+10nm, and 590+10nm), c¢) largest
absorption by oxy- and deoxyhemoglobin: 540-580nm.

[00175] For water content measurement in addition to two or more wavelengths in 450-
750nm (or preferably 450-650nm) range a wavelength of 970+10nm is used.

[00176] For bacterial burden measurements, a wavelength of 405+10nm is used. In some
embodiments, it can be combined with two or more wavelengths in 450-750nm (or preferably
450-650nm) range, which captures reflectance images.

[00177] For bacterial burden measurements, the illumination unit 104 or image capture unit
103 may contain emission filter 305. In an example embodiment, the emission filter is
attached to the illumination unit 104. In some embodiments, the emission filter 305 is a long
pass filter with cut-on wavelength 450+25nm. In some embodiments, the emission filter is a
band pass filter with the transmission in the 425-750nm range, which has the lower cut-on
wavelength in the 450+25nm range.

[00178] The illumination unit 104 can be synchronized with an image capture unit 103 of
computing device 108 (e.g. mobile device 108) to produce an illumination schema. The
illumination unit 104 associated with an image capture unit 103 can follow an illumination
schema where each wavelength shines sequentially (n=m, where n is the number of

wavelengths, m is the number of flashes in one cycle).
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[00179] In some embodiments, lighting unit 300 configured to engage with a computing

device 108 (e.g. mobile device 108) or image capture unit 103 may have the following

example implementations:

the lighting unit 300 may provide light from sources arranged in a circle or otherwise;
the lighting unit 300 may use two, four or another number of light sources per
wavelength;

the lighting unit 300 may use light sources with central wavelength 405+10nm for
bacteria imaging;

the lighting unit 300 may use an additional 750-1000nm range for user devices 102
without an IR filter on camera (e.g., front-facing camera on a smartphone);

the lighting unit 300 may use light sources with a central wavelength of 970+10nm for
water imaging for user devices 102 without an IR filter on camera (e.g., front-facing
camera on a smartphone);

the illumination unit 104 and/or lighting unit 300 and a computing device 108 (e.g.
mobile device 108) can be mounted on an extension device (e.g., on a selfie stick);
the imaging unit 104 can be associated with an external lens (e.g., macro lens),

emission filter, polarizer, or not.

[00180] In some embodiments, illumination unit 104, for example, including a multispectral

external flash, can be operable with an image capture unit 103 or another recording device.

For example, illumination unit 104 may be integrated with a personal computer, tablet, or

otherwise.

[00181] The systems described tends to offer distinct advantages. For example: the flash

design may be used with any computing device 108, such as a smartphone (iOS, Android,

etc.) of any shape; the flash/image capturing schema, may allow measurements in any type

of ambient light and with any type of smartphone; self-calibration using a self-reference

object increases accuracy; proper positioning of the camera (distance from the wound) is

facilitated by use of a self-reference object (e.g. a circle); and the illumination schema

produces reproducible and homogeneous illumination. The above-noted expected

advantages are examples of advantages and may not comprise all advantages of the

present systems/devices.

[00182] The system can also tend to overcome challenges, for example, of building the

flash, in the case for a smartphone, such as a challenge that each smartphone can have its
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own form-factor and thus would require multiple cases to be built at least for the most

popular models. Other challenges that the system may overcome, or benefits of the system,

include:

use of IR filter on some smartphone cameras. These filters, which are used to
improve the quality of pictures, filter out light with wavelengths over 750nm and are
being used mostly on more expensive smartphones. Typical pulse oximetry schemas
employ 660 and 900nm bands. Thus, these schemas cannot be employed
universally on smartphones.

Connection to a plurality of existing EHR systems.

Motion artifacts (e.g., due to tremor) while taking measurements.

The flickering, high dynamic range, etc. that may result from taking images in various
light conditions (e.g., indirect sunlight, office light, observation room, etc.) is
combatted.

Flickering caused by the various utility frequencies in different countries.

Producing predictable light distribution, not very sensitive to slight misplacements of
the flash or the smartphone.

Difficulty in synchronizing the phone and external flash.

Use of the lens (e.g., Fresnel lens) covering the light sources homogenizes the light
distribution on the target area, thus extending dynamic range and increasing the
accuracy of measurements.

use of multiwavelength LEDs (e.g., RGB LEDs) creates the similar intensity
distribution for each wavelength and saves space on the illumination unit.

The intensity of illumination can vary, for example, based on the distance to a target
area and the stability of LED intensity (e.g., LED intensity may change with time,
temperature, or within battery cycle). In particular, the intensity of illumination light on
the surface of the tissue drops as an inverse square with the distance from the
illumination unit to the target area. Thus, increasing working distance by 50%, will
cause drop of illumination intensity by 55%, and so the system can compensate by
capturing the intensity of illumination at the revised working distance and normalizing
images on these values.

porphirin and pyoverdine have an absorption peak in Soret band, where

oxyhemoglobin and deoxyhemoglobin have absorption peaks as well. The presence
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of a blood component may significantly impact porphyrin/pyoverdine emission. True

fluorescence intensity can be deconvoluted using known oxyhemoglobin and

deoxyhemoglobin concentrations.

- Ability to change or upgrade components of the system independently. For example,

a user can use his or her own smartphone as a computing device, and upgrade such

device with updated versions without a necessity to buy a whole new system.
[00183] A tissue imaging system 105 can be used in a variety of applications, including in
the following scenarios.
[00184] Use case 1: A doctor at a hospital during a physical exam of a patient in acute
care has found a suspicious wound on the leg. The patient has diabetes, so the MD has a
suspicion that it can be a non-healing DFU. The current standard of care for this is
angiography, which is not available in his community hospital. It will cost around $20,000 for
the procedure and arrangement of medical transportation to/from another hospital. However,
using the device the doctor can screen the wound on the spot and see whether it is ischemic
(and require angiography for proper assessment) or nonischemic (and will heal well without
any extra efforts).
[00185] Use case 2: A family doctor during an annual checkup has found a suspicious
wound on a patient’s leg. The patient has diabetes, so the MD has a suspicion that it can be
a non-healing DFU. The current standard of care for this is angiography. However, it can be
performed in major hospitals only. It is associated with $1,500 per procedure (in the US) or
waiting time (for example, 41 days in Ontario, Canada). Using the device, the doctor can
screen the wound on the spot and see whether it is ischemic (and require angiography for
proper assessment) or nonischemic (and will heal well without any extra efforts).
[00186] Use case 3: A family doctor during an annual checkup has found a suspicious
wound on a patient’s leg. The patient has diabetes, so the MD has a suspicion that it can be
a non-healing DFU. The current standard of care for this is angiography. It can be performed
in major hospitals only. It is associated with $1,500 per procedure (in the US) or waiting time
(for example, 41 days in Ontario, Canada). Using the device, the doctor captures images of
the wound on the spot. However, such as he does not have significant experience in wound
care, he decides to send images to a podiatrist, who provides him with an assessment of

whether it is ischemic (and requires angiography for proper assessment) or nonischemic
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(and will heal well without any extra efforts). The doctor accordingly refers the patient to the
podiatrist.
[00187] Use case 4: A nurse is attending a small rural community. During an exam of a
patient, she has found a suspicious ulceration near the small toe. She has a suspicion that it
can be a peripheral arterial disease. She uses the device to take a snapshot of the wound
and sends images to a family physician (if the patient has one) or a podiatrist. The doctor
reviews the images and provides guidance within a few hours. The nurse instructs the
patient on further actions.
[00188] Use case 5: A medical nurse is attending a small long-term residence. During an
exam of a patient, she has found a suspicious ulceration near the big toe. She has a
suspicion that it can be a peripheral arterial disease. She uses the device to take a snapshot
of the wound and sends images to a family physician (if the patient has one) or a podiatrist.
The doctor reviews the images and provides guidance within a few hours. The nurse
instructs the patient on further actions.
[00189] Use case 6: A senior with diabetes finds a suspicious cut on his heel. He is aware
of the dreadful consequences of DFU, so he decides to buy the device in a drugstore. With
the help of his wife he takes images of the wound and sends them to his family doctor. The
doctor makes an assessment and advises the patient within a few hours.
[00190] Use case 7: A senior with diabetes finds a suspicious cut on her forefoot. She is
aware of the dreadful consequences of DFU, and tells her concerns to her daughter. Her
daughter bought a flash attachment 104 in a drugstore, attaches it to her smartphone 108,
downloads the tissue visualization app 112, and takes images of the wound. As her mother
does not have a family doctor, she sends the images to a podiatrist. The doctor makes an
assessment and sends a referral within a few hours.
[00191] Use case 8: A family doctor during an annual checkup of a patient finds a
suspicious mole. Using the device, he can screen the mole on the spot and see whether it is
suspicious (has increased blood supply and requires additional study) or not suspicious.
[00192] Use case 9: The nurse in a long-term care facility checks a bed-bound patient for
potential pressure ulcers. Using the device, she can screen bony prominence areas to
determine if any are suspicious.
[00193] Use case 10: An advanced wound care nurse cleanses an existing wound. She
uses the device to visualize bacterial presence and to guide debridement.
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[00194] Use case 11: A nurse takes a swab from an existing wound. She uses the device
to visualize bacterial presence and to guide swabbing.

[00195] The accuracy of measurements can be improved if the light intensity distribution
produced by illumination unit 104 is known. In an example embodiment, to capture light
intensity distribution produced by illumination unit 104, a reference image is used.

[00196] With reference to Fig. 9, example features used for capturing reference images are
depicted. In some embodiments, the reference image can be captured by calibration unit
328 of tissue visualization app 112 and then used by the tissue imaging system 105 or tissue
visualization system 100 to obtain a processed measurement 501 (an example of which is
shown in FIG. 5).

[00197] The reference image is captured using a reference object 901. Reference object
refers to an object with known homogeneous optical properties (e.g., spectral dependence of
reflectance). Reference object 901 can be various shapes, such as a circle or rectangle. In
an example embodiment, reference object 901 is a rectangle with an aspect ratio of 4:3.
Various colors can be used for reference object 901, such as white or gray (for example, an
18% gray rectangle on a white background 904, such as a white sheet of paper).

[00198] In one embodiment, screen markers 902 displayed on a screen 318 of the
computing device 108 (e.g. mobile device 108) can define a target area 903 which can be
used to position the device an optimal distance away from the reference object 901. The
computing device 108 should be positioned such that screen markers 902 line up with the
reference object 901 to ensure an optimal image-capturing distance is achieved. Other
distance measuring devices, such as a rangefinder or ruler, can be used to position device
at the optimal distance. In an example embodiment, object recognition by tissue visualization
app 112 can be used to position the device at the optimal image capturing distance.

[00199] In an example embodiment, the computing device 108 (e.g., a mobile device 108)
can take the required reference image automatically upon proper placement of the device. In
other embodiments, the computing device 108 takes the image upon manual user initiation.
In an embodiment, upon activation of the image capture unit 103, the computing device 108
takes several images. In an example embodiment, one or more images are taken with flash,

and one is taken without. Alternatively, images can be taken only with flash.
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[00200] The computing device 108 (e.g., a mobile device 108) can pre-process the
reference image to improve the image quality. The pre-processing may comprise the
following steps: a) image registration, b) image subtraction.
[00201] In some embodiments, computing device 108 (e.g., a mobile device 108) uses
image registration to reduce shake during image capturing. This can be accomplished using
phase correlation or block matching algorithms.
[00202] In some embodiments, computing device 108 (e.g., a mobile device 108) uses
image subtraction to remove ambient light in the image. In this case, the image without
external illumination (no flash) is subtracted from images with external illumination (with
flash). Image subtraction is not required if only images with flash are used.
[00203] The reference image can be stored locally on the computing device 108 (e.g.
mobile device 108) or remotely, for future use.
[00204] The reference image can be captured before the first measurement and at any
time thereafter. There is no need to capture reference images before every measurement.
[00205] Steps for producing measurement map 501 are now discussed, with respect to Fig.
10.
[002068] Computing device 108 (e.g. mobile device 108) is held at a specific distance away
from the subject, for example a human body, in order to optimally image the area of interest.
[00207] In some embodiments, a self-reference object 1002 is used to ensure the proper
distance from the human body. A self-reference object 1002 is placed within the device
target area 1001 imaged by the computing device 108 (e.g., a mobile device 108). In an
example embodiment, the self-reference object 1002 comprises an 18% gray circle 1-2 cm
in diameter.
[00208] In some embodiments, the computing device 108 (e.g. mobile device 108) or
image capturing unit 103 is moved so that a predefined screen marker 1003 is shown as the
same size as self-reference object 1002 on the device target area 1001, so as to guide the
user to the optimal image capturing distance.
[00209] In an example embodiment, computing device 108 (e.g., a mobile device 108)
uses object recognition to trigger automatic image capturing upon a certain screen size of
the self-reference object, in pixels, being achieved.
[00210] Alternatively, other means of measuring a distance, such as a rangefinder or a
ruler, can be used to position the device at the proper distance from the area of interest.
-32-

Petitioner's Exhibit 1002
Page 364 of 384



10

15

20

25

30

WO 2020/014779 PCT/CA2019/050981

[00211] Once the optimal distance from the human body is determined, computing device
108 (e.g., a mobile device 108) can take the required images. In an example embodiment,
the device takes the required image automatically upon the proper placement of the
computing device 108 (e.g., a mobile device 108) or image capturing unit 103. The device
may take several images. In an example embodiment, one or more images will be taken with
flash, and one will be taken without flash.

[00212] The device pre-processes the image in order to improve the quality of the image
and measurement map 501. The pre-processing may contain the following steps: a) image
registration, b) image subftraction.

[00213] In some embodiments, the device uses image registration to reduce shake. This
can be accomplished through phase correlation or block matching.

[00214] In some embodiments, the device uses image subtraction to remove ambient light
in the image. In this case, the image without external illumination (flash) is subtracted from
images with external illumination (flash).

[00215] To further increase the quality of results, the self-calibration of each measurement
using a self-reference object 1002 can be implemented. In this case the pre-processing may
contain the following steps: a) image registration, b) image subtraction, c) self-calibration,
and d) division on the reference image, e) flattening the images.

[00216] If the embodiment utilizes self-reference object 1002, the intensity of the image is
adjusted using the self-reference object to account for any imperfections or changes in
intensity. In an example embodiment, pre-processing unit 328 can compare the intensity of a
self- reference object in the target image with the intensity of the same region in the
reference image and use the ratio between the two to scale the intensity of the target image
pixel-by-pixel.

[00217] If the embodiment utilizes previously taken reference images, the device finds the
normalized image by dividing pixel-by-pixel image onto the reference image and multiplying
by a known reflectance of the reference object.

[00218] In some embodiments, the tissue imaging system 105 can perform the processing
of the image to obtain measurements. This can be achieved through all or some of the
following steps: a) the absorption coefficient is determined from reflectance (e.g., using
Beer-Lambert, or modified Beer-Lambert law); b) the chromophore concentration is

determined from the absorption coefficient (e.g., using least square fitting); c¢) the perfusion
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and oxygenation is determined from the chromophore concentration (oxygenation =
oxyhemoglobin/(oxyhemoglobin+deoxyhemoglobin), perfusion= oxyhemoglobin +
deoxyhemoglobin).

[00219] In some embodiments, the pre-processed measurement (normalized image) is
taken on computing device 108 (e.g., a mobile device 108) and then sent through network
110 to the tissue visualization system 100.

[00220] Bacterial burden indicator can be used stand-alone or in combination with
reflectance images. Porphyrin and pyoverdine have an absorption peak in the Soret band,
where oxyhemoglobin and deoxyhemoglobin have absorption peaks as well. Thus, the
presence of a blood component may significantly impact porphyrin/pyoverdine emission.
With reference to Fig. 4, true fluorescence intensity can be deconvoluted using known
oxyhemoglobin and deoxyhemoglobin concentrations found in step 410. In an example
embodiment, a light source with the center wavelength of 405+10nm is used in combination
with 2 or 3 wavelengths from the 450-650nm range.

[00221] Once tissue health indicators levels are found, the invention presents the color or
grayscale maps through processing via tissue visualization system 100 or tissue imaging
system 105. These results can be stored locally on the device or remotely. The pre-
processed normalized image and the processed tissue health indicators maps can all be
stored in local or remote storage.

[00222] The embodiments of the devices, systems, and methods described herein may be
implemented in a combination of both hardware and software. These embodiments may be
implemented on programmable computers, each computer including at least one processor,
a data storage system (including volatile memory or non-volatile memory or other data
storage elements or a combination thereof), and at least one communication interface.
[00223] Program code is applied to input data to perform the functions described herein
and to generate output information. The output information is applied to one or more output
devices. In some embodiments, the communication interface may be a network
communication interface. In embodiments in which elements may be combined, the
communication interface may be a software communication interface, such as those for
inter-process communication. In still other embodiments, there may be a combination of

communication interfaces implemented as hardware, software, and combination thereof.
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[00224] Throughout the foregoing discussion, references have been made to servers,
devices, systems, units, or computing devices. |t should be appreciated that the use of such
terms is deemed to represent one or more computing devices having at least one processor
configured to execute software instructions stored on a computer-readable tangible, non-
transitory medium. For example, a server can include one or more computers operating as
a web server, database server, or another type of computer server in a manner to fulfill
described roles, responsibilities, or functions.

[00225] Various example embodiments are described herein. Although each embodiment
represents a single combination of inventive elements, all possible combinations of the
disclosed elements include the inventive subject-matter. Thus, if one embodiment comprises
elements A, B, and C, and a second embodiment comprises elements B and D, then the
inventive subject-matter is also considered to include other remaining combinations of A, B,
C, or D, even if not explicitly disclosed.

[00226] The term “connected” or "coupled to" may include both direct coupling (in which
two elements that are coupled to each other contact each other) and indirect coupling (in
which at least one additional element is located between the two elements).

[00227] Part of the technical solution of embodiments may be in the form of a software
product (while other required aspects, for example the image capture unit 103 and
illumination unit 104, necessitate hardware). The software product may be stored in a non-
volatile or non-transitory storage medium, which can be a compact disk read-only memory
(CD-ROM), a USB flash disk, or a removable hard disk. The software product includes a
number of instructions that enable a computer device (personal computer, server, or network
device) to execute the methods provided by the embodiments.

[00228] The embodiments described herein are implemented by physical computer
hardware, including computing devices, servers, receivers, transmitters, processors,
memory, displays, and networks. The embodiments described herein provide useful physical
machines and particularly configured computer hardware arrangements. The embodiments
described herein are directed to electronic machines and methods implemented by
electronic machines adapted for processing and transforming electromagnetic signals which

represent various types of information.
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[00229] Although the embodiments have been described in detail, it should be understood
that various changes, substitutions, and alterations can be made herein without departing
from the scope as defined by the appended claims.

[00230] Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As one of ordinary skill in the art
will readily appreciate from the disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or steps, presently existing or later to
be developed, that perform substantially the same function or achieve substantially the same
result as the corresponding embodiments described herein, may be utilized. Accordingly,
the appended claims are intended to include within their scope such processes, machines,
manufacture, compositions of matter, means, methods, or steps.

[00231] As can be understood, the examples described above and illustrated are intended

to comprise examples only.
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WHAT IS CLAIMED IS:

1. A portable illumination apparatus for facilitating visualizations of tissue, the

apparatus comprising:

a portable housing for detachable attachment proximal to an image capturing

unit; and

an illumination unit comprising one or more narrow band light sources
configured to shine m flashes at n predetermined wavelengths, wherein n/4 =m

=n.

2. The portable illumination apparatus of claim 1, wherein the illumination unit
further comprises a lens covering the one or more light sources, the lens having
a focal length that is 80%-120% of a working distance between the illumination

unit and a target area of tissue.

3. The portable illumination apparatus according to any one of claims of 1-2,
wherein the one or more light sources is configured to provide flashes that are

at least one of

(i) 405+10nm wavelength, and having at least one of (a) a long pass filter with a
cut-on wavelength of 450+25nm or (b) a bandpass filter with transmission in a
425nm-1000nm range,

(ii)) two wavelengths in a 450nm-750nm range, at least one of which in the

green range,

(iii) three wavelengths in a 450nm-750nm range, at least one of which in the

green range, or
(iv) 970£10nm wavelength.

4. The portable illumination apparatus according to any one of claims 1-3, wherein

the illumination unit further comprises at least one of (i) a controller to control
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ilumination of the one or more light sources and (ii) a rechargeable battery for

powering the apparatus.

5. The illumination apparatus according to any one of claims 1-4, wherein the one
or more light sources are arranged about a central aperture having a radius of
0.5-3cm.

6. The illumination apparatus of claim 5, wherein the one or more light sources are

arranged in a ring having a radius of 1.5-6cm.

7. The illumination apparatus according to any one of claims of 1-6, wherein the
portable housing comprises a compression clip for mounting the apparatus on a
mobile device along at least one edge of the mobile device and proximal to a

camera of the mobile device.

8. The illumination apparatus according to any one of claims of 1-6, wherein the
portable housing comprises a spring clip for mounting the apparatus on a
mobile device along at least one edge of the mobile device and proximal to a

camera of the mobile device.

9. A tissue imaging system for visualization of tissue health indicators comprising

a portable computing device, an image capture unit, and an illumination unit;

the illumination unit comprising one or more narrow band light sources
configured to shine m flashes at n predetermined wavelengths, wherein n/4 < m

<n;

the image capture unit and the illumination unit being configured to capture

measurement data for a target area of tissue,

the computing device comprising a processor configured to access and execute
instrutions in accordance with a tissue visualization application stored in a non-
transitory computer-readable memory of the computing device, for capturing
measurement data, and pre-processing and processing the measurement data

to generate tissue health indicators.
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10. The tissue imaging system of claim 9, wherein the computing device comprises
a mobile device and the image capture unit is a camera integrated with the

mobile device.

11. The tissue imaging system according to any one of claims of 9-10, wherein the
ilumination unit comprises the illumination apparatus according to any one of

claims of 1-8.

12. The tissue imaging system according to any one of claims 10-11, wherein the
portable illumination unit further comprises a wireless communication module

for receiving commands from the computing device.

13. A tissue visualization system operatively connected to one or more tissue
imaging systems according to any one of claims of 9-12, comprising a
communications module for communicating with the one or more tissue imaging
systems, a system processor, and system non-transitory computer-readable
memory thereon, configured to receive measurement data and tissue health
indicators from the one or more tissue imaging systems and to generate a
visualization of tissue health indicators of tissue images received from the one

or more tissue imaging systems, for display to a user display unit.
14. A method for generating visualizations of tissue, the method comprising:

positioning a computing device at a proper distance from a target area
of the tissue for capturing an image of the target area, the computing
device comprising a processor and a non-transitory computer-readable
memory storing computer-executable instructions comprising a tissue

visualization application;

capturing measurement data using an image capturing unit and an
illumination unit, the image capturing unit and the illumination unit
communicatively coupled to the computing device and the illumination
unit configured to shine m flashes at n predetermined wavelengths

during capturing of the measurement data, wherein n/4 < m < n;
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pre-processing the measurement data using the tissue visualization

application to obtain normalized images;

extracting indications of tissue health indicators from the pre-processed

measurement data;

generating interface elements corresponding to the visualization tissue

health indicators; and
storing and/or transmitting the indications of the tissue health indicators.

15. The method of claim 14 further comprising, prior to capturing the measurement

data:

capturing a reference image, wherein the positioning the computing
device for the reference image capturing comprises positioning the

computing device using a reference object.

16. The method of any one of claims 14-15, wherein the illumination unit and the
computing device are configured to provide a working distance of 15+5cm from

the target area of tissue.

17. The method of claim 16 wherein the positioning of the computing device for
capturing the measurement data comprises positioning the computing device

using a self-reference object.

18. The method according to any one of claims of 14-17 wherein pre-processing
comprises at least one of (i) registering images to avoid camera motion
artifacts, (ii) subtracting images with no illumination from the illumination unit
from images with illumination from the illumination unit to account for the
presence of ambient light, (iii) recalibrating each measurement accordingly to
control parameters related to intensity of illumination using a self-reference
object positioned within the target area, (iv) dividing the intensity images on
reference images to obtain normalized images, and/or (v) flattening the

obtained images to account for reflections from curved surfaces.
-41 -
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19. The method according to any one of claims of 14-18, wherein camera exposure

time is T and a flash time is said T or any whole number multiple of said T.
20. The method according to claim 19, wherein the camera exposure time is 50ms.

21. The method according to any one of claims of 14-19, wherein the measurement

data comprises wound-related data.
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