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

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE | PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/160,230 02/01/2022 11234798 208764-9006-US02 8509
129916 7590 01/12/2022
Michael Best & Friedrich LLP (DITC)
790 N WATER ST
SUITE 2500

MILWAUKEE, WI 53202

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 O 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):

Robert F. Dillon, Bedford, NH;

Craig A. Andreiko, Residence Not Provided;
Andrew F. Vesper, Townsend, MA;

Neil H.K. Judell, Cambridge, MA;

Timothy 1. Fillion, Bedford, MA;

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

ORMCO CORPORATION, Orange, CA;

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.
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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)

129916 7590 09/22/2021 Certificate of Mailing or Transmission

Michael Best & Friedrich LLP (DITC) 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
790 N WATER ST addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
SUITE 2500 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
MILWAUKEE, WI 53202 Susan Kim (Typed or pinted name)
/Susan k|m/ (Signature)
December 21, 2021 (Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

16/160,230 10/15/2018 Robert F. Dillon 208764-9006-US02 8509

TITLE OF INVENTION: SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 12/22/2021
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
BALIL VIKKRAM 2663 382-128000
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 Michael Best & Friedrich LLP

(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

M| Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

(] "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.

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. 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)
ORMCO CORPORATION ORANGE, CALIFORNIA

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual (X1 Corporation or other private group entity (] Government

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

X] Electronic Payment via EFS-Web (] Enclosed check (L] 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. 13-3080

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 /andrew.j.paprocki/ Date December 21, 2021

Typed or printed name Andrew J. PaprOCki Registration No. 60,308
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Group Art Unit 2663

Inre

Patent Application of
Robert F. Dillon et al.
Application No. 16/160,230
Confirmation No.: 8509
Filed: October 15, 2018
Examiner: Vikkram Bali

“SCANNING SEQUENCE FOR AN INTRA-
ORAL IMAGING SYSTEM”

Atty. Docket No. 208764-9006-US02

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE
UNDER 37 C.F.R. 1.104(e)

In the Reasons for Allowance accompanying the first Notice of Allowance dated
September 22, 2021, the Examiner indicated that the prior art fails to disclose or suggest the
combination of features set forth in the allowed claims, and recites one or more elements in support
of this conclusion. Applicant respectfully submits that the Reasons for Allowance set forth only
some of the features and elements of the claims, and that the reasons presented represent only some
of the reasons why some of the claims are allowable. Also, the dependent claims include additional
allowable subject matter.

Respectfully submitted,

/andrew j.paprocki/

Andrew J. Paprocki
Reg. No. 60,308
Michael Best & Friedrich LLP
790 N. Water Street, Ste. 2500
Milwaukee, Wisconsin 53202
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Electronic Patent Application Fee Transmittal

Application Number: 16160230

Filing Date: 15-Oct-2018

Title of Invention: SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM
First Named Inventor/Applicant Name: Robert F. Dillon

Filer: Andrew J. Paprocki/Susan Kim

Attorney Docket Number: 208764-9006-US02

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)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
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Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

1200
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Electronic Acknowledgement Receipt

EFSID: 44580518
Application Number: 16160230
International Application Number:
Confirmation Number: 8509
Title of Invention: SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM
First Named Inventor/Applicant Name: Robert F. Dillon
Customer Number: 129916
Filer: Andrew J. Paprocki/Susan Kim
Filer Authorized By: Andrew J. Paprocki
Attorney Docket Number: 208764-9006-US02
Receipt Date: 21-DEC-2021
Filing Date: 15-0CT-2018
Time Stamp: 17:48:56
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $1200
RAM confirmation Number E2021BKH49202012
Deposit Account 133080
Authorized User Susan Kim

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
37 CFR 1.21 {Miscellaneous fees and charges)
37 CFR 1.20 {Post Issuance fees) Page 6 of 304




37 CFR 1.19 (Document supply fees)

37 CFR 1.17 (Patent application and reexamination processing fees)

37 CFR 1.16 {National application filing, search, and examination fees)

File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
120320
1 Issue Fee Payment (PTO-85B) 208764-9006-US02-IFT.pdf no 1
9f547ca6f080a14bd451d172f683dbbabc7 1
d539
Warnings:
Information:
90055
5 Post Allowance Communication - 208764-9006-US02-Comments, o 1
I ncomi ng pdf efc51480414c2826ccf111fe398845f475bd
Warnings:
Information:
38340
3 Fee Worksheet (SB06) fee-info.pdf no 2
f613fc876a0592e8b8%61fca098452246d7|
Warnings:
Information:
Total Files Size (in bytes): 248715

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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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.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
129916 7590 09/22/2021
Michael Best & Friedrich LLP (DITC) BALI VIKKRAM
790 N WATER ST
SUITE 2500 | ART UNIT PAPER NUMBER |
MILWAUKEE, WI 53202 2663
DATE MAILED: 09/22/2021
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
16/160,230 10/15/2018 Robert F. Dillon 208764-9006-US02 8509

TITLE OF INVENTION: SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM

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

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 12/22/2021

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
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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)

129916 7590 09/22/2021 Certificate of Mailing or Transmission

Michael Best & Friedrich LLP (DITC) 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
790 N WATER ST addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
SUITE 2500 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
MILWAUKEE, WI 53202 (Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

16/160,230 10/15/2018 Robert F. Dillon 208764-9006-US02 8509

TITLE OF INVENTION: SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 12/22/2021
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
BALIL VIKKRAM 2663 382-128000
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
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

M| Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

(] "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.

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. 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) : (] Individuat [ 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)

(] Electronic Payment via EFS-Web (] Enclosed check (L] 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.
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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.UsSpto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/160,230 10/15/2018 Robert F. Dillon 208764-9006-US02 8509
| EXAMINER |
129916 7590 09/22/2021
Michael Best & Friedrich LLP (DITC) BALI VIKKRAM
790 N WATER ST
SUITE 2500 | ART UNIT PAPER NUMBER |
MILWAUKEE, WI 53202 2663

DATE MAILED: 09/22/2021

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.

Pab#td 8F304
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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. 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.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 applicat'ig)n, anlaPpI%c' 6%1 open to public inspection or an issued patent.

9. A record from this system of records may %g%isclo%ec?: 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.



Application No. Applicant(s)
; . 16/160,230 Dillon et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
VIKKRAM BALI 2663 No

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice 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.} This communication is responsive to 9/7/2021.
[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 See Continuation Sheet . 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 by (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* 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.[J Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2. 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. [0 Other .

of Biological Material
4. Interview Summary (PTO-413),
Paper No./Mail Date.

/VIKKRAM BALL/
Primary Examiner, Art Unit 2663

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20210914
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Continuation of 3. The allowed claim(s) is/are: 2-7,11,13-21 and 26-29
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Application/Control Number: 16/160,230 Page 2
Art Unit: 2663

DETAILED ACTION
Notice of Pre-AlA or AIA Status
The present applicationis beingexamined underthe pre-AlAfirstto invent provisions.

Allamendments to the claims as filled on 9/7/2021 have beenenteredand the action follows:

Allowable Subject Matter

Claims 2-7, 11, 13-21 and 26-29 are allowed.

The followingisan examiner's statement of reasons for allowance: Claims are allowed
because prior art taken alone or in combination with fails to disclose or teach generatingan
intra-oral scan of a dentition, the system includes a memory; and a processor coupled to the
memory, wherein the processoris configured to: generate a contiguous scan of an occlusal
surface of at least a part of one arch of the dentition, removeimage data of soft tissue from the
contiguous scan of the occlusal surface based at least in part on an analysis of 3D data from the
contiguous scan to distinguish between image data of the dentition and the image data of the
soft tissue, wherein the soft tissue includes at least one selected from a group consisting of a
tongue, a cheek, and a lip, and associate a scan of at least one additional surface to the
contiguous scan of the occlusal surface by analyzing the scan data to identify a portion of the
scan of the at least one additional surface that overlaps with a portion of the contiguous scan of
the occlusal surface, whereinthe scan of the at least one additional surface includes a sequence
of image frames including a plurality of image frames of the occlusal surface interspersedwitha
plurality of image frames of the at leastone additional surface, and determininga position of

the scan of the at least one additional surface relative to the scan of the occlusal surface based
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on the identified overlapping portions, wherein the processor is configured to generate the
contiguous scan of the occlusal surface by capturing a plurality of partially overlapping image
frames of the occlusal surface and stitching the overlapping image frames together to form a 3D
model of the occlusal surface, wherein the processor is configured to remove the image data of
the soft tissue from the contiguous scan by removing the image data of the soft tissue from the
overlapping image frames used to generate the occlusal scan, and wherein the processoris
further configured to update the contiguous scan of the occlusal surface by restitching the
overlapping image frames together after removing the image data of the soft tissue to form an
updated 3D model of the occlusal surface, as claimed.

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.”

Any inquiry concerning this communication or earliercommunications from the
examinershould be directed to VIKKRAM BALI whose telephone numberis (571)272-7415. The
examinercan normally be reached on Monday-Friday 7:00AM-3:00P M.

Examinerinterviews are available via telephone, in-person, and video conferencing
using a USPTO supplied web-based collaboration tool. To schedule an interview, applicantis
encouraged to use the USPTO Automated Interview Request (AIR) at

http://www.uspto.gov/interviewpractice.
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Art Unit: 2663

If attempts to reach the examinerby telephone are unsuccessful, the examiner’s
supervisor, Claire Wang can be reached on 571-270-1051. The fax phone number for the
organization where this application or proceedingis assignedis 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
ApplicationInformation Retrieval (PAIR) system. Status informationfor published applications
may be obtained from eitherPrivate PAIR or PublicPAIR. Status informationfor 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 oraccess to

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/VIKKRAM BALI/
Primary Examiner, Art Unit 2663
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Application No. Applicant(s)

16/160,230 Dillon et al.
. s . i AlA (First Inventor P
Examiner-Initiated Interview Summary ST:K'“F;:‘;; BAL A e Fo) Statue age

VIKKRAM BALI Primary Examiner Telephonic
Andrew Paprocki, Reg. # 60,308 Attorney of Record

Date of Interview: 13 September 2021

Issues Discussed:

Other

Examiner called to discuss a double patenting in the application. Applicant representative agrees to file
the Terminal Disclaimer.

NIKKRAM BALL/
Primary Examiner, Art Unit 2663

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:lIt 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) pé%élerv]s(gpg@w Paper No. 20210914
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‘USOCR; FPRS; ?

‘EPO; JPO; :

. DERWENT;

{IBM_TDB

 ((segment$4 differenc$4 :US-PGPUB; :OR ‘OFF  :2019/04/12:
- substract$4) same (tongue) same  USPAT; -15:56 :
_image) 'USOCR; FPRS; :

EPO; JPO;

. DERWENT;

‘IBM_TDB

- S51and S55 'US-PGPUB; | OR ‘OFF  2019/04/12
-USPAT; 115:56
'USOCR; FPRS; %

-EPO; JPO; f

' DERWENT;

-IBM_TDB

 ((segment$4 differenc$4 :US-PGPUB; :OR ‘OFF  :2019/04/12:
- substract$4) same (cheek lip ‘USPAT; :15:58 f
- tongue) same image) ‘USOCR; FPRS; : :

-EPO; JPO; :

. DERWENT;

‘IBM_TDB

- S51and S57 'US-PGPUB; | OR 'OFF  2019/04/12:
-USPAT; 115:59
'USOCR; FPRS; | % é

-EPO; JPO; 1

. DERWENT;

-IBM_TDB

- S57 and (occlusal teeth tooth ‘US-PGPUB;  :OR ‘OFF  2019/04/12 -
dentit$3 jaw) _USPAT; 16:14 :
‘USOCR; FPRS; 5

EPO; PO;

: DERWENT;

‘IBM_TDB

S57 same (occlusal teeth tooth ‘US-PGPUB;  'OR ‘OFF  2019/04/12
dentit$3 jaw) _USPAT; 16:14 :
%% _USOCR; FPRS; | :

EPO; JPO; :
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| "8390822™).PN.

-"20120062557".pn.

 DERWENT;
IBM_TDB

'US-PGPUB;  OR
.USPAT; ;

. USOCR; FPRS;
.EPO; JPO; :

. DERWENT;

. IBM_TDB

- S61 and (labial lingual cloud noise) :
* 'USPAT; |
:USOCR; FPRS; :
“EPO; JPC; :
' DERWENT;

. IBM_TDB

("20040265770" | "20050058962" |
1"20120062557" | "20120129119" |
"6402707" | "7717708" |

US-PGPUB;  OR

US-PGPUB;  OR

‘USPAT
"7905725"

12019/09/05
07:55

12019/09/05
07:56

12020/09/24
09:56

64 and occlusal

"10098713".pn.

5 S66 and storage

"10098713".pn.

US-PGPUB;  ‘OR
_USPAT;
'USOCR; FPRS;
EPO; PO;
 DERWENT;
IBM_TDB

US-PGPUB;  OR
_USPAT;
'USOCR; FPRS;
EPO; PO;
 DERWENT;
IBM_TDB

US-PGPUB;  OR
_USPAT;
'USOCR; FPRS;
EPO; PO;

. DERWENT;
IBM_TDB

'US-PGPUB;  OR
_USPAT;
_USOCR; FPRS;
EPO; JPO;
 DERWENT;
IBM_TDB

US-PGPUB;  OR
_USPAT;
_USOCR; FPRS;
EPO; PO;
_DERWENT;
IBM_TDB

12020/09/24
09:56

12020/09/24
109:56 :

12020/09/24
11:50

12020/09/24
111:50 :

12020/09/25
09:53
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15691 - S68 and coarse 'US-PGPUB; | OR 'ON  2020/09/25
-USPAT; 109:53
'USOCR; FPRS; | % é

-EPO; JPO; f

. DERWENT;

-IBM_TDB

- ("20040265770" | "20050058962" | :US-PGPUB;  :OR ‘ON 12020/09/25 -
- "20120062557" | "20120129119" | :USPAT -09:55 5
. "6402707" | "7717708" | "7905725"

| "8390822").PN. 5

S70 and coarse ‘US-PGPUB;  :OR ‘ON 12020/09/25 -
: {USPAT; :09:55 :
‘USOCR; FPRS; : 5
EPO; PO;
: DERWENT;
IBM_TDB

S$70 and (match$3 compars$4) ‘US-PGPUB;  'OR ‘ON -2020/09/25
;; -USPAT; 109:55 f
_USOCR; FPRS; | :
EPO; PO;

((segment$4 differencs4 : ; : : 5

- substract$4) same (cheek lip {USPAT; :17:09
. tongue) same image) ‘USOCR; FPRS; : :

‘EPO; JPO; 3

. DERWENT;

IBM_TDB

- 573 and (occlusal teeth tooth :US-PGPUB; ‘OR ‘OFF  2021/06/01:
- dentit$3 jaw) -USPAT; 117:09 f
'USOCR; FPRS; %

EPO; PO;

' DERWENT;

:IBM_TDB

(dillon near robert).in. ‘US-PGPUB;  :OR ‘OFF  2021/09/14
_USPAT; 10:41 1
‘USOCR; FPRS; ?

-EPO; JPO; :

 DERWENT;

‘IBM_TDB

- (andreiko near craig).in. :US-PGPUB; ‘OR ‘OFF  2021/09/14:
"USPAT; 110:41 :
‘USOCR; FPRS; : :

:EPO; JPO; :

- DERWENT;

:IBM_TDB

- (vesper near andrew).in. ‘US-PGPUB;  :OR ‘OFF  2021/09/14
: {USPAT; :10:41 '
USOCR; FPRS; | |
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'EPO; JPO;
 DERWENT;
1BM_TDB

(judell near neil).in. :US-PGPUB; ‘OR ‘OFF  2021/09/14:
{USPAT; 110:41 '
‘USOCR; FPRS; : ?

:EPO; JPO; :
:DERWENT;
‘IBM_TDB

(fillion near timothy).in. ‘US-PGPUB;  :OR ‘OFF  2021/09/14
_USPAT; 110:41 '
‘USOCR; FPRS; : :

‘EPO; JPO; :
. DERWENT;
{IBM_TDB

' S75576577S578S79 ‘US-PGPUB;  :OR OFF  2021/09/14 :
_USPAT; 110:41 1
.USOCR; FPRS; : ?

EPO; PO;

. DERWENT;

IBM_TDB

_ormco.asn. ‘US-PGPUB;  :OR ‘OFF  2021/09/14
_USPAT; 110:41
:USOCR; FPRS; : ?

EPO; JPO; :

' DERWENT;

IBM_TDB

 ((segment$4 differenc$4 :US-PGPUB; :OR ‘OFF  :2021/09/14:
- substract$4) same (cheek lip ‘USPAT; :10:42 :
- tongue) same image) ‘USOCR; FPRS; : :

EPO; PO;

. DERWENT;

‘IBM_TDB

- 582 same (occlusal teeth tooth ‘US-PGPUB;  :OR ‘OFF  2021/09/14
dentit$3 jaw) _USPAT; 110:42 f
‘USOCR; FPRS; : %

EPO; JPO; :

. DERWENT;

IBM_TDB

- A61B$.CPC. A61C9$.CPC. ‘US-PGPUB;  :OR ‘OFF  2021/09/14
'USPAT; 110:43
:USOCR; FPRS; : %

.EPO; JPO; :

' DERWENT;

‘IBM_TDB

(oral and scan$4 and intra and ‘US-PGPUB;  'OR ‘OFF  2021/09/14
- surface and soft and tissue$2 and  USPAT; 110:47 5
- data and occlusal and overlap$4 | USOCR; FPRS; : : i

- and additional and partially and EPO; JPO; :
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_imag$3 and remov$4 and updats4  DERWENT;
nd restitch$3).clm. :IBM_TDB

:586:314 (oralandimag$4 and cavityand ' US-PGPUB;  :OR ‘OFF  2021/09/14

? - (wand handpiece) and occlusal) ~ :USPAT; .10:50 f
‘USOCR; FPRS; 5

EPO; PO;

: DERWENT;

IBM_TDB

- 586 and (lingual and labial) ‘US-PGPUB;  'OR ‘OFF  2021/09/14

 USPAT; 110:50
'USOCR; FPRS; | f é

EPO; JPO;

' DERWENT;

IBM_TDB

.S88 0  (oraland scan$4 and intra and surfaceand  US- OR OFF  :2021/09/14
- soft and tissue$2 and data and occlusal and  PGPUB; :10:49 :
- overlap$4 and additional and partiallyand ~ USPAT
“imag$3 and remov$4 and updat$4 and :
- restitch$3).clm.

9/14/2021 11:26:29 AM
C:\Users\vbali\Documents\EAST\Workspaces\16160230.wsp
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Patent Application of
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Application No. 16/160,230
Confirmation No.: 8509
Filed: October 15, 2018
Examiner: Vikkram Bali

“SCANNING SEQUENCE FOR AN INTRA-
ORAL IMAGING SYSTEM”

Atty. Docket No. 208764-9006-US02

AMENDMENT AND RESPONSE TO OFFICE ACTION

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Commissioner:
This communication is in response to the final Office action mailed June 4, 2021 and

is filed within the three-month period for reply. Please charge or credit Deposit Account No.

13-3080 with any shortage or overpayment of the fees associated with this communication.

Amendments to the Claims begin on page 2 of this paper.
Remarks begin on page 10 of this paper.
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Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A

“PRIOR” PATENT

Application Number 16160230

Filing Date 15-Oct-2018

First Named Inventor Robert Dillon
Attorney Docket Number 208764-9006-US02

Title of Invention

SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM

< Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding
Office Action

X] This electronic Terminal Disclaimer is not being used for a Joint Research Agreement.

Owner Percent Interest

ORMCO CORPORATION 100%

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration
date of the full statutory term of prior patent number(s)

10098713

as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors
or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent
is presently shortened by any terminal disclaimer,” in the event that said prior patent later:

- expires for failure to pay a maintenance fee;

- is held unenforceable;

- is found invalid by a court of competent jurisdiction;

- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

- has all claims canceled by a reexamination certificate;

- is reissued; or

- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

@ Terminal disclaimer fee under 37 CFR 1.20(d) is included with %Ig(c')tronic Terminal Disclaimer request.
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| certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d)
required for this terminal disclaimer has already been paid in the above-identified application.

O

Applicant claims the following fee status:

(O Small Entity
(O Micro Entity

(® Regular Undiscounted

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

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

® An attorney or agent registered to practice before the Patent and Trademark Office who is of record in
this application

Registration Number 60308

(O Asoleinventor

O A joint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attorney in the application

(O Ajointinventor; all of whom are signing this request

Signat
ignature /andrew.j.paprocki/

Name Andrew J. Paprocki

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324.
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Confirmation No.: 8509
Filed: October 15, 2018
Examiner: Vikkram Bali

“SCANNING SEQUENCE FOR AN INTRA-
ORAL IMAGING SYSTEM”

Atty. Docket No. 208764-9006-US02

AMENDMENT AND RESPONSE TO OFFICE ACTION

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Commissioner:
This communication is in response to the final Office action mailed June 4, 2021 and

is filed within the three-month period for reply. Please charge or credit Deposit Account No.

13-3080 with any shortage or overpayment of the fees associated with this communication.

Amendments to the Claims begin on page 2 of this paper.
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Application No. 16/160,230

AMENDMENTS TO THE CLAIMS:

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

application:

1. (Cancelled)

2. (Currently Amended) The system of claim 26 elatm=, wherein the processor is
further configured to associate a plurality of scans of additional surfaces to the contiguous
scan of the occlusal surface, wherein the plurality of scans of the additional surfaces includes

a plurality of scans of labial surfaces and a plurality of scans of lingual surfaces.

3. (Currently Amended) The system of claim 26 elatm=, wherein the plurality of image
frames of the occlusal surface from the scan of the at least one additional surface each overlap

with the contiguous scan of the occlusal surface,

wherein the plurality of images frames of the at least on additional surface

includes image frames of a labial or lingual surface, and

wherein the processor is configured to use the plurality of image frames of the
occlusal surface that is included in the scan of the at least one additional surface to
determine a position of the image frames of the labial or lingual surface relative to the

contiguous scan of the occlusal surface.

4. (Previously Presented) The system of claim 2, wherein the occlusal surface is imaged
prior to the plurality of labial and lingual surfaces, and wherein the processor is further
configured to display in real-time a three-dimensional representation of the dentition as the

plurality of labial and lingual surfaces are imaged.

2
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5. (Previously Presented) The system of claim 4, wherein the processor is configured to
display in real-time the three-dimensional representation of the dentition by performing a
coarse matching by matching features as the plurality of labial and lingual surfaces are

imaged, and

wherein the processor is further configured to generate a three-dimensional
reconstruction of the dentition based on a point cloud alignment after the plurality of

labial and lingual surfaces are all imaged.

6. (Currently Amended) The system of claim 26elatm—+, wherein the processor is further
configured to generate an occlusal backbone by matching selected frames of the contiguous

scan of the occlusal surface that have an overlap based on an analysis of data.

7. (Previously Presented) The system of claim 6, wherein the processor is configured to

detect the overlap based on noise characteristics of the data.

8-10. (Cancelled)

11. (Currently Amended) The system of claim 26elaim+, further comprising:

a projector that projects interferometric fringes on an occlusal surface of at
least a part of one arch of the dentition primarily along an anterior-posterior direction;

and
an imaging sensor that is used to view the interferometric fringes,

wherein the processor is further configured to generate the contiguous scan of

the occlusal surface based on the interferometric fringes sensed by the imaging sensor.
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12.  (Cancelled)

13. (Currently Amended) The computer readable storage medium of claim 27elatm—2,
wherein the code, when executed by the processor, further causes the system to associate a
plurality of scans of additional surfaces to the contiguous scan of the occlusal surface,
wherein the plurality of scans of the additional surfaces includes a plurality of scans of labial

surfaces and a plurality of scans of lingual surfaces.

14. (Currently Amended) The computer readable storage medium of claim 27elatn—2,
wherein the plurality of image frames of the occlusal surface from the scan of the at least one

additional surface each overlap with the contiguous scan of the occlusal surface,

wherein the plurality of image frames of the at least one additional surface

includes image frames of a labial or lingual surface, and

wherein the code, when executed by the processor, causes the system to use the
plurality of image frames of the occlusal surface that is included in the scan of the at
least one additional surface to determine a position of the image frames of the labial or

lingual surface relative to the contiguous scan of the occlusal surface.

15. (Previously Presented) The computer readable storage medium of claim 13, wherein
the occlusal surface is imaged prior to the plurality of labial and lingual surfaces, and wherein
the code, when executed by the processor, causes the system to display in real-time a three-
dimensional representation of the dentition as the plurality of labial and lingual surfaces are

imaged.

4
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16. (Previously Presented) The computer readable storage medium of claim 15, wherein
the code, when executed by the processor, causes the system to display in real-time the three-
dimensional representation of the dentition by performing a coarse matching by matching

features as the plurality of labial and lingual surfaces are imaged, and

wherein the code, when executed by the processor, further causes the system to
generate a three-dimensional reconstruction of the dentition based on a point cloud

alignment after the plurality of labial and lingual surfaces are all imaged.

17. (Currently Amended) The computer readable storage medium of claim 27elatn—2,
wherein the code, when executed by the processor, further causes the system to generate an
occlusal backbone by matching selected frames of the contiguous scan of the occlusal surface

that have an overlap based on an analysis of data.

18. (Previously Presented) The computer readable storage medium of claim 17, wherein
the code, when executed by the processor, further causes the system to detect the overlap

based on noise characteristics of the data.

19. (Previously Presented) The computer readable storage medium of claim 17, wherein
the occlusal backbone is a first occlusal backbone, and wherein the code, when executed by
the processor, further causes the system to generate a second occlusal backbone that is more
accurate than the first occlusal backbone by linking other frames that are different from the

selected frames to the first occlusal backbone.

20. (Previously Presented) The computer readable storage medium of claim 19, wherein

the code, when executed by the processor, causes the system to remove the image data of the

5
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soft tissue from the contiguous scan of the occlusal surface by generating a third occlusal

backbone by removing, from the second occlusal backbone, areas representing the soft tissue.

21. (Previously Presented) The computer readable storage medium of claim 20, wherein
the code, when executed by the processor, causes the system to remove the image data of the
soft tissue based at least in part on the analysis of 3D data from the contiguous scan by
removing the image data of the soft tissue based at least in part on the analysis of the 3D data
and at least one selected from a group consisting of a difference in color and a difference in

rigidity properties.

22-25. (Cancelled)

26.  (Currently Amended) Fhe A system efelaim1s for generating an intra-oral scan of a

dentition, the system comprising:

a memory: and

a processor coupled to the memory, wherein the processor is configured to:

generate a contiguous scan of an occlusal surface of at least a part of

one arch of the dentition,

remove image data of soft tissue from the contiguous scan of the

occlusal surface based at least in part on an analysis of 3D data from the

contiguous scan to distinguish between image data of the dentition and the

image data of the soft tissue, wherein the soft tissue includes at least one

selected from a group consisting of a tongue, a cheek, and a lip, and

associate a scan of at least one additional surface to the contiguous scan

of the occlusal surface by

6
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analyzing the scan data to identify a portion of the scan of the at

least one additional surface that overlaps with a portion of the

contiguous scan of the occlusal surface,

wherein the scan of the at least one additional surface

includes a sequence of image frames including a plurality of

image frames of the occlusal surface interspersed with a

plurality of image frames of the at least one additional surface,

and

determining a position of the scan of the at least one additional

surface relative to the scan of the occlusal surface based on the

identified overlapping portions,

wherein the processor is configured to generate the contiguous scan of the
occlusal surface by capturing a plurality of partially overlapping image frames of the
occlusal surface and stitching the overlapping image frames together to form a 3D

model of the occlusal surface,

wherein the processor is configured to remove the image data of the soft tissue
from the contiguous scan by removing the image data of the soft tissue from the

overlapping image frames used to generate the occlusal scan, and

wherein the processor is further configured to update the contiguous scan of
the occlusal surface by restitching the overlapping image frames together after
removing the image data of the soft tissue to form an updated 3D model of the

occlusal surface.

7
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causes-the-system-to: for generating an intra-oral scan of a dentition, wherein code stored in

the computer readable storage medium, when executed by a processor, causes a system to:

generate the a contiguous scan of the an occlusal surface of at least a part of

one arch of the dentition by capturing a plurality of partially overlapping image frames

of the occlusal surface and stitching the overlapping image frames together to form a

3D model of the occlusal surface; —and

remove the image data of the soft tissue from-the-contisuous-sean-by-removing
the-tmage-data-of the seft-tissue from the overlapping image frames used to generate

the occlusal scan based at least in part on an analysis of 3D data from the contiguous

scan to distinguish between image data of the dentition and the image data of the soft

tissue, wherein the soft tissue includes at least one selected from a group consisting of

a tongue, a cheek, and a lip:[[,]] and

od a a a aa
wie - Cl - oo vieaw vimer= vagw PR A/

executed-by-the-processor—furthercause-the-system-te update the contiguous scan of

the occlusal surface by restitching the overlapping image frames together after
removing the afterremoving-the-image data of the soft tissue to form an updated 3D

model of the occlusal surface; and

associate a scan of at least one additional surface to the contiguous scan of the

occlusal surface by

analyzing the scan data to identify a portion of the scan of the at least

one additional surface that overlaps with a portion of the contiguous scan of

the occlusal surface,

wherein the scan data includes a sequence of image frames

including a plurality of image frames of the occlusal surface

interspersed with a plurality of image frames of the at least one

additional surface, and
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determining a position of the scan of the at least one additional surface

relative to the scan of the occlusal surface based on the identified overlapping

portions.

28.  (Currently Amended) The system of claim 26elatm—+, wherein the processor is
configured to remove the image data of soft tissue from the contiguous scan of the occlusal
surface based at least in part on the analysis of 3D data from the contiguous scan by
distinguishing between the image data of the dentition and the image data of the soft tissue
based at least in part on a comparison of surface normals of 3D structures in the contiguous

scan.

29. (Currently Amended) The computer readable storage medium of claim 27elatm—2,
wherein the code stored in the computer readable storage medium, when executed by the
processor, cause the system to remove the image data of soft tissue from the contiguous scan
of the occlusal surface based at least in part on the analysis of 3D data from the contiguous
scan by distinguishing between the image data of the dentition and the image data of the soft
tissue based at least in part on a comparison of surface normals of 3D structures in the

contiguous scan.

9
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REMARKS

By this Amendment, claims 1 and 12 have been cancelled and claims 2, 3, 6, 11, 13,
14, 17, and 26-29 have been amended. After entry of this Amendment, claims 2-7, 11, 13-21,
and 26-29 remain pending.

In the Office action, the Examiner has confirmed that claims 26 and 27 recite
allowable subject matter and would be allowable if rewritten in independent form including
all of the limitations of the base claim and any intervening claims. Claims 26 and 27 have
been amended into independent form including all of the limitations recited in independent
claims 1 and 12, respectively. Accordingly, independent claims 26 and 27 are now in

condition for allowance.

Claims 2-7, 11, & 28 and claims 13-21 & 29 depend from claims 26 and 27,
respectively, and are allowable for the same reasons and also because they recite additional

patentable subject matter.

Independent claims 1 and 12 have been cancelled and, therefore, the Examiner

rejections of those claims is moot.

In view of the above, the Applicant respectfully requests entry of this Amendment and
allowance of claims 2-7, 11, 13-21, and 26-29. The undersigned is available for telephone

consultation at the number below during normal business hours.
Respectfully submitted,

/andrew j.paprocki/

Andrew J. Paprocki
Reg. No. 60,308

File No. 208764-9006-US02
Michael Best & Friedrich LLP
790 N. Water Street, Ste. 2500
Milwaukee, Wisconsin 53202
414-225-4947

10
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DETAILED ACTION
Notice of Pre-AlA or AIA Status

1. The present applicationis beingexamined underthe pre-AlAfirstto invent provisions.

Response to Arguments

Applicant's arguments filed have been fully considered but they are not persuasive.
Applicantargues “In rejectingclaims 20 and 21, the Examiner conceded that Chapoulaud and
Dillon both fail to teach or suggest removingimage data representingtongue, cheek, or lips
from the contiguousscan (i.e. from the constructed “occlusal backbone”). Instead, the
Examinerargues that Deichmann teaches segmenting image data correspondingto thelip and
image data corresponding to the teeth by usinga color difference (Office action, page 8,
citing Deichmann, para. [0101]). However, Deichmann does not teach or suggest
differentiating between image data of soft tissues (e.g., tongue, cheek, and/or lip) and image
data of teeth based on an analysis of 3D data (e.g., shape, contour, surface normals, etc.) as
required by independentclaims 1and 12. Therefore, Deichmann does not cure the deficiencies
of Chapoulaud and Dillonwithrespect to the subject matter defined by independentclaims 1
and 12 as amended.”, (see Remarks page 10 last paragraph).
Examinerrespectfully disagrees, Deichmann in paragraph 0101, ....segmentingthelipsand the
teeth.....performed automatically by means of well-known image processing algorithms.....by
means of analyzingthe color difference...., and as shown in figure 5f and 5g. As required by the
limitation as claimedinamended claims 1 and 12.

Therefore, the limitations are taught in the reference.
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Claim Rejections - 35 USC § 103
2. The followingis a quotation of pre-AIA 35 U.S.C. 103(a) whichforms the basis for all

obviousnessrejections setforthin this Office action:

(a) Apatentmaynotbe obtained though the inventionis notidenticallydisclosed or described as set
forth in section 102, if the differences between the subject matter sought to be patentedand the
priorartaresuchthatthe subject matteras a whole would have been obvious at the time the
invention wasmade to a person havingordinaryskill inthe art to which said subject matter pertains.
Patentabilityshall not be negatived by the mannerin which the inventionwas made.

3. Claims 1-7, 11-21, 28 and 29 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Chapoulaud et al (US 2004/0265770) inview of Dillonet al (US
2012/0062557) and Diechmann et al (US Pub.2013/0218530).

With respect to claim 1, Chapoulaud discloses generating a scan of a dentition,
the system comprising (see Abstract):

a memory; a processor coupled to the memory, wherein the processor is
configured to (see figure 1):

generate a contiguous scan of an occlusal surface of at least a part of one arch
of the dentition, (see figure 1, 3, 3A, 3B, and 4, and paragraph 0071) as claimed.

However, he fails to disclose associate a scan of at least one additional surface
to the contiguous scan of the occlusal surface by analyzing the scan data to identify a
portion of the scan of the at least one additional surface that overlaps with a portion of
the contiguous scan of the occlusal surface, wherein the scan of the at least one
additional surface includes a sequence of image frames including a plurality of image
frames of the occlusal surface interspersed with a plurality of image frames of the at

least one additional surface, and determining a position of the scan of the at least one
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additional surface relative to the scan of the occlusal surface based on the identified
overlapping portions, as claimed.

And, remove image data of soft tissue from the contiguous scan of the occlusal
surface based at least in part on an analysis of 3D data from the contiguous scan to
distinguish between image data of the dentition and the image data of the soft tissue,
wherein the soft tissue includes at least one selected from a group consisting of a
tongue, a cheek, and a lip, as claimed.

Dillon in the samefield of art to generate an intra-oral scan of a dentition (see
Abstract) teaches associate a scan of at least one additional surface to the contiguous
scan of the occlusal surface by analyzing the scan data to identify a portion of the scan
of the at least one additional surface that overlaps with a portion of the contiguous scan
of the occlusal surface, wherein the scan of the at least one additional surface includes
a sequence of image frames including a plurality of image frames of the occlusal
surface interspersed with a plurality of image frames of the at least one additional
surface, and determining a position of the scan of the at least one additional surface
relative to the scan of the occlusal surface based on the identified overlapping portions,
(see figures 4A-4C, and paragraphs 0055-0056, also paragraph 0039 teaches
iluminating and scanning occlusal surface of a patient using a scanning device 12 and
then in paragraph 0040 it discloses that if needed a clinician can move the scanning
device to another surface of second region to obtain more images of the occlusal
surface) as claimed.

Therefore, it would have been obvious to one ordinary skilled in the art at the

time of invention to combine the two references as they are analogous because they
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are solving similar problem of intra oral scanning. The teachings of Dillon of data
display in real time using the 3D display can be incorporated into Chapoulaud's system
for the ease of the system.

And, Deichmann in the same field of art teaches remove image data of soft
tissue from the contiguous scan of the occlusal surface based at least in part on an
analysis of 3D data from the contiguous scan to distinguish between image data of the
dentition and the image data of the soft tissue, wherein the soft tissue includes at least
one selected from a group consisting of a tongue, a cheek, and a lip, (see paragraph
0101, ....segmenting the lips and the teeth... ... performed automatically by means of
well-known image processing algorithms.....by means of analyzing the color
difference...., and as shown in figure 5f and 5g), as claimed.

Therefore, it would have been obvious to one ordinary skilled in the art at the
time of invention to combine the references as they are analogous because they are
solving similar problem of intra oral scanning. The teachings of Deichmann of
segmenting the images to get the clear image of teeth can be incorporated into

Chapoulaud's and Dillon system to yield the clear imagery for motivation.

With respect to claim 2, combination of Chapoulaud, Dillon and Diechmann
further discloses the processor is further configured to associate a plurality of scans of
additional surfaces to the contiguous scan of the occlusal surface, wherein the plurality
of scans of the additional surfaces includes a plurality of scans of labial surfaces and a
plurality of scans of lingual surfaces, (see Chapoulaud figure 4, and paragraph 0071) as

claimed.
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With respect to claim 3 combination of Chapoulaud, Dillon and Diechmann
further discloses wherein the plurality of image frames of the occlusal surface from the
scan of the at least one additional surface each overlap with the contiguous scan of the
occlusal surface, wherein the plurality of images frames of the at least on additional
surface includes image frames of a labial or lingual surface, and wherein the processor
is configured to use the plurality of image frames of the occlusal surface that is included
in the scan of the at least one additional surface to determine a position of the image
frames of the labial or lingual surface relative to the contiguous scan of the occlusal

surface., (see Chapoulaud figure 4 and paragraph 0071) as claimed.

With respect to claim 4, combination of Chapoulaud, Dillon and Diechmann
further discloses wherein the occlusal surface is imaged prior to the plurality of labial
and lingual surfaces, and wherein the processor is further configured to display in real-
time a three-dimensional representation of the dentition as the plurality of labial and

lingual surfaces are imaged, (see Chapoulaud figure 4) as claimed.

With respect to claim 5, combination of Chapoulaud, Dillon and Diechmann
further discloses wherein the processor is configured to display in real-time the three-
dimensional representation of the dentition by performing a coarse matching by
matching features as the plurality of labial and lingual surfaces are imaged, and wherein
the processor is further configured to generate a three-dimensional reconstruction of the

dentition based on a point cloud alignment after the plurality of labial and lingual
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surfaces are all imaged, (see Dillon in paragraph 0046, states that the 3D
representation is in point cloud, and in paragraph 0043, the figure 4B, is the display of
the 3D point cloud, and figure 4B is the display of two scans put together i.e. aligned;
also paragraph 0022 states the current video image “additional surface” is match to the

previous or displayed data), as claimed.

With respect to claim 6, combination of Chapoulaud, Dillon and Diechmann
further discloses wherein the processor is further configured to generate an occlusal
backbone by matching selected frames of the contiguous scan of the occlusal
surface that have an overlap based on an analysis of data, (see Chapoulaud figure 3A,

3B, and 4, and paragraph 0071) as claimed.

With respect to claim 7, combination of Chapoulaud, Dillon and Diechmann
further discloses wherein the processor is configured to detect the overlap based on
noise characteristics of the data, (see Dillon paragraph 0037, right hand column last 6

lines, checking if the two displays are similar “noise characteristics”) as claimed.

With respect to claim 11, combination of Chapoulaud, Dillon and Diechmann
further discloses a projector that projects interferometric fringes on an occlusal surface
of at least a part of one arch of the dentition primarily along an anterior-posterior
direction; and an imaging sensor that is used to view the interferometric fringes, wherein

the processor is further configured to generate the contiguous scan of the occlusal
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surface based on the interferometric fringes sensed by the imaging sensor, as claimed,

(see Dillon figure 2, numerical 22, and paragraph 0028), as claimed.

Claims 12-15 and 17, are for the same reason as set forth in the rejections for
claims 1-4 and 6, because claims 12-15 and 17 are claiming subject matter similar to

the claimed subject in claims 1-4 and 6.

Claims 16 and 18, are for the same reason as set forth in the rejections for
claims 5 and 7, because claims 16 and 18 are claiming subject matter similar to the

claimed subject in claims 5 and 7.

With respect to claim 19, combination of Chapoulaud, Dillon and Diechmann
further discloses wherein the occlusal backbone is a first occlusal backbone, and
wherein the code, when executed by the processor, further causes the system to
generate a second occlusal backbone that is more accurate than the first occlusal
backbone by linking other frames that are different from the selected frames to the first
occlusal backbone., (see Chapoulaud paragraph 0071, low and high resolution imaging

is read as first and second occlusal backbone imaging) as claimed.

With respect to claim 20, combination of Chapoulaud, Dillon and Diechmann
further discloses wherein the code, when executed by the processor, causes the system
to remove the image data of the soft tissue from the contiguous scan of the occlusal

surface by generating a third occlusal backbone by removing, from the second occlusal
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backbone, areas representing the soft tissue, (see Diechmann figure 5f and 5¢g there is

no tongue is not shown “soft tissue”) as claimed.

With respect to claim 21, combination of Chapoulaud, Dillon and Diechmann
further discloses wherein the code, when executed by the processor, causes the system
to remove the image data of the soft tissue based at least in part on the analysis of 3D
data from the contiguous scan by removing the image data of the soft tissue based at
least in part on the analysis of the 3D data and at least one selected from a group
consisting of a difference in color and a difference in rigidity properties (see Diechmann
paragraph 0101, ....segmenting the lips and the teeth “rigidity” ...... performed
automatically by means of well-known image processing algorithms.....by means of

analyzing the color difference...., and as shown in figure 5f and 5g), as claimed.

With respect to claim 28, combination of Chapoulaud, Dillon and Diechmann
further discloses wherein the processor is configured to remove the image data of soft
tissue from the contiguous scan of the occlusal surface based at least in part on the
analysis of 3D data from the contiguous scan by distinguishing between the image
data of the dentition and the image data of the soft tissue based at least in part on a
comparison of surface normals of 3D structures in the contiguous scan, (see
Diechmann paragraph 0101, ....segmenting the lips and the teeth ...... performed
automatically by means of well-known image processing algorithms.....by means of

analyzing the color difference...., and as shown in figure 5f and 5g), as claimed.
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Claim 29 is for the same reason as set forth in the rejections for claim 28,

because claim 29 is claiming subject matter similar to the claimed subject in claim 28.

Allowable Subject Matter
Claims 26 and 27 are objectedto as beingdependentupona rejected base claim, but
would be allowable if rewritteninindependentformincludingall of the limitations of the base

claim and any interveningclaims.

Conclusion

THIS ACTION IS MADE FINAL. Applicantis reminded of the extension of time policy as
set forth in37 CFR 1.136(a).

A shortenedstatutory period for reply to this final action is setto expire THREE MONTHS
from the mailingdate of thisaction. In the eventa firstreply isfiled within TWO MONTHS of
the mailing date of this final action and the advisory action is not mailed until afterthe end of
the THREE-MONTH shortenedstatutory period, thenthe shortened statutory period will expire
on the date the advisoryaction is mailed, and any extensionfee pursuantto 37 CFR 1.136(a)
will be calculated from the mailing date of the advisory action. In no event, however, will the
statutory period for reply expire laterthan SIX MONTHS from the mailing date of this final

action.
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Any inquiry concerning this communication or earliercommunications from the
examinershould be directed to VIKKRAM BALI whose telephone numberis (571)272-7415. The
examinercan normally be reached on Monday-Friday 7:00AM-3:00P M.

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

If attempts to reach the examinerby telephone are unsuccessful, the examiner’s
supervisor, Claire Wang can be reached on 571-270-1051. The fax phone number for the
organization where this application or proceedingis assignedis 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
ApplicationInformation Retrieval (PAIR) system. Status informationfor published applications
may be obtained from eitherPrivate PAIR or PublicPAIR. Status informationfor 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 oraccess to

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/VIKKRAM BALI/
Primary Examiner, Art Unit 2663
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Group Art Unit 2663

Inre

Patent Application of
Robert F. Dillon et al.
Application No. 16/160,230
Confirmation No.: 8509
Filed: October 15, 2018
Examiner: Vikkram Bali

“SCANNING SEQUENCE FOR AN INTRA-
ORAL IMAGING SYSTEM”

Atty. Docket No. 208764-9006-US02

AMENDMENT AND RESPONSE TO OFFICE ACTION

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Commissioner:
This communication is in response to the non-final Office action mailed September
29, 2021 and 1s filed with a request for a three-month extension of the period for reply. Please

charge or credit Deposit Account No. 13-3080 with any shortage or overpayment of the fees

associated with this communication.

Amendments to the Claims begin on page 2 of this paper.
Remarks begin on page 10 of this paper.
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AMENDMENTS TO THE CLAIMS:

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

application:

1. (Currently Amended) A system for generating an intra-oral scan of a dentition, the

system comprising:
a memory; and
a processor coupled to the memory, wherein the processor is configured to:

generate a contiguous scan of an occlusal surface of at least a part of

one arch of the dentition,

remove image data of soft tissue from the contiguous scan of the

occlusal surface based at least in part on an analysis of 3D data from the

contiguous scan to distinguish between image data of the dentition and the

image data of the soft tissue, wherein the soft tissue includes at least one

selected from a group consisting of a tongue, a cheek, and a lip, and

associate a scan of at least one additional surface to the contiguous scan

of the occlusal surface by

analyzing the scan data to identify a portion of the scan of the at
least one additional surface that overlaps with a portion of the

contiguous scan of the occlusal surface,

wherein the scan of the at least one additional surface
includes a sequence of image frames including a plurality of
image frames of the occlusal surface interspersed with a
plurality of image frames of the at least one additional surface,

and

2
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determining a position of the scan of the at least one additional
surface relative to the scan of the occlusal surface based on the

identified overlapping portions.

2. (Previously Presented) The system of claim 1, wherein the processor is further
configured to associate a plurality of scans of additional surfaces to the contiguous scan of the
occlusal surface, wherein the plurality of scans of the additional surfaces includes a plurality

of scans of labial surfaces and a plurality of scans of lingual surfaces.

3. (Previously Presented) The system of claim 1, wherein the plurality of image frames
of the occlusal surface from the scan of the at least one additional surface each overlap with

the contiguous scan of the occlusal surface,

wherein the plurality of images frames of the at least on additional surface

includes image frames of a labial or lingual surface, and

wherein the processor is configured to use the plurality of image frames of the
occlusal surface that is included in the scan of the at least one additional surface to
determine a position of the image frames of the labial or lingual surface relative to the

contiguous scan of the occlusal surface.

4. (Previously Presented) The system of claim 2, wherein the occlusal surface is imaged
prior to the plurality of labial and lingual surfaces, and wherein the processor is further
configured to display in real-time a three-dimensional representation of the dentition as the

plurality of labial and lingual surfaces are imaged.
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5. (Previously Presented) The system of claim 4, wherein the processor is configured to
display in real-time the three-dimensional representation of the dentition by performing a
coarse matching by matching features as the plurality of labial and lingual surfaces are

imaged, and

wherein the processor is further configured to generate a three-dimensional
reconstruction of the dentition based on a point cloud alignment after the plurality of

labial and lingual surfaces are all imaged.

6. (Previously Presented) The system of claim 1, wherein the processor is further
configured to generate an occlusal backbone by matching selected frames of the contiguous

scan of the occlusal surface that have an overlap based on an analysis of data.

7. (Previously Presented) The system of claim 6, wherein the processor is configured to

detect the overlap based on noise characteristics of the data.

8-10. (Cancelled)

11.  (Previously Presented) The system of claim 1, further comprising:

a projector that projects interferometric fringes on an occlusal surface of at
least a part of one arch of the dentition primarily along an anterior-posterior direction;

and
an imaging sensor that is used to view the interferometric fringes,

wherein the processor is further configured to generate the contiguous scan of

the occlusal surface based on the interferometric fringes sensed by the imaging sensor.

4
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12. (Currently Amended) A computer readable storage medium for generating an intra-
oral scan of a dentition, wherein code stored in the computer readable storage medium, when

executed by a processor, causes a system to:

generate a contiguous scan of an occlusal surface of at least a part of one arch

of the dentition;

remove image data of soft tissue from the contiguous scan of the occlusal

surface based at least in part on an analysis of 3D data from the contiguous scan to

distinguish between image data of the dentition and the image data of the soft tissue,

wherein the soft tissue includes at least one selected from a group consisting of a

tongue. a cheek. and a lip: and

associate a scan of at least one additional surface to the contiguous scan of the

occlusal surface by

analyzing the scan data to identify a portion of the scan of the at least
one additional surface that overlaps with a portion of the contiguous scan of

the occlusal surface,

wherein the scan data includes a sequence of image frames
including a plurality of image frames of the occlusal surface
interspersed with a plurality of image frames of the at least one

additional surface, and

determining a position of the scan of the at least one additional surface
relative to the scan of the occlusal surface based on the identified overlapping

portions.

13. (Previously Presented) The computer readable storage medium of claim 12, wherein

the code, when executed by the processor, further causes the system to associate a plurality of
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scans of additional surfaces to the contiguous scan of the occlusal surface, wherein the
plurality of scans of the additional surfaces includes a plurality of scans of labial surfaces and

a plurality of scans of lingual surfaces.

14. (Previously Presented) The computer readable storage medium of claim 12, wherein
the plurality of image frames of the occlusal surface from the scan of the at least one

additional surface each overlap with the contiguous scan of the occlusal surface,

wherein the plurality of image frames of the at least one additional surface

includes image frames of a labial or lingual surface, and

wherein the code, when executed by the processor, causes the system to use the
plurality of image frames of the occlusal surface that is included in the scan of the at
least one additional surface to determine a position of the image frames of the labial or

lingual surface relative to the contiguous scan of the occlusal surface.

15. (Previously Presented) The computer readable storage medium of claim 13, wherein
the occlusal surface is imaged prior to the plurality of labial and lingual surfaces, and wherein
the code, when executed by the processor, causes the system to display in real-time a three-
dimensional representation of the dentition as the plurality of labial and lingual surfaces are

imaged.

16. (Previously Presented) The computer readable storage medium of claim 15, wherein
the code, when executed by the processor, causes the system to display in real-time the three-
dimensional representation of the dentition by performing a coarse matching by matching

features as the plurality of labial and lingual surfaces are imaged, and

6
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wherein the code, when executed by the processor, further causes the system to
generate a three-dimensional reconstruction of the dentition based on a point cloud

alignment after the plurality of labial and lingual surfaces are all imaged.

17. (Previously Presented) The computer readable storage medium of claim 12, wherein
the code, when executed by the processor, further causes the system to generate an occlusal
backbone by matching selected frames of the contiguous scan of the occlusal surface that

have an overlap based on an analysis of data.

18. (Previously Presented) The computer readable storage medium of claim 17, wherein
the code, when executed by the processor, further causes the system to detect the overlap

based on noise characteristics of the data.

19. (Previously Presented) The computer readable storage medium of claim 17, wherein
the occlusal backbone is a first occlusal backbone, and wherein the code, when executed by
the processor, further causes the system to generate a second occlusal backbone that is more
accurate than the first occlusal backbone by linking other frames that are different from the

selected frames to the first occlusal backbone.

20. (Currently Amended) The computer readable storage medium of claim 19, wherein

the code, when executed by the processor, further causes the system to remove the image data

of the soft tissue from the contiguous scan of the occlusal surface by generating generate a

third occlusal backbone by removing, from the second occlusal backbone, areas representing

the soft tissue 4

7
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21. (Currently Amended) The computer readable storage medium of claim 20, wherein

the code, when executed by the processor, causes the system to remove the image data of the

soft tissue based at least in part on the analysis of 3D data from the contiguous scan by

removing the image data of the soft tissue based at least in part on the analysis of the 3D data

and at least one selected from a group consisting of areasrepresenting-the-atleastone

qe—the-cheele—and-the lip-based a difference in

oen-differencestn-surface-normal-color[[, or]] and a difference in rigidity properties.

22-25. (Cancelled)

26.  (New) The system of claim 1, wherein the processor is configured to generate the
contiguous scan of the occlusal surface by capturing a plurality of partially overlapping image
frames of the occlusal surface and stitching the overlapping image frames together to form a

3D model of the occlusal surface,

wherein the processor is configured to remove the image data of the soft tissue
from the contiguous scan by removing the image data of the soft tissue from the

overlapping image frames used to generate the occlusal scan, and

wherein the processor is further configured to update the contiguous scan of
the occlusal surface by restitching the overlapping image frames together after
removing the image data of the soft tissue to form an updated 3D model of the

occlusal surface.
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27. (New) The computer readable storage medium of claim 12, wherein the code stored in

the computer readable storage medium, when executed by the processor, causes the system to:

generate the contiguous scan of the occlusal surface by capturing a plurality of
partially overlapping image frames of the occlusal surface and stitching the

overlapping image frames together to form a 3D model of the occlusal surface, and

remove the image data of the soft tissue from the contiguous scan by removing
the image data of the soft tissue from the overlapping image frames used to generate

the occlusal scan, and

wherein the code stored in the computer readable storage medium, when
executed by the processor, further cause the system to update the contiguous scan of
the occlusal surface by restitching the overlapping image frames together after
removing the after removing the image data of the soft tissue to form an updated 3D

model of the occlusal surface.

28.  (New) The system of claim 1, wherein the processor is configured to remove the
image data of soft tissue from the contiguous scan of the occlusal surface based at least in part
on the analysis of 3D data from the contiguous scan by distinguishing between the image data
of the dentition and the image data of the soft tissue based at least in part on a comparison of

surface normals of 3D structures in the contiguous scan.

29. (New) The computer readable storage medium of claim 12, wherein the code stored in
the computer readable storage medium, when executed by the processor, cause the system to
remove the image data of soft tissue from the contiguous scan of the occlusal surface based at
least in part on the analysis of 3D data from the contiguous scan by distinguishing between
the image data of the dentition and the image data of the soft tissue based at least in part on a

comparison of surface normals of 3D structures in the contiguous scan.

9
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REMARKS

By this Amendment, claims 1, 12, 20, and 21 are amended and new claims 26-29 have

been added. After entry of this Amendment, claims 1-7, 11-21, and 26-29 remain pending.

Claims 1-7 and 11-19 stand rejected under 35 U.S.C. § 103(a) as being unpatentable
over U.S. Publication No. 2004/0265770 to Chapoulaud et al. (hereinafter, “Chapoulaud”) in
view of U.S. Publication No. 2012/0062557 to Dillon et al. (hereinafter, “Dillon”). Claims 20
and 21 stand rejected under 35 U.S.C. § 103(a) as being unpatentable over Chapoulaud and
Dillon in further view of U.S. Publication No. 2013/0218530 to Deichmann et al. (hereinafter,

“Deichmann”).

Independent claims 1 and 12 have been amended based in part on subject matter
previously recited in dependent claims 20 and 21. In particular, claims 1 and 12 now recite in
part: “remov[ing] image data of soft tissue from the contiguous scan of the occlusal surface
based at least in part on an analysis of 3D data from the contiguous scan to distinguish
between image data of the dentition and the image data of the soft tissue, wherein the soft
tissue includes at least one selected from a group consisting of a tongue, a cheek, and a lip.”
Accordingly, claims 1 and 12 define a system and a computer readable storage medium,
respectively, that are configured to generate a contiguous scan of an occlusal surface of a
dental arch (i.e., a scan of the “top” of the teeth), to remove soft tissue image data based on
3D data derived from the scan of the occlusal surface, and to generate a 3D model of the
dentition by associating & appending additional scan data of other surfaces of the dentition to

the scan of the occlusal surface.

In rejecting claims 20 and 21, the Examiner conceded that Chapoulaud and Dillon
both fail to teach or suggest removing image data representing tongue, cheek, or lips from the
contiguous scan (i.e. from the constructed “occlusal backbone”). Instead, the Examiner
argues that Deichmann teaches segmenting image data corresponding to the lip and image
data corresponding to the teeth by using a color difference (Office action, page 8, citing
Deichmann, para. [0101]). However, Deichmann does not teach or suggest differentiating
between image data of soft tissues (e.g., tongue, cheek, and/or lip) and image data of teeth

based on an analysis of 3D data (e.g., shape, contour, surface normals, etc.) as required by
10
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independent claims 1 and 12. Therefore, Deichmann does not cure the deficiencies of
Chapoulaud and Dillon with respect to the subject matter defined by indpeendnet claims 1 and

12 as amended.

For at least these reasons, Chapoulaud, Dillon, and Deichmann, alone or in
combination, fail to disclose or render obvious the subject matter defined by independent
claims 1 and 12. Therefore, claims 1 and 12 are allowable. Claims 2-7, 11, 26, & 28 and
claims 13-21, 27 & 29 depend from claims 1 and 12, respectively, and are allowable for the

same reasons and also because they recite additional patentable subject matter.

For example, dependent claims 26 and 27 further recite a process for generating a
“contiguous scan” of the occlusal surface by (1) stitching together overlapping frames of
image data to generate a 3D model of the occlusal surface, (2) removing soft tissue image data
based on a “surface normal” analysis of the 3D contiguous scan, and (3) re-stitching the
overlapping image frames after removing the soft tissue image data to form an updated 3D
model of the occlusal surface. Generating a first “contiguous scan” based on the captured
image data allows the system to use an analysis of 3D structures (i.e., surface normal in
particular) to distinguish between teeth & soft tissue in the image data and restitching the
image data to form a second “contiguous scan” after removing the soft tissue image data

allows the system to produce an improved 3D model of the dentition.

This combination of stitching image data to form a 3D model, removing soft tissue
image data based on an analysis of the 3D model, and then restitching the image data to form
an updated 3D model (after the soft tissue image data has been removed) is not taught or

suggested by any of the references cited by the Examiner.

11
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CONCLUSION

In view of the above, the Applicant respectfully requests entry of this Amendment and
allowance of claims 1-7, 11-21, and 26-29. The undersigned is available for telephone

consultation at the number below during normal business hours.

Respectfully submitted,
/andrew j.paprocki/

Andrew J. Paprocki
Reg. No. 60,308

File No. 208764-9006-US02
Michael Best & Friedrich LLP
790 N. Water Street, Ste. 2500
Milwaukee, Wisconsin 53202
414-225-4947

12
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Application/Control Number: 16/160,230 Page 2
Art Unit: 2663

Notice of Pre-AlA or AIA Status

The present applicationis beingexamined underthe pre-AlAfirstto invent provisions.

Allamendmentsto the claims as filled on 9/18/2020 have beenentered and the action follows:

Response to Arguments

Applicant'sarguments filed on 3/11/2020 have been fully considered but they are not
persuasive.
Applicantargues that newlyadded limitationis not taught in the reference Dillon.
Examiner respectfully disagrees reference Dillonin paragraph 0039 teaches illuminatingand
scanning occlusal surface of a patient using a scanningdevice 12 and then in paragraph 0040 it
disclosesthat if neededa clinician can move the scanning device to another surface of second
regionto obtain more images of the occlusal surface i.e. “one additional surface to the
contiguous scan of the occlusal surface by analyzingthe scan data to identify a portion of the
scan of the at least one additional surface that overlaps with a portion of the contiguous scan of
the occlusal surface, whereinthe scan of the at least one additional surface includes a sequence
of image frames including a plurality of image frames of the occlusal surface interspersed with

a plurality of image frames of the at least one additional surface” as claimed.

Applicantalso argues that “regardless of whetheror not Dillon teachesa “point cloud

alignment,” it fails to teach a system configured to use two different 3D reconstruction
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techniques as required by claim 5.”, (see Remarks page 12). This limitation of usingtwo

different 3D techniquesis not claimedinclaim 5.

Claim Rejections - 35 USC § 103
1. The followingis a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis for all

obviousnessrejections setforthin this Office action:

(a) Apatent maynotbe obtained though theinventionis notidenticallydisclosed or described as set
forth in section 102, if the differences between the subject matter sought to be patented and the
priorartaresuchthatthe subject matter as a whole would have been obvious at the time the
invention wasmade to a person havingordinaryskill inthe art to which said subject matter pertains.
Patentabilityshall not be negatived by the mannerin whichthe invention was made.

2. Claims 1-7 and 11-19 are rejected under pre-AIA 35 U.S.C. 103(a) as beingunpatentable
over Chapoulaud et al (US 2004/0265770) in view of Dillonet al (US 2012/0062557).

With respect to claim 1, Chapoulaud discloses generating a scan of a dentition,
the system comprising (see Abstract):

a memory; a processor coupled to the memory, wherein the processor is
configured to (see figure 1):

generate a contiguous scan of an occlusal surface of at least a part of one arch
of the dentition, (see figure 1, 3, 3A, 3B, and 4, and paragraph 0071) as claimed.

However, he fails to disclose associate a scan of at least one additional surface
to the contiguous scan of the occlusal surface by analyzing the scan data to identify a
portion of the scan of the at least one additional surface that overlaps with a portion of
the contiguous scan of the occlusal surface, wherein the scan of the at least one
additional surface includes a sequence of image frames including a plurality of image

frames of the occlusal surface interspersed with a plurality of image frames of the at
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least one additional surface, and determining a position of the scan of the at least one
additional surface relative to the scan of the occlusal surface based on the identified
overlapping portions, as claimed.

Dillon in the samefield of art to generate an intra-oral scan of a dentition (see
Abstract) teaches associate a scan of at least one additional surface to the contiguous
scan of the occlusal surface by analyzing the scan data to identify a portion of the scan
of the at least one additional surface that overlaps with a portion of the contiguous scan
of the occlusal surface, wherein the scan of the at least one additional surface includes
a sequence of image frames including a plurality of image frames of the occlusal
surface interspersed with a plurality of image frames of the at least one additional
surface, and determining a position of the scan of the at least one additional surface
relative to the scan of the occlusal surface based on the identified overlapping portions,
(see figures 4A-4C, and paragraphs 0055-0056, also paragraph 0039 teaches
iluminating and scanning occlusal surface of a patient using a scanning device 12 and
then in paragraph 0040 it discloses that if needed a clinician can move the scanning
device to another surface of second region to obtain more images of the occlusal
surface) as claimed.

Therefore, it would have been obvious to one ordinary skilled in the art at the
time of invention to combine the two references as they are analogous because they
are solving similar problem of intra oral scanning. The teachings of Dillon of data
display in real time using the 3D display can be incorporated into Chapoulaud's system

for the ease of the system.
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With respect to claim 2, combination of Chapoulaud and Dillon further discloses
the processor is further configured to associate a plurality of scans of additional
surfaces to the contiguous scan of the occlusal surface, wherein the plurality of scans of
the additional surfaces includes a plurality of scans of labial surfaces and a plurality of

scans of lingual surfaces, (see Chapoulaud figure 4, and paragraph 0071) as claimed.

With respect to claim 3, combination of Chapoulaud and Dillon further discloses
wherein the plurality of image frames of the occlusal surface from the scan of the at
least one additional surface each overlap with the contiguous scan of the occlusal
surface, wherein the plurality of images frames of the at least on additional surface
includes image frames of a labial or lingual surface, and wherein the processor is
configured to use the plurality of image frames of the occlusal surface that is included in
the scan of the at least one additional surface to determine a position of the image
frames of the labial or lingual surface relative to the contiguous scan of the occlusal

surface., (see Chapoulaud figure 4 and paragraph 0071) as claimed.

With respect to claim 4, combination of Chapoulaud and Dillon further discloses
wherein the occlusal surface is imaged prior to the plurality of labial and lingual
surfaces, and wherein the processor is further configured to display in real-time a three-
dimensional representation of the dentition as the plurality of labial and lingual surfaces

are imaged, (see Chapoulaud figure 4) as claimed.
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With respect to claim 5, combination of Chapoulaud and Dillon further discloses
wherein the processor is configured to display in real-time the three-dimensional
representation of the dentition by performing a coarse matching by matching features as
the plurality of labial and lingual surfaces are imaged, and wherein the processor is
further configured to generate a three-dimensional reconstruction of the dentition based
on a point cloud alignment after the plurality of labial and lingual surfaces are all
imaged, (see Dillon in paragraph 0046, states that the 3D representation is in point
cloud, and in paragraph 0043, the figure 4B, is the display of the 3D point cloud, and
figure 4B is the display of two scans put together i.e. aligned; also paragraph 0022
states the current video image “additional surface” is match to the previous or displayed

data), as claimed.

With respect to claim 6, combination of Chapoulaud and Dillon further discloses
wherein the processor is further configured to generate an occlusal backbone by
matching selected frames of the contiguous scan of the occlusal surface that have an
overlap based on an analysis of data, (see Chapoulaud figure 3A, 3B, and 4, and

paragraph 0071) as claimed.

With respect to claim 7, combination of Chapoulaud and Dillon further discloses
wherein the processor is configured to detect the overlap based on noise characteristics
of the data, (see Dillon paragraph 0037, right hand column last 6 lines, checking if the

two displays are similar “noise characteristics”) as claimed.
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With respect to claim 11, combination of Chapoulaud and Dillon further discloses
a projector that projects interferometric fringes on an occlusal surface of at least a part
of one arch of the dentition primarily along an anterior-posterior direction; and an
imaging sensor that is used to view the interferometric fringes, wherein the processor is
further configured to generate the contiguous scan of the occlusal surface based on the
interferometric fringes sensed by the imaging sensor, as claimed, (see Dillon figure 2,

numerical 22, and paragraph 0028), as claimed.

Claims 12-15 and 17, are for the same reason as set forth in the rejections for
claims 1-4 and 6, because claims 12-15 and 17 are claiming subject matter similar to

the claimed subject in claims 1-4 and 6.

Claims 16 and 18, are for the same reason as set forth in the rejections for
claims 5 and 7, because claims 16 and 18 are claiming subject matter similar to the

claimed subject in claims 5 and 7.

With respect to claim 19, combination of Chapoulaud and Dillon further discloses
wherein the occlusal backbone is a first occlusal backbone, and wherein the code, when
executed by the processor, further causes the system to generate a second occlusal
backbone that is more accurate than the first occlusal backbone by linking other frames
that are different from the selected frames to the first occlusal backbone., (see
Chapoulaud paragraph 0071, low and high resolution imaging is read as first and

second occlusal backbone imaging) as claimed.
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3. Claims 20 and 21 are rejected under pre-AlA 35 U.S.C. 103(a) as beingunpatentable
over Chapoulaud et al (US 2004/0265770) in view of Dillonetal (US 2012/0062557) as applied

to claim 8 above, and furtherin view of Deichmann etal (US Pub. 2013/0218530).

With respect to claims 20 and 21, Chapoulaud and Dillon discloses all the limitations as
claimed in claim 19 and as rejected above. However, they fails to disclose wherein the
code, when executed by the processor, further causes the system to generate a

third occlusal backbone by removing, from the second occlusal backbone, areas
representing at least one selected from a group consisting of a tongue, a cheek, and a
lip; and wherein the code, when executed by the processor, causes the system to
remove the areas representing the at least one selected from the group consisting of
the tongue, the cheek, and the lip based on differences in surface normal, color, or
rigidity properties, as claimed.

Deichmann in the same field teaches wherein the code, when executed by the
processor, further causes the system to generate a third occlusal backbone by
removing, from the second occlusal backbone, areas representing at least one selected
from a group consisting of a tongue, a cheek, and a lip; and wherein the code, when
executed by the processor, causes the system to remove the areas representing the at
least one selected from the group consisting of the tongue, the cheek, and the lip
based on differences in surface normal, color, or rigidity properties, (see paragraph
0101, wherein the a segmenting is performed to cutoff the lip and teeth image in order

to get the image using a color difference) as claimed.
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Therefore, it would have been obvious to one ordinary skilled in the art at the
time of invention to combine the references as they are analogous because they are
solving similar problem of intra oral scanning. The teachings of Deichmann of
segmenting the images to get the clear image of teeth can be incorporated into

Chapoulaud's and Dillon system to yield the clear imagery.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to VIKKRAM BALI whose telephone number is (571)272-
7415. The examiner can normally be reached on Monday-Friday 7:00AM-3:00P M.

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, Dwayne Bost can be reached on 571-272-7023. 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).
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If you would like assistance from a USPTO Customer Service Representative or access
to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000.

/VIKKRAM BALI/
Primary Examiner, Art Unit 2663
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Group Art Unit 2663

Inre

Patent Application of
Robert F. Dillon et al.
Application No. 16/160,230
Confirmation No.: 8509
Filed: October 15, 2018
Examiner: Vikkram Bali

“SCANNING SEQUENCE FOR AN INTRA-
ORAL IMAGING SYSTEM”

Atty. Docket No. 208764-9006-US02

RESPONSE TO RESTRICTION REQUIREMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir;
This communication is in response to the Restriction Requirement mailed May 27,
2020, and is filed with a request for a two-month extension of the period for reply. Please

charge or credit Deposit Account No. 13-3080 with any shortage or overpayment of the fees

associated with this communication.

Amendments to the Claims begin on page 2 of this paper.
Remarks begin on page 8 of this paper.

1
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AMENDMENTS TO THE CLAIMS:

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

application:

1. (Previously Presented) A system for generating an intra-oral scan of a dentition, the

system comprising:
a memory; and
a processor coupled to the memory, wherein the processor is configured to:

generate a contiguous scan of an occlusal surface of at least a part of

one arch of the dentition, and

associate a scan of at least one additional surface to the contiguous scan

of the occlusal surface by

analyzing the scan data to identify a portion of the scan of the at
least one additional surface that overlaps with a portion of the

contiguous scan of the occlusal surface,

wherein the scan of the at least one additional surface
includes a sequence of image frames including a plurality of
image frames of the occlusal surface interspersed with a
plurality of image frames of the at least one additional surface,

and

determining a position of the scan of the at least one additional
surface relative to the scan of the occlusal surface based on the

identified overlapping portions.

2
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2. (Previously Presented) The system of claim 1, wherein the processor is further
configured to associate a plurality of scans of additional surfaces to the contiguous scan of the
occlusal surface, wherein the plurality of scans of the additional surfaces includes a plurality

of scans of labial surfaces and a plurality of scans of lingual surfaces.

3. (Previously Presented) The system of claim 1, wherein the plurality of image frames
of the occlusal surface from the scan of the at least one additional surface each overlap with

the contiguous scan of the occlusal surface,

wherein the plurality of images frames of the at least on additional surface

includes image frames of a labial or lingual surface, and

wherein the processor is configured to use the plurality of image frames of the
occlusal surface that is included in the scan of the at least one additional surface to
determine a position of the image frames of the labial or lingual surface relative to the

contiguous scan of the occlusal surface.

4. (Previously Presented) The system of claim 2, wherein the occlusal surface is imaged
prior to the plurality of labial and lingual surfaces, and wherein the processor is further
configured to display in real-time a three-dimensional representation of the dentition as the

plurality of labial and lingual surfaces are imaged.

5. (Previously Presented) The system of claim 4, wherein the processor is configured to
display in real-time the three-dimensional representation of the dentition by performing a
coarse matching by matching features as the plurality of labial and lingual surfaces are

imaged, and

3
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wherein the processor is further configured to generate a three-dimensional
reconstruction of the dentition based on a point cloud alignment after the plurality of

labial and lingual surfaces are all imaged.

6. (Previously Presented) The system of claim 1, wherein the processor is further
configured to generate an occlusal backbone by matching selected frames of the contiguous

scan of the occlusal surface that have an overlap based on an analysis of data.

7. (Previously Presented) The system of claim 6, wherein the processor is configured to

detect the overlap based on noise characteristics of the data.

8-10. (Cancelled)

11.  (Previously Presented) The system of claim 1, further comprising:

a projector that projects interferometric fringes on an occlusal surface of at
least a part of one arch of the dentition primarily along an anterior-posterior direction;

and
an imaging sensor that is used to view the interferometric fringes,

wherein the processor is further configured to generate the contiguous scan of

the occlusal surface based on the interferometric fringes sensed by the imaging sensor.

4
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12.

(Previously Presented) A computer readable storage medium for generating an intra-

oral scan of a dentition, wherein code stored in the computer readable storage medium, when

executed by a processor, causes a system to:

13.

generate a contiguous scan of an occlusal surface of at least a part of one arch

of the dentition; and

associate a scan of at least one additional surface to the contiguous scan of the

occlusal surface by

analyzing the scan data to identify a portion of the scan of the at least
one additional surface that overlaps with a portion of the contiguous scan of

the occlusal surface,

wherein the scan data includes a sequence of image frames
including a plurality of image frames of the occlusal surface
interspersed with a plurality of image frames of the at least one

additional surface, and

determining a position of the scan of the at least one additional surface
relative to the scan of the occlusal surface based on the identified overlapping

portions.

(Previously Presented) The computer readable storage medium of claim 12, wherein

the code, when executed by the processor, further causes the system to associate a plurality of

scans of additional surfaces to the contiguous scan of the occlusal surface, wherein the

plurality of scans of the additional surfaces includes a plurality of scans of labial surfaces and

a plurality of scans of lingual surfaces.
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14. (Previously Presented) The computer readable storage medium of claim 12, wherein
the plurality of image frames of the occlusal surface from the scan of the at least one

additional surface each overlap with the contiguous scan of the occlusal surface,

wherein the plurality of image frames of the at least one additional surface

includes image frames of a labial or lingual surface, and

wherein the code, when executed by the processor, causes the system to use the
plurality of image frames of the occlusal surface that is included in the scan of the at
least one additional surface to determine a position of the image frames of the labial or

lingual surface relative to the contiguous scan of the occlusal surface.

15. (Previously Presented) The computer readable storage medium of claim 13, wherein
the occlusal surface is imaged prior to the plurality of labial and lingual surfaces, and wherein
the code, when executed by the processor, causes the system to display in real-time a three-
dimensional representation of the dentition as the plurality of labial and lingual surfaces are

imaged.

16. (Previously Presented) The computer readable storage medium of claim 15, wherein
the code, when executed by the processor, causes the system to display in real-time the three-
dimensional representation of the dentition by performing a coarse matching by matching

features as the plurality of labial and lingual surfaces are imaged, and

wherein the code, when executed by the processor, further causes the system to
generate a three-dimensional reconstruction of the dentition based on a point cloud

alignment after the plurality of labial and lingual surfaces are all imaged.

17. (Previously Presented) The computer readable storage medium of claim 12, wherein

the code, when executed by the processor, further causes the system to generate an occlusal

6
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backbone by matching selected frames of the contiguous scan of the occlusal surface that

have an overlap based on an analysis of data.

18. (Previously Presented) The computer readable storage medium of claim 17, wherein
the code, when executed by the processor, further causes the system to detect the overlap

based on noise characteristics of the data.

19. (Previously Presented) The computer readable storage medium of claim 17, wherein
the occlusal backbone is a first occlusal backbone, and wherein the code, when executed by
the processor, further causes the system to generate a second occlusal backbone that is more
accurate than the first occlusal backbone by linking other frames that are different from the

selected frames to the first occlusal backbone.

20. (Previously Presented) The computer readable storage medium of claim 19, wherein
the code, when executed by the processor, further causes the system to generate a third
occlusal backbone by removing, from the second occlusal backbone, areas representing at

least one selected from a group consisting of a tongue, a cheek, and a lip.

21. (Previously Presented) The computer readable storage medium of claim 20, wherein
the code, when executed by the processor, causes the system to remove the areas representing
the at least one selected from the group consisting of the tongue, the cheek, and the lip based

on differences in surface normal, color, or rigidity properties.

22-25. (Cancelled)

7
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REMARKS

In the Restriction Requirement, the Examiner argues that the claims are directed to

two patentably distinct species:
Species I including claims 1-7 and 11-21; and
Species Il including claims 8-10 and 25.

The Applicant hereby elects Species I for further examination on the merits.
Accordingly, by this Amendment, claims 8-10 and 25 have been cancelled. After entry of this
Amendment, claims 1-7 and 11-21 remain pending. The Applicant reserves the right to file
one or more divisional applications directed to the subject matter of cancelled claims 8-10 and

25.

In view of the above and in view of the remarks presented in the Applicant’s response
to the previous Office action, the Applicant submits that the application is in condition for
allowance. The Applicant respectfully requests entry of this Amendment and allowance of
claims 1-7 and 11-21. The undersigned is available for telephone consultation at the number

below during normal business hours.
Respectfully submitted,

/andrew j.paprocki/

Andrew J. Paprocki
Reg. No. 60,308

File No. 208764-9006-US02
Michael Best & Friedrich LLP
790 N. Water Street, Ste. 2500
Milwaukee, Wisconsin 53202
414-225-4947

8
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VIKKRAM BALI 2663 No

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply
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DATE OF THIS COMMUNICATION.
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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)(J Responsive to communication(s) fledon
UJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) [J This action is non-final.

3)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.

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 parre Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-21 and 25 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (J Claim(s) ___is/are allowed.
7) [OJ Claim(s) ____is/are rejected.
8) [0 Claim(s) is/are objected to.
9) Claim(s) 1-21 and 25 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)(J The specification is objected to by the Examiner.

11)(J The drawing(s) filed on is/fare: a)(] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
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)[J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
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1.[J Certified copies of the priority documents have been received.
2.(J 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.
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Art Unit: 2663

DETAILED ACTION
Notice of Pre-AlA or AIA Status

1. The present applicationis beingexamined underthe pre-AlAfirstto invent provisions.

Election/Restrictions
2. This application contains claims directed to the following patentably distinct species |
claims 1-7, 11 and 12-21; species|l claims 8-10 and 25. The speciesare independentordistinct
because species|l require a limitation of the firstsubset of image frames overlaps withan
adjacent frame inthe first subsetof image frames by a defined percentage, generating of first
phase and second phase of occlusal backbone which is not require by the speciesl. In addition,
these speciesare not obviousvariants of each other based on the current record.

Applicantis required under35 U.S.C. 121 to electa single disclosed species, ora single
grouping of patentablyindistinctspecies, for prosecution on the merits to which the claims
shall be restrictedif no genericclaim is finally held to be allowable. Currently, there are no
genericclaim.

There isa search and/or examination burden for the patentably distinctspecies as set
forth above because at leastthe following reason(s) apply:

(a) the inventions have acquired a separate status in the art inview of theirdifferent
classification;

(b) the inventions have acquired a separate status in the art due to their recognized

divergent subject matter;
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(c) the inventions require adifferent field of search (for example, searching different
classes/subclassesorelectronicresources, or employing different search queries);

(d) the prior art applicable to one invention would not likely be applicable to another
invention;

(e)the inventionsare likely to raise differentnon-priorart issues under35 U.S.C. 101
and/or 35 U.S.C. 112, first paragraph.

Applicant is advised that the reply to this requirement to be complete must include (i)
an election of a species to be examined eventhough the requirement may be traversed (37
CFR 1.143) and (ii) identification of the claims encompassing the elected speciesor grouping
of patentably indistinct species, including any claims subsequently added. Anargument that a
claimisallowable or that all claims are genericis considered nonresponsive unless
accompanied by an election.

The election may be made with or without traverse. To preserve a right to petition, the
election must be made with traverse. If the reply does not distinctly and specifically point out
supposed errors in the election of speciesrequirement, the electionshall be treated as an
election withouttraverse. Traversal must be presented at the time of electionin order to be
considered timely. Failure to timely traverse the requirement will resultin the loss of right to
petitionunder37 CFR 1.144. Ifclaims are added after the election, applicant mustindicate
which of these claims are readable on the elected species or grouping of patentably indistinct
species.

Should applicant traverse on the ground that the species, or groupings of patentably

indistinct species fromwhich electionisrequired, are not patentably distinct, applicant should
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submitevidence or identify such evidence now of record showingthem to be obviousvariants
or clearly admit on the record that thisis the case. In eitherinstance, if the examinerfinds one
of the speciesunpatentable overthe prior art, the evidence or admissionmay be used in a
rejectionunder35 U.S.C. 103 or pre-AlA 35 U.S.C. 103(a) of the other species.

Upon the allowance of a genericclaim, applicantwill be entitled to consideration of
claims to additional species which depend from or otherwise require all the limitations of an

allowable genericclaimas provided by 37 CFR 1.141.

3. A telephone call was made to Andrew Paprocki, Reg. # 60,308 on 5/20/2020 to request
an oral electiontothe above restriction requirement, butdid not resultin an election being

made as he ask for written restrictionto be mailed.

Any inquiry concerning this communication or earliercommunications from the
examinershould be directed to VIKKRAM BALI whose telephone numberis (571)272-7415. The
examinercan normally be reached on Monday-Friday 7:00AM-3:00P M.

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

If attempts to reach the examinerby telephone are unsuccessful, the examiner’s
supervisor, Dwayne Bost can be reached on 571-272-7023. The fax phone number for the

organization where this application or proceedingis assignedis 571-273-8300.
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Information regarding the status of an application may be obtained from the Patent
ApplicationInformation Retrieval (PAIR) system. Status informationfor published applications
may be obtained from eitherPrivate PAIR or PublicPAIR. Status informationfor 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 oraccess to

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/VIKKRAM BALI/
Primary Examiner, Art Unit 2663
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Doc description: Request for Continued Examination (RCE) Approved for use through 11/30/2020. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application | | 01e0030 Filing | bg15 1015 Docket Number | 1,074 9006 UsSO2 At 1 bees
Number Date (if applicable) Unit

First Named| o ot F. Dillon Examiner Vikkram Bali

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design applicaticn. The Instruction Sheet for this form is located at WWW.USPTO.GOV

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the crder
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment(s).

] Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is not checked.

[ ] Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[ ] Other

[X] Enclosed

X Amendment/Reply
|:| Information Disclosure Statement (IDS)

|:| Affidavit(s)/ Declaration(s)

[] Other

MISCELLANEOUS

|:| Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months
{Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17{i) required)

[] Other

FEES

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
|Z| The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No 133080

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

X Patent Practitioner Signature

Applicant Signature
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Approved for use through 11/30/2020. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of inforrnation unless it contains a valid OMB control number.

Signature of Registered U.S. Patent Practitioner

Signature

andrew j_paprocki/

Date (YYYY-MM-DD) EO20—03—11 I

Name

\ndrew J_ Paprocki

Registration Number

F0308

This collection of information is required by 37 CFR 1.114. 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.8.C. 122 and 37 CFR 1.11 and 1.14. This collection is
estimated to take 12 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.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.

EFS - Web 2.1.16
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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 353 U.S.C. 2(b)(2); (2) furnishing of the information
solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

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

1.

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S5.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant {i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.5.C. 122(b) or issuance of a patent pursuant to 35 U.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 violation of law or regulation.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Group Art Unit 2663

Inre

Patent Application of
Robert F. Dillon et al.
Application No. 16/160,230
Confirmation No.: 8509
Filed: October 15, 2018
Examiner: Vikkram Bali

“SCANNING SEQUENCE FOR AN INTRA-
ORAL IMAGING SYSTEM”

Atty. Docket No. 208764-9006-US02

AMENDMENT AND RESPONSE TO OFFICE ACTION

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir;
This communication is in response to the final Office action mailed September 11,
2019 and is filed with a request for a three-month extension of the period for reply and with a

Request for Continued Examination (RCE). Please charge or credit Deposit Account No. 13-

3080 with any shortage or overpayment of the fees associated with this communication.

Amendments to the Claims begin on page 2 of this paper.
Remarks begin on page 10 of this paper.

1
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AMENDMENTS TO THE CLAIMS:

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

application:

1. (Currently Amended) A system for generating an intra-oral scan of a dentition, the

system comprising:
a memory; and
a processor coupled to the memory, wherein the processor is configured to:

generate a contiguous scan of an occlusal surface of at least a part of

one arch of the dentition, and

associate a scan of at least one additional surface to the contiguous scan

of the occlusal surface by

analyzing the scan data to identify a portion of the scan of the at
least one additional surface that overlaps with a portion of the

contiguous scan of the occlusal surface,

wherein the scan of the at least one additional surface

includes a sequence of image frames including a plurality of

image frames of the occlusal surface interspersed with a

plurality of image frames of the at least one additional surface,

and

determining a position of the scan of the at least one additional
surface relative to the scan of the occlusal surface based on the

identified overlapping portions.

2. (Currently Amended) The system of claim 1, wherein the processor is further

configured to associate a plurality of scans of additional surfaces to the contiguous scan of the

2
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occlusal surface, wherein the plurality of scans sean of the atleast-ene additional surfaces
surface-comprises includes a plurality of scans of labial surfaces and a plurality of scans of

lingual surfaces.

3. (Currently Amended) The system of claim | elatm2, wherein each-sean-of-alabial-or
hngual surface-ineludes-apart-of- the plurality of image frames of the occlusal surface from

the scan of the at least one additional surface each overlap with the contiguous scan of the

occlusal surface,

wherein the plurality of images frames of the at least on additional surface

includes image frames of a labial or lingual surface, and

wherein the processor is configured to use the plurality of image frames part of

the occlusal surface that is included in eaeh the scan of the at least one additional

labtal-erlingual surface to asseetate determine a position of the image frames of the

labial or lingual surface relative to the contiguous scan of the occlusal surface.

4. (Previously Presented) The system of claim 2, wherein the occlusal surface is imaged
prior to the plurality of labial and lingual surfaces, and wherein the processor is further
configured to display in real-time a three-dimensional representation of the dentition as the

plurality of labial and lingual surfaces are imaged.

5. (Previously Presented) The system of claim 4, wherein the processor is configured to
display in real-time the three-dimensional representation of the dentition by performing a
coarse matching by matching features as the plurality of labial and lingual surfaces are

imaged, and

3
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wherein the processor is further configured to generate a three-dimensional
reconstruction of the dentition based on a point cloud alignment after the plurality of

labial and lingual surfaces are all imaged.

6. (Previously Presented) The system of claim 1, wherein the processor is further
configured to generate an occlusal backbone by matching selected frames of the contiguous

scan of the occlusal surface that have an overlap based on an analysis of data.

7. (Previously Presented) The system of claim 6, wherein the processor is configured to

detect the overlap based on noise characteristics of the data.

8. (Currently Amended) Fhe A system for generating an intra-oral scan of a dentition ef

elaim-6, the system comprising a processor configured to:

capture image data from a contiguous scan of an occlusal surface of at least a

part of one arch of the dentition;

identify a first subset of image frames from the contiguous scan of the occlusal

surface. wherein each frame in the first subset of image frames overlaps with an

adjacent frame in the first subset of image frames by a defined percentage:

generate wheretn-the-oecctusal-baekbene-is a first phase occlusal backbone,

wherein the first phase occlusal backbone is a 3D model of the occlusal surface

generated based only on the first subset of image frames; and-wheretn-the-processeris
further-confieured-to

generate a second phase occlusal backbone that is more accurate than the first

phase occlusal backbone by linking other image frames_from the contiguous scan of

4
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the occlusal surface that are not included in the first subset of image frame different

from-the-selectedframes-to the first phase occlusal backbone;

capture image data from a scan of at least one additional surface, wherein the

image data includes image frames of a surface of the dentition other than the occlusal

surface;

analyzing the image data from the scan of the at least one additional surface to

identify one or more image frames from the scan of the at least one additional surface

that overlap with a portion of the contiguous scan of the occlusal surface: and

generating a 3D model of the dentition by determining a position of the image

data from the scan of the at least one additional surface relative to the second phase

occlusal backbone based on the identified overlap.

0. (Previously Presented) The system of claim 8, wherein the processor is further
configured to generate a third occlusal backbone by removing, from the second occlusal
backbone, areas representing at least one selected from a group consisting of a tongue, a

cheek, and a lip.

10.  (Previously Presented) The system of claim 9, wherein the processor is configured to
remove the areas representing the at least one selected from the group consisting of the
tongue, the cheek, and the lip based on differences in surface normal, color, or rigidity

properties.
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11.  (Previously Presented) The system of claim 1, further comprising:

a projector that projects interferometric fringes on an occlusal surface of at
least a part of one arch of the dentition primarily along an anterior-posterior direction;

and
an imaging sensor that is used to view the interferometric fringes,

wherein the processor is further configured to generate the contiguous scan of

the occlusal surface based on the interferometric fringes sensed by the imaging sensor.

12. (Currently Amended) A computer readable storage medium for generating an intra-
oral scan of a dentition, wherein code stored in the computer readable storage medium, when

executed by a processor, causes a system to:

generate a contiguous scan of an occlusal surface of at least a part of one arch

of the dentition; and

associate a scan of at least one additional surface to the contiguous scan of the

occlusal surface by

analyzing the scan data to identify a portion of the scan of the at least
one additional surface that overlaps with a portion of the contiguous scan of

the occlusal surface,

wherein the scan data includes a sequence of image frames

including a plurality of image frames of the occlusal surface

interspersed with a plurality of image frames of the at least one

additional surface, and

determining a position of the scan of the at least one additional surface
relative to the scan of the occlusal surface based on the identified overlapping

portions.

6
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13. (Currently Amended) The computer readable storage medium of claim 12, wherein

the code, when executed by the processor, further causes the system to associate a plurality of

scans of additional surfaces to the contiguous scan of the occlusal surface, wherein the
plurality of scans the-sean of the atteast-ene additional surface-eomprises surfaces includes a

plurality of scans of labial surfaces and a plurality of scans of lingual surfaces.

14. (Currently Amended) The computer readable storage medium of claim 12 elatn33,

wherein each-sean-of-atabial-orlincual surfacetneludesapart-of the plurality of image

frames of the occlusal surface from the scan of the at least one additional surface each overlap

with the contiguous scan of the occlusal surface,

wherein the plurality of image frames of the at least one additional surface

includes image frames of a labial or lingual surface, and

wherein the code, when executed by the processor, causes the system to use the
part plurality of image frames of the occlusal surface that is included in eaeh the scan

of the labtal-ertinsual at least one additional surface to asseetate determine a position

of the image frames of the labial or lingual surface relative to the contiguous scan of

the occlusal surface.

15. (Previously Presented) The computer readable storage medium of claim 13, wherein
the occlusal surface is imaged prior to the plurality of labial and lingual surfaces, and wherein
the code, when executed by the processor, causes the system to display in real-time a three-
dimensional representation of the dentition as the plurality of labial and lingual surfaces are

imaged.

7
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16. (Previously Presented) The computer readable storage medium of claim 15, wherein
the code, when executed by the processor, causes the system to display in real-time the three-
dimensional representation of the dentition by performing a coarse matching by matching

features as the plurality of labial and lingual surfaces are imaged, and

wherein the code, when executed by the processor, further causes the system to
generate a three-dimensional reconstruction of the dentition based on a point cloud

alignment after the plurality of labial and lingual surfaces are all imaged.

17. (Previously Presented) The computer readable storage medium of claim 12, wherein
the code, when executed by the processor, further causes the system to generate an occlusal
backbone by matching selected frames of the contiguous scan of the occlusal surface that

have an overlap based on an analysis of data.

18. (Previously Presented) The computer readable storage medium of claim 17, wherein
the code, when executed by the processor, further causes the system to detect the overlap

based on noise characteristics of the data.

19. (Previously Presented) The computer readable storage medium of claim 17, wherein
the occlusal backbone is a first occlusal backbone, and wherein the code, when executed by
the processor, further causes the system to generate a second occlusal backbone that is more
accurate than the first occlusal backbone by linking other frames that are different from the

selected frames to the first occlusal backbone.

20. (Previously Presented) The computer readable storage medium of claim 19, wherein

the code, when executed by the processor, further causes the system to generate a third

8
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occlusal backbone by removing, from the second occlusal backbone, areas representing at

least one selected from a group consisting of a tongue, a cheek, and a lip.

21. (Previously Presented) The computer readable storage medium of claim 20, wherein
the code, when executed by the processor, causes the system to remove the areas representing
the at least one selected from the group consisting of the tongue, the cheek, and the lip based

on differences in surface normal, color, or rigidity properties.

22-24. (Cancelled)

25.  (New) The system of claim 8, wherein the processor if further configured to generate
a third phase occlusal backbone that is more accurate than the second phase occlusal
backbone by linking image frames of the occlusal surface from the scan of the at least one

additional surface to the second phase occlusal backbone.

9
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REMARKS

By this Amendment, claims 1-3, 8, and 12-14 have been amended and new claim 25

has been added. After entry of this Amendment, claims 1-21 and 25 remain pending.

Claims 1-8 and 11-19 stand rejected under 35 U.S.C. § 103 as being unpatentable over
U.S. Publication No. 2004/0265770 to Chapoulaud et al. (hereinafter, “Chapoulaud”) in view
of U.S. Publication No. 2012/0062557 to Dillon et al. (hereinafter, “Dillon”). Claims 9, 10,
20, and 21 stand rejected under 35 U.S.C. § 103 as being unpatentable over Chapoulaud and
Dillon in further view of U.S. Publication No. 2013/0218530 to Deichmann et al. (hereinafter,

“Deichmann”).

I. Independent Claims 1 and 12

In rejecting claim 1, the Examiner acknowledges that Chapoulaud fails to teach or
suggest “associate[ing] a scan of at least one additional surface to the contiguous scan of the
occlusal surface by analyzing the scan data to identify a portion of the scna of the at least one
additional surface that overlaps with a portion of the contiguous scan of the occlusal surface,
and determining a position of the scan of the at least one additional surface relative to the scan
of the occlusal surface based on the identified overlapping portions” as required by
independent claims 1 and 12. Instead, the Examiner argues that these specific limitations are

all taught by Dillon in Figs. 4A through 4C and in paragraphs [0055] to [0056] (Office action,
page 3).

Figs. 4A through 4C in Dillon show only the “labial” (i.e., front side) surface of the
teeth and do not show any scan of an “occlusal surface” of dentition. However, paragraphs
[0055] and [0056] describe an example of a method (illustrated in Fig. 6) in which two scans

of the dentition are performed with an “overlap region” common to both scans. Dillon also

suggests in paragraph [0055] that first of these two scans might include an “occlusal scan.”

To clarify a distinction between the claimed invention and the teachings of Dillon,

independent claims 1 and 12 have been amended to further recite: “wherein the scan of the at

10
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least one additional surface includes a sequence of image frames including a plurality of
image frames of the occlusal surface interspersed with a plurality of image frames of the at

least one additional surface.”

Although the Dillon publication appears to suggest that the image device be positioned
at an “overlap region” at the beginning of a second scan so that the “FOV of the measurement
device 12 registers . . . to the graphical representation of the 3D data in the overlap region in
the display window,” the Dillon publication does not teach or suggest a second scan (i.e., “a
scan of at least one additional surface”) in which image frames of the occlusal surface are

interspersed with a plurality of image frames of the at least one additional surface.

For at least these reasons, Chapoulaud and Dillon, alone or in combination, fails to
disclose or render obvious the subject matter defined by independent claim 1 or by
independent claim 12. Therefore, claims 1 and 12 are allowable. Claims 2-7 & 11 and claims
13-21 depend from claims 1 and 12, respectively, and are allowable for the same reasons and

also because they recite additional patentable subject matter.

II. Dependent Claim 5
Claim 5 recites in part: “wherein the processor is configured to

display in real-time the three-dimensional representation of the dentition by
preforming a coarse matching by matching features as the plurality of labial and

lingual surfaces are imaged, and . . .

generate a three-dimensional reconstruction of the dentition based on a point

cloud alignment after the plurality of labial and lingual surfaces are all imaged.”

In rejecting claim 5, the Examiner cites only to the Dillon publication as allegedly teaching
the recited limitations. In particular, the Examiner cites paragraphs [0043] & [0046] of Dillon

and Figs. 4B as evidence that Dillon teaches a “point cloud alignment.”

11
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However, regardless of whether or not Dillon teaches a “point cloud alignment,” it
fails to teach a system configured to use two different 3D reconstruction techniques as
required by claim 5. Claim 5 specifically requires that the “coarse matching” be used to
generate & display a three-dimensional representation of the dentition “as the plurality of
labial and lingual surfaces are imaged” and using the point cloud alignment technique to
generate a three-dimensional reconstruction “after the plurality of labial and lingual surfaces
are all imaged.” The Applicant’s claimed system is configured to use the first technique to
display a 3D model while additional image data is still being captured and uses the second

technique to generate the 3D model after all of the image data has been captured.

The Examiner has failed to present any evidence to support a conclusion that the
Applicant’s claimed technique of using two different mechanism to generate 3D models
would be obvious in view of the teachings of Chapoulaud and Dillon. The fact that Dillon
may or may not use a “point cloud alignment” is irrelevant to this deficiency in the

Examiner’s argument. For at least these reasons, claim 5 is allowable.

IT1.Independent Claim 8 and Dependent Claim 25

By this Amendment, claim 8 has been amended into independent form to further
highlight certain particular distinctions between the Applicant’s claimed subject matter and
the teachings of the cited references. In particular, independent claim 8, as amended, recites

in part:

“identify[ing] a first subset of image frames from the contiguous scan of the
occlusal surface, wherein each frame in the first subset of image frames overlaps with

an adjacent frame in the first subset of image frames by a defined percentage;

“generat[ing] a first phase occlusal backbone, wherein the first phase occlusal
backbone is a 3D model of the occlusal surface generated based only on the first

subset of image frames; [and]

12
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“generating a second phase occlusal backbone that is more accurate than the
first phase occlusal backbone by linking other image frames from the contiguous scan
of the occlusal surface that are not included in the first subset of image frames to the

first phase occlusal backbone.”
An example of this process is illustrated in Fig. 7.

In dependent claim 25, the “occlusal backbone” is further refined as the additional
scans of the lingual and labial surfaces are captured with interspersed image frames of the
occlusal surface using the image frames of the occlusal surface from those additional scans.
Therefore, according to dependent claim 25, the subsequent scans that includes image frames
of the occlusal surface in addition to image data for the labial and lingual surfaces are used,
not only to align the image data with the occlusal backbone, but also to improve the accuracy

of the 3D modeling of the occlusal backbone.

In rejecting claim 8, the Examiner argues that Chapoulaud teaches both low and high
resolution imaging and interprets this as “first and second occlusal backbone imaging” as
claimed. However, Chapoulaud does not teach or suggest generating a first phase occlusal
backbone and a second phase occlusal backbone using image frames from the same

contiguous scan as required by claim 8.

For at least these reasons, Chapoulaud and Dillon, alone or in combination, fail to
disclose or render obvious the subject matter defined by independent claim 8. Therefore,
claim 8 is allowable. Claims 9, 10, and 25 depend from claim 8 and are allowable for the

same reasons and also because they recite additional patentable subject matter.

13
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CONCLUSION

In view of the above, Applicant submits that the application is in condition for
allowance. The Applicant respectfully requests entry of this Amendment and allowance of
claims 1-21 and 25. The undersigned is available for telephone consultation at the number

below during normal business hours.

Respectfully submitted,
/andrew j.paprocki/

Andrew J. Paprocki
Reg. No. 60,308

File No. 208764-9006-US02

Michael Best & Friedrich LLP

100 East Wisconsin Avenue

Suite 3300

Milwaukee, Wisconsin 53202-4108
414-225-4947
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DETAILED ACTION
Notice of Pre-AlA or AIA Status

The present applicationis beingexamined underthe pre-AlAfirstto invent provisions.

Response to Arguments

Applicant’s arguments with respect to claims 1-4, 6, 12-15 and 17 have beenconsidered
but are moot because the arguments do not apply to any of the referencesbeingusedin the
current rejection.

Applicant's arguments filed with respect to claim 5 have been fully considered but they
are not persuasive. Applicant argues that reference Dillon fails to disclose the feature of a
“point cloud alignment”, examiner respectfully disagrees, Dillon in paragraph 0046, states that
the 3D representationisin pointcloud, and in paragraph 0043, the figure 4B, is the display of
the 3D point cloud, and figure 4B isthe display of two scans put togetheri.e. aligned, therefore,

the feature is taught in the reference, and the rejection stands.

Claim Rejections - 35 USC § 103
1. The followingis a quotation of pre-AIA 35 U.S.C. 103(a) whichforms the basis for all

obviousnessrejections setforthin this Office action:
(a) Apatentmaynotbe obtained though theinventionis notidenticallydisclosed or described as set
forth in section 102, if the differences between the subject matter sought to be patentedand the
priorartaresuchthatthe subject matter as a whole would have been obvious at the time the

invention wasmadeto a person havingordinaryskill inthe artto which said subject matter pertains.
Patentabilityshall not be negatived by the mannerin which the inventionwas made.

2. Claims 1-8 and 11-19 are rejected under pre-AIA 35 U.S.C. 103(a) as beingunpatentable

over Chapoulaud et al (US 2004/0265770) in view of Dillonet al (US 2012/0062557).
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With respect to claim 1, Chapoulaud discloses generatinga scan of a dentition, the
system comprising (see Abstract):

a memory;a processor coupled to the memory, whereinthe processoris configuredto
(seefigure 1):

generate a contiguous scan of an occlusal surface of at leasta part of one arch of the
dentition, (see figure 1, 3, 3A, 3B, and 4, and paragraph 0071) as claimed.

However, he failsto disclose associate a scan of at leastone additional surface to the
contiguous scan of the occlusal surface by analyzingthe scan data to identify a portion of the
scan of the at least one additional surface that overlaps with a portion of the contiguous scan of
the occlusal surface, and determining a position of the scan of the at least one additional
surface relative to the scan of the occlusal surface based on the identified overlapping portions,
as claimed.

Dilloninthe same field of art to generate an intra-oral scan of a dentition (see Abstract)
teaches associate a scan of at least one additional surface to the contiguous scan of the occlusal
surface by analyzingthe scan data to identify a portion of the scan of the at least one additional
surface that overlaps with a portion of the contiguous scan of the occlusal surface, and
determininga position of the scan of the at least one additional surface relative to the scan of
the occlusal surface based on the identified overlapping portions, (see figures 4A-4C, and
paragraphs 0055-0056) as claimed.

Therefore, it would have been obvious to one ordinary skilledinthe art at the time of

invention to combine the two referencesasthey are analogous because they are solvingsimilar
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problem of intra oral scanning. The teachings of Dillon of data displayin real time usingthe 3D

displaycan be incorporated into Chapoulaud's systemfor the ease of the system.

With respect to claim 2, combination of Chapoulaud and Dillonfurtherdiscloses
whereinthe scan of the at least one additional surface comprisesa plurality of scans of labial
surfaces and a plurality of scans of lingual surfaces, (see Chapoulaud figure 4, and paragraph

0071) as claimed.

With respect to claim 3, combination of Chapoulaud and Dillonfurtherdiscloses
wherein each scan of a labial or lingual surface includes a part of the occlusal surface, and
wherein the processor is configuredto use the part of the occlusal surface thatis includedin
each scan of the labial or lingual surface to associate the labial or lingual surface to the
contiguous scan of the occlusal surface, (see Chapoulaud figure 4 and paragraph 0071) as

claimed.

With respect to claim 4, combination of Chapoulaud and Dillonfurtherdiscloses
whereinthe occlusal surface is imaged prior to the plurality of labial and lingual surfaces, and
whereinthe processor is further configured to displayin real-time athree-dimensional
representation of the dentition as the plurality of labial and lingual surfaces are imaged, (see

Chapoulaud figure 4) as claimed.
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With respect to claim 5, combination of Chapoulaud and Dillonfurtherdiscloses
whereinthe processor is configuredto displayin real-time the three-dimensional
representation of the dentition by performinga coarse matching by matching featuresas the
plurality of labial and lingual surfacesare imaged, and wherein the processor is further
configuredto generate a three-dimensional reconstruction of the dentition based on a point
cloud alignment afterthe plurality of labial and lingual surfaces are allimaged, (see Dillonin
paragraph 0046, statesthat the 3D representationisin pointcloud, and in paragraph 0043, the
figure 4B, is the display of the 3D point cloud, and figure 4B isthe display of two scans put

togetheri.e. aligned), as claimed.

With respect to claim 6, combination of Chapoulaud and Dillon further discloses
wherein the processor is further configured to generate an occlusal backbone by
matching selected frames of the contiguous scan of the occlusal surface that have an
overlap based on an analysis of data, (see Chapoulaud figure 3A, 3B, and 4, and

paragraph 0071) as claimed.

With respect to claim 7, combination of Chapoulaud and Dillon further discloses
wherein the processor is configuredto detect the overlap based on noise characteristics of the
data, (see Dillon paragraph 0037, right hand column last 6 lines, checkingif the two displays are

similar “noise characteristics”) as claimed.
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With respect to claim 8, combination of Chapoulaud and Dillon further discloses
wherein the occlusal backbone is a first occlusal backbone, and wherein the processor isfurther
configuredto generate a second occlusal backbone that is more accurate than the first occlusal
backbone by linking otherframes that are differentfromthe selectedframesto the first
occlusal backbone, (see Chapoulaud paragraph 0071, low and high resolutionimagingisread as

first and second occlusal backbone imaging) as claimed.

With respect to claim 11, combination of Chapoulaud and Dillon further discloses a
projector that projects interferometricfringes onan occlusal surface of at leasta part of one
arch of the dentition primarily alongan anterior-posteriordirection; and an imaging sensor that
is usedto viewthe interferometricfringes, whereinthe processoris further configuredto
generate the contiguous scan of the occlusal surface based on the interferometricfringes
sensed by the imagingsensor, as claimed, (see Dillonfigure 2, numerical 22, and paragraph

0028), as claimed.

Claims 12-15 and 17, are for the same reason as set forth in the rejections for
claims 1-4 and 6, because claims 12-15 and 17 are claiming subject matter similar to

the claimed subject in claims 1-4 and 6.

Claims 16, 18 and 19, are for the same reason as set forth in the rejections for
claims 5, 7 and 8, because claims 16, 18 and 19 are claiming subject matter similar to

the claimed subject in claims 5, 7 and 8.
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3. Claims9, 10, 20 and 21 are rejected under pre-AIA 35 U.S.C. 103(a) as being
unpatentable over Chapoulaud et al (US 2004/0265770) in view of Dillon et al (US
2012/0062557) as appliedto claim 8 above, and further in view of Deichmann et al (US Pub.
2013/0218530).
With respect to claims 9 and 10, Chapoulaud and Dillondisclosesall the limitations as claimed
inclaim 8 and as rejected above. However, theyfailsto disclose whereinthe processoris
further configuredto generate a third occlusal backbone by removing, from the second occlusal
backbone, areas representing at least one selected from a group consisting of a tongue, a
cheek,and a lip; and wherein the processor is configuredto remove the areas representingthe
at leastone selected from the group consisting of the tongue, the cheek, and the lip based on
differencesinsurface normal, color, or rigidity properties, as claimed.
Deichmann inthe same fieldteaches wherein the processor is further configured to generate a
third occlusal backbone by removing, from the second occlusal backbone, areas representing at
leastone selectedfroma group consisting of a tongue, a cheek, and a lip; and whereinthe
processor is configured to remove the areas representingthe at leastone selected from the
group consisting of the tongue, the cheek, and the lip based on differencesin surface normal,
color, orrigidity properties, (see paragraph 0101, whereinthe a segmentingis performed to
cutoff the lip and teethimage inorder to get the image using a color difference) as claimed.
Therefore, it would have been obvious to one ordinary skilled inthe art at the time of
invention to combine the referencesas they are analogous because they are solvingsimilar

problem of intra oral scanning. The teachings of Deichmann of segmentingthe imagesto get
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the clearimage of teeth can be incorporated into Chapoulaud's and Dillon system to yield the

clearimagery.

Claims 20 and 21, are for the same reason as set forth in the rejections for
claims 9 and 10, because claims 20 and 21 are claiming subject matter similar to the

claimed subject in claims 9 and 10.

Conclusion

THIS ACTION IS MADE FINAL. Applicantis reminded of the extension of time policy as
set forth in37 CFR 1.136(a).

A shortenedstatutory period for reply to this final action is setto expire THREE MONTHS
from the mailingdate of thisaction. In the eventa firstreply isfiled within TWO MONTHS of
the mailing date of this final action and the advisory action is not mailed until afterthe end of
the THREE-MONTH shortenedstatutory period, thenthe shortened statutory period will expire
on the date the advisoryaction is mailed, and any extensionfee pursuantto 37 CFR 1.136(a)
will be calculated from the mailing date of the advisory action. In no event, however, will the
statutory period for reply expire laterthan SIX MONTHS from the mailing date of this final

action.

Any inquiry concerning this communication or earliercommunications from the

examinershould be directed to VIKKRAM BALI whose telephone numberis (571)272-7415. The

examinercan normally be reached on Monday-Friday 7:00AM-3:00P M.
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Examinerinterviews are available via telephone, in-person, and video conferencing
using a USPTO supplied web-based collaboration tool. To schedule an interview, applicantis
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examinerby telephone are unsuccessful, the examiner’s
supervisor, Dwayne Bost can be reached on 571-272-7023. The fax phone number for the
organization where this application or proceedingis assignedis 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
ApplicationInformation Retrieval (PAIR) system. Status informationfor published applications
may be obtained from eitherPrivate PAIR or PublicPAIR. Status informationfor unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).Ifyou
would like assistance from a USPTO Customer Service Representative oraccess to the

automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/VIKKRAM BALI/
Primary Examiner, Art Unit 2663
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Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir;
This communication is in response to the non-final Office action mailed April 17,
2019 and is filed within the three-month period for reply. Please charge or credit Deposit

Account No. 13-3080 with any shortage or overpayment of the fees associated with this

communication.

Amendments to the Claims begin on page 2 of this paper.
Remarks begin on page 8 of this paper.
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AMENDMENTS TO THE CLAIMS:

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

application:

1. (Currently Amended) A system for generating an intra-oral scan of a dentition, the

system comprising:
a memory; and
a processor coupled to the memory, wherein the processor is configured to:

generate a contiguous scan of an occlusal surface of at least a part of

one arch of the dentition, and

associate a scan of at least one additional surface to the contiguous scan

of the occlusal surface by

analyzing the scan data to identify a portion of the scan of the at

least one additional surface that overlaps with a portion of the

contiguous scan of the occlusal surface, and

determining a position of the scan of the at least one additional

surface relative to the scan of the occlusal surface based on the

identified overlapping portions.

2. (Previously Presented) The system of claim 1, wherein the scan of the at least one
additional surface comprises a plurality of scans of labial surfaces and a plurality of scans of

lingual surfaces.

2
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3. (Previously Presented) The system of claim 2, wherein each scan of a labial or lingual
surface includes a part of the occlusal surface, and wherein the processor is configured to use
the part of the occlusal surface that is included in each scan of the labial or lingual surface to

associate the labial or lingual surface to the contiguous scan of the occlusal surface.

4. (Previously Presented) The system of claim 2, wherein the occlusal surface is imaged
prior to the plurality of labial and lingual surfaces, and wherein the processor is further
configured to display in real-time a three-dimensional representation of the dentition as the

plurality of labial and lingual surfaces are imaged.

5. (Previously Presented) The system of claim 4, wherein the processor is configured to
display in real-time the three-dimensional representation of the dentition by performing a
coarse matching by matching features as the plurality of labial and lingual surfaces are

imaged, and

wherein the processor is further configured to generate a three-dimensional
reconstruction of the dentition based on a point cloud alignment after the plurality of

labial and lingual surfaces are all imaged.

6. (Previously Presented) The system of claim 1, wherein the processor is further
configured to generate an occlusal backbone by matching selected frames of the contiguous

scan of the occlusal surface that have an overlap based on an analysis of data.

7. (Previously Presented) The system of claim 6, wherein the processor is configured to

detect the overlap based on noise characteristics of the data.

3
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8. (Previously Presented) The system of claim 6, wherein the occlusal backbone is a first
occlusal backbone, and wherein the processor is further configured to generate a second
occlusal backbone that is more accurate than the first occlusal backbone by linking other

frames that are different from the selected frames to the first occlusal backbone.

0. (Previously Presented) The system of claim 8, wherein the processor is further
configured to generate a third occlusal backbone by removing, from the second occlusal
backbone, areas representing at least one selected from a group consisting of a tongue, a

cheek, and a lip.

10.  (Previously Presented) The system of claim 9, wherein the processor is configured to
remove the areas representing the at least one selected from the group consisting of the
tongue, the cheek, and the lip based on differences in surface normal, color, or rigidity

properties.

11.  (Previously Presented) The system of claim 1, further comprising:

a projector that projects interferometric fringes on an occlusal surface of at
least a part of one arch of the dentition primarily along an anterior-posterior direction;

and
an imaging sensor that is used to view the interferometric fringes,

wherein the processor is further configured to generate the contiguous scan of

the occlusal surface based on the interferometric fringes sensed by the imaging sensor.

4
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12. (Currently Amended) A computer readable storage medium for generating an intra-
oral scan of a dentition, wherein code stored in the computer readable storage medium, when

executed by a processor, causes a system to:

generate a contiguous scan of an occlusal surface of at least a part of one arch

of the dentition; and

associate a scan of at least one additional surface to the contiguous scan of the

occlusal surface by

analyzing the scan data to identify a portion of the scan of the at least

one additional surface that overlaps with a portion of the contiguous scan of

the occlusal surface, and

determining a position of the scan of the at least one additional surface

relative to the scan of the occlusal surface based on the identified overlapping

portions.

13. (Previously Presented) The computer readable storage medium of claim 12, wherein
the scan of the at least one additional surface comprises a plurality of scans of labial surfaces

and a plurality of scans of lingual surfaces.

14. (Previously Presented) The computer readable storage medium of claim 13, wherein
each scan of a labial or lingual surface includes a part of the occlusal surface, and wherein the
code, when executed by the processor, causes the system to use the part of the occlusal
surface that is included in each scan of the labial or lingual surface to associate the labial or

lingual surface to the contiguous scan of the occlusal surface.
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15. (Previously Presented) The computer readable storage medium of claim 13, wherein
the occlusal surface is imaged prior to the plurality of labial and lingual surfaces, and wherein
the code, when executed by the processor, causes the system to display in real-time a three-
dimensional representation of the dentition as the plurality of labial and lingual surfaces are

imaged.

16. (Previously Presented) The computer readable storage medium of claim 15, wherein
the code, when executed by the processor, causes the system to display in real-time the three-
dimensional representation of the dentition by performing a coarse matching by matching

features as the plurality of labial and lingual surfaces are imaged, and

wherein the code, when executed by the processor, further causes the system to
generate a three-dimensional reconstruction of the dentition based on a point cloud

alignment after the plurality of labial and lingual surfaces are all imaged.

17. (Previously Presented) The computer readable storage medium of claim 12, wherein
the code, when executed by the processor, further causes the system to generate an occlusal
backbone by matching selected frames of the contiguous scan of the occlusal surface that

have an overlap based on an analysis of data.

18. (Previously Presented) The computer readable storage medium of claim 17, wherein
the code, when executed by the processor, further causes the system to detect the overlap

based on noise characteristics of the data.

6
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19. (Previously Presented) The computer readable storage medium of claim 17, wherein
the occlusal backbone is a first occlusal backbone, and wherein the code, when executed by
the processor, further causes the system to generate a second occlusal backbone that is more
accurate than the first occlusal backbone by linking other frames that are different from the

selected frames to the first occlusal backbone.

20. (Previously Presented) The computer readable storage medium of claim 19, wherein
the code, when executed by the processor, further causes the system to generate a third
occlusal backbone by removing, from the second occlusal backbone, areas representing at

least one selected from a group consisting of a tongue, a cheek, and a lip.

21. (Previously Presented) The computer readable storage medium of claim 20, wherein
the code, when executed by the processor, causes the system to remove the areas representing
the at least one selected from the group consisting of the tongue, the cheek, and the lip based

on differences in surface normal, color, or rigidity properties.

22-24. (Cancelled)

7
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REMARKS

By this Amendment, claims 1 and 12 have been amended and claims 22-24 have been

cancelled. After entry of this Amendment, claims 1-21 remain pending.

Claims 1-4, 6, 12-15, and 17 stand rejected under 35 U.S.C. § 102 as being anticipated
by U.S. Publication No. 2004/0265770 to Chapoulaud et al. (hereinafter, “Chapoulaud”).
Claims 5, 7, 8, 11, 16, 18, 19, and 22-24 stand rejected under 35 U.S.C. § 103 as being
unpatentable over Chapoulaud in view of U.S. Publication No. 2012/0062557 to Dillon et al.
(hereinafter, “Dillon”). Claims 9, 10, 20, and 21 stand rejected under 35 U.S.C. § 103 as
being unpatentable over Chapoulaud and Dillon in further view of U.S. Publication No.

2013/0218530 to Deichmann et al. (hereinafter, Deichmann).

First, independent claims 1 and 12 are directed towards mechanisms for generating an
“intra-oral scan of a dentition.” Chapoulaud describes a system for imaging a a model 20 of a
patient’s mouth (i.e., an impression molded cast). Accordingly, Chapoulaud does not teach or

suggest mechanisms for “intra-oral” scanning of dentition.

Second, the pending claims recite mechanisms that receive/capture a contiguous scan
of an occlusal surface, then receive one or more additional scans of other surfaces in the same
dentition, and ultimately generates a digital three-dimensional reconstruction of the dentition
by “associating” each scan of an additional surface to the contiguous scan of the occlusal
surface. Independent claims 1 and 12 have been amended to recite further details of the
mechanism by which the scans of the additional surfaces are “associated” with the occlusal
scan. In particular, claims 1 and 12 now recite “analyzing scan data to identify a portion of
the scan of the at least one additional surface that overlaps with a portion of the contiguous
scan, and determining a position of the scan of the at least one additional surface relative to

the scan of the occlusal surface based on the identified overlapping portions.”

Chapoulaud does not teach or suggest determining a relative position of additional
scans relative to the occlusal surface by identifying overlapping portions in the scan data.
Instead, Chapoulaud teaches a system in which the cast model of the teeth are positioned in a

holder. Not only does Chapoulaud not teach capturing multiple scans that partially overlap

8
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with each other, but also, because Chapoulaud’s system is configured to know the positioning
of the optical scanner relative to the holder, it does not use or need any additional mechanism

for identifying a position of one scan relative to another by analyzing the scan data.

For at least these reasons, Chapoulaud does not disclose the subject matter defined by
independent claims 1 and 12. Therefore, claims 1 and 12 are allowable. Claims 2-11 and 13-
21 depend from claims 1 and 12, respectively, and are allowable for the same reasons and

because they recite additional patentable subject matter.

Finally, claim 5 recites a two-stage process implemented by the claimed system for
generating and displaying three-dimensional digital models of a patient’s dentition based on
captured scan data. First, the system uses a “coarse matching” technique to add scan data to a
“three-dimensional representation” of the dentition in real-time as each new additional scan is
captured/received. Second, after all of the additional scans are completed, the system uses a
“point cloud alignment” technique to generate a final “three-dimensional reconstruction” of

the dentition based on all of the captured scans.

In rejecting claim 5, the Examiner concedes that these features are not taught by
Chapoulaud, but argues that they are disclosed by Dillon and cites generally to paragraph
[0046]. In paragraph [0046], Dillon teaches that 3D data generated from a measurement scan
can be displayed “as a 3D point cloud.” However, paragraph [0046] does not teach or suggest
any specific mechanism by which a three-dimensional reconstruction is generated — it only
mentions how the 3D data might be displayed. Furthermore, Dillon does not appear to
specifically mention a “point cloud alignment’ technique anywhere. Dillon also does not
appear to teach a two-stage process by which a first technique is used to match and display
scan data as a three-dimensional representation in real time as the scan data is captured and
then using a different technique for generating a three-dimensional reconstruction after all of

the scans have been completed.

For at least these reasons, Dillon fails to disclose the subject matter defined by
dependent claim 5 and, accordingly, does not & cannot cure the deficiencies of Chapoulaud

with respect to claim 5. Therefore, claim 5 is allowable.

9
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CONCLUSION

In view of the above, Applicant submits that the application is in condition for
allowance. The Applicant respectfully requests entry of this Amendment and allowance of
claims 1-21. The undersigned is available for telephone consultation at the number below

during normal business hours.

Respectfully submitted,
/andrew j.paprocki/

Andrew J. Paprocki
Reg. No. 60,308

File No. 208764-9006-US01

Michael Best & Friedrich LLP

100 East Wisconsin Avenue

Suite 3300

Milwaukee, Wisconsin 53202-4108
414-225-4947

10
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DETAILED ACTION
Notice of Pre-AlA or AIA Status

1. The present applicationis beingexamined underthe pre-AlAfirstto invent provisions.

Claim Rejections - 35 USC § 102
2. The following is a quotation of the appropriate paragraphs of pre-AlA 35 U.S.C.

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

A personshallbe entitled to a patentunless —

(b) the invention was patented ordescribed in a printed publication in this or a foreign country
orinpublicuseoron sale inthis country, more than one year priorto the date of application
for patentin the United States.

3. Claim(s) 1-4, 6, 12-15 and 17 are rejected under pre-AlA 35 U.S.C. 102(b) as
being anticipated by Chapoulaud et al (US 2004/0265770).

With respect to claim 1, Chapoulaud discloses generating an intra-oral scan of a
dentition, the system comprising (see Abstract):

a memory; a processor coupled to the memory, wherein the processor is
configured to (see figure 1):

generate a contiguous scan of an occlusal surface of at least a part of one arch
of the dentition, and associate a scan of at least one additional surface to the
contiguous scan of the occlusal surface, (see figure 1, 3, 3A, 3B, and 4, and paragraph

0071) as claimed.
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With respect to claim 2, he further discloses wherein the scan of the at least one
additional surface comprises a plurality of scans of labial surfaces and a plurality of

scans of lingual surfaces, (see figure 4, and paragraph 0071) as claimed.

With respect to claim 3, he further discloses wherein each scan of a labial or
lingual surface includes a part of the occlusal surface, and wherein the processor is
configured to use the part of the occlusal surface that is included in each scan of the
labial or lingual surface to associate the labial or lingual surface to the contiguous scan

of the occlusal surface, (see figure 4 and paragraph 0071) as claimed.

With respect to claim 4, he further discloses wherein the occlusal surface is
imaged prior to the plurality of labial and lingual surfaces, and wherein the processor is
further configured to display in real-time a three-dimensional representation of the
dentition as the plurality of labial and lingual surfaces are imaged, (see figure 4) as

claimed.

With respect to claim 6, he further discloses wherein the processor is further
configured to generate an occlusal backbone by matching selected frames of the
contiguous scan of the occlusal surface that have an overlap based on an analysis of

data, (see figure 3A, 3B, and 4, and paragraph 0071) as claimed.
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Claims 12-15 and 17, are for the same reason as set forth in the rejections for
claims 1-4 and 6, because claims 12-15 and 17 are claiming subject matter similar to

the claimed subject in claims 1-4 and 6.

Claim Rejections - 35 USC § 103
4, The followingis a quotation of pre-AIA 35 U.S.C. 103(a) whichforms the basis for all

obviousnessrejections setforthin this Office action:

(a) Apatentmaynotbe obtained though the inventionis notidenticallydisclosed or described as set
forth in section 102, if the differences between the subject matter sought to be patentedand the
priorartaresuchthatthe subject matter as a whole would have been obvious at the time the
invention wasmadeto a person havingordinaryskillinthe artto which said subject matter pertains.
Patentabilityshall not be negatived by the mannerin which the inventionwas made.

5. Claims5, 7, 8, 11, 16, 18, 19 and 22-24 are rejected under pre-AlA 35 U.S.C. 103(a) as
being unpatentable over Chapoulaud et al (US 2004/0265770) inview of Dillonetal (US
2012/0062557).

With respect to claim 5, Chapoulaud discloses all the limitations as claimedin claim 3
and as rejected above. However, he failsto disclose whereinthe processor is configured to
displayin real-time the three-dimensional representation of the dentition by performinga
coarse matching by matching features as the plurality of labial and lingual surfaces are imaged,
and whereinthe processorisfurther configuredto generate a three-dimensional
reconstruction of the dentition based on a point cloud alignment after the plurality of labial and
lingual surfaces are all imaged, as claimed.

Dilloninthe same field teaches wherein the processoris configured to displayin real -
time the three-dimensional representation of the dentition by performinga coarse matching by

matching featuresas the plurality of labial and lingual surfaces are imaged, and whereinthe
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processor is furtherconfigured to generate a three-dimensional reconstruction of the dentition
based on a point cloud alignment afterthe plurality of labial and lingual surfaces are all imaged,
(see paragraph 0046), as claimed.

Therefore, it would have been obvious to one ordinary skilledinthe art at the time of
invention to combine the two referencesasthey are analogous because they are solvingsimilar
problem of intra oral scanning. The teachings of Dillon of data displayin real time usingthe 3D

point cloud can be incorporated into Chapoulaud's system for the ease of the system.

With respect to claim 7, Dillon furtherteaches whereinthe processoris configuredto
detect the overlap based on noise characteristics of the data, (see paragraph 0037, right hand

column last 6 lines, checkingifthe two displays are similar “noise characteristics”) as claimed.

With respect to claim 8, Chapoulaud further discloses wherein the occlusal backbone is
a firstocclusal backbone, and whereinthe processor is furtherconfigured to generate a second
occlusal backbone that is more accurate than the first occlusal backbone by linking other
frames that are differentfrom the selected framesto the first occlusal backbone, (see
paragraph 0071, low and high resolutionimagingis read as first and second occlusal backbone

imaging) as claimed.

With respect to claim 11, Chapoulaud discloses all the limitations as claimedin claim 1

and as rejected above. However, he fails to disclose a projector that projects interferometric

fringeson an occlusal surface of at least a part of one arch of the dentition primarilyalongan
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anterior-posteriordirection; and an imaging sensorthat isused to view the interferometric
fringes, wherein the processor is furtherconfigured to generate the contiguous scan of the
occlusal surface based on the interferometricfringes sensed by the imagingsensor, as claimed.

Dilloninthe same fieldteaches a projector that projects interferometricfringesonan
occlusal surface of at least a part of one arch of the dentition primarily alongan anterior-
posteriordirection; and an imaging sensorthat is used to view the interferometricfringes,
whereinthe processor is further configured to generate the contiguous scan of the occlusal
surface based on the interferometricfringes sensed by the imaging sensor, as claimed, (see
figure 2, numerical 22, and paragraph 0028), as claimed.

Therefore, it would have been obvious to one ordinary skilledinthe art at the time of
invention to combine the two referencesasthey are analogous because they are solvingsimilar
problem of intra oral scanning. The teachings of Dillon of havinga wand to scan can be

incorporated into Chapoulaud's system for the ease of the system.

Claim 22 is rejected for the same reasons as setforth in the rejections for claims 1+11,

because claim 22 is claiming subject matter as claimedin the scope of claims 1+11.

With respect to claims 23 and 24, combination of Chapoulaud and Dillon discloses
generate a contiguous scan of an occlusal surface, and associate at least one additional surface
to the contiguous scan of the occlusal surface; and whereinthe at least one additional surface
comprises a plurality of labial surfaces and a plurality of lingual surfaces, (see figure 4 of

Chapoulaud and figures 3, 4 and paragraph 0028 of Dillon)asclaimed.
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Claims 16, 18 and 19, are for the same reason as set forth in the rejections for
claims 5, 7 and 8, because claims 16, 18 and 19 are claiming subject matter similar to

the claimed subject in claims 5, 7 and 8.

6. Claims9, 10, 20 and 21 are rejected under pre-AIA 35 U.S.C. 103(a) as being
unpatentable over Chapoulaudet al (US 2004/0265770) in view of Dillon et al (US
2012/0062557) as appliedto claim 8 above, and further in view of Deichmann et al (US Pub.
2013/0218530).

With respect to claims 9 and 10, Chapoulaud and Dillon discloses all the limitations as claimed
inclaim 8 and as rejected above. However, theyfailsto disclose whereinthe processoris
further configuredto generate a third occlusal backbone by removing, from the second occlusal
backbone, areas representing at least one selected from a group consisting of a tongue, a
cheek,and a lip; and wherein the processor is configuredto remove the areas representingthe
at leastone selected fromthe group consisting of the tongue, the cheek, and the lip based on
differencesinsurface normal, color, or rigidity properties, as claimed.

Deichmann inthe same field teaches whereinthe processor is further configuredto generate a
third occlusal backbone by removing, from the second occlusal backbone, areas representing at
leastone selected froma group consisting of a tongue, a cheek, and a lip; and whereinthe
processor is configured to remove the areas representing the at least one selected from the

group consisting of the tongue, the cheek, and the lip based on differencesin surface normal,
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color, orrigidity properties, (see paragraph 0101, whereinthe a segmentingis performed to
cutoff the lip and teethimage inorder to get the image using a color difference) as claimed.
Therefore, it would have been obvious to one ordinary skilledinthe art at the time of
invention to combine the references as they are analogous because they are solving similar
problem of intra oral scanning. The teachingsof Deichmann of segmenting the imagesto get
the clearimage of teeth can be incorporated into Chapoulaud's and Dillon system to yield the

clearimagery.

Claims 20 and 21, are for the same reason as set forth in the rejections for
claims 9 and 10, because claims 20 and 21 are claiming subject matter similar to the

claimed subject in claims 9 and 10.

Any inquiry concerning this communication or earliercommunications from the
examinershould be directed to VIKKRAM BALI whose telephone numberis (571)272-7415. The
examinercan normally be reached on Monday-Friday 7:00AM-3:00P M.

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

If attempts to reach the examinerby telephone are unsuccessful, the examiner’s
supervisor, Dwayne Bost can be reached on 571-272-7023. The fax phone number for the

organization where this application or proceedingis assignedis 571-273-8300.
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Information regarding the status of an application may be obtained from the Patent
ApplicationInformation Retrieval (PAIR) system. Status informationfor published applications
may be obtained from eitherPrivate PAIR or PublicPAIR. Status informationfor unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).Ifyou
would like assistance from a USPTO Customer Service Representative oraccess to the

automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/VIKKRAM BALI/
Primary Examiner, Art Unit 2663
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U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages Columns, Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code'| Date of cited Document )
Figures Appear
1 0040265770 P004-12-30 [Chapoulaud et al.
2 0050058962 P005-03-17 Siemons et al.
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eceipt date:

ig0/15/2018

26863

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

16/160,230 - GAY:

Filing Date

First Named Inventor

Robert F. Dillon

Art Unit

Examiner Name

Aftorney Docket Number

208764-9006-US02

?0120062557

P012-03-15

Dillon et al.

20120129119

P012-05-24

Dda

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS

Remove

Name of Patentee or

Pages,Columns,Lines

Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code?| Date PP Passages or Relevant
Document ;
Figures Appear
1
If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS

Remove

Examiner| Cite
Initials* | No

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s),

publisher, city and/or country where published.

Ts

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature

/VIKERAM BALL/

Date Considered

04/12/2019

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

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. ° Applicant is to place a check mark here if
English language translation is attached.
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sceipt date: 10/15/2018 16/160,230 - GAYY: 26863

Application Number

Filing Date

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor | Robert F. Dillon

. Art Unit
( Not for submission under 37 CFR 1.99)

Examiner Name

Aftorney Docket Number 208764-9006-US02

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /andrew j. paprocki/ Date (YYYY-MM-DD) 2018-10-15
Name/Print Andrew J. Paprocki Registration Number 60308

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Receipt date: 10/15/2018 18/160,230 ~ GAU: 2663

Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

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

Application No: 16/1 60,230
Foreign Priority claimed: O Yes ®No
35 USC 119 (a-d) conditions met: D Yes No

I:l Met After Allowance

Verified and Acknowledged: |/V IKKRAM BALI/

Examiner's Signature

Initials

Title:

SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING

SYSTEM
FILING or 371(c) DATE CLASS GROUP ART UNIT ATTORNEY DOCKET NO.
10/15/2018 382 2663 208764-9006-US02
RULE
APPLICANTS
ORMCO CORPORATION, Orange, CA,
INVENTORS

Robert F. Dillon Bedford, NH, UNITED STATES
Craig A. Andreiko
Andrew F. Vesper Townsend, MA, UNITED STATES
Neil H.K. Judell Cambridge, MA, UNITED STATES
Timothy I. Fillion Bedford, MA, UNITED STATES
CONTINUING DATA
This application is a CON of 14209648 03/13/2014 PAT 10098713
14209648 has PRO of 61784535 03/14/2013
FOREIGN APPLICATIONS
IF REQUIRED, FOREIGN LICENSE GRANTED**
11/02/2018
STATE OR COUNTRY
UNITED STATES
ADDRESS
Michael Best & Friedrich LLP (DITC)

100 East Wisconsin Avenue
Suite 3300

Milwaukee, WI 53202
UNITED STATES

FILING FEE RECEIVED

$2,120
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATIONNUMBER | FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY. DOCKET NO/TITLE |
16/160,230 10/15/2018 Robert F. Dillon 208764-9006-US02
CONFIRMATION NO. 8509
129916 PUBLICATION NOTICE
Michael Best & Friedrich LLP (DITC)
100 East Wisconsin Avenue IR L T
Suite 3300 00000010590828

Milwaukee, W1 53202

Title:SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM

Publication No.US-2019-0046304-A1
Publication Date:02/14/2019

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 PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
16/160,230 10/15/2018 3732 2120 208764-9006-US02 24 3
CONFIRMATION NO. 8509
129916 FILING RECEIPT

100 East Wisconsin Avenie O L A

Suite 3300
Milwaukee, WI 53202

Date Mailed: 11/06/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Robert F. Dillon, Bedford, NH;
Craig A. Andreiko, Residence Not Provided, Deceased;
Andrew F. Vesper, Townsend, MA;
Neil H.K. Judell, Cambridge, MA;
Timothy I. Fillion, Bedford, MA;
Applicant(s)
ORMCO CORPORATION, Orange, CA;

Power of Attorney: The patent practitioners associated with Customer Number 129916

Domestic Priority data as claimed by applicant
This application is a CON of 14/209,648 03/13/2014 PAT 10098713
which claims benefit of 61/784,535 03/14/2013

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

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

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.
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If Required, Foreign Filing License Granted: 11/02/2018

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/160,230

Projected Publication Date: 02/14/2019
Non-Publication Request: No

Early Publication Request: No
Title

SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM
Preliminary Class
433
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 16/160,230
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
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 300
SEARCH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A N/A 660
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (a)) N/A N/A N/A N/A 760
TOTAL CLAIMS ] *
(37 CFR 1.16(i)) 24 minus 20= 4 OR |x 100 - 400
INDEPENDENT CLAIMS ] *
(37 CFR 1.16(h)) 3 minus 3 = x 460 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2120
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total . i - =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (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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Doc Code: PA.
Document Description: Power of Attorney

PTO/AIA/82A (07-13)

Approved for use through 11/30/2014. OMB 0651-0051

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.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
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

Filing Date

First Named Inventor Robert F. Dillon

Title SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM

Art Unit

Examiner Name

Attorney Docket Number |208764-9006-US02

SIGNATURE of Applicant or Patent Practitioner

Signature /andrew J paprOCkI/

Date (Optional)

October 15, 2018

Name Andrew J. Paprocki

Registration
Number

60,308

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

more than one applicant, use multiple forms.

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

/ *Total of 1 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 completipg the form, call 1-800-PT0-9199 and select option 2.
age %1 0?1304?



Doc Code: FA. S TOARRE (671
T . i WAGEE (W18
Document Description: Power of Attorney Approved for use through 112002014, OMB 06510051
1.8, Patent and Trademark Offics; U.S. ARTHENT OF COMMERCE
Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unfess it displays 8 valid OME control number

2 o -

POWER OF ATTORNEY BY APPLICANT

R

1 hareby revoke all previous powers of attorney given in the application idontified in either the altached transmittal letier or
the boxes below,

Application Number Filing Date

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

sz l | hareby appoint the Patent Practitioner(s) asscciated with the following Customer Number as myfour attormnay(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 latter (form PTO/AIA/B2A; or identified above: | ] 29'Q1 5 j

OR N S
s l | heraby appoint Practiioner(s) named in the attached list {form PTO/AIAIRZC) as myfour altomey(s} or agent(s), and {o transact

all husiness in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached ransmittal latter (form PTO/AIAB2A) or idantified above. (Note: Complete form PTO/AIAIBRE.)

P

Please recognize or change the corrsspondence address for the application identified in the attached transmittal
. {etter or the hboxes above to!
' v The address associated with the above-mentioned Customer Number
~ OR
U The address associated with Customer Number: |

¢

4

Firm or
individual Name

Addrass

Sty | _ Tmee L o |

Country

Talephons B | ) ) z Email i

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

Ormco Corporation

[:j Irwventor or Joint Inventor (title not required below)

{i] Legal Representalive of a Deceased or Legally Incapacitated inventor (title not required below)

Assignes or Person to Whom the Inventor is Under an Obiigation to Assign (provide signer's title If applicant is a juristic entity}
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Doc code: IDS PTO/SBI08a (03-15)

L . . . Approved for use through 07/31/2016. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.5. 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 Number
Filing Date
INFORMATION DISCLOSURE First Named Inventor |Robert F. Dillon
STATEMENT BY APPLICANT [ —
( Not for submission under 37 CFR 1.9%)
Examiner Name
Aftorney Docket Number 208764-9006-US02
U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
1 5402707 P002-06-11 Frnst
2 V717708 P010-05-18 Sachdeva et al.
3 905725 P011-03-15 [Chishti et al.
4 5390822 P013-03-05 Dillon et al.
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns, Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document )
Figures Appear
1 0040265770 P004-12-30 [Chapoulaud et al.
2 0050058962 PO05-03-17 Siemons et al.
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Application Number

Filing Date

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.9%)

First Named Inventor | Robert F. Dillon
Art Unit

Examiner Name

Aftorney Docket Number 208764-9006-US02

3 0120062557 P012-03-15 Dillon et al.

4 0120129119 P012-05-24 (Dda

If you wish to add additional U.S. Published Application citation information please click the Add button,| Add

FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages,Columns, Lines

Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code?| Date PR Passages or Relevant

Document Figures Appear

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author {in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature Date Considered

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

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. 9 Applicant is to place a check mark here if|
English language translation is attached.
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Application Number

Filing Date

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor | Robert F. Dillon

. Art Unit
( Not for submission under 37 CFR 1.9%)

Examiner Name

Aftorney Docket Number 208764-9006-US02

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection({s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e){(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature landrew j. paprocki/ Date (YYYY-MM-DD) 2018-10-15
Name/Print Andrew J. Paprocki Registration Number 60308

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.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 violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention: SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM
First Named Inventor/Applicant Name: Robert F. Dillon

Filer: Andrew J. Paprocki/Elizabeth Tressler

Attorney Docket Number: 208764-9006-US02

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
UTILITY APPLICATION FILING 1011 1 300 300
UTILITY SEARCH FEE 1111 1 660 660
UTILITY EXAMINATION FEE 1311 1 760 760
Pages:
Claims:
CLAIMS IN EXCESS OF 20 1202 4 100 400

Miscellaneous-Filing:

Petition:
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 2120
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Electronic Acknowledgement Receipt

EFS ID: 34009200
Application Number: 16160230
International Application Number:
Confirmation Number: 8509
Title of Invention: SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM
First Named Inventor/Applicant Name: Robert F. Dillon
Customer Number: 129916
Filer: Andrew J. Paprocki/Elizabeth Tressler
Filer Authorized By: Andrew J. Paprocki
Attorney Docket Number: 208764-9006-US02
Receipt Date: 15-0CT-2018
Filing Date:
Time Stamp: 15:15:35
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $2120
RAM confirmation Number 101618INTEFSW15165800
Deposit Account 133080
Authorized User Elizabeth Tressler

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

37 CFR 1.16 {National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination pp%fﬁ%sigg geeéf 304




37 CFR 1.19 (Document supply fees)
37 CFR 1.20 {Post Issuance fees)

37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
1823404

208764-9006-
icati no 9
1 Application Data Sheet US02_ADS _filed_10-15-18.pdf
c74e476fa267037eccOcc1c18b88854923eq)|

@467

Warnings:
Information:
138029
208764-9006-
2 US02_CON_Application_filed_ yes 29
10-15-1 8_pdf 7a55fa417a93020de775b918411fd7d 1fas7
97e1
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 22
Claims 23 28
Abstract 29 29
Warnings:
Information:
1078763
. o 208764-9006-
3 Drawings-only bIaFk and white line US02_Drawings_filed_10-15-18 o 2
drawings
_pdf f1d76bb500fd6d428c50a828453105d5722)
091e9
Warnings:
Information:
358500
208764-9006-
4 QOath or Declaration filed US02_Declarations_filed_10-15 no 5
-1 8_pdf feabda57392a858931110471517f536ddfo8}
Tecc
Warnings:
Information:
276971

208764-9006-

no 2

> Power Of Attorney USOZ_POA_fHed_'I 0-15-1 8pdf ade3d6472440e79e93%eadbad120f7aeald
327c2
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Warnings:

Information:

1035205
6 Information Disclosure Statement (IDS) 208764-9006- o 4
Form (5808) USOZ_IDS_fI|Ed_1 0_1 5_1 8pdf 6a50241pbddfo7ff2dacbbb9eeedfd7a02b65|
el3d
Warnings:
Information:
36960
7 Fee Worksheet (SB06) fee-info.pdf no 2
84f22fa0c6fe46e5567f977009ab 14675882
434
Warnings:
Information:
Total Files Size (in bytes): 4747832

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.

Page 241 of 304




PTO/AIA/4 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032
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 CMB control number.

) ) Attorney Docket Number 208764-9006-US02
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM

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:

Remove
Inventor [1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
+| Robert F. Dillon ]

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

City | Bedford State/Province | NH | Country of Residencd | US

Mailing Address of Inventor:

Address 1 /1 Perry Road

Address 2

City | Bedford State/Province | F\IH
Postal Code 03110 Countryi | us

Remove
Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
E Craig A It\ndreiko E

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

City | Peceased State/Province Country of Residencé

Mailing Address of Inventor:

Address 1 Deceased
Address 2

City State/Province | |
Postal Code Countryi | |

Remove
Inventor 3

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

v It\nd rew F. Mesper v

Residence Information (Select One) (@ US Resjdenc
Py u&

CY, | 2 of on US Residency Active US Military Service

T oAV AN |
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PTO/AIA/4 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

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 208764-9006-US02

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM

City ‘ Irownsend State/Province | ﬁA Country of Residencd | bs

Mailing Address of Inventor:

Address 1 Granite Rd.

Address 2

City | Townsend State/Province | FVIA
Postal Code 01469 Countryi | |US

Inventor @4

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

] Neil HK. Judell ]
Resﬁience Information (Select One) (@ US Residency Non US Residency Active US Military Service -
City | [cambridge State/Province 'VIA Country of Residencd | s

Mailing Address of Inventor:

Address 1 36 Lexington Ave.

Address 2

City | [Cambridge State/Province | FVIA

Postal Code 02138 Countryi | s

Inventor |5

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
-] [Timothy I. Fillion -]

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

City | Bedford State/Province I\IIA Country of Residencd | US

Mailing Address of Inventor:

Address 1 4 Gould Road

Address 2

City Bedford State/Province | FVIA

Postal Code 01730 Countryi | |us

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 corredpmrei2dselnfOrimation of this application.
EFS Web 2.2.12




PTO/AIA/4 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032

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.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

208764-9006-US02

Application Number

Title of Invention | SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM

Customer Number 29916

Email Address mkeipdocket@michaelbest.com Add Email | |Remove Email
Application Information:

Title of the Invention SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM

Attorney Docket Number| | 208764-9006-US02

Small Entity Status Claimed [ ]

Application Type Nonprovisional -
Subject Matter Ltility -
Total Number of Drawing Sheets (if any) 20 Suggested Figure for Publication (if any) | /1

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).

Application number of the previcusly
filed application

Filing date {YYYY-MM-DD)

Intellectual Property Authority or Country -

Publication Information:

[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest 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 attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: e Customer Number US Patent Practitioner

O Limited Recognition (37 CFR 11.9)

Customer Number 129916

EFS Web 2.2.12
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PTO/AIA/4 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

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 208764-9006-US02

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM

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)
[Continuation of | 14/209648 P014-03-13
Prior Application Status | Expired - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
14/209648 [Claims benefit of provisional ~| 61/784535 2013-03-14

Additional Domestic Benefit/National Stage Data may be generated within this form A3
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.8.C. 119(b) and 37 CFR 1.55. When pricrity 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(1)(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 AIA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed hefore 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.
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PTO/AIA/4 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

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 208764-9006-US02
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM

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 (EPQ), the Japan Patent Office
{(JPO), the Korean Intellectual Property Office (KIPQ), the State Intellectual Property Office of the People’s Republic of
China (SIPQO)}, the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1).

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

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
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SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM

RELATED APPLICATIONS

[0001] This application is a continuation of U.S. Patent Application No. 14/209,648, filed
March 13, 2014, entitled SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING
SYSTEM, which claims the benefit of U.S. Provisional Patent Application No. 61/784,535, filed

March 14, 2013, the entire contents of both of which are incorporated herein by reference.
FIELD

[0002] The disclosure relates to a method, system, and computer readable storage medium

for a scanning sequence for an intra-oral imaging system.
BACKGROUND

[0003] An intra-oral imaging system is a diagnostic equipment that allows a dental
practitioner to see the inside of a patient's mouth and display the topographical characteristics of
teeth on a display unit. Certain three-dimensional (3D) intra-oral imagers may be comprised of
an intra-oral camera with a light source. The 3D intra-oral imager may be inserted into the oral
cavity of a patient by a dental practitioner. After insertion of the intra-oral imager into the oral
cavity, the dental practitioner may capture images of visible parts of the teeth and the gingivae.
The 3D intra-oral imager may be fabricated in the form of a slender rod that is referred to as a
wand or a handpiece. The wand may be approximately the size of a dental mirror with a handle
that is used in dentistry. The wand may have a built-in light source and a video camera that may
achieve an imaging magnification, ranging in scale from 1/10 to 40 times or more. This allows
the dental practitioner to discover certain types of details and defects of the teeth and gums. The
images captured by the intra-oral camera may be displayed on a display unit. Additionally, three-
dimensional surfaces generated from images captured (i.e., scanned) by the intra-oral imaging

system may be displayed on the display unit.
SUMMARY OF THE PREFERRED EMBODIMENTS

[0004] Provided are a system, method, and computer readable storage medium for generating

an intra-oral scan of a dentition. A contiguous scan of an occlusal surface of at least a part of one
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arch of the dentition is generated. At least one additional surface is associated to the contiguous

scan of the occlusal surface.

[0005] In additional embodiments, the at least one additional surface comprises a plurality of

labial surfaces and a plurality of lingual surfaces.

[0006] In further embodiments, each scan of a labial or a lingual surface includes a part of
the occlusal surface, where the part of the occlusal surface that is included in each scan of the
labial or lingual surface is used to associate the labial or the lingual surface to the contiguous

scan of the occlusal surface.

[0007] In yet further embodiments, each scan of the labial or the lingual surface is performed

by moving a wand in a predetermined pattern.

[0008] In certain embodiments, the occlusal surface is imaged prior to the plurality of labial

and lingual surfaces to display in real-time a three-dimensional representation of the dentition.

[0009] In additional embodiments, the occlusal surface is imaged in a single segment, where
the plurality of labial surfaces and the plurality of lingual surfaces are each imaged in a plurality

of segments.

[0010] In yet additional embodiments, selected frames of the contiguous scan of the occlusal
surface that have an overlap based on an analysis of data, are matched to generate an occlusal

backbone.
[0011] In further embodiments, the overlap is based on noise characteristics of the data.

[0012] In additional embodiments, to perform a real-time display of a three-dimensional
representation of the dentition, a coarse matching is performed by matching features, prior to a

three-dimensional reconstruction based on a point cloud alignment.

[0013] In further embodiments, the occlusal backbone is a first occlusal backbone, and other
frames that are different from the selected frames are linked to the occlusal backbone to generate

a second occlusal backbone that is more accurate than the first occlusal backbone.
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[0014] In certain embodiments, areas representing at least one of a tongue, a cheek, and a lip,

are removed from the second occlusal backbone to generate a third occlusal backbone.

[0015] In further embodiments, t le areas representing at least one of the tongue, the cheek,
and the lip, are removed from the second occlusal backbone, based on differences in surface

normals, color, or rigidity properties.

[0016] In additional embodiments, interferometric fringes are projected on the occlusal

surface primarily along an anterior-posterior direction.

[0017] Provided also is an imaging system that comprises a projector that projects
interferometric fringes on an occlusal surface of at least a part of one arch of a dentition
primarily along an anterior-posterior direction, and an imaging sensor that is used to view the

interferometric fringes.

[0018] In certain embodiments, the imaging system is configured to generate a contiguous
scan of an occlusal surface, and associate at least one additional surface to the contiguous scan of
the occlusal surface. In further embodiments, the at least one additional surface comprises a

plurality of labial surfaces and a plurality of lingual surfaces.
BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Referring now to the drawings in which like reference numbers represent

corresponding parts throughout:

[0020] FIG. 1 illustrates a block diagram of a computing and imaging environment that
includes an intra-oral imaging system used to capture images of a patient's teeth, in accordance

with certain embodiments;

[0021] FIG. 2 illustrates a diagram that shows scanning of a dental arch, in accordance with

certain embodiments;

[0022] FIG. 3 illustrates a diagram that shows how lingual and labial scans are associated
with an occlusal backbone to generate a three-dimensional surface representation of a dental

arch, in accordance with certain embodiments;
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[0023] FIG. 4 illustrates a flowchart that shows how labial and lingual scans are attached to
an occlusal backbone to display a three-dimensional reconstruction of the dental arch, in

accordance with certain embodiments;

[0024] FIG. 5 illustrates a diagram that shows interferometric fringes projected on a dental

arch, in accordance with certain embodiments;

[0025] FIG. 6 illustrates an exemplary sequence of occlusal frames, in accordance with

certain embodiments;

[0026] FIG. 7 illustrates a diagram that shows how selected frames with an exemplary 50%

overlap are used to construct the occlusal backbone, in accordance with certain embodiments;

[0027] FIG. 8 illustrates a diagram that shows how frames are matched to construct the

occlusal backbone, in accordance with certain embodiments;

[0028] FIG. 9 illustrates a diagram that shows a representation of an occlusal scan with

tongue, lips, and cheek, in accordance with certain embodiments;

[0029] FIG. 10 illustrates a diagram that shows how tongue, lips, and cheek are removed

from the occlusal backbone, in accordance with certain embodiments;

[0030] FIG. 11 illustrates a diagram that shows the movement of a wand in an exemplary

pattern for labial or lingual scans, in accordance with certain embodiments;

[0031] FIG. 12 illustrates a first phase of an exemplary surface reconstruction of a plurality
of teeth by stitching first and second segments of a labial surface to an occlusal backbone, in

accordance with certain embodiments;

[0032] FIG. 13 illustrates a second phase of an exemplary surface reconstruction of a
plurality of teeth by stitching a third segment a labial surface and a first segment of a lingual

surface to an occlusal backbone, in accordance with certain embodiments;
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[0033] FIG. 14 illustrates a third phase of an exemplary surface reconstruction of a plurality
of teeth by stitching second and a third segments of a lingual surface to an occlusal backbone, in

accordance with certain embodiments;

[0034] FIG. 15 illustrates a flowchart that shows how an accurate occlusal backbone is
generated by selecting frames that overlap, and by removing areas that represent the tongue,
cheek, and lips, and how labial and lingual scans are attached to the occlusal backbone to display

a three-dimensional reconstruction of the dental arch, in accordance with certain embodiments;

[0035] FIG. 16 illustrates a flowchart that shows how labial and lingual scans are attached to
an occlusal backbone to display a three-dimensional reconstruction of the dental arch, in

accordance with certain embodiments;

[0036] FIG. 17 illustrates a flowchart that shows how labial and lingual scans obtained by
moving a wand in an exemplary pattern are associated with an occlusal backbone to display a

three-dimensional reconstruction of the dental arch in accordance with certain embodiments;

[0037] FIG. 18 illustrates a flowchart that shows how at least one additional surface is
associated with a contiguous scan of an occlusal surface, in accordance with certain

embodiments;

[0038] FIG. 19 illustrates a flowchart that shows how a plurality of labial and lingual
surfaces are associated with a contiguous scan of an occlusal surface, in accordance with certain

embodiments; and

[0039] FIG. 20 illustrates a block diagram of a computational device that may correspond to

the intra-oral imaging device shown in FIG. 1, in accordance with certain embodiments.
DETAILED DESCRIPTION

[0040] In the following description, reference is made to the accompanying drawings which
form a part hereof and which illustrate several embodiments. It is understood that other

embodiments may be utilized and structural and operational changes may be made.
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Using an Intra-Oral Imaging System for Scanning a Dental Arch

[0041] A dental practitioner may insert a wand of the intra-oral imaging system into a
patient's oral cavity to acquire images of the patient's teeth. In certain embodiments, the dental
practitioner first acquires an occlusal scan of the patient's teeth in a single segment via an
uninterrupted motion of the wand over the occlusal surface of the teeth. While performing the

occlusal scan the wand may rest on the teeth and glide smoothly over the dental arch.

[0042] Subsequent to performing the occlusal scan, the dental practitioner may use the wand
to acquire images of each of the lingual and labial surfaces of the dental arch in a plurality of
segments. The presence of lips, tongue, cheek, etc., makes it difficult to acquire images of the
lingual and labial surface via an uninterrupted motion of the wand and therefore each of the

lingual and labial surfaces are imaged in multiple segments.

[0043] In certain embodiments, the frames of the occlusal scan are merged into an occlusal
backbone to which the segments of the lingual and labial surfaces are linked to generate a three-

dimensional surface of the dental arch that is displayed in real-time on a display device.

[0044] The occlusal backbone is generated in multiple phases. In a first phase, in order to
statistically limit the effect of random noise and other image characteristics, selected frames that
overlap by about 50% (or some other percentage) are stitched to form a rough occlusal backbone
and then other frames are stitched to the rough occlusal backbone. Subsequently, areas
representing tongue, cheek, and lips are removed from the occlusal backbone, and a restitching
of frames is performed to generate a more accurate occlusal backbone. The segments of lingual
and labial surfaces are then acquired by moving the wand in an exemplary pattern, such as, in the
pattern of a hook. In each segment of the lingual and labial surface that is acquired, the
movement of the wand in the exemplary pattern ensures that part of the occlusal scan is also
acquired. The part of the occlusal scan that is acquired is used to match the segments of the
lingual and labial surfaces to the occlusal backbone, and the three-dimensional surface of the

dental arch is displayed on the display device.
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[0045] The embodiments allow generation of a more accurate three-dimensional surface of
the dental arch for real-time display, in comparison to situations in which a contiguous occlusal

scan is not used.
Exemplary Embodiments

[0046] FIG. 1 illustrates a block diagram of a computing and imaging environment 100 that
includes an intra-oral imaging system 102 used to capture images of a patient's teeth 103, in

accordance with certain embodiments.

[0047] The intra-oral imaging system 102 is comprised of a processor 104, a display unit
106, a wand 108, and a scanning and surface reconstruction application 110. In certain
embodiments, the intra-oral imaging system 102 may be coupled via a wired or wireless
connection over a network to one or more computational devices (not shown), where the
computational devices may include any suitable computational device such as a personal
computer, a server computer, a mini computer, a mainframe computer, a blade computer, a tablet
computer, a touch screen computing device, a telephony device, a cell phone, a mobile
computational device, etc., and some of the computational devices may provide web services or

cloud computing services.

[0048] A dental practitioner may hold the wand 108 inside a patient's oral cavity. An optical
source (e.g. the projector 105) included in the wand 108 or coupled to the wand 108, may
illuminate the oral cavity and the intra-oral imaging sensor 112 may be used to capture a
plurality of digital images of structures in the oral cavity, such as the patient's teeth, gingivae,
and/or, palate, and other structures, such as fillings, braces, etc. In certain embodiments the intra-

oral imaging sensor 112 may comprise an intra-oral camera.

[0049] The operation of the wand 108 may be controlled by the scanning and surface
reconstruction application 110 that may be implemented in software, hardware, firmware or any
combination thereof. In certain embodiments, the display unit 106 of the intra-oral imaging
system 104 may include a touch screen display unit that displays scanning sequence prompts 114
and three-dimensional surface reconstructions 116 of the patient's dental arches. The scanning

and surface reconstruction application 110 may process the images acquired by the intra-oral
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imaging sensor 112 and also display the images on the display unit 106 and further transmit the
images to one or more computational devices coupled via a network to the intra-oral imaging

system 102.

[0050] The patient's teeth 103 that are imaged via the intra-oral imaging system 102 may
include a mandibular arch 118 and a maxillary arch 120. Each of the mandibular arch 118 and
the maxillary arch 120 may include an occlusal surface 122, 124, a labial surface 126, 128 and a
lingual surface 130, 132.

[0051] Therefore, FIG. 1 illustrates certain embodiments in which an intra-oral imaging
system 102 is used to acquire intra-oral images of the occlusal, labial, and lingual surfaces of the
maxillary and mandibular arch of a patient. In the process of acquisition of images, the occlusal
surface of a dental arch is acquired first via a single uninterrupted motion of the wand 108,
followed by the labial and the lingual surfaces that are acquired in multiple segments. An
occlusal backbone is generated from the image frames of the occlusal scan, and then the
segments of the labial and lingual scans are linked to the occlusal backbone to generate the three-

dimensional surface of the dental arch for real-time display on the display unit 106.

[0052] FIG. 2 illustrates a diagram 200 that shows scanning of a dental arch, in accordance
with certain embodiments. An exemplary occlusal scan 202 that is generated by gliding the wand
108 over the occlusal surface of a dental arch 118, 120 of the patient is shown. The viewing
orientation of the intra-oral imaging sensor 112 for labial scan (shown via reference numeral
204) and the viewing orientation of intra-oral imaging sensor 112 for lingual scan (shown via
reference numeral 206) are also shown. In the lingual scan, the side surfaces of the teeth that are
predominantly faced towards the tongue are imaged. In the labial scan the side surfaces of the

teeth that are predominantly faced towards the lips and cheek are imaged.

[0053] FIG. 3 illustrates a diagram 300 that shows how lingual and labial scans are
associated with an occlusal backbone to generate a three-dimensional surface representation of a

dental arch, in accordance with certain embodiments.
[0054] A representation of an occlusal backbone that is constructed from a contiguous

occlusal scan is shown via reference numeral 302. An exemplary segment of a labial scan 304
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and an exemplary segment of a lingual scan 306 are also shown. It may be noted that multiple

segments of labial scan and lingual scan may be needed to cover the entire dental arch.

[0055] In certain embodiments, the segments of the labial scan 304 and the segments of the
lingual scan 306 are attached (reference numerals 308, 310) to the occlusal backbone 302 to

generate a three-dimensional surface representation of the dental arch 312.

[0056] Therefore, FIG. 3 illustrates certain embodiments in which segments of labial and
lingual scans are attached to an occlusal backbone to generate a three-dimensional surface
representation of the dental arch for display on the display unit 106 of the infra-oral imaging

system 102.

[0057] FIG. 4 illustrates a flowchart 400 that shows how labial and lingual scans are attached
to an occlusal backbone to display a three-dimensional reconstruction of the dental arch, in
accordance with certain embodiments. The operations shown in FIG. 4 may be performed via the
scanning and surface reconstruction application 110 that executes operations on the processor
104 of the intra-oral imaging system 102. In certain alternative embodiments, the operations
shown in FIG. 4 may be performed in one or more computational devices that are external to the

intra-oral imaging system 102.

[0058] Control starts at block 402 in which the scanning and surface reconstruction
application 110 generates a contiguous scan of the occlusal surface of a dental arch of the
patient. A contiguous scan is a scan that scans a part or the entirety of the dental arch in a single
uninterrupted motion of the wand. For example, in certain embodiments a dental practitioner
may place the wand on the occlusal surface of a patient's tooth on the last molar (i.e., third
molar) at one end of the dental arch and glide the wand over the occlusal surface to the last molar
(i.e., third molar) on the other end of the dental arch in about 30 seconds and the corresponding
scanning may be an example of a contiguous scan. It should be noted that the contiguous scan
need not scan the entirety of the dental arch, but may scan a part of the dental arch. Hundreds or
thousands of image frames may be acquired during the scanning process, where each image
frame may be an image of a part of a tooth, an image of one tooth, or an image of a few teeth of

the dental arch. Successive frames may have overlapping regions of the occlusal surface.
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[0059] Control proceeds to block 404, where the hundreds or thousands of image frames are
used to generate an occlusal backbone which is a three dimensional surface representation of the

occlusal surface.

[0060] From block 404, control may proceed either to block 406 or block 408, where either
block 406 may be performed before block 408, or block 408 may be performed before block 406.

[0061] At block 406, a plurality of labial scan segments are generated by moving the wand
108 in a hook shaped pattern (or some other exemplary pattern) to periodically image a portion
of the occlusal surface while imaging the labial surface. For example, the wand 108 is moved to
image the occlusal surface of a first tooth (e.g., the last, i.e., third molar at the end of a dental
arch), and moved down the side surface of the first tooth towards the labial side and then along
the side surface of the first tooth, second tooth, and third tooth to image a portion of the labial
surface. Then the wand 108 is moved up the side surface of the third tooth and part of the
occlusal surface of the third tooth is imaged to complete the scanning of a first segment of a
labial surface. After that the wand 108 is gripped differently and after scanning part of the
occlusal surface of the third tooth the wand 108 is moved down to the side surface of the third
tooth, and the wand 108 continues to image the side surface of the third tooth, a fourth tooth, a
fifth tooth along the labial surface before being moved up to scan the occlusal surface of the fifth
tooth to complete the scanning of a second segment of the labial surface. Therefore, via a hook
shaped or other movement pattern, at least a segment (e.g., spanning 2-6 teeth or more) of a
labial scan is obtained. In alternative embodiments, other exemplary patterns besides a hook
shaped pattern may be used for the movement of the wand 108. Since the wand 108 may have to
be regripped (i.e., gripped in different ways) while capturing images of the labial and lingual
surfaces, the scanned images of the lingual and labial surfaces may be captured in multiple
segments. Each segment corresponds to images captured in a single uninterrupted movement of
the wand. From block 406, control proceeds to block 410 where the labial scan segments are

attached to the occlusal backbone.

[0062] At block 408, a plurality of lingual scan segments are generated by moving the wand
108 in a hook shaped pattern (or other exemplary pattern) to periodically image a portion of the
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occlusal surface. The plurality of lingual scan segments are attached to the occlusal backbone (at

block 412).

[0063] After the labial scan segments and the lingual scan segments have all been attached to
the occlusal backbone (at blocks 410, 412) then control proceeds to block 414 where the three-

dimensional reconstruction of the dental arch is displayed on the display unit 106.

[0064] Therefore FIG. 4 illustrates a flowchart that shows how labial and lingual segments
are attached to an occlusal backbone to display a three-dimensional surface reconstruction of a

dental arch.

[0065] FIG. 5 illustrates a diagram 500 that shows interferometric fringes 502 projected by a
projector 105 on a dental arch, in accordance with certain embodiments. In certain embodiments,
the intra-oral imaging system 102 is a precision opto-mechanical device, based on accordion
fringe interferometer (AFI) techniques that measure three dimensional points on an object
surface. The AFI technology projects (via the projector 105) two coherent beams of light, which
create a precision interference fringe pattern visible on an object surface. In a simple single
channel AFI system, a series of three two dimensional fringe images are acquired by an off-axis
camera, with the fringe pattern at 0°, +120°, and -120°. For each camera pixel, the relative
intensities of the three measurements may be mathematically combined to calculate a unique
distance to the object surface, with the measurement limited by the width of one fringe. A multi-
channel AFI system is not limited to a measurement width of one fringe, and is, therefore,

capable of rapidly measuring the topology of intra-oral features.

[0066] In FIG. 5, the wand is moved along the line 504 shown superimposed on the dental
arch on which the interferometric fringes are projected. It may be observed that the movement of
the wand is predominantly along the direction in which the interferometric fringes are projected.
As a result, the error in surface reconstruction of the occlusal surface is reduced, in comparison
to situations where interferometric fringes are not aligned with the predominant direction of the

translational motion of the wand 108.
[0067] Therefore, FIG. 5 illustrates certain embodiments in which interferometric fringes are

projected on the occlusal surface primarily along a direction in which the contiguous scan of the
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occlusal surface is performed, to reduce the amount of error in generating three-dimensional
occlusal surfaces. FIG. 5 illustrates certain embodiments of an imaging system 102, comprising a
projector 105 that projects interferometric fringes on an occlusal surface of at least a part of one
arch of a dentition primarily along an anterior-posterior direction, and an imaging sensor 112 that
is used to view the interferometric fringes. In certain embodiments, the imaging system 102 is
configured to generate a contiguous scan of an occlusal surface, and associate at least one
additional surface to the contiguous scan of the occlusal surface. In certain embodiments, the at
least one additional surface comprises a plurality of labial surfaces and a plurality of lingual

surfaces.

[0068] FIG. 6 illustrates an exemplary sequence 600 of occlusal frames, in accordance with
certain embodiments. The occlusal frames F1, F2, F3, F4, F5, F6, F7, F8, F9, F10, F11 (shown
via reference numeral 602) are acquired successively while traversing the occlusal surface of the
dental arch, and each occlusal frame encompasses part of a tooth, a single tooth, or a plurality of
teeth. There is overlap of the occlusal surface between two successive frames. For example, both

frame F1 and frame F2 may image a section of the same tooth.

[0069] In certain embodiments, to minimize the effects of noise and certain other image
characteristics, frames which overlap by about 50% are selected to construct the occlusal
backbone. In other embodiments, frames with a different percentage of overlap may be selected
to construct the occlusal backbone. In situations where the noise is random, an overlap of about
50% between two flumes may provide adequate translational movement and not too much
rotational movement to tit the two frames to each other via a process of statistical noise
elimination. In other embodiments frames may be selected based on an overlap that may vary
between 15% to 85%. In other embodiments, the optimal percentage of overlap may be
determined based on analysis of data included or associated with the frames. In certain

embodiments, the optimal percentage for the overlap may depend of the noise characteristics.

[0070] For example, FIG. 6 shows that frames F1, F4, F7, and F10 are selected to be stitched
together (i.e., to be fitted during surface reconstruction) in a first phase of the construction of the

occlusal backbone. Frames F4 and F1 have an overlapping region of about 50%, frames F7 and
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F4 have an overlapping region of about 50%, and frames F7 and F10 have an overlapping region

of about 50%.

[0071] FIG. 7 illustrates a diagram 700 that shows how selected frames with around 50%

overlap are used to construct the occlusal backbone, in accordance with certain embodiments.

[0072] In FIG. 7 that is based on the frames F1 . . . F11 shown via, reference numeral 602 in
FIG. 6, Frames F4 and F1 have an overlapping region of about 50%, frames F7 and F4 have an
overlapping region of about 50%, and these frames F1, F4, F7 are stitched together in a first
phase (shown via reference numeral 702) to generate a rough occlusal backbone. Then in a
second phase frames F2, F3, F5, F6 are attached (shown via, reference numeral 704) to the rough

occlusal backbone to generate a more accurate occlusal backbone.

[0073] FIG. 8 illustrates a diagram 800 that shows how frames are matched to construct the
occlusal backbone, in accordance with certain embodiments. Frame P 802 has an associated
feature list 803 and a point cloud 804 of about 7500 points, and frame Q 806 has an associated
feature list 808 and a point cloud 810 of about 75000 points. Matching frame P 802 to frame Q
806 in three dimensions, by using the roughly 75000 point cloud pairs is very time consuming.
To display the three-dimensional surface reconstruction in real-time while scanning is being
performed, the feature lists 803 and 808 are used to match frame P 802 to frame Q 806 and
perform a coarse matching (block 812). The feature lists 802, 808 are relatively faster to match.
Once a coarse matching is obtained, then a point cloud alignment may be performed with the
point clouds 804, 810 or other mechanisms may be used to refine the match as shown via

reference numeral 813, to perform (at block 814) the three-dimensional reconstruction.

[0074] Therefore, FIGs. 6, 7, and 8 illustrate certain embodiments in which an occlusal
backbone is constructed by first using frames that overlap by about 50% (or on some other
percentage based on noise or other characteristics), and then other frames are attached to the
occlusal backbone. During construction of the optical backbone frames are first matched via
matching feature lists to secure coarse fits, before using point clouds to refine the fitting of

frames for three-dimensional surface reconstruction.
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[0075] FIG. 9 illustrates a diagram 900 that shows a representation of an occlusal scan 902
with tongue 904, lips 906, and cheek 908, in accordance with certain embodiments. The tongue,
lips, and cheek may hide portions of the occlusal surface of the dental arch when the occlusal
scan of the dental arch is being acquired. The frames of the occlusal scan shows images of the
teeth overlapped with portions of the tongue, lips, and cheek, and potentially other elements. The

portions that represent the tongue, cheek, and lips are removed from the occlusal backbone.

[0076] FIG. 10 illustrates a diagram 100 that shows how tongue, lips, and cheek are removed
from the occlusal backbone, in accordance with certain embodiments. In FIG. 10 an exemplary
tooth 1002 and cheek 1004 are shown. It can be observed that the surface normals 1006 of the
tooth 1002 are oriented significantly differently than the surface normals 1008 of the cheek 1004,
Additionally, if color images are taken there may be color differences between the tooth and
cheek. Since cheek is non-rigid and tooth is rigid, image characteristics in a sequence of frames
may be used to determine non-rigid objects like cheek (or lips or tongue). Therefore, by
determining one or more of surface normal differences 1010, color differences 1012, rigidity
property differences 1014, and other cues 1016 the areas of the occlusal scan that represent

cheek, tongue, and lips are removed from the occlusal backbone.

[0077] FIG. 11 illustrates a diagram 1100 that shows the movement of a wand 108 in an
exemplary pattern, such as in a hook shaped pattern, for labial or lingual scans, in accordance
with certain embodiments. Other predetermined movement patterns besides a hook shaped

pattern may be used in alternative embodiments.

[0078] In FIG. 11, the wand may be placed on the occlusal surface of a first tooth (e.g., the
third molar at the end of a dental arch), and moved down (reference numeral 1102) the side
surface of the first tooth towards the labial side and then along (reference numeral 1104) the side
surface of the first tooth, a second tooth, and a third tooth to image a portion of the labial surface.
Then the wand is moved up (reference numeral 1106) the side surface of the third tooth and part
of the occlusal surface of the third tooth is imaged. Therefore reference numerals 1102, 1104,

1106 show a first segment being acquired for a labial scan.

[0079] Subsequent to the first segment being acquired for a labial scan, the wand may have

to be gripped once again, and after scanning part of the occlusal surface of the third tooth, the
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wand is moved down (reference numeral 1108) to the side surface of the third tooth and the
wand continues to image the side surface of the third tooth, a fourth tooth, a fifth tooth along
(reference numeral 1110) the labial surface before being moved up (reference numeral 1112) to
scan the occlusal surface of the fifth tooth. Therefore reference numerals 1108, 1110, 1112 show

a second segment being acquired for a labial scan.

[0080] Therefore, via a hook shaped movement pattern at least a segment (e.g., spanning 2-6
teeth or more) of a labial scan is obtained. Multiple segments of labial scan and multiple

segments of lingual scan are generated to image the dental arch.

[0081] Therefore, FIG. 11 shows certain embodiment, in which by moving the wand 108 in a
hook shaped pattern or in accordance with other predetermined patterns, a plurality of segments
of the labial and lingual surfaces are obtained, where each segment also includes portions of the
occlusal surface that may be used to map the lingual and labial segments to the occlusal
backbone. In certain embodiments, both the labial and lingual surfaces have three or four
segments each. In other embodiments, the labial and lingual surfaces may be captured in a

different number of segments.

[0082] FIG. 12 illustrates a first phase 1200 of an exemplary surface reconstruction of a
plurality of teeth by stitching first and second segments of a labial surface to an occlusal
backbone, in accordance with certain embodiments. An occlusal surface of the mandibular arch
1202 represented via the occlusal backbone is shown and the first segment 1204 of the labial
surface is stitched (i.e., mapped and fitted) to the occlusal backbone. Then the second segment of

the labial surface 1206 is fitted to the occlusal backbone and the first segment.

[0083] FIG. 13 illustrates a second phase 1300 of an exemplary surface reconstruction of a
plurality of teeth by stitching a third segment a labial surface and a first segment of a lingual
surface to an occlusal backbone, in accordance with certain embodiments. An occlusal surface of
the mandibular arch represented via the occlusal backbone 1202 is shown and the third segment
of the labial surface 1302 is stitched (i.e., mapped and fitted) to the occlusal backbone and the
second segment of the labial surface. Thus the labial surface is completely fitted to the occlusal

surface. Then the first segment of the lingual surface 1304 is fitted to the occlusal backbone.
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[0084] FIG. 14 illustrates a third phase 1400 of an exemplary surface reconstruction of a
plurality of teeth by stitching second and third segments of a lingual surface to an occlusal
backbone, in accordance with certain embodiments. An occlusal surface of the mandibular arch
represented via the occlusal backbone 1202 is shown and a second segment of the lingual surface
1402 is stitched (i.e., mapped and fitted) to the occlusal backbone and the first segment of the
lingual surface. Then the third segment of the lingual surface 1404 is fitted to the occlusal
backbone and the second segment of the lingual surface. As a result all segments of the lingual
and labial surfaces are fitted to the occlusal backbone and the three dimensional surface

reconstruction of the dental arch is completed.

[0085] FIG. 15 illustrates a flowchart 1500 that shows how an accurate occlusal backbone is
generated by selecting frames that overlap by a determined amount (e.g., 50% overlap) and by
removing areas that represent the tongue, cheek, and lips, and how labial and lingual scans are
attached to the occlusal backbone to display a three-dimensional reconstruction of the dental
arch, in accordance with certain embodiments. The operations shown in FIG. 15 may be
performed via the scanning and surface reconstruction application 110 that executes operations
on the processor 104 of the intraoral imaging system 102. In certain alternative embodiments, the
operations shown in FIG. 15 may be performed in one or more computational devices that are

external to the intra-oral imaging system 102.

[0086] Control starts at block 1502 in which the intraoral imaging system 102 scans a
sequence of frames in an occlusal scan of the dental arch. Frames with an overlap (e.g., 50%
overlap) that are determined based on analysis of data are stitched, i.e., fitted, (at block 1504) to
generate a first phase occlusal backbone. The intra-oral imaging system 102 fills (at block 1506)
the other frames (e.g., the frames that did not have around 50% overlap) to the first phase

occlusal backbone to generate a second phase occlusal backbone.

[0087] The intra-oral imaging system 102 removes (at block 1508) the tongue, cheek, lips
and other extraneous data from the second phase occlusal backbone. Control proceeds to block
1510 in which the frames with an overlap (e.g., 50% overlap) based on the analysis of date are
stitched once again to generate a third phase occlusal backbone. This restitching is relatively fast

as it can start with positions and orientations determined in the second phase occlusal backbone
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which are fairly accurate, and the new positions and orientations are a minor deviation from the
previous positions and orientations. The other frames are filled in the third phase occlusal

backbone to generate a fourth phase occlusal backbone. It should be noted that the fourth phase
occlusal backbone is more accurate in position and orientation and does not have tongue, cheek,

or lip data.

[0088] The wand 108 of the intra-oral imaging system is used to scan (at blocks 1514 and
1516) labial and lingual segments in a hook shaped or some other pattern that periodically
overlaps the occlusal surface. From blocks 1514 and 1516 control proceeds to block 1518 in
which the intra-oral imaging system 102 stitches lingual and labial segments to the fourth phase
occlusal backbone and displays (at block 1520) the three-dimensional surface of dental arch on

the display unit 106.

[0089] FIG. 16 illustrates a flowchart 1600 that shows how labial and lingual scans are
attached to an occlusal backbone to display a three-dimensional reconstruction of the dental arch,
in accordance with certain embodiments. The operations shown in FIG. 16 may be performed via
the scanning and surface reconstruction application 110 that executes operations on the processor
104 of the intra-oral imaging system 102. In certain alternative embodiments, the operations
shown in FIG. 16 may be performed in one or more computational devices that are external to

the intra-oral imaging system 102.

[0090] Control starts at block 1602 in which the wand 108 is used to image an occlusal
surface of a plurality of teeth of the dental arch of the patient. A plurality of labial surfaces and a
plurality of lingual surfaces of the plurality of teeth of the dental arch of the patient are also
imaged (at block 1604).

[0091] The scanning and surface reconstruction application 110 stitches (at block 1606) the
plurality of imaged labial and images lingual surfaces to the imaged occlusal surface. A digital
surface representation of the plurality of teeth based on the stitching of the plurality of imaged
labial surfaces and the plurality of imaged lingual surfaces to the imaged occlusal surface is

generated (at block 1608).

17
Page 267 of 304



Attorney Docket No. 208764-9006-US02

[0092] FIG. 17 illustrates a flowchart 1700 that shows how labial and lingual scans obtained
by moving a wand 108 in a hook shaped or some other pattern are associated with an occlusal
backbone to display a three-dimensional reconstruction of the dental arch, in accordance with
certain embodiments. The operations shown in FIG. 17 may be performed via the scanning and
surface reconstruction application 110 that executes operations on the processor 104 of the intra-
oral imaging system 102. In certain alternative embodiments, the operations shown in FIG. 17
may be performed in one or more computational devices that are external to the intra-oral

imaging system 102.

[0093] Control starts at block 1702 in which a contiguous scan of an occlusal surface of one
arch of a dentition is generated, where dentition refers to the arrangement of teeth n the oral

cavity of a patient. Labial and lingual surfaces are scanned (at block 1704) in multiple segments
by moving the wand 108 in a hook shaped or some other pattern to include areas of the occlusal

surface.

[0094] Control proceeds to block 1706 in which the scanning and surface reconstruction
application 110 associates a plurality of labial surfaces of the one arch and a plurality of lingual
surfaces of the one arch, to the contiguous scan of the occlusal surface. The contiguous scan of
the occlusal surface is therefore used to generate a three-dimensional representation of the

dentition.

[0095] FIG. 18 illustrates a flowchart 1800 that shows how at least one additional surface is
associated with a contiguous scan of an occlusal surface, in accordance with certain
embodiments. The operations shown in FIG. 18 may be performed via the scanning and surface
reconstruction application 110 that executes operations on the processor 104 of the intra-oral
imaging system 102. In certain alternative embodiments, the operations shown in FIG. 18 may
be performed in one or more computational devices that are external to the intra-oral imaging

system 102.

[0096] Control starts at block 1802 in which a contiguous scan of an occlusal surface of at
least a part of one arch of the dentition is generated. Control proceeds to block 1804 in which at

least one additional surface is associated with the contiguous scan of the occlusal surface.
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[0097] FIG. 19 illustrates a flowchart 1900 that shows how a plurality of labial and lingual
surfaces are associated with a contiguous scan of an occlusal surface, in accordance with certain
embodiments. The operations shown in FIG. 19 may be performed via the scanning and surface
reconstruction application 110 that executes operations on the processor 104 of the intra-oral
imaging system 102. In certain alternative embodiments, the operations shown in FIG. 19 may
be performed in one or more computational devices that are external to the intra-oral imaging

system 102.

[0098] Control starts at block 1902 in which a contiguous scan of an occlusal surface of at
least a part of one arch of the dentition is generated. Control proceeds to block 1904 in which a
plurality of labial surfaces and a plurality of lingual surfaces are associated with the contiguous

scan of the occlusal surface.

[0099] Therefore, FIGs. 1-19 illustrate certain embodiments in which an occlusal backbone
of a dental arch is generated from an contiguous occlusal scan, and then segments of labial and
lingual surfaces are stitched to the occlusal backbone to generate a three-dimensional surface
representation of the dental arch. The operations may be performed in real time via feature
matching to generate a coarse match prior to using point clouds or other mechanisms for
matching. Additionally, tongue, cheek, and lip data are removed to secure a more accurate
occlusal backbone. The generation of the occlusal backbone prior to the labial and lingual scans
facilitates the generation of a more accurate three dimensional representation of a dental arch in
comparison to the situation in which the occlusal backbone is not generated. In certain
embodiments, holes may be filled after the three-dimensional surface of the dental arch has been
constructed. In other embodiments, image compression may be achieved during a statistical
noise elimination process achieved by constructing a rough occlusal backbone with only those

frames that overlap by around 50% or by some other percentage.
Additional Details of Embodiments

[0100] The operations described in the figures may be implemented as a method, apparatus
or computer program product using techniques to produce software, firmware, hardware, or any

combination thereof. Additionally, certain embodiments may take the form of a computer
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program product embodied in one or more computer readable storage medium(s) having

computer readable program code embodied therein.

[0101] A computer readable storage medium may include an electronic, magnetic, optical,
electromagnetic, or semiconductor system, apparatus, or device, or any suitable combination of
the foregoing. The computer readable storage medium may also comprise an electrical
connection having one or more wires, a portable computer diskette or disk, a hard disk, a random
access memory (RAM), a read-only memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), a portable compact disc read-only memory (CD-ROM), an
optical storage device, a magnetic storage device, etc. A computer readable storage medium may
be any tangible medium that can contain, or store a program for use by or in connection with an

instruction execution system, apparatus, or device.

[0102] A computer readable signal medium includes a propagated data signal pith computer
readable program code embodied therein. A computer readable signal medium may be any
computer readable medium that is not a computer readable storage medium and that can
communicate, propagate, or transport a program for use by or in connection with an instruction
execution system, apparatus, or device. The computer readable storage medium is different from

the computer readable signal medium.

[0103] Computer program code for carrying out operations for aspects of the present

invention may be written in any combination of one or more programming languages.

[0104] Aspects of the present invention are described below with reference to flowchart
illustrations and/or block diagrams of methods, system and computer program products
according to certain embodiments. At least certain operations that may have been illustrated in
the figures show certain events occurring in a certain order. In alternative embodiments, certain
operations may be performed in a different order, modified or removed. Additionally, operations
may be added to the above described logic and still conform to the described embodiments.
Further, operations described herein may occur sequentially or certain operations may be
processed in parallel. Yet further, operations may be performed by a single processing unit or by

distributed processing units. Computer program instructions can implement the blocks of the
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flowchart. These computer program instructions may be provided to a processor of a computer

for execution.

[0105] FIG. 20 illustrates a block diagram that shows certain elements that may be included
in a computational device 2000, where in the computational device 2000 may be the infra-oral
imaging system 102, in accordance with certain embodiments. The system 2000 may include a
circuitry 2002 that may in certain embodiments include at least a processor 2004. The processor
2004 may comprise any suitable processor known in the art, such as, an arithmetic logical unit, a
central processing unit, a circuitry that perform operations, hardware that performs instructions
of a computer program, a microprocessor, a parallel processor, an array processor, a vector
processor, a transistorized central processing unit, a microcontroller, a logic circuitry, etc. Any
device that manipulates digital information based on one or more operational instructions or in a
predefined manner is an example of the processor 2004. The system 2000 may also include a
memory 2006 (e.g., a volatile memory device), and storage 2008. The storage 2008 may include
a. non-volatile memory device (e.g., EEPROM. ROM, PROM. RAM, DRAM, SRAM, flash,
firmware, programmable logic, etc.), magnetic disk drive, optical disk drive, tape drive, etc. The
storage 2008 may comprise an internal storage device, an attached storage device and/or a
network accessible storage device. The system 2000 may include a program logic 2010 including
code 2012 that may be loaded into the memory 2006 and executed by the processor 2004 or
circuitry 2002. In certain embodiments, the program logic 2010 including code 2012 may be
stored in the storage 2008. In certain other embodiments, the program logic 2010 may be
implemented in the circuitry 2002. Therefore, while FIG. 20 shows the program logic 2010
separately from the other elements, the program logic 2010 may be implemented in the memory

2006 and/or the circuitry 2002.

"non
2

[0106] The terms "an embodiment", "embodiment", "embodiments", "the embodiment", "the

2

embodiments". "one or more embodiments

"non
2

some embodiments", and "one embodiment" mean
"one or more (but not all) embodiments of the present invention(s)" unless expressly specified

otherwise.

[0107] The terms "including", "comprising", "having" and variations thereof mean

2

"including but not limited to", unless expressly specified otherwise.
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[0108] The enumerated listing of items does not imply that any or all of the items are

mutually exclusive, unless expressly specified otherwise.

[0109] The terms "a", "an" and "the" mean "one or more ", unless expressly specified

otherwise.

[0110] Devices that are in communication with each other need not be in continuous
communication with each other, unless expressly specified otherwise. In addition, devices that
are in communication with each other may communicate directly or indirectly through one or

more intermediaries.

[0111] A description of an embodiment with several components in communication with
each other does not imply that all such components are required. On the contrary a variety of

optional components are described to illustrate the wide variety of possible embodiments.

[0112] When a single device or article is described herein, it will be readily apparent that
more than one device/article (whether or not they cooperate) may be used in place of a single
device/article. Similarly, where more than one device or article is described herein (whether or
not they cooperate), it will be readily apparent that a single device/article may be used in place of
the more than one device or article or a different number of devices/articles may be used instead
of the shown number of devices or programs. The functionality and/or the features of a device
may be alternatively embodied by one or more other devices which are not explicitly described

as having such functionality/features.

[0113] The foregoing description of various embodiments of the invention has been
presented for the purposes of illustration and description. It is not intended to be exhaustive or to
limit the invention to the precise form disclosed. Many modifications and variations are possible
in light of the above teaching. It is intended that the scope of the invention be limited not by this
detailed description, but rather by the claims appended hereto. The above specification, examples
and data provide a complete description of the manufacture and use of the composition of the
invention. Since many embodiments of the invention can be made without departing from the

spirit and scope of the invention, the invention resides in the claims hereinafter appended.
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CLAIMS

What is claimed is:

1. A system for generating an intra-oral scan of a dentition, the system comprising:
a memory; and
a processor coupled to the memory, wherein the processor is configured to:

generate a contiguous scan of an occlusal surface of at least a part of one

arch of the dentition, and

associate a scan of at least one additional surface to the contiguous scan of

the occlusal surface.

2. The system of claim 1, wherein the scan of the at least one additional surface comprises a

plurality of scans of labial surfaces and a plurality of scans of lingual surfaces.

3. The system of claim 2, wherein each scan of a labial or lingual surface includes a part of
the occlusal surface, and wherein the processor is configured to use the part of the occlusal
surface that is included in each scan of the labial or lingual surface to associate the labial or

lingual surface to the contiguous scan of the occlusal surface.

4. The system of claim 2, wherein the occlusal surface is imaged prior to the plurality of
labial and lingual surfaces, and wherein the processor is further configured to display in real-time
a three-dimensional representation of the dentition as the plurality of labial and lingual surfaces

are imaged.
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5. The system of claim 4, wherein the processor is configured to display in real-time the
three-dimensional representation of the dentition by performing a coarse matching by matching

features as the plurality of labial and lingual surfaces are imaged, and

wherein the processor is further configured to generate a three-dimensional
reconstruction of the dentition based on a point cloud alignment after the plurality of

labial and lingual surfaces are all imaged.

6. The system of claim 1, wherein the processor is further configured to generate an
occlusal backbone by matching selected frames of the contiguous scan of the occlusal surface

that have an overlap based on an analysis of data.

7. The system of claim 6, wherein the processor is configured to detect the overlap is based

on noise characteristics of the data.

8. The system of claim 6, wherein the occlusal backbone is a first occlusal backbone, and
wherein the processor is further configured to generate a second occlusal backbone that is more
accurate than the first occlusal backbone by linking other frames that are different from the

selected frames to the first occlusal backbone.

9. The system of claim 8, wherein the processor is further configured to generate a third
occlusal backbone by removing, from the second occlusal backbone, areas representing at least

one selected from a group consisting of a tongue, a cheek, and a lip.
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10. The system of claim 9, wherein the processor is configured to remove the areas
representing the at least one selected from the group consisting of the tongue, the cheek, and the

lip based on differences in surface normal, color, or rigidity properties.

1. The system of claim 1, further comprising:

a projector that projects interferometric fringes on an occlusal surface of at least a

part of one arch of the dentition primarily along an anterior-posterior direction; and
an imaging sensor that is used to view the interferometric fringes,

wherein the processor is further configured to generate the contiguous scan of the

occlusal surface based on the interferometric fringes sensed by the imaging sensor.

12. A computer readable storage medium for generating an intra-oral scan of a dentition,
wherein code stored in the computer readable storage medium, when executed by a processor,

causes a system to:

generate a contiguous scan of an occlusal surface of at least a part of one arch of

the dentition; and

associate a scan of at least one additional surface to the contiguous scan of the

occlusal surface.

13.  The computer readable storage medium of claim 12, wherein the scan of the at least one
additional surface comprises a plurality of scans of labial surfaces and a plurality of scans of

lingual surfaces.
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14.  The computer readable storage medium of claim 13, wherein each scan of a labial or
lingual surface includes a part of the occlusal surface, and wherein the code, when executed by
the processor, causes the system to use the part of the occlusal surface that is included in each
scan of the labial or lingual surface to associate the labial or lingual surface to the contiguous

scan of the occlusal surface.

15.  The computer readable storage medium of claim 13, wherein the occlusal surface is
imaged prior to the plurality of labial and lingual surfaces, and wherein the code, when executed
by the processor, causes the system to display in real-time a three-dimensional representation of

the dentition as the plurality of labial and lingual surfaces are imaged.

16. The computer readable storage medium of claim 15, wherein the code, when executed by
the processor, causes the system to display in real-time the three-dimensional representation of
the dentition by performing a coarse matching by matching features as the plurality of labial and

lingual surfaces are imaged, and

wherein the code, when executed by the processor, further causes the system to
generate a three-dimensional reconstruction of the dentition based on a point cloud

alignment after the plurality of labial and lingual surfaces are all imaged.

17.  The computer readable storage medium of claim 12, wherein the code, when executed by
the processor, further causes the system to generate an occlusal backbone by matching selected
frames of the contiguous scan of the occlusal surface that have an overlap based on an analysis

of data.
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18. The computer readable storage medium of claim 17, wherein the code, when executed by
the processor, further causes the system to detect the overlap based on noise characteristics of the

data.

19. The computer readable storage medium of claim 17, wherein the occlusal backbone is a
first occlusal backbone, and wherein the code, when executed by the processor, further causes
the system to generate a second occlusal backbone that is more accurate than the first occlusal
backbone by linking other frames that are different from the selected frames to the first occlusal

backbone.

20. The computer readable storage medium of claim 19, wherein the code, when executed by
the processor, further causes the system to generate a third occlusal backbone by removing, from
the second occlusal backbone, areas representing at least one selected from a group consisting of

a tongue, a cheek, and a lip.

21. The computer readable storage medium of claim 20, wherein the code, when executed by
the processor, causes the system to remove the areas representing the at least one selected from
the group consisting of the tongue, the cheek, and the lip based on differences in surface normal,

color, or rigidity properties.
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22. An imaging system, comprising:

a projector that projects interferometric fringes on an occlusal surface of at least a

part of one arch of a dentition primarily along an anterior-posterior direction; and

an imaging sensor that is used to view the interferometric fringes.

23. The imaging system of claim 22, the imaging system configured to:
generate a contiguous scan of an occlusal surface, and

associate at least one additional surface to the contiguous scan of the occlusal

surface.

24.  The imaging system of claim 23, wherein the at least one additional surface comprises a

plurality of labial surfaces and a plurality of lingual surfaces.
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ABSTRACT

Provided are a system, method, and computer readable storage medium for generating an intra-
oral scan of a dentition. A contiguous scan of an occlusal surface of at least a part of one arch of
the dentition is generated. At least one additional surface is associated to the contiguous scan of

the occlusal surface.
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PTO/AIA/02 (07-13)
Approved for use through 01/31/2014. 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 displays a valid OMB control number.

SUBSTITUTE STATEMENT IN LIEU OF AN OATH OR DECLARATION FOR UTILITY

OR DESIGN PATENT APPLICATION (35 U.S.C. 115(d) AND 37 CFR 1.64)

Title of | SCANNING SEQUENCE FOR AN INTRA-ORAL IMAGING SYSTEM

Invention

This statement is directed to:
|:| The attached application,

OR

14/209,648 . March 13,2014

|§|United States application or PCT international application number

LEGAL NAME of inventor to whom this substitute statement applies:

(E.g., Given Name (first and middle (if any)) and Family Name or Surname)

Craig A. ANDREIKO

Residence (except for a deceased or legally incapacitated inventor):

Deceased

City State Country
Mailing Address (except for a deceased or legally incapacitated inventor):
Deceased

Deceased

City State Zip Country

| believe the above-named inventor or joint inventor to be the original inventor or an original joint inventor of a claimed invention
in the application.

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

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

Relationship to the inventor to whom this substitute statement applies:

|:| Legal Representative (for deceased or legally incapacitated inventor only),

|:| Assignee,

|§| Person to whom the inventor is under an obligation to assign,

|:| Person who otherwise shows a sufficient proprietary interest in the matter (petition under 37 CFR 1.46 is required), or

|:| Joint Inventor.
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This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 1 minute to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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