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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/487,371 02/16/2016 9262864 63341US008 7315
32692 7590 01/27/2016
3M INNOVATIVE PROPERTIES COMPANY
PO BOX 33427

ST. PAUL, MN 55133-3427

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.

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

Janos Rohaly, Concord, MA;

3M INNOVATIVE PROPERTIES COMPANY, St. Paul, MN;
Robert N. Nazzal, Waltham, MA;

Edward K. Tekeian, Cambridge, MA;

ILYA A. Kriveshko, Boxborough, MA;

Eric B. Paley, Somerville, MA;

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 - PEES) TRANSMITTAL

Complete and send this form, together with apphicable fee(s), to: Mall dafl Slop ISSUE FEE
Commissipner for Patents
P.0. Box 1450
Alexandria, Vieginia 223131458
or Faxy (87132732885
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Electronic Patent Application Fee Transmittal

Application Number: 14487371

Filing Date: 16-Sep-2014

. . SYNCHRONIZED VIEWS OF VIDEO DATA AND THREE-DIMENSIONAL MODEL
Title of Invention:

DATA
First Named Inventor/Applicant Name: Janos Rohaly
Filer: Lance L. Vietzke/Paula Bick
Attorney Docket Number: 63341US008
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:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl Issue Fee 1501 1 960 960




Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

9260




Electronic Acknowledgement Receipt

EFS ID: 24572923
Application Number: 14487371
International Application Number:
Confirmation Number: 7315

Title of Invention:

SYNCHRONIZED VIEWS OF VIDEO DATA AND THREE-DIMENSIONAL MODEL
DATA

First Named Inventor/Applicant Name:

Janos Rohaly

Customer Number:

32692

Filer:

Lance L. Vietzke/Paula Bick

Filer Authorized By:

Lance L. Vietzke

Attorney Docket Number: 63341US008
Receipt Date: 08-JAN-2016
Filing Date: 16-SEP-2014

Time Stamp: 15:42:36

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $960

RAM confirmation Number 2227

Deposit Account 133723

Authorized User

VIETZKE, LANCE

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

Charge any Additional Fees required under 37 CFR 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 CFR 1.17 (Paten5gpp|ication and reexamination processing fees)




Charge any Additional Fees required under 37 CFR 1.19 (Document supply fees)
Charge any Additional Fees required under 37 CFR 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
| Fee_ T 63341US008 399469
1 Issue Fee Payment (PTO-85B) ssue_ree_ ran;f_ ’ no 1
p 56b757528de40d72e54d2399f54c39bd79d
f2c16
Warnings:
Information:
30901
2 Fee Worksheet (SB06) fee-info.pdf no 2
eb68e7116162af9c1f0b35c8bcabdcb8cdd
f67¢
Warnings:
Information:
Total Files Size (in bytes): 430370

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.




UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
32692 7590 12/24/2015
3M INNOVATIVE PROPERTIES COMPANY ELAHI, SHAN E
PO BOX 33427
ST. PAUL, MN 55133-3427 | ART UNIT PAPER NUMBER |
2486
DATE MAILED: 12/24/2015
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/487,371 09/16/2014 Janos Rohaly 63341US008 7315

TITLE OF INVENTION: SYNCHRONIZED VIEWS OF VIDEO DATA AND THREE-DIMENSIONAL MODEL DATA

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

nonprovisional UNDISCOUNTED $960 $0 $0 $960 03/24/2016

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: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page .}of 3
PTOL-85 (Rev. 02/11)



PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commlssmner for Patents

P.O.Box 1

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated 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

malntenance fee notifications.

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

32692 7590 122412015
3M INNOVATIVE PROPERTIES COMPANY
PO BOX 33427
ST. PAUL, MN 55133-3427

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

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
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
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
14/487,371 09/16/2014 Janos Rohaly 63341US008 7315
TITLE OF INVENTION: SYNCHRONIZED VIEWS OF VIDEO DATA AND THREE-DIMENSIONAL MODEL DATA
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 03/24/2016
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
EILLAHI, SHAN E 2486 348-043000

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

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

[ "Eee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page, list
1

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

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 has been filed for
recordation as set forth in 37 CFR 3.11. 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) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

(1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

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.

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.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.

Page 28f 3

OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE



UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
14/487,371 09/16/2014 Janos Rohaly 63341US008 7315
32692 7590 12/24/2015 | EXAMINER |
3M INNOVATIVE PROPERTIES COMPANY ELAHL SHAN E
PO BOX 33427
ST. PAUL, MN 55133-3427 | ART UNIT PAPER NUMBER |

2486

DATE MAILED: 12/24/2015

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

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

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

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

Page éof 3
PTOL-85 (Rev. 02/11)



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

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

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



Application No. Applicant(s)
14/487,371 ROHALY ET AL.
: IH i i AlA (First Inventor to
Notice of Allowability E’F‘a",\‘l"éﬂm gzgg"“ File) Status
No

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

1. X This communication is responsive to 10/16/2015.
Oa 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. X The allowed claim(s) is/are 1-20. 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
hitp:/fwww.usplo.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHisedback@usplo.gov .

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

a)[J Al b)[J Some *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* 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. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[0 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. X Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

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

/SHAN ELAHI/
Primary Examiner, Art Unit 2486

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20151029
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DETAILED ACTION

1. The present application is being examined under the pre-AlA first to invent
provisions.
Oath/Declaration
2. The applicant’s oath/declaration had been reviewed by the examiner and is found

to conform to the requirements prescribed in 37.C.F.R.1.63.
Priority

3. As required by M.P.E.P.201.14(c), acknowledgement is made of applicant’s
claim for priority based on continuing application filed on November 15" 2010
(US/12/666,464), PAT 8,866,883 and a 371 application filed on June 27" 2008
(PCT/US08/68522) and claim benefit of the provisional application
(US/60/947,009) filed on June 29" 2007.

Status of Claims

4. This Office Action is in response to the amendments filed on October 16" 2015.
Claims 1-20 are allowed.
The Examiner called the Applicant's representative Mr. Robert Mazzarese at
(617)-916-2658 on November 2nd 2015 and requested to file Terminal
Disclaimer. Mr. Mazzarese indicated that Applicant will file Terminal Disclaimer
by November 3rd 2015. Applicant filed Terminal Disclaimer on November 3"
2015 and approved.

Response to Amendments
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5.

The objection to the claims 1, 3 and 15 has been withdrawn in view of
amendments filed by Applicant.
The objection to the abstract has been withdrawn in view new abstract submitted
by Applicant.
Applicant’s filed Terminal Disclaimer on 11/03/2015 and approved on 11/3/2015
has been acknowledged by the Examiner.

Allowable Subject Matter
Claims 1-20 are allowed.
The following is an examiner’s statement of reasons for allowance: Independent
claim 1 requires inventive features of “rendering the three-dimensional model in a
user interface of a display from a perspective; automatically selecting a video
image with the processor from the sequence of image sets that contains a view
of the subject most closely corresponding to the perspective; displaying the video
image in the user interface of the display concurrently with the three-dimensional
model.” Independent claim 2 requires inventive features of " a processor
configured to render the three-dimensional model in the user interface from a
perspective, select a video image from the sequence of image sets that contains
a view of the subject most closely corresponding to the perspective.”
Independent claim 3 requires inventive features of “synchronizing the first
window and the second window with the processor to provide a common
perspective on the subject for both the three-dimensional model and the one of

the plurality of images.” Independent claims 9 requires inventive features of “a
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processor configured to render the three-dimensional model in a second window
displayed in the user interface concurrently with the one of the plurality of images
in the first window and to synchronize the first window and the second window to
provide a common perspective on the subject in both the three-dimensional
model and the one of the plurality of images.” Independent claim 15 requires
inventive feature of “automatically selecting one of the plurality of video images
with the processor that shows the dentition from the perspective.” Independent
claim 18 requires inventive feature of “a processor configured to select of one of
the plurality of video images that shows the dentition from the perspective and
display in a second window in the display the one of the plurality of video images
concurrently with the three-dimensional model as an aid to visually determining a
margin of the dentition.” The inclusion of such features, in combination with other
features, in the claims renders the claims allowable. None of the prior arts on
record whether taken singly or in combination discloses such inventive features.
Dependent claims (4-8, 10-14, 16-17 and 19-20) are allowable for the same
reason described above.

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.
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Conclusion

9. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to SHAN ELAHI whose telephone number is
(5671)270-1442. The examiner can normally be reached on Monday to Friday
7:30 AM to 5:00 PM (EST).
If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Mehrdad Dastouri can be reached on (571) 272-7418. 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 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). 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.

/SHAN ELAHI/
Primary Examiner, Art Unit 2486
December 21, 2015
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"2403733" | "2460864" | "2566700" |
"2693128" | "3019698" | "3020341" |
"3275745" | "3418044" | "3457364" |
"3595995" | "3608457" | "3626404" |
"3705261" | "3991266" | "4006291" |
"4303316" | "4393400" | "4399456").PN.
OR ("4528587").URPN.
S31 §2 "8866883".pn. US-PGPUB; {OR ON 2015/06/21
USPAT; 10:34
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S32 {13 "20050020910".pn. US-PGPUB; #OR ON 2015/06/21
USPAT,; 10:35
USOCR,;
FPRS;
EPO; JPO;
-26-
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DERWENT
IBM_TDB
S33 i3 "20030033151".PN. US-PGPUB; {OR ON 2015/06/21
USPAT; 10:37
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S34 {12 "20050212910" US-PGPUB; #OR ON 2015/06/21
USPAT,; 10:39
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S35 418 (dental near2 technology) and (model$3 {{US-PGPUB;iOR ON 2015/06/21
near2 three near2 dimensional near2 USPAT; 10:43
dental) and (three near2 dimensional USOCR;
near2 dental near2 model$3) FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S36 19 (dental near2 technology) and (three US-PGPUB;iOR ON 2015/06/21
near2 dimensional near2 dental near2 USPAT; 10:46
model$3) USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
837 45 "6604527".pn. US-PGPUB; {OR ON 2015/06/21
USPAT,; 10:48
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S38 1692 (dental same three near2 dimensional US-PGPUB; {OR ON 2015/06/21
near2 imag$3 and model$3) USPAT,; 10:57
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S39 {94 (dental same three near2 dimensional US-PGPUB; iOR ON 2015/06/21
near2 imag$3 and model$3) and USPAT,; 10:57
(processor$1 and imag$3 near2 USOCR;
process$3 and stor$3 and memory and FPRS;
computer near2 program) EPO; JPO;
DERWENT
IBM_TDB
$40 {44 ("20020064759" | "20020180760" | US-PGPUB;OR ON 2015/06/21
"20030207235" | "20030222366" | USPAT,; 12:07
"20040085311" | "20040175670" | USOCR
"20040229185" | "20040245663" |
"20050003329" | "20050069188" |
"20050070782" | "20050089214" |
"20060078842" | "20080271229" |
"20060275737" | "20080286501" |
"5338198" | "6049743" | "6619959" |
"6694212" | "6832877" | "6974323" |




EAST Search History

"7056115" | "7077646" | "7162321" |
"7172417").PN. OR ("7474932"). URPN.
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41 4§92 (dental same three near2 dimensional US-PGPUB;{iOR OFF 2015/06/21
near2 imag$3 and model$3) and USPAT,; 12:42
(processor$1 and imag$3 near2 USOCR,;
process$3 and stor$3 and memory and FPRS;
computer near2 program) EPO; JPO;

DERWENT
IBM_TDB
42 4301 ("CAD" same "CAM" same dentistry) US-PGPUB; {OR OFF 2015/06/21
USPAT; 12:43
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB

43 16 ("CAD" same "CAM" same dentistry) and {{US-PGPUB;{OR OFF 2015/06/21
(three near2 dimensional near2 dental USPAT; 12:43
near2 model$3) USOCR,;

FPRS;

EPO; JPO;
DERWENT
IBM_TDB

44 199 ("CAD" same "CAM" same dentistry) and {{US-PGPUB;;{OR OFF 2015/06/21
(dental same three near2 dimensional USPAT; 12:44
same model$3) USOCR,;

FPRS;

EPO; JPO;
DERWENT
IBM_TDB

45 113 ("CAD" same "CAM" same dentistry) and {{US-PGPUB;{{OR OFF 2015/06/21
(dental same three near2 dimensional USPAT; 12:45
same model$3) and (camera$1 and video i USOCR;
nar2 camera$1) and (imag$3 near2 FPRS;
process$3) and (memory and storage EPO; JPO;
and computer near2 program) DERWENT

IBM_TDB

S46 {116 1i("2467432" | "3660900" | "3860803" | US-PGPUB; {OR ON 2015/06/21
"3916526" | "3950851" | "4014096" | USPAT,; 12:45
"4195046" | "4324546" | "4348178" | USOCR
"4478580" | "4504225" | "4505673" |
"4575805" | "4611288" | "4656860" |
"4663720" | "4742464" | "4755139" |
"4763791" | "4793803" | "4798534" |
"4837732" | "4850864" | "4856991" |
"4936862" | "4937928" | "4964770" |
"4975052" | "5011405" | "5017133" |
"5027281" | "5035613" | "5055039" |
"5059118" | "5100316" | "5121333" |
"5128870" | "5131843" | "5131844" |
"5139419" | "5184306" | "5186623" |
"5257203" | "5273429" | "5278756" |
"5338198" | "5340309" | "5342202" |
"5368478" | "5382164" | "5395238" |
"B5A31562" | "5440496" | "5447432" |
"5452219" | "5454717" | "5456600" |
"5474448" | "5518397" | "5528735" |
"5533895" | "5542842" | "5549476" |
"5587912" | "5605459" | "5607305" |
"5621648" | "5645421" | "5655653" |
"5683243" | "5733126" | "5740267" |
"5823778" | "5879158" | "5975893" |

-28-




EAST Search History

"6068482" | "6217334" | "6350120" |
"RE35169").PN. OR ("7134874") .URPN.

|
"20080078840" | "20080090196" |
"20130029283" | "2467432" | "3407500"
| "3600808" | "3660900" | "3683502" |
"3738005" | "3860803" | "3916526" |
"3922786" | "3950851" | "3983628" |

"4014096" | "4195046" | "4253828" |
"4324546" | "4324547" | "4348178" |
"4478580" | "4500294" | "4504225" |
"4505673" | "4526540" | "4559013" |
"4575330" | "4575805" | "4591341" |
"4609349" | "4611288" | "4656860" |
"4663720" | "4664626" | "4676747" |
"4742484" | "4755139" | "4763791" |
"4793803" | "4798534" | "4836778" |
"4837732" | "4850864" | "4850865" |
"4856991" | "4877398" | "4880380" |
"4889238" | "4890608" | "4935635" |
"4936862" | "4937928" | "4941826" |
"4964770" | "4975052" | "4983334" |
"5011405" | "5017133" | "5027281" |
"5035613" | "5055039" | "5059118" |
"5100316" | "5121333" | "5125832" |
"5128870" | "5130064" | "5131843" |
"5131844" | "5139419" | "5145364" |
"5176517" | "5184306" | "5186623" |
"5257203" | "5273429" | "5278756" |
"5328362" | "5338198" | "5340309" |
"5342202" | "5368478" | "5382164" |
"5395238" | "5431562" | "5440326" |
"5440496" | "5447432" | "5452219" |
"5454717" | "5456600" | "5474448" |
"5518397" | "5528735" | "5533895" |
"5542842" | "5549476" | "5562448" |
"5587912" | "5605459" | "5607305" |
"5614075" | "5621648" | "5645420" |
"5645421" | "5655653" | "5683243" |
"5692894" | "5725376" | "5725378" |
"5733126" | "5740267" | "5742700" |
"5799100" | "5800174" | "5823778").PN.

OR ("5848115" | "6857853" | "5866058"
| "B879158" | "b880961" | "5880962" |
"5934288" | "5954500" | "5957686" |
"5964587" | "5971754" | "5975893" |

"86015289" | "6044309" | "6049743" |
"6062861" | "6068482" | "6099314" |
"8123544" | "6126443" | "6152731" |
"6183248" | "6190165" | "6217325" |
"6217334" | "6244861" | "6309215" |
"6315553" | "6322359" | "6350120" |
"6382975" | "6398548" | "6402707" |
"6450807" | "6482298" | "6524101" |
"6554611" | "6572372" | "6629840" |
"6705863" | "6722880" | "8075309" |
"8152521" | "8292617" | "8308478" |
"8539955" | "RE35169").PN. OR

("9022781").URPN.
-20.
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47 1185 |("2467432" | "2531222" | "4055895" | US-PGPUB; JOR ON 2015/06/21
"4073061" | "4371336" | "4433956").PN. § USPAT; 12:45
OR ("4755139").URPN. USOCR

48 171 §("20020006597" | "20030009252" | US-PGPUB; JOR ON 2015/06/21
"20030139834" | "20030224311" | USPAT; 12:45
"20040128010" | "20050055118" | USOCR




EAST Search History

2015/06/21

| "3600808" | "3660900" | "3683502" |
"3738005" | "3860803" | "3916526" |
"3922786" | "3950851" | "3983628" |

"4014096" | "4195046" | "4253828" |
"4324546" | "4324547" | "4348178" |
"4478580" | "4500294" | "4504225" |
"4505673" | "4526540" | "4575330" |
"4575805" | "4591341" | "4609349" |
"4611288" | "4656860" | "4663720" |
"4664626" | "4676747" | "4742464" |
"4755139" | "4763791" | "4793803" |
"4798534" | "4836778" | "4837732" |
"4850864" | "4850865" | "4856991" |
"4877398" | "4880380" | "4889238" |
"4890608" | "4935635" | "4936862" |
"4937928" | "4941826" | "4964770" |
"4975052" | "4983334" | "5011405" |
"5017133" | "5027281" | "5035613" |
"5055039" | "5059118" | "5100316" |
"5107444" | "5121333" | "5125832" |
"5128870" | "5130064" | "5131843" |
"5131844" | "5139419" | "5145364" |
"5176517" | "5184306" | "5186623" |
"5257203" | "5273429" | "5278756" |
"5328362" | "5338198" | "5340309" |
"5342202" | "5368478" | "5382164" |
"5395238" | "5431562" | "5440326" |
"5440496" | "5447432" | "5452219" |
"5454717" | "5456600" | "5474448" |
"5518397" | "5528735" | "5533895" |
"5542842" | "5549476" | "5562448" |
"5587912" | "5590248" | "5605459" |
"5607305" | "5614075" | "5621648" |
"5645420" | "5645421" | "5655653" |
"5683243" | "5692894" | "5725376" |
"5725378" | "5733126" | "5740267").PN.

OR ("5742700" | "5799100" | "5800174"
| "Bb823778" | "b848115" | "5857853" |
"5866058" | "5879158" | "5880961" |
"5880962" | "5882192" | "5934288"

|
"5957686" | "5964587" | "5971754" |
"5975893" | "6015289" | "6044170" |
"6044309" | "6049743" | "6054990" |
"6062861" | "6068482" | "6099314" |
"8123544" | "6151404" | "6152731" |
"6183248" | "6190165" | "6205243" |
"6210162" | "6212442" | "6217325" |
"6217334" | "6227850" | "6244861" |
"6250918" | "6260000" | "6300958" |
"6309215" | "6315553" | "6318994" |
"6322359" | "6350119" | "6350120" |

-30-
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49 ¥191 4("3510946" | "4055895" | "4505672" | JUS-PGPUB; JOR ON
"4541800" | "4591341").PN. OR USPAT; 12:46
("4793803").URPN. USOCR

S50 ¥157  4("3407500" | "3510946" | "4448735" | JUS-PGPUB: JOR ON 2015/06/21
"4505673" | "4591341").PN. OR USPAT; 12:46
("4856991").URPN. USOCR

S51 4208 4("20020006597" | "20020018981" | US-PGPUB; {OR ON 2015/06/21
"20020055800" | "20030009252" | USPAT: 12:47
"20030139834" | "20030156111" | USOCR
"20030224311" | "20040128010" |
"20040189633" | "20050018885" |
"20050055118" | "2467432" | "3407500"




EAST Search History
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"6369815" | "6371761" | "6382975" |
"6398548" | "6402707" | "6409504" |
"6431870" | "6463344" | "6463351" |
"6471512" | "6482298" | "6512994" |
"6514074" | "6524101" | "6540512" |
"6545678" | "6554611" | "6558162" |
"6572372" | "6602070" | "6629840" |
"6633789" | "6665570" | "6688886" |
"6705863" | "6722880" | "RE35169").PN.
OR ("7428481").URPN.

S52 {153 ("20020006597" | "2467432" | "3407500" {US-PGPUB;{OR ON 2015/06/21
| "3600808" | "3660900" | "3683502" | USPAT,; 12:47
"3738005" | "3860803" | "3916526" | USOCR
"3922786" | "3950851" | "3983628" |
"4014096" | "4195046" | "4253828" |
"4324546" | "4324547" | "4348178" |
"4478580" | "4500294" | "4504225" |
"4505673" | "4526540" | "4575330" |
"4575805" | "4591341" | "4609349" |
"4611288" | "4656860" | "4663720" |
"A664626" | "4676747" | "4742464" |
"4755139" | "4763791" | "4793803" |
"4798534" | "4836778" | "4837732" |
"4850864" | "4850865" | "4856991" |
"4877398" | "4880380" | "4889238" |
"4890608" | "4935635" | "4936862" |
"4937928" | "4941826" | "4964770" |
"4975052" | "4983334" | "5011405" |
"5017133" | "5027281" | "5035613" |
"5055039" | "5059118" | "5100316" |
"5121333" | "5125832" | "5128870" |
"5130084" | "5131843" | "5131844" |
"5139419" | "5145364" | "5176517" |
"5184306" | "5186623" | "5257203" |
"5273429" | "5278756" | "5328362" |
"5338198" | "5340309" | "5342202" |
"5368478" | "5382164" | "5395238" |
"5431562" | "5440326" | "5440496" |
"5447432" | "5452219" | "54b4T717" |
"5456600" | "5474448" | "5518397" |
"5528735" | "5533895" | "5542842" |
"5549476" | "5562448" | "5587912" |
"5605459" | "5607305" | "5614075" |
"5621648" | "5645420" | "5645421" |
"5655653" | "5683243" | "5692894" |
"5725376" | "5725378" | "5733126" |
"5740267" | "5742700" | "5799100" |
"5800174" | "5823778" | "5848115" |
"5857853" | "5866058" | "5879158" |
"5880961" | "5880962" | "5934288" |
"5957686" | "5964587" | "5971754" |
"5975893").PN. OR ("6015289" |
"6044309" | "6049743" | "6062861" |
"6068482" | "6099314" | "6123544" |
"6152731" | "6183248" | "6190165" |
"6205716" | "6217334" | "6244861" |
"6309215" | "6315553" | "6322359" |
"6350120" | "6382975" | "6398548" |
"6524101" | "6554611" | "RE35169").PN.

OR ("7905725").URPN.

S53 166 (three near2 dimensional near2 display$3 {{US-PGPUB;iOR ON 2015/06/21

same synchroniz$3 same windows) USPAT; 12:55
USOCR,;
FPRS;
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EPO; JPO;
DERWENT
IBM_TDB
854 12 (stereoscopic) and (three near2 US-PGPUB; {OR ON 2015/06/21
dimensional near2 imag$3) and (three USPAT; 12:56
near2 dimensional near2 display$3 same {{ USOCR;
synchroniz$3 same windows) FPRS;
EPO; JPO;
DERWENT
IBM_TDB
855 410 ("345"/$.ccls. and "600"/$.ccls. and US-PGPUB; {OR ON 2015/06/21
"433"/$.ccls.) USPAT,; 12:59
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S56 2 ("345"/$.ccls. and "600"/$.ccls. and US-PGPUB; iOR ON 2015/06/21
"433"/$.ccls. and "348"/$.ccls.) USPAT,; 12:59
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S57 {2 "6318995".PN. US-PGPUB;OR ON 2015/06/21
USPAT,; 13:00
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S58 ({41 ("3738005" | "4575805" | "5011405" | US-PGPUB; HOR ON 2015/06/21
"5238404" | "5368478" | "5395238" | USPAT,; 13:00
"5431562" | "5447432" | "b4b4AT17" | USOCR
"5456600" | "5464349" | "5474448" |
"5518397" | "5533895" | "5542842" |
"5618176" | "5879158" | "5975893" |
"6068482" | "6099314" | "6217325" |
"6227850" | "Re35169").PN. OR
("6318995").URPN.
S59 §10 "8107086".PN. US-PGPUB; OR ON 2015/06/21
USPAT,; 13:00
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S60 {44 ("20040112978" | "20040253824" | US-PGPUB; {OR ON 2015/06/21
"20050202363" | "20060173637" | USPAT,; 13:01
"20070127756" | "20080068619" | USOCR
"20080169044" | "20100019170" |
"20100020070" | "20100022893" |
"20100039534" | "20100042002" |
"20100085793" | "20100067756" |
"20110290005" | "4841156" | "6619330"
| "56717217" | "5904651" | "6339648" |
"6533062" | "6621951" | "6751494" |
"7286242" | "7555356" | "7606381").PN.
OR ("8107086").URPN.
S61 {1 "14487371" US-PGPUB; OR ON 2015/10/29
USPAT; 11:04




EAST Search History
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USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S62 32724 {i(A61C9/0053 OR GOBF3/04815 OR US-PGPUB; iOR ON 2015/10/29
GOBF3/04847 OR G06T15/10 OR USPAT,; 11:05
G06T17/10 OR H04N13/00 OR USOCR,;
HO4N13/0055 OR H04N5/14).CPC. FPRS;
EPO; JPO;
DERWENT
IBM_TDB
$63 {0 (creat$3 near2 three near2 dimensional US-PGPUB;{OR ON 2015/10/29
near2 imag$3 same dentition) and USPAT; 11:28
(render$3 and display$3) and USOCR,;
(automatically near2 select$3 near2 threey FPRS;
near2 dimensional same user near2 EPO; JPO;
inferface same display near3 DERWENT
perspective) IBM_TDB
$64 40 (creat$3 near2 three near2 dimensional US-PGPUB; {OR ON 2015/10/29
near2 imag$3 same dentition) and USPAT; 11:29
(render$3 and display$3) and USOCR,;
(automatically near2 select$3 near2 threey FPRS;
near2 dimensional near2 imag$2) and EPO; JPO;
(user near2 inferface same display near3 {§ DERWENT
perspective) IBM_TDB
65 {0 (creat$3 near2 three near2 dimensional US-PGPUB; iOR ON 2015/10/29
near2 imag$3 same dentition) and USPAT; 11:29
(render$3 and display$3) and USOCR,;
(automatically near2 select$3 near2 three}j FPRS;
near2 dimensional near2 imag$2) EPO; JPO;
DERWENT
IBM_TDB
$66 {0 (creat$3 near2 three near2 dimensional US-PGPUB;iOR ON 2015/10/29
near2 imag$3 same dentition) and USPAT; 11:29
(render$3 and display$3) and USOCR,;
(automatically near2 select$3 near2 three}j FPRS;
near2 dimensional near2 model$1) EPO; JPO;
DERWENT
IBM_TDB
S67 {1 (creat$3 near2 three near2 dimensional  {US-PGPUB;{OR ON 2015/10/29
near2 imag$3 same dentition) and USPAT; 11:29
(render$3 and display$3) and USOCR;
(automatically same select$3 same three { FPRS;
near2 dimensional same model$1) EPO; JPO;
DERWENT
IBM_TDB
S68 it (AB1C9/0053 OR GOBF3/04815 OR US-PGPUB; {OR ON 2015/10/29
GOBF3/04847 OR C06T15/10 OR USPAT,; 11:30
G08T17/10 OR HO4N13/00 OR USOCR,;
HO4N13/0055 OR H04N5/14).CPC. and FPRS;
(creat$3 near2 three near2 dimensional EPO; JPO;
near2 imag$3 same dentition) DERWENT
IBM_TDB
$69 24 (creat$3 near2 three near2 dimensional US-PGPUB; iOR ON 2015/10/29
near2 imag$3 same dentition) USPAT; 11:31
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB




EAST Search History

S70

(creat$3 near2 three near2 dimensional
near2 imag$3 near4 dentition)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT
[BM _TDB

OR

ON

2015/10/29
11:31

S80

(83M near2 innovative near2 properties
near2 comapany).AS.

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT
[BM _TDB

OR

ON

2015/10/29
13:19

S81

(creat$3 near2 three near2 dimensional
near2 imag$3 same dentition) and
(automatic$4 near2 select$3 near3 video
near2 imag$2)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT
[BM_TDB

OR

ON

2015/10/29
13:20

S82
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SYNCHRONIZED VIEWS OF VIDEO DATA AND THREE-
DIMENSIONAL MODEL DATA

AMENDMENT AND REPLY

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In response to the Office Action mailed on July 16, 2015, the applicant requests

reconsideration of this application. Kindly enter the following prior to further consideration of

this application:

Amendments to the Specification appear on page 2 of this paper.

Amendments to the Claims begin on page 3 of this paper.

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

Please replace the Abstract with the following re-written Abstract:

matter- Video data acquired during a_three-dimensional scan of the-medel dentition provides a

source of still images that can be displayed alongside a rendered three-dimensional model_of the
dentition, and the two views (model and still image) may be synchronized to provide a common
perspective of the model’s subject matter. This approach provides useful visual information for

disambiguating surface features of the model during interactive model processing steps such as

marking a margin of a prepared tooth surface for a restoration. fnteractive-modelingtoolsmay-be

Page 2 of 12
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Amendments to the Claims
Please amend the claims according to the following claim listing, which replaces all prior

versions of claims in this application:

1. (Currently amended) A method comprising:

creating a three-dimensional model with a processor from a sequence of image sets_stored
in a memory, each image set including a plurality of images of a subject including dentition,
cach one of the plurality of images captured from a different optical axis, the plurality of images
including at least one video image;

rendering the three-dimensional model in a user interface of a display from a perspective;

automatically selecting a video image with the processor from the sequence of image sets

that contains a view of the subject most closely corresponding to the perspective;

displaying the video image in the user interface of the display concurrently with the

three-dimensional model; and

providing a tool with the processor in the user interface for marking a margin of the

dentition.

2. (Currently amended) A system comprising:

a memory storing a three-dimensional model of a subject and a sequence of image sets
used to create the three-dimensional model, each image set including a plurality of images of a
subject including dentition, each one of the plurality of images captured from a different optical
axis, the plurality of images including at least one video image;

a display configured to provide a user interface presenting the sequence of image sets;
and

a processor configured to render the three-dimensional model in the user interface from a
perspective, select a video image from the sequence of image sets that contains a view of the
subject most closely corresponding to the perspective, display the video image in the user

interface_concurrently with the three-dimensional model, and provide a tool for marking a

margin of the dentition.

Page 3 of 12
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3. (Currently amended) A method comprising:

creating a three-dimensional model with a processor from a sequence of image sets_stored

in a memory, each image set including a plurality of images of a subject, each one of the
plurality of images in each image set captured from a different optical axis;
displaying one of the plurality of images in a first window _of a display;

rendering the three-dimensional model with the processor in a second window of the

display; and

synchronizing the first window and the second window with the processor to provide a

common perspective on the subject_for both the three-dimensional model and the one of the

plurality of images.

4. (Original) The method of claim 3 further comprising receiving a user selection of a different
one of the plurality of images and rotating the three-dimensional model to maintain the common

perspective.

5. (Original) The method of claim 3 further comprising receiving a user selection of a different
one of the plurality of images and translating the three-dimensional model to maintain the

common perspective.

6. (Original) The method of claim 3 further comprising receiving a user selection of a different
one of the plurality of images and scaling the three-dimensional model to maintain the common

perspective.

7. (Original) The method of claim 3 further comprising receiving a user selection of a different
perspective of the three-dimensional model and selecting a new one of the plurality of images to

maintain the common perspective.

8. (Original) The method of claim 3 further comprising receiving a user selection of a different
perspective of the three-dimensional model and creating a composite video image from two or

more of the plurality of images to provide a common perspective on the subject.

Page 4 of 12
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9. (Currently amended) A system comprising:

a memory storing a three-dimensional model of a subject and a sequence of image sets
used to create the three-dimensional model, each image set including a plurality of images of a
subject, each one of the plurality of images in each image set captured from a different optical
axis;

a display configured to provide a user interface displaying one of the plurality of images
in a first window; and

a processor configured to render the three-dimensional model in a second window

displayed in the user interface concurrently with the one of the plurality of images in the first

window and_to synchronize the first window and the second window to provide a common

perspective on the subject_in both the three-dimensional model and the one of the plurality of

1Images.

10. (Original) The system of claim 9 wherein the processor is configured to receive a user
selection of a different one of the plurality of images and rotate the three-dimensional model to

maintain the common perspective.

11. (Original) The system of claim 9 wherein the processor is configured to receive a user
selection of a different one of the plurality of images and translate the three-dimensional model

to maintain the common perspective.

12. (Original) The system of claim 9 wherein the processor is configured to receive a user
selection of a different one of the plurality of images and scale the three-dimensional model to

maintain the common perspective.

13. (Original) The system of claim 9 wherein the processor is configured to receive a user
selection of a different perspective of the three-dimensional model and select a new one of the

plurality of images to maintain the common perspective.

Page 5 of 12
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14. (Original) The system of claim 9 wherein the processor is configured to receive a user
selection of a different perspective of the three-dimensional model and create a composite video
image from two or more of the plurality of images to provide a common perspective on the

subject.

15. (Currently amended) A method comprising:
displaying a three-dimensional model of dentition from a perspective_in a display;
providing a plurality of video images of the dentition_in a memory;
automatically selecting one of the plurality of video images with the processor that shows

the dentition from the perspective; and
displaying the one of the plurality of video images in a user interface of the display
concurrently with the three-dimensional model as an aid to visually determining a margin of the

dentition.

16. (Original) The method of claim 15 further comprising displaying a margin on one or more of

the three-dimensional model or the one of the plurality of video images.

17. (Original) The method of claim 16 further comprising receiving a user modification of the

margin and updating the display with a modified margin.

18. (Currently amended) A system comprising:

a display having a window for displaying a three-dimensional model of dentition from a
perspective;

a camera providing a plurality of video images of the dentition; and

a processor configured to select of one of the plurality of video images that shows the
dentition from the perspective and display in a second window in the display the one of the

plurality of video images concurrently with the three-dimensional model as an aid to visually

determining a margin of the dentition.

Page 6 of 12
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19. (Original) The system of claim 18 wherein the processor is configured to display a margin

on one or more of the three-dimensional model or the one of the plurality of video images.

20. (Original) The system of claim 19 wherein the processor is configured to receive a user

modification of the margin and update the display with a modified margin.

Page 7 of 12
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REMARKS

Status of the Claims
Claims 1, 2, 3,9, 15 and 18 are amended. Claims 1-20 are presented for examination,

with claims 1, 2, 3, 9, 15 and 18 being independent.

Specification
The abstract of the disclosure has been objected to as containing too many words. The
applicant has amended the abstract so that it is within the 150 word limit suggested by MPEP §

608.01(b). The applicant requests reconsideration and withdrawal of this objection.

Claim Objections
Claims 1, 3 and 15 are objected to as not being tied to a machine or hardware that
performs the recited steps. Without conceding the propriety of this objection, the applicant has
amended these claims to recite concrete hardware used to perform he various steps. The

applicant requests reconsideration and withdrawal of these claim objections.

Claim Rejections — 35 U.S.C. § 102

One of the enduring challenges of dental restorations is correctly and accurately
capturing the margin of a tooth — the line between soft tissue and the exposed tooth. With the
advent of digital dentistry, this task has moved from an artisanal, hand-crafting, manual process
performed by technicians in a dental laboratory to a computerized desktop process where the
margin must be properly defined for downstream computerized fabrication. The applicants have
devised a technique for tackling this challenge in the context of video-based three-dimensional
imaging of dental subject matter.

On one hand, a system can store a three-dimensional model that was derived from a
sequence of still frames of video data. This model renders the dental content in three-
dimensional relief to provide spatial information. On the other hand, the source data — the
sequence of still frames from the video feed — can be retained to provide visually clear two-

dimensional data of dental content from a variety of poses that were used to generate the three-

Page 8 of 12
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dimensional model. The applicant has realized that these two data sources can usefully be
presented into a single workspace to concurrently provide the two different and useful sources of
visual information as visual context for accurately determining a margin. The claims have been
amended to clarify this inventive concept, and to more explicitly claim at least three distinct
features: a three-dimensional model rendered in a display, two-dimensional source images for
the model, also rendered in the display, and a margin marking tool that enable a user to mark
margin data using both of these sources of visual information. The art of record does not appear

to fairly contemplate this combination of features.

Geng
Claims 1-20 stand rejected under 35 U.S.C. § 102 as anticipated by U.S. Pat. Pub. No.

2005/0089822 to Geng (“Geng”).

According to the outstanding rejection, Geng discloses rendering a three-dimensional
model from a perspective in 99 [0009] and [0021]-[0024].

In 9 [0009], Geng mentions a CAD system that “includes a graphical user interface for
displaying at least one three-dimensional (3D) image for reviewing by an operator.”’ In 4 [0021],
Geng appears to describe a structured light 3D reconstruction system in which “the system (100)
is configured to project a multicolored light, or rainbow projection, onto the patient’s (108) tooth
structure,” after which a camera captured positions of the light and a “series of mathematical
calculations produces a large data set of 3D coordinate points.”* The next paragraph states
summarily that either a camera or a computer can do the preprocessing for this reconstruction
technique,’ and the following paragraph recites a number of devices that can be used, such as “a
desktop, laptop, pocket PC, personal digital assistant (PDA), tablet PC, or other known forms of
personal computers.” Thus it appears that Geng fairly contemplates capturing and rendering a
3D model.

With respect to the concurrent display of a video image, the outstanding rejection has

identified 9] [0009] and 9 [0039]. In the first cited paragraph, Geng generally mentions a user

! Geng, 9 [0009].
? Geng, 0021
’ Geng, [0022
* Geng, 1[0023].

—_— e —
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interface, which is described as “a prosthesis design module providing design tools for creating a

virtual 3D model of a dental prosthesis responsive to operator input.””

This does not appear to
suggest any specific use of two-dimensional data. In fact, the only specific reference to two-
dimensional data that the applicant could locate in this context (e.g., in 9 [0032]-[0039], all
cited by the examiner) appears in § [0038], where Geng generally provides that “both 2D and 3D
image data can be acquired by the capturer.”® This falls fall short of the applicant’s claimed
invention, which explicitly includes a number of specific features distinguishable from Geng.

In one aspect, claim 1 explicitly requires that the three-dimensional model be displayed
concurrently with the video image. This is more than a passing distinction. This feature provides
a significant advantage over the art of record because it yields the concurrent display of two
different types of visual data that contain different information of potential use during a margin
marking procedure or the like.

In another aspect, claim 1 explicitly requires that the three-dimensional model be created
from a sequence of images that includes the two-dimensional image being concurrently
displayed. This is also more than a passing distinction. The model was created from the sequence
of images, which means that a source two-dimensional image should generally be available for
any perspective on the surface of the three-dimensional model that a user might choose.’

In another aspect, claim 1 explicitly requires a common, shared perspective (simple “the
perspective” in the claims) in the view provided by the three-dimensional model and the view
provided by the two-dimensional image. Again, this is more than a passing distinction. By
maintaining synchronized visual content between these two different sources of visual content, a
user can more easily use both views concurrently to resolve spatial ambiguities, identify surface
blemishes, and so forth.

Geng does not appear to suggest any of these features, and cannot anticipate the

invention of claim 1, which requires all three. For at least these reasons, Geng cannot anticipate

> Geng, 9 [0009].

¢ Geng, 9 [0038].

" The applicant has also devised a triscopic imaging technique in which two side channels with offset axes are used
to image a surface for 3D reconstruction, and a center channel concurrently captures a center channel of
conventional video data, e.g., for navigation by a human user. While this yields the possibility that the conventional
video image is not actually used in the 3D reconstruction (although it may still optionally be used for
disambiguation or other calculation refinements), it nonetheless leads to the same result — that at least one video
image is available for each point on the exterior surface of the three-dimensional model.

Page 10 of 12
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claim 1. The remaining independent claims have been similarly amended, and for similar

reasons, cannot be anticipated by Geng.

Orth

Claim 1 further stands rejected under 35 U.S.C. § 102 as anticipated by U.S. Pat. Pub.
No. 2006/0020363 to Orth, et al. (“Orth”). Orth appears to generally contemplate tools for
working with, and more specifically modifying, digitized workpieces “by altering the surface
data of the workpiece by means of a tool which acts on a local zone of action (3) on the surface
(2).”® This appears to be highly useful in, e.g., modifying a tooth model or other dental
workpiece according to a dental plan. But this has little to do with the applicant’s technique for
concurrently displaying a two-dimensional image and a three-dimensional model from a
common perspective and providing a margin marking tool for a user to employ in this context.

As amended, claim 1 explicitly requires that a three-dimensional model be displayed
concurrently with a video image. Claim 1 also explicitly requires that the three-dimensional
model be created from a sequence of images that includes the two-dimensional image being
concurrently displayed. Claim 1 still further explicitly requires a common, shared perspective
(simple “the perspective” in the claims) in the view provided by the three-dimensional model
and the view provided by the two-dimensional image. Orth does not appear to disclose any of
these features, and cannot anticipate claim 1, or render claim 1 obvious in combination with the
other cited art of record.

For at least these reasons, claim 1 is patentable over Orth, and claims 1, 2, 3,9, 15 and 18
are patentable over Geng. The remaining claims depend from an allowable base claim and are
likewise believed to be in condition for allowance. The applicant respectfully requests

reconsideration and allowance of the pending claims.

§ Orth, Abstract.

Page 11 of 12
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Conclusion

In view of the foregoing, the applicant believes that the currently pending claims are in
condition for allowance and respectfully requests a corresponding Notice of Allowance.

The applicant believes that all of the pending claims have been addressed. However, the
absence of a reply to a specific rejection, issue or comment does not signify agreement with or
concession of that rejection, issue or comment. In addition, because the arguments made above
may not be exhaustive, there may be reasons for patentability of any or all pending claims (or
other claims) that have not been expressed.

Nothing in this paper should be construed as intent to concede any issue with regard to
any claim, except as specifically stated in this paper. The amendment of any claim does not
necessarily signify concession of unpatentability of the claim prior to its amendment.

The Director is hereby authorized to charge any fees or to credit any overpayments
associated with this filing to Deposit Account No. 50-4262. If the Examiner believes a telephone
conference would expedite prosecution of this application, please telephone the undersigned at

(617) 916-2658.

Respectfully submitted
STRATEGIC PATENTS, P.C.

/Robert Mazzarese/
Robert A. Mazzarese
Reg. No. 42,852
Tel.: (617)-916-2658

October 16, 2015
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REMARKS

Status of the Claims
Claims 1, 2, 3,9, 15 and 18 are amended. Claims 1-20 are presented for examination,

with claims 1, 2, 3, 9, 15 and 18 being independent.

Specification
The abstract of the disclosure has been objected to as containing too many words. The
applicant has amended the abstract so that it is within the 150 word limit suggested by MPEP §

608.01(b). The applicant requests reconsideration and withdrawal of this objection.

Claim Objections
Claims 1, 3 and 15 are objected to as not being tied to a machine or hardware that
performs the recited steps. Without conceding the propriety of this objection, the applicant has
amended these claims to recite concrete hardware used to perform he various steps. The

applicant requests reconsideration and withdrawal of these claim objections.

Claim Rejections — 35 U.S.C. § 102

One of the enduring challenges of dental restorations is correctly and accurately
capturing the margin of a tooth — the line between soft tissue and the exposed tooth. With the
advent of digital dentistry, this task has moved from an artisanal, hand-crafting, manual process
performed by technicians in a dental laboratory to a computerized desktop process where the
margin must be properly defined for downstream computerized fabrication. The applicants have
devised a technique for tackling this challenge in the context of video-based three-dimensional
imaging of dental subject matter.

On one hand, a system can store a three-dimensional model that was derived from a
sequence of still frames of video data. This model renders the dental content in three-
dimensional relief to provide spatial information. On the other hand, the source data — the
sequence of still frames from the video feed — can be retained to provide visually clear two-

dimensional data of dental content from a variety of poses that were used to generate the three-

Page 8 of 12
-57-



Application No.: 14/487,371 Case No.: 63341US008

dimensional model. The applicant has realized that these two data sources can usefully be
presented into a single workspace to concurrently provide the two different and useful sources of
visual information as visual context for accurately determining a margin. The claims have been
amended to clarify this inventive concept, and to more explicitly claim at least three distinct
features: a three-dimensional model rendered in a display, two-dimensional source images for
the model, also rendered in the display, and a margin marking tool that enable a user to mark
margin data using both of these sources of visual information. The art of record does not appear

to fairly contemplate this combination of features.

Geng
Claims 1-20 stand rejected under 35 U.S.C. § 102 as anticipated by U.S. Pat. Pub. No.

2005/0089822 to Geng (“Geng”).

According to the outstanding rejection, Geng discloses rendering a three-dimensional
model from a perspective in 99 [0009] and [0021]-[0024].

In 9 [0009], Geng mentions a CAD system that “includes a graphical user interface for
displaying at least one three-dimensional (3D) image for reviewing by an operator.”’ In 4 [0021],
Geng appears to describe a structured light 3D reconstruction system in which “the system (100)
is configured to project a multicolored light, or rainbow projection, onto the patient’s (108) tooth
structure,” after which a camera captured positions of the light and a “series of mathematical
calculations produces a large data set of 3D coordinate points.”* The next paragraph states
summarily that either a camera or a computer can do the preprocessing for this reconstruction
technique,’ and the following paragraph recites a number of devices that can be used, such as “a
desktop, laptop, pocket PC, personal digital assistant (PDA), tablet PC, or other known forms of
personal computers.” Thus it appears that Geng fairly contemplates capturing and rendering a
3D model.

With respect to the concurrent display of a video image, the outstanding rejection has

identified 9] [0009] and 9 [0039]. In the first cited paragraph, Geng generally mentions a user

! Geng, 9 [0009].
? Geng, 0021
’ Geng, [0022
* Geng, 1[0023].

—_— e —
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interface, which is described as “a prosthesis design module providing design tools for creating a

virtual 3D model of a dental prosthesis responsive to operator input.””

This does not appear to
suggest any specific use of two-dimensional data. In fact, the only specific reference to two-
dimensional data that the applicant could locate in this context (e.g., in 9 [0032]-[0039], all
cited by the examiner) appears in § [0038], where Geng generally provides that “both 2D and 3D
image data can be acquired by the capturer.”® This falls fall short of the applicant’s claimed
invention, which explicitly includes a number of specific features distinguishable from Geng.

In one aspect, claim 1 explicitly requires that the three-dimensional model be displayed
concurrently with the video image. This is more than a passing distinction. This feature provides
a significant advantage over the art of record because it yields the concurrent display of two
different types of visual data that contain different information of potential use during a margin
marking procedure or the like.

In another aspect, claim 1 explicitly requires that the three-dimensional model be created
from a sequence of images that includes the two-dimensional image being concurrently
displayed. This is also more than a passing distinction. The model was created from the sequence
of images, which means that a source two-dimensional image should generally be available for
any perspective on the surface of the three-dimensional model that a user might choose.’

In another aspect, claim 1 explicitly requires a common, shared perspective (simple “the
perspective” in the claims) in the view provided by the three-dimensional model and the view
provided by the two-dimensional image. Again, this is more than a passing distinction. By
maintaining synchronized visual content between these two different sources of visual content, a
user can more easily use both views concurrently to resolve spatial ambiguities, identify surface
blemishes, and so forth.

Geng does not appear to suggest any of these features, and cannot anticipate the

invention of claim 1, which requires all three. For at least these reasons, Geng cannot anticipate

> Geng, 9 [0009].

¢ Geng, 9 [0038].

" The applicant has also devised a triscopic imaging technique in which two side channels with offset axes are used
to image a surface for 3D reconstruction, and a center channel concurrently captures a center channel of
conventional video data, e.g., for navigation by a human user. While this yields the possibility that the conventional
video image is not actually used in the 3D reconstruction (although it may still optionally be used for
disambiguation or other calculation refinements), it nonetheless leads to the same result — that at least one video
image is available for each point on the exterior surface of the three-dimensional model.

Page 10 of 12
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claim 1. The remaining independent claims have been similarly amended, and for similar

reasons, cannot be anticipated by Geng.

Orth

Claim 1 further stands rejected under 35 U.S.C. § 102 as anticipated by U.S. Pat. Pub.
No. 2006/0020363 to Orth, et al. (“Orth”). Orth appears to generally contemplate tools for
working with, and more specifically modifying, digitized workpieces “by altering the surface
data of the workpiece by means of a tool which acts on a local zone of action (3) on the surface
(2).”® This appears to be highly useful in, e.g., modifying a tooth model or other dental
workpiece according to a dental plan. But this has little to do with the applicant’s technique for
concurrently displaying a two-dimensional image and a three-dimensional model from a
common perspective and providing a margin marking tool for a user to employ in this context.

As amended, claim 1 explicitly requires that a three-dimensional model be displayed
concurrently with a video image. Claim 1 also explicitly requires that the three-dimensional
model be created from a sequence of images that includes the two-dimensional image being
concurrently displayed. Claim 1 still further explicitly requires a common, shared perspective
(simple “the perspective” in the claims) in the view provided by the three-dimensional model
and the view provided by the two-dimensional image. Orth does not appear to disclose any of
these features, and cannot anticipate claim 1, or render claim 1 obvious in combination with the
other cited art of record.

For at least these reasons, claim 1 is patentable over Orth, and claims 1, 2, 3,9, 15 and 18
are patentable over Geng. The remaining claims depend from an allowable base claim and are
likewise believed to be in condition for allowance. The applicant respectfully requests

reconsideration and allowance of the pending claims.

§ Orth, Abstract.
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Conclusion

In view of the foregoing, the applicant believes that the currently pending claims are in
condition for allowance and respectfully requests a corresponding Notice of Allowance.

The applicant believes that all of the pending claims have been addressed. However, the
absence of a reply to a specific rejection, issue or comment does not signify agreement with or
concession of that rejection, issue or comment. In addition, because the arguments made above
may not be exhaustive, there may be reasons for patentability of any or all pending claims (or
other claims) that have not been expressed.

Nothing in this paper should be construed as intent to concede any issue with regard to
any claim, except as specifically stated in this paper. The amendment of any claim does not
necessarily signify concession of unpatentability of the claim prior to its amendment.

The Director is hereby authorized to charge any fees or to credit any overpayments
associated with this filing to Deposit Account No. 50-4262. If the Examiner believes a telephone
conference would expedite prosecution of this application, please telephone the undersigned at

(617) 916-2658.

Respectfully submitted
STRATEGIC PATENTS, P.C.

/Robert Mazzarese/
Robert A. Mazzarese
Reg. No. 42,852
Tel.: (617)-916-2658

October 16, 2015
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DETAILED ACTION

1. The claims and only the claims form the metes and bounds of the invention.
“Office personnel are to give claims their broadest reasonable interpretation in
light of the supporting disclosure. In re Morris, 127 F.3d 1048, 1054-55,
44 USPQ2d 1023, 1027-28 (Fed. Cir.1997). Limitations appearing in the
specification but not recited in the claim are not read into the claim. Inre Prater,
415 F.2d 1393, 1404-05, 162 USPQ 541, 550-551 (CCPA 1969)” (MPEP p 2100-
8,c2,145-48;p 2100-9, ¢ 1,1 1-4). The Examiner has full latitude to interpret
each claim in the broadest reasonable sense. The Examiner will reference prior
art using terminology familiar to one of ordinary skill in the art. Such an approach

is broad in concept and can be either explicit or implicit in meaning.

Oath/Declaration
2. The applicant’s oath/declaration had been reviewed by the examiner and is found

to conform to the requirements prescribed in 37.C.F.R.1.63.

Priority
3. As required by M.P.E.P.201.14(c), acknowledgement is made of applicant’s
claim for priority based on continuing application filed on November 15" 2010
(US/12/666,464), PAT 8,866,883 and a 371 application filed on June 27™ 2008
(PCT/US08/68522) and claim benefit of the provisional application

(US/60/947,009) filed on June 29" 2007.
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Status of Claims
4. This Office Action is in response to the application filed on September 16™ 2014.
Claims 1-20 are pending examination. The present application is being examined
under the pre-AlA first to invent provisions.
The Examiner acknowledged PCT opinion on patentability and PCT search

opinion.

Information Disclosure Statement

5. The information disclosure statement (IDS) submitted on 01/20/2015 is noted.
The submission is in compliance with the provisions of 37 CFR 1.97 and 1.98.
Accordingly, the information disclosure statement is being considered by the

examiner.

Examiner Comments

6. A search for the terms "dentistry”, “three dimensional dental model”, “digital

dental model”, “create and generate three dimensional dental model”,

“processors”, “image processing

, “‘computer program”, “memory", “storage”,
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“‘computer algorithms”, “CAD/CAM tools”, “display" generated results which

tended to fall into two broad areas:

(1) A computer generated images which uses imaging system includes and
imaging device, processor and display device, the processor included processing
tools for designing, modeling, creating and modeling a 3D model of dental
prosthesis would be more or less be sufficient to meet the limitations of the

claims.

(2) An apparatus, systems, and methods for a dental computer imaging system
for creating a three-dimensional model of a dental prosthetic item would be more

or less be sufficient to meet the limitations of the claims.

The Examiner indicated multiple rejections based on the above search. See

rejection(s) below.

Specification
7. The abstract of the disclosure is objected to because the abstract content more

than 150 words. Correction is required. See MPEP § 608.01(b).

Claim Objections
8. Claims 1, 3 and 15 are objected to because of the following informalities: The
method claims should tie to a machine/hardware in order to perform the steps for

example creating a three-dimensional model of the plurality of images. There
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10.

11.

may be 101 issues with the method claims (See case law, Alice Corporation

Pty. Ltd. v. CLS Bank International, et al). Appropriate correction is required.

Claim Rejections - 35 USC § 102
In the event the determination of the status of the application as subject to AIA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is
incorrect, any correction of the statutory basis for the rejection will not be
considered a new ground of rejection if the prior art relied upon, and the rationale
supporting the rejection, would be the same under either status.
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 person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country
or in public use or on sale in this country, more than one year prior to the date of application
for patent in the United States.

Claims 1-20 are rejected under pre-AlA 35 U.S.C. 102(b) as being anticipated by

Geng (US Publication No. 2005/0089822 A1).

Regarding Claim 1, Geng disclose a method comprising:

creating a three-dimensional model from a sequence of image sets, each image

set including a plurality of images of a subject including dentition, each one of the
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plurality of images captured from a different optical axis, the plurality of images
including at least one video image (Geng: Abstract disclosed a systems and
methods for interactive three-dimensional dental imaging ..., Fig.1, and Fig.4-

Fig.5 and paragraphs [0020]-[0021]);

rendering the three-dimensional model in a user interface from a perspective

(Geng: paragraphs [0009], [0021]-[0024]);

selecting a video image from the sequence of image sets that contains a view of
the subject most closely corresponding to the perspective (Geng: paragraphs

[0032]-[0035]);

displaying the video image in the user interface (Geng: Abstract, and [0009],

[0039]); and

providing a tool for marking a margin of the dentition (Geng: paragraph [0042]).

Regarding Claim 2, Geng disclose a system comprising:

a memory storing a three-dimensional model of a subject and a sequence of
image sets used to create the three-dimensional model, each image set including
a plurality of images of a subject including dentition, each one of the plurality of
images captured from a different optical axis, the plurality of images including at

least one video image (Geng: paragraphs [0023]);
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a display configured to provide a user interface presenting the sequence of

image sets (Geng: paragraph [0039]);

and a processor (Geng: paragraph [0023]) configured to render the three-
dimensional model in the user interface from a perspective, select a video image
from the sequence of image sets that contains a view of the subject most closely
corresponding to the perspective, display the video image in the user interface,
and provide a tool for marking a margin of the dentition (Geng: paragraphs

[0023]-{0027]).

Regarding Claim 3, Geng disclose a method comprising:

creating a three-dimensional model from a sequence of image sets, each image
set including a plurality of images of a subject, each one of the plurality of images
in each image set captured from a different optical axis (Geng: Fig.1 and

paragraph [0021]... the system configured to project multicolored light ...);

displaying one of the plurality of images in a first window (Geng: Fig.1 and

paragraphs [0020]-[0024], [0033], [0039)]);

rendering the three-dimensional model in a second window (Geng: paragraphs

[0033], [0039]); and

synchronizing the first window and the second window to provide a common

perspective on the subject (Geng: paragraph [0034] the GUI and file
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management module for storage and retrieval of 3D images and paragraph

[0042] the merger provides tools that enable ... and paragraphs [0043]-[0046]).

Regarding Claim 4, Geng disclose the method of claim 3 further comprising
receiving a user selection of a different one of the plurality of images and rotating
the three-dimensional model to maintain the common perspective (Geng:

paragraphs [0024], [0028], [0071]).

Regarding Claim 5, Geng disclose the method of claim 3 further comprising
receiving a user selection of a different one of the plurality of images and
translating the three-dimensional model to maintain the common perspective

(Geng: paragraph [0051], [0072]).

Regarding Claim 6, Geng disclose the method of claim 3 further comprising
receiving a user selection of a different one of the plurality of images and scaling
the three-dimensional model to maintain the common perspective (Geng:

paragraphs [0032], [0074]-[0075]).
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Regarding Claim 7, Geng disclose the method of claim 3 further comprising
receiving a user selection of a different perspective of the three-dimensional
model and selecting a new one of the plurality of images to maintain the common

perspective (Geng: paragraphs [0032]-[0035]).

Regarding Claim 8, Geng disclose the method of claim 3 further comprising
receiving a user selection of a different perspective of the three-dimensional
model and creating a composite video image from two or more of the plurality of
images to provide a common perspective on the subject (Geng: paragraphs

[0039]-[0043]).

Regarding Claim 9, Geng disclose a system comprising:

a memory storing a three-dimensional model of a subject and a sequence of
image sets used to create the three-dimensional model, each image set including
a plurality of images of a subject, each one of the plurality of images in each
image set captured from a different optical axis (Geng: Fig.1, Fig.3 and

paragraphs [0020]-[0025] and [0037]-[0043]);

a display configured to provide a user interface displaying one of the plurality of

images in a first window (Geng: paragraph [0039]); and
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a processor configured to render the three-dimensional model in a second
window displayed in the user interface and synchronize the first window and the
second window to provide a common perspective on the subject (Geng:

paragraph [0023]).

Regarding Claim 10, Geng disclose the system of claim 9 wherein the processor
is configured to receive a user selection of a different one of the plurality of
images and rotate the three-dimensional model to maintain the common

perspective (Geng: paragraphs [0032]-[0035], [0028]).

Regarding Claim 11, Geng disclose the system of claim 9 wherein the processor
is configured to receive a user selection of a different one of the plurality of
images and translate the three-dimensional model to maintain the common

perspective (Geng: paragraphs [0017]-[0021]).

Regarding Claim 12, Geng disclose the system of claim 9 wherein the processor
is configured to receive a user selection of a different one of the plurality of
images and scale the three-dimensional model to maintain the common

perspective (Geng: paragraphs [0020]-[0023]).
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Regarding Claim 13, Geng disclose the system of claim 9 wherein the processor
is configured to receive a user selection of a different perspective of the three-
dimensional model and select a new one of the plurality of images to maintain

the common perspective (Geng: paragraphs [0009], [0020]).

Regarding Claim 14, Geng disclose the system of claim 9 wherein the processor
is configured to receive a user selection of a different perspective of the three-
dimensional model and create a composite video image from two or more of the
plurality of images to provide a common perspective on the subject (Geng:

paragraphs [0036]-[0046]).

Regarding Claim 15, Geng disclose a method comprising:

displaying a three-dimensional model of dentition from a perspective (Geng:

paragraph [0039));

providing a plurality of video images of the dentition (Geng: paragraph [0031]-

[0025]);

selecting one of the plurality of video images that shows the dentition from the

perspective (Geng: paragraph [0019], [0021]); and
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displaying the one of the plurality of video images in a user interface with the
three- dimensional model as an aid to visually determining a margin of the

dentition (Geng: paragraphs [0042]-[0046]).

Regarding Claim 16, Geng disclose the method of claim 15 further comprising
displaying a margin on one or more of the three-dimensional model or the one of

the plurality of video images (Geng: paragraph [0021]-[0025], [0017]-[0021]).

Regarding Claim 17, Geng disclose the method of claim 16 further comprising
receiving a user modification of the margin and updating the display with a

modified margin (Geng: paragraph [0039]).

Regarding Claim 18, Geng disclose a system comprising:

a display having a window for displaying a three-dimensional model of dentition

from a perspective (Geng: paragraph [0039]);

a camera providing a plurality of video images of the dentition (Geng: Fig.1

paragraphs [0020]-[0021]); and

a processor configured to select of one of the plurality of video images that

shows the dentition from the perspective and display in a second window in the
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12.

display the one of the plurality of video images as an aid to visually determining a

margin of the dentition (Geng: paragraphs [0023]-[0025]).

Regarding Claim 19, Geng disclose the system of claim 18 wherein the
processor is configured to display a margin on one or more of the three-
dimensional model or the one of the plurality of video images (Geng: paragraphs

[0033], [0042]).

Regarding Claim 20, Geng disclose the system of claim 19 wherein the
processor is configured to receive a user modification of the margin and update

the display with a modified margin (Geng: paragraphs [0042]-[0046]).

Claim Rejections - 35 USC § 102
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 person shall be entitled to a patent unless —
(b) the invention was patented or described in a printed publication in this or a foreign country

or in public use or on sale in this country, more than one year prior to the date of application
for patent in the United States.
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13.

Claim 1 is rejected under pre-AlA 35 U.S.C. 102(b) as being anticipated by Orth

et al hereafter Orth (US Publication No. 2006/0020363 A1).

Regarding Claim 1, Orth disclose a method comprising:

creating a three-dimensional model from a sequence of image sets, each image
set including a plurality of images of a subject including dentition, each one of the
plurality of images captured from a different optical axis, the plurality of images
including at least one video image (Orth: Abstract disclosed a method for
processing a three dimensional model of a dental prosthetic item ... and

paragraphs [0009], [0038], [0070));

rendering the three-dimensional model in a user interface from a perspective

(Orth: paragraphs [0038], [0070], Claim 1);

selecting a video image from the sequence of image sets that contains a view of
the subject most closely corresponding to the perspective (Orth: paragraphs
[0009], [0014], Fig.1 paragraphs [0038]-[0043] and [0050], Orth implicitly
disclosed a video image; as evidence by Quadling (US 2005/0020910 A1)

teaches video images);

displaying the video image in the user interface (Orth: paragraph [0021], [0043]);

and

-79-



Application/Control Number: 14/487,371 Page 15
Art Unit: 2486

providing a tool for marking a margin of the dentition (Orth: paragraph [0004],

[0011], [0050], Fig.1 paragraph [0038]).

10.  Examiner has cited particular paragraph(s)/column(s) and line number(s) in the
references applied to the claims above for the convenience of the applicant.
Although the specified citations are representative of the teachings of the prior
art(s) and are applied to specific limitations within the individual claim, other
passages and figures may apply as well. It is respectfully requested from the
applicant in preparing responses, to fully consider the references in entirety as
potentially teaching all or part of the claimed invention, as well as the context of

the passage as taught by the prior art(s) or disclosed by the Examiner.

14. *References cited, not relied upon
The prior art made of record and not relied upon is considered pertinent to
applicants disclosure. Below the list of the references are:
1. US 2007/0211081 A1 — (see at least abstract for video
imagery of an actual dental restoration and a 3D scan).
2. US 2004/0218039 A1 — (see at least abstract for a dental video
imaging system).

3. US 2005/0089822 A1 — (see at least abstract for 3D image and a
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15.

virtual 3D model of a dental prosthesis).

4. US 7,474,932 B2 — (see at least abstract for a 3D model of a dental
prosthesis).

5. US 2007/0098237 A1 — (see at least abstract for a method of dental
microscopic procedure and paragraph [0028] stored images in
thumbnail and paragraph [0031] a image data taking device for

dental treatment).

Conclusion
The above rejections are based upon the broadest reasonable interpretation of
the claims. Applicant is advised that the specified citations of the relied upon
prior art, in the above rejections, are only representative of the teachings of the
prior art, and that any other supportive sections within the entirely of the
reference (including any figures, incorporation by references, claims and/or
priority documents) is implied as being applied to teach the scope of the claims.
Applicant is encouraged to take into consideration the prior art made of record
but not relied upon, as it is considered pertinent to the applicant's disclosure.
Please see Form PTO-892.
Any inquiry concerning this communication or earlier communications from the

examiner should be directed to SHAN ELAHI whose telephone number is
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(571)270-1442. The examiner can normally be reached on Monday to Friday
7:30 AM to 5:00 PM (EST).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Mehrdad Dastouri can be reached on (571) 272-7418. 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 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). 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.

/SHAN ELAHI/
Examiner, Art Unit 2486
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Bex Mo, ¥ mak of unity of invention

1. B dn mg;msse 0 the invitalion Fonh PETASARDS) 10 pay addiionat Toss, the applicant hay, within the
applcable ime mit

{3 paid addiiony) fees

0 paid additional fees under prolest and, where a;;;:i%c&i:aie;: tha protast fae

L paid adddivional foss unchy protast but e appdicatde ,ratw o fee was not pald

o pod paid additionat fses

2000 This Authorly fownd thal e resusrsmant of galty of Invaition I8 pot complied with and chose pol W nvite
e applizant i gay sdoitiongl fses

3. Thiz Authority considers hat the e iivament of untty of venlion B accordanes with Fule 1501 138 and 188 18

T3 complisd with

&1 nof complisd with fue e following reasons:

S8 separats shag

4, Gomssgquently, Ts reporthas baen esiablished in raspect of e oliosdng pavls of e international :ig;ﬁ: PRHOTY
3 alt pants.

-~

5 he parts rolating fo olaims Nos, 1224

Box Mo,V Reasoned siaterment undsy Rule 4359 Ha)E with regavsd i novally, Invesntive Step o
indusivial spplicability; oitations and explanations supporting such slatement

1. Sateniant

Mreolly (M) : Yeg: d&»

fsvantive step {18} Yes: Claims x
M Claims 124
ndustiiat sppiicebility 84} Yaa Ohims Ee
Nen o Clabns -
2 Clalions sxplanations

See separats shent
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This Intermstional Sears hing Aut ";m"iy found mudtiple {groups of} inventions i this
intarrational applcation, as bllows

1, Claims: -84

C.it”’(“?"‘?'?{} ;:m 0*‘%6"3“-?‘&%‘8 aand a dirgction of baval for

sach vaehicle of a plurality of vehivles and ientitying sach

e

of the plu ;aisiy of vehidles.
2. Dlabmg 25-84

scaling the images and oblaining a length to pixel ratic

& Fans o oo
LN \.“ii‘i;nﬁ‘# E“b“}?’a

detecting antry and exit of an objectivehicle within a field
of view of the camera,

4. Claims: 7381
determining 2 region of nleres{ RO, generaling 8 blob

image by segmentation in ROE determining the major and
minoy diamelers of obs;

N e N T 3 S S s

1. The following dooument (H-D2) is referred to i this comnumication; the
numbering will be guhered to i the rest of the ;3**“15‘&:%”*@

O WO 2004100087 A (D30 L R UGS QUADL ii\i@: HENLEY [URT QUADLING
MARK {US] BLAIN ALAN [US) 18 Novembar 2004 {2004-11-18)
D2 WO 2007103810 A (D4D TECHNOLOGIES LLT [USH 13 Saptember 2007

(200708418

nn\

For PUTAQARET {Sopmrats Sheat) {Bheat 1) {ERG-Anei 2308
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pa

INVENTIVE 8TER ~ ‘
The claims 124 do nof involve an inventive step o the sense of Artiols 33(3) POT,

D cisclosss a method comprising:

regzt*ngamwms:g;z‘wsra@n {modet om a sequence of imags sals, eanh Image
2 gieluiing a plurality of im v:-,“‘ of & subiect, the plurality of images including &l

Py

cast oneg vides inage iia‘*i! 11 %, the frst twwo mv qE ::gs% 18}
~sehoot 3 8 video image bom the ssquenos of bnage e ‘i*\e vicao ane
i 'e wof the mn; sob froamt @ peespsotive; displaying the vides image in
N .

A3 1, clabm 1, the last ;’\w graphl; and
~randaring the three dimencional mods! in the user interface from the pergpestive

Clain 1 oiffers from D1 in that each one of the plurality of images are sapiured

from a diffsrent optical axis. This means that, according o the cwrent application,
e 30 modsd of 3 sublect b oreated Yrough the known paraliax effect in i
OGS Images. This fealure 8 det%\m with more olsar \vmcgwi' n dependent o

Fand & On the Q*h ar hand, D1 obiadins the 3D mode! by scarming.

Lot
e 37;’@

Bath modetling techmioues are vary wall Koown {o the skilled parson, They ars
standard methods in 30 modeling feld and they mav be sod! i;;ter*:hm@s}ab\@ i
greate 3D modalz. Al modelliing booke in the computer c‘upm g fiald disclosd the
paraliaxisteren; sohnigus o create 30 models. Thereinrg, indeparndarg olaim 1
does not involwe inventive kte\ The samea objection and reasoning apply o the
sorresponding compuier program produst caim 9 sed gystem claim 17,

1%

The subjeci-mating of the dependent olaims 2.5.8 ars disclosed 1 D1 {clalmsg
10,15, 18).

Deperndiard clgime 3 and 4 disclose that the vided §3T‘.'3-§}i" oan he selecied by the
v through differant selection *’“ﬁé‘ii‘*&‘{}f‘?&i should be m@d gt 7 umes @ gee-
r@rau{;}*} r@ 33 10 f‘iei&\n"z & the fleld t

Patd

-

oy

f 23

¥
; if?i*%;‘iﬁ*éitiﬁ e image (D1, c§&%ms 18-201
ARG 58 i»a &mn f@q LIRS B8 a;sx?‘-pi\ NGy design alternatives
impd r‘m@ﬁm forrwhich do fiot add anyth i gn»wuw significanae ¢ :\tm subjagt
migtier aof independent olaime,

oo
x,%’ &
“’ S
o]
et
3.
£;3
f..'}
&
tw
)
o
b1
poc
‘“?'a
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j£v3
o
g
”
£55
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Faven POTISAIET (Sepantie Shoat) IGhaet 2} {ERO-Aprd 2008}
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3.8

# should ba further z'aoz&\fi that, augrmentad rsality in dental imagiog is very wall
wnown aod olaim 1 dizcloses g dlassical appiication of tiis Heid. h sugmented
reality, rioh mediy can be registersd and displayed together, | s a frequently used
technique also for many other biomadical application areas. D2, which may be
usad under EPG, s oited bare (0 show another augmeniad reality systen sogmple

>

for g dentition Held,

INDUSTRIAL AFPLICABIUITY:

Th purrent sed of clgime 1984 disoloses technival features 1o implsrmant a
sompider graphiss methad of rendedng and therefere, the subject matier of claims
1-24 i inddustisily apglicable

WPECIAL TRCHNICAL FEATURES (STF) AND UNDERLYING QBIECTIVE

FROBLEME

Docurment D fs consiterad o be the plosest state of the wt. The
difterances Detweean the disclsure of ‘Qf and {he tour potential

e

4.1

7

.-\Q:‘}

s
{}

ntiong can be defined as foliows:

15t subjent:

snsicdering U1, the special sohnical features (8§8TF) of the Tt subjeat consist e
kS ]

sreating & three-dimensional sodsd from a sequenas of image sals

-&*:iay g & vigleo brage
i.,i s;;‘xg the vidaod Image

?Jsmg the thres-gimensional mods! from the perspective of the viden imags

The underiing objective problesn solved by the sbove STF i 1o modsl and render g 3D
Gk (;ES‘S
4.2, 2nd subjedt

£0n

sidering D, the special lechrtical fealives (BTF) of the 2ng sublact consist i

- Craating & thres-cimensiona! mode! from @ ssguence of inage ssts

Forny POTASALET

Shesth (Shaet 3 IEMApel 2055
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- rendsring the Gwsedimensional model from g perspactive

- selacting & video image that contains a view of the sublest most olossly corresponding
10 the perspactive

~ thsplaying the viden image

The underlying objective problem solved by the above §TF is to select & video image
among ethers

4,2, Grd subisat

Cunsidering U1, the gpectad technical features (BTF) of the 3xd subledct consigl in:
creating & treo-dimensionat modal it a sequencs of image seis

- clispiaying the images In a Hstwindow

- cispdaying the threa-dimansionst model in g second window

- ynchromsing the frst and second window [ provigs 3 SONTVTIon pars apactive,

The underiying chisctive problem solvad by the above BTF isto synchronice a render
of & 30 objeot and ds soures tmages on disolay. ‘

4.4, 4t subijaat

Considaring D1, the special lechnical features {8TF) of the 4ih subjsd consist in

b1

cisplayving a thess ﬁe!‘w;}s‘éamwm}dw of dentiion from 3 perspaciive
;afm *G‘? a8 phaality of video images of the dentition
selection one of the plurality of video images

- dispiaying the vidleo imags with the thees dimansional mode! gz an aild o visually

clstsrnsining & margin of the denfifion,

o

ot

3

H

The underiing objsctive problem sobved by the above 87
b dentition on an sleschonio display.

s o determine & margin of

s

8. The speciad ehnical {fealures (STF) arg olwiocusdy not idantical, Morsover,
thay arg not dormeponding, Le. they do not | m;‘t on i1 an equivalant,
covnglementary of cooperative manner ard are not spscially sdaptad fo

23

Forra PUTHSMLET {Sepmyade Sheat (Shoet 4 {EPO-SaE 8608}
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ach other. iy particuiar, these spenial faahnicad fealures can not e
regardad as belng coresponding becauss they solve Jifferant prablems.

Tharefore, the aoplication claims four inventions not so linked ss o
form & gingls ganeral invarntive convapt as they da't bave same o
sormmaponding spocial technivs! fegturas. Hares, the rsquiremants of
Rude 187 angd 12.2 PET are therelors not mat

f

&, if the applicant opts to restict the olaims, # is sugposted to erase the olaims
wrr%@ ading {0 the subjecls which sre not sommitnad, i the 3&:@?\{’9 of 301y response
froant the applicant, the examination will be restictad o the Hrst subjent,

Foipere ROE
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DERWENT
IBM_TDB
S33 i3 "20030033151".PN. US-PGPUB; {OR ON 2015/06/21
USPAT; 10:37
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S34 {12 "20050212910" US-PGPUB; #OR ON 2015/06/21
USPAT,; 10:39
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S35 418 (dental near2 technology) and (model$3 {{US-PGPUB;iOR ON 2015/06/21
near2 three near2 dimensional near2 USPAT; 10:43
dental) and (three near2 dimensional USOCR;
near2 dental near2 model$3) FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S36 19 (dental near2 technology) and (three US-PGPUB;iOR ON 2015/06/21
near2 dimensional near2 dental near2 USPAT; 10:46
model$3) USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
837 45 "6604527".pn. US-PGPUB; {OR ON 2015/06/21
USPAT,; 10:48
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S38 1692 (dental same three near2 dimensional US-PGPUB; {OR ON 2015/06/21
near2 imag$3 and model$3) USPAT,; 10:57
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S39 {94 (dental same three near2 dimensional US-PGPUB; iOR ON 2015/06/21
near2 imag$3 and model$3) and USPAT,; 10:57
(processor$1 and imag$3 near2 USOCR;
process$3 and stor$3 and memory and FPRS;
computer near2 program) EPO; JPO;
DERWENT
IBM_TDB
$40 {44 ("20020064759" | "20020180760" | US-PGPUB;OR ON 2015/06/21
"20030207235" | "20030222366" | USPAT,; 12:07
"20040085311" | "20040175670" | USOCR
"20040229185" | "20040245663" |
"20050003329" | "20050069188" |
"20050070782" | "20050089214" |
"20060078842" | "20080271229" |
"20060275737" | "20080286501" |
"5338198" | "6049743" | "6619959" |
"6694212" | "6832877" | "6974323" |




EAST Search History

"7056115" | "7077646" | "7162321" |
"7172417").PN. OR ("7474932"). URPN.
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41 4§92 (dental same three near2 dimensional US-PGPUB;{iOR OFF 2015/06/21
near2 imag$3 and model$3) and USPAT,; 12:42
(processor$1 and imag$3 near2 USOCR,;
process$3 and stor$3 and memory and FPRS;
computer near2 program) EPO; JPO;

DERWENT
IBM_TDB
42 4301 ("CAD" same "CAM" same dentistry) US-PGPUB; {OR OFF 2015/06/21
USPAT; 12:43
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB

43 16 ("CAD" same "CAM" same dentistry) and {{US-PGPUB;{OR OFF 2015/06/21
(three near2 dimensional near2 dental USPAT; 12:43
near2 model$3) USOCR,;

FPRS;

EPO; JPO;
DERWENT
IBM_TDB

44 199 ("CAD" same "CAM" same dentistry) and {{US-PGPUB;;{OR OFF 2015/06/21
(dental same three near2 dimensional USPAT; 12:44
same model$3) USOCR,;

FPRS;

EPO; JPO;
DERWENT
IBM_TDB

45 113 ("CAD" same "CAM" same dentistry) and {{US-PGPUB;{{OR OFF 2015/06/21
(dental same three near2 dimensional USPAT; 12:45
same model$3) and (camera$1 and video i USOCR;
nar2 camera$1) and (imag$3 near2 FPRS;
process$3) and (memory and storage EPO; JPO;
and computer near2 program) DERWENT

IBM_TDB

S46 {116 1i("2467432" | "3660900" | "3860803" | US-PGPUB; {OR ON 2015/06/21
"3916526" | "3950851" | "4014096" | USPAT,; 12:45
"4195046" | "4324546" | "4348178" | USOCR
"4478580" | "4504225" | "4505673" |
"4575805" | "4611288" | "4656860" |
"4663720" | "4742464" | "4755139" |
"4763791" | "4793803" | "4798534" |
"4837732" | "4850864" | "4856991" |
"4936862" | "4937928" | "4964770" |
"4975052" | "5011405" | "5017133" |
"5027281" | "5035613" | "5055039" |
"5059118" | "5100316" | "5121333" |
"5128870" | "5131843" | "5131844" |
"5139419" | "5184306" | "5186623" |
"5257203" | "5273429" | "5278756" |
"5338198" | "5340309" | "5342202" |
"5368478" | "5382164" | "5395238" |
"B5A31562" | "5440496" | "5447432" |
"5452219" | "5454717" | "5456600" |
"5474448" | "5518397" | "5528735" |
"5533895" | "5542842" | "5549476" |
"5587912" | "5605459" | "5607305" |
"5621648" | "5645421" | "5655653" |
"5683243" | "5733126" | "5740267" |
"5823778" | "5879158" | "5975893" |
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EAST Search History

"6068482" | "6217334" | "6350120" |
"RE35169").PN. OR ("7134874") .URPN.

|
"20080078840" | "20080090196" |
"20130029283" | "2467432" | "3407500"
| "3600808" | "3660900" | "3683502" |
"3738005" | "3860803" | "3916526" |
"3922786" | "3950851" | "3983628" |

"4014096" | "4195046" | "4253828" |
"4324546" | "4324547" | "4348178" |
"4478580" | "4500294" | "4504225" |
"4505673" | "4526540" | "4559013" |
"4575330" | "4575805" | "4591341" |
"4609349" | "4611288" | "4656860" |
"4663720" | "4664626" | "4676747" |
"4742484" | "4755139" | "4763791" |
"4793803" | "4798534" | "4836778" |
"4837732" | "4850864" | "4850865" |
"4856991" | "4877398" | "4880380" |
"4889238" | "4890608" | "4935635" |
"4936862" | "4937928" | "4941826" |
"4964770" | "4975052" | "4983334" |
"5011405" | "5017133" | "5027281" |
"5035613" | "5055039" | "5059118" |
"5100316" | "5121333" | "5125832" |
"5128870" | "5130064" | "5131843" |
"5131844" | "5139419" | "5145364" |
"5176517" | "5184306" | "5186623" |
"5257203" | "5273429" | "5278756" |
"5328362" | "5338198" | "5340309" |
"5342202" | "5368478" | "5382164" |
"5395238" | "5431562" | "5440326" |
"5440496" | "5447432" | "5452219" |
"5454717" | "5456600" | "5474448" |
"5518397" | "5528735" | "5533895" |
"5542842" | "5549476" | "5562448" |
"5587912" | "5605459" | "5607305" |
"5614075" | "5621648" | "5645420" |
"5645421" | "5655653" | "5683243" |
"5692894" | "5725376" | "5725378" |
"5733126" | "5740267" | "5742700" |
"5799100" | "5800174" | "5823778").PN.

OR ("5848115" | "6857853" | "5866058"
| "B879158" | "b880961" | "5880962" |
"5934288" | "5954500" | "5957686" |
"5964587" | "5971754" | "5975893" |

"86015289" | "6044309" | "6049743" |
"6062861" | "6068482" | "6099314" |
"8123544" | "6126443" | "6152731" |
"6183248" | "6190165" | "6217325" |
"6217334" | "6244861" | "6309215" |
"6315553" | "6322359" | "6350120" |
"6382975" | "6398548" | "6402707" |
"6450807" | "6482298" | "6524101" |
"6554611" | "6572372" | "6629840" |
"6705863" | "6722880" | "8075309" |
"8152521" | "8292617" | "8308478" |
"8539955" | "RE35169").PN. OR

("9022781").URPN.
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47 1185 |("2467432" | "2531222" | "4055895" | US-PGPUB; JOR ON 2015/06/21
"4073061" | "4371336" | "4433956").PN. § USPAT; 12:45
OR ("4755139").URPN. USOCR

48 171 §("20020006597" | "20030009252" | US-PGPUB; JOR ON 2015/06/21
"20030139834" | "20030224311" | USPAT; 12:45
"20040128010" | "20050055118" | USOCR




EAST Search History

2015/06/21

| "3600808" | "3660900" | "3683502" |
"3738005" | "3860803" | "3916526" |
"3922786" | "3950851" | "3983628" |

"4014096" | "4195046" | "4253828" |
"4324546" | "4324547" | "4348178" |
"4478580" | "4500294" | "4504225" |
"4505673" | "4526540" | "4575330" |
"4575805" | "4591341" | "4609349" |
"4611288" | "4656860" | "4663720" |
"4664626" | "4676747" | "4742464" |
"4755139" | "4763791" | "4793803" |
"4798534" | "4836778" | "4837732" |
"4850864" | "4850865" | "4856991" |
"4877398" | "4880380" | "4889238" |
"4890608" | "4935635" | "4936862" |
"4937928" | "4941826" | "4964770" |
"4975052" | "4983334" | "5011405" |
"5017133" | "5027281" | "5035613" |
"5055039" | "5059118" | "5100316" |
"5107444" | "5121333" | "5125832" |
"5128870" | "5130064" | "5131843" |
"5131844" | "5139419" | "5145364" |
"5176517" | "5184306" | "5186623" |
"5257203" | "5273429" | "5278756" |
"5328362" | "5338198" | "5340309" |
"5342202" | "5368478" | "5382164" |
"5395238" | "5431562" | "5440326" |
"5440496" | "5447432" | "5452219" |
"5454717" | "5456600" | "5474448" |
"5518397" | "5528735" | "5533895" |
"5542842" | "5549476" | "5562448" |
"5587912" | "5590248" | "5605459" |
"5607305" | "5614075" | "5621648" |
"5645420" | "5645421" | "5655653" |
"5683243" | "5692894" | "5725376" |
"5725378" | "5733126" | "5740267").PN.

OR ("5742700" | "5799100" | "5800174"
| "Bb823778" | "b848115" | "5857853" |
"5866058" | "5879158" | "5880961" |
"5880962" | "5882192" | "5934288"

|
"5957686" | "5964587" | "5971754" |
"5975893" | "6015289" | "6044170" |
"6044309" | "6049743" | "6054990" |
"6062861" | "6068482" | "6099314" |
"8123544" | "6151404" | "6152731" |
"6183248" | "6190165" | "6205243" |
"6210162" | "6212442" | "6217325" |
"6217334" | "6227850" | "6244861" |
"6250918" | "6260000" | "6300958" |
"6309215" | "6315553" | "6318994" |
"6322359" | "6350119" | "6350120" |
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49 ¥191 4("3510946" | "4055895" | "4505672" | JUS-PGPUB; JOR ON
"4541800" | "4591341").PN. OR USPAT; 12:46
("4793803").URPN. USOCR

S50 ¥157  4("3407500" | "3510946" | "4448735" | JUS-PGPUB: JOR ON 2015/06/21
"4505673" | "4591341").PN. OR USPAT; 12:46
("4856991").URPN. USOCR

S51 4208 4("20020006597" | "20020018981" | US-PGPUB; {OR ON 2015/06/21
"20020055800" | "20030009252" | USPAT: 12:47
"20030139834" | "20030156111" | USOCR
"20030224311" | "20040128010" |
"20040189633" | "20050018885" |
"20050055118" | "2467432" | "3407500"




EAST Search History

-111-

EASTSearchHistory.14487371_AccessibleVersion.htm[6/21/2015 1:03:57 PM]

"6369815" | "6371761" | "6382975" |
"6398548" | "6402707" | "6409504" |
"6431870" | "6463344" | "6463351" |
"6471512" | "6482298" | "6512994" |
"6514074" | "6524101" | "6540512" |
"6545678" | "6554611" | "6558162" |
"6572372" | "6602070" | "6629840" |
"6633789" | "6665570" | "6688886" |
"6705863" | "6722880" | "RE35169").PN.
OR ("7428481").URPN.

S52 {153 ("20020006597" | "2467432" | "3407500" {US-PGPUB;{OR ON 2015/06/21
| "3600808" | "3660900" | "3683502" | USPAT,; 12:47
"3738005" | "3860803" | "3916526" | USOCR
"3922786" | "3950851" | "3983628" |
"4014096" | "4195046" | "4253828" |
"4324546" | "4324547" | "4348178" |
"4478580" | "4500294" | "4504225" |
"4505673" | "4526540" | "4575330" |
"4575805" | "4591341" | "4609349" |
"4611288" | "4656860" | "4663720" |
"A664626" | "4676747" | "4742464" |
"4755139" | "4763791" | "4793803" |
"4798534" | "4836778" | "4837732" |
"4850864" | "4850865" | "4856991" |
"4877398" | "4880380" | "4889238" |
"4890608" | "4935635" | "4936862" |
"4937928" | "4941826" | "4964770" |
"4975052" | "4983334" | "5011405" |
"5017133" | "5027281" | "5035613" |
"5055039" | "5059118" | "5100316" |
"5121333" | "5125832" | "5128870" |
"5130084" | "5131843" | "5131844" |
"5139419" | "5145364" | "5176517" |
"5184306" | "5186623" | "5257203" |
"5273429" | "5278756" | "5328362" |
"5338198" | "5340309" | "5342202" |
"5368478" | "5382164" | "5395238" |
"5431562" | "5440326" | "5440496" |
"5447432" | "5452219" | "54b4T717" |
"5456600" | "5474448" | "5518397" |
"5528735" | "5533895" | "5542842" |
"5549476" | "5562448" | "5587912" |
"5605459" | "5607305" | "5614075" |
"5621648" | "5645420" | "5645421" |
"5655653" | "5683243" | "5692894" |
"5725376" | "5725378" | "5733126" |
"5740267" | "5742700" | "5799100" |
"5800174" | "5823778" | "5848115" |
"5857853" | "5866058" | "5879158" |
"5880961" | "5880962" | "5934288" |
"5957686" | "5964587" | "5971754" |
"5975893").PN. OR ("6015289" |
"6044309" | "6049743" | "6062861" |
"6068482" | "6099314" | "6123544" |
"6152731" | "6183248" | "6190165" |
"6205716" | "6217334" | "6244861" |
"6309215" | "6315553" | "6322359" |
"6350120" | "6382975" | "6398548" |
"6524101" | "6554611" | "RE35169").PN.

OR ("7905725").URPN.

S53 166 (three near2 dimensional near2 display$3 {{US-PGPUB;iOR ON 2015/06/21

same synchroniz$3 same windows) USPAT; 12:55
USOCR,;
FPRS;




EAST Search History

EPO; JPO;
DERWENT
IBM_TDB
854 12 (stereoscopic) and (three near2 US-PGPUB; {OR ON 2015/06/21
dimensional near2 imag$3) and (three USPAT; 12:56
near2 dimensional near2 display$3 same {{ USOCR;
synchroniz$3 same windows) FPRS;
EPO; JPO;
DERWENT
IBM_TDB
855 410 ("345"/$.ccls. and "600"/$.ccls. and US-PGPUB; {OR ON 2015/06/21
"433"/$.ccls.) USPAT,; 12:59
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S56 2 ("345"/$.ccls. and "600"/$.ccls. and US-PGPUB; iOR ON 2015/06/21
"433"/$.ccls. and "348"/$.ccls.) USPAT,; 12:59
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S57 {2 "6318995".PN. US-PGPUB;OR ON 2015/06/21
USPAT,; 13:00
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S58 ({41 ("3738005" | "4575805" | "5011405" | US-PGPUB; HOR ON 2015/06/21
"5238404" | "5368478" | "5395238" | USPAT,; 13:00
"5431562" | "5447432" | "b4b4AT17" | USOCR
"5456600" | "5464349" | "5474448" |
"5518397" | "5533895" | "5542842" |
"5618176" | "5879158" | "5975893" |
"6068482" | "6099314" | "6217325" |
"6227850" | "Re35169").PN. OR
("6318995").URPN.
S59 §10 "8107086".PN. US-PGPUB; OR ON 2015/06/21
USPAT,; 13:00
USOCR,;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
S60 {44 ("20040112978" | "20040253824" | US-PGPUB; {OR ON 2015/06/21
"20050202363" | "20060173637" | USPAT,; 13:01
"20070127756" | "20080068619" | USOCR
"20080169044" | "20100019170" |
"20100020070" | "20100022893" |
"20100039534" | "20100042002" |
"20100085793" | "20100067756" |
"20110290005" | "4841156" | "5619330"
| "56717217" | "5904651" | "6339648" |
"6533062" | "6621951" | "6751494" |
"7286242" | "7555356" | "7606381").PN.
OR ("8107086").URPN.
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known and claim 1 discloses g classical application of this flekd In sugnented
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INDUSTRIAL APPLICABILITY:
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"ROHALY, JANOS

2120080013943 150 [|09/08/2006[MONOCULAR THREE-

DIMENSIONAL IMAGING

FULLER,RODNEY

"ROHALY, JANOS

2120070188769 150 |09/08/2006

THREE-CHANNEL CAMERA
SYSTEMS WITH COLLINEAR
JAPERTURES

SPECTOR,DAVID

2Jl20070188601ff 150 [/09/08/2006

THREE-CHANNEL CAMERA
SYSTEMS WITH NON-COLLINEAR
IAPERTURES

SPECTOR,DAVID

ROHALY, JANOS

20070075997| 150 [109/22/2006

ARTIFACT MITIGATION IN THREE-
DIMENSIONAL IMAGING

HUNG,YUBIN

ROHALY, JANOS

5¢£][20080204900) 150  [l05/08/2008

THREE-CHANNEL CAMERA
SYSTEMS WITH NON-COLLINEAR
IAPERTURES

SCHWARTZ,JORDAN

ROHALY, JANOS

3][20090298017)| 150  [l06/02/2009]DIGITAL DENTISTRY

LEWIS,RALPH

ROHALY, JANOS

3|20100007718(f 150 09/15/2009|

IMONOCULAR THREE-
DIMENSIONAL IMAGING

[WILKES,ZACHARY

"ROHALY, JANOS

54{[20090304288] 150 [[08/19/2009(|SUB-PIXEL ACCURACY AND

[VALID CORRELATION SIGNAL
DETECTION BY FORWARD AND
REVERSE CORRELATION

RAHMJOO,MANUCHEHR

ROHALY, JANOS

12)120100013909 150 [|09/28/2009|DETERMINING CAMERA MOTION

INGUYEN,PHU

"ROHALY, JANOS

20100281370| 124 [07/06/2010

[VIDEO-ASSISTED MARGIN
IMARKING FOR DENTAL MODELS

[POHLMAN,JAMES

"ROHALY, JANOS

3120110050848 150 |111/15/2010

SYNCHRONIZED VIEWS OF VIDEO
DATA AND THREE-DIMENSIONAL
IMODEL DATA

ELAHILSHAN

ROHALY, JANOS

o]l20110007137][ 150 09/22/2010"

HIERACHICAL PROCESSING USING
IMAGE DEFORMATION

IMIKESKA,NEIL

"ROHALY, JANOS

20110043613 124 09/22/2010"

THREE-DIMENSIONAL MODEL
REFINEMENT

IMIKESKA,NEIL

"ROHALY, JANOS

20110164810|| 150 [111/15/2010[IMAGE SIGNATURES FOR USE IN

MOTION-BASED THREE-
DIMENSIONAL RECONSTRUCTION

[PATEL NIRAV

ROHALY, JANOS

ROHALY, JANOS ‘
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[20120057000)| 150 |[11/09/2011|[MONOCULAR THREE- [ WILKES,ZACHARY ROHALY, JANOS
DIMENSIONAL IMAGING
Not [[20120231421f 41 [/05/22/2012|DIGITAL DENTISTRY LAUGHLIN,NATHAN ROHALY, JANOS
Issued
Not [[20140104395( 30 [|10/17/2013[[Methods of and Systems for Three- DASTOURLMEHRDAD ROHALY, JANOS
Issued Dimensional Digital Impression and
[Visualization of Objects Through an
Elastomer
Not [[20140253717| 30 [03/08/2014|CONTINUOUS CONTACT-BASED DASTOURLMEHRDAD ROHALY, JANOS
Issued THREE-DIMENSIONAL
IMEASUREMENT
Not [[20150002509( 30 [09/16/2014[|SYNCHRONIZED VIEWS OF VIDEO ([ELAHI,SHAN ROHALY, JANOS
Issued DATA AND THREE-DIMENSIONAL
IMODEL DATA
Not 159 109/16/2002[[Multi-resolution adaptive correlation A ROHALY, JANOS
Issued processing
Not 159 109/17/2002[[Monocular quantitative 3-D microscope |f, ROHALY, JANOS
Issued imaging
Not 159 [109/22/2005|[Method and apparatus for real-time R ROHALY, JANOS
Issued acquisition, processing, and correction of]
acquired image data corresponding to a
three-dimensional object using a look up
table
IS Not 159 ||01/20/2006|lmage set processing R ROHALY, JANOS
Issued
8 Not 159 ][01/20/2006|[Digital dentistry R ROHALY, JANOS
Issued
Not 159 102/13/2006[[Monocular three-dimensional imaging [, ROHALY, JANOS
Issued
Not 159 102/13/2006]|Sub-pixel accuracy and valid correlation |f, ROHALY, JANOS
Issued signal detection by forward and reverse
correlation
Not 159 102/22/2006|lmage set processing R ROHALY, JANOS
Issued
Not 159 1[06/29/2007|[SYNCHRONIZED VIEWS OF VIDEO ||, ROHALY, JANOS
Issued DATA AND THREE-DIMENSIONAL
IMODEL DATA
Not 159 [06/29/2007|[VIDEO-ASSISTED MARGIN R ROHALY, JANOS
Issued [IMARKING FOR DENTAL MODELS
Not 159 [(01/04/2008[[THREE-DIMENSIONAL IMAGING R ROHALY, JANOS
Issued SYSTEMS AND METHODS
Not 159 [(04/21/2009]THREE-DIMENSIONAL IMAGING R ROHALY, JANOS
Issued SYSTEM ENHANCEMENTS
Not 159 |110/17/2012}|Three-dimensional Digital Impression  |f, ROHALY, JANOS
Issued and Visualization of Objects through a
Clear Elastomer
159 |103/08/2013[[Methods of and Systems for Inspection |f, ROHALY, JANOS
and Measurement of Relatively Large
Surfaces

Display.
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PG Pub#
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Page 1 of 1

Day : Friday
Date: 6/19/2015
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Examiner Name Inventor Name

Issued

20

05/20/2015

IMULTI-COLORED MILL BLANKS

>

INAZZAL, ROBERT

20040261030

150

11/03/2003

FEEDBACK MECHANISM TO
IMINIMIZE FALSE ASSERTIONS OF
A NETWORK INTRUSION

GEE,JASON

INAZZAL, ROBERT N.

20050206650

03/16/2004

SERVICE DETECTION

COLIN,CARL

INAZZAL, ROBERT N.

Not
Issued

20050289219

06/28/2004

Rule based alerting in anomaly detection

BELANILKISHIN

INAZZAL, ROBERT N.

Not
Issued

20100281370

07/06/2010

[VIDEO-ASSISTED MARGIN
IMARKING FOR DENTAL MODELS

POHLMAN,JAMES

INAZZAL, ROBERT N.

58

13)120110050848

11/15/2010

SYNCHRONIZED VIEWS OF VIDEO

DATA AND THREE-DIMENSIONAL
IMODEL DATA

ELAHI,SHAN

INAZZAL, ROBERT N.

Issued

20150002509

09/16/2014

SYNCHRONIZED VIEWS OF VIDEO
DATA AND THREE-DIMENSIONAL
IMODEL DATA

ELAHI,SHAN

INAZZAL, ROBERT N.

Not
Issued

06/29/2007

SYNCHRONIZED VIEWS OF VIDEO
DATA AND THREE-DIMENSIONAL
IMODEL DATA

INAZZAL, ROBERT N.

Not
Issued

06/29/2007

[VIDEO-ASSISTED MARGIN
IMARKING FOR DENTAL MODELS

INAZZAL, ROBERT N.

38123

20030204621

04/30/2002

ARCHITECTURE TO THWART
DENIAL OF SERVICE ATTACKS

BARQADLE,YASIN

INAZZAL, ROBERT
INADER

Not
Issued

11/04/2002

[Algorithms for network anomaly
detection in the mazu network profiler

INAZZAL, ROBERT
INADER

Not
Issued

11/18/2002

[Anomaly detection and role classification
in a distributed computing network

INAZZAL, ROBERT
INADER

Not
Issued

L
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Last Name = TEKEIAN
First Name = EDWARD

PG Pub# |[[Status||Date Filed|Title Examiner Name Inventor Name
Not [20140046722| 61 [f08/10/2012SYSTEM FOR ON-SITE GARCIA-GUERRA,DARLENE TEKEIAN, EDWARD
Issued ENVIRONMENT MONITORING

%3]20070172112)| 150 [l09/03/2006)[VISUAL FEEDBACK OF 3D SCAN SETH.MANAV TEKEIAN, EDWARD K.
[PARAMETERS

¢3)120090298017| 150 [|06/02/2009|DIGITAL DENTISTRY LEWIS,RALPH TEKEIAN, EDWARD K.

IMARKING FOR DENTAL MODELS

§3[|20110050848|| 150 [[11/15/2010fSYNCHRONIZED VIEWS OF VIDEO ([ELAHI,SHAN TEKEIAN, EDWARD K.
DATA AND THREE-DIMENSIONAL
IMODEL DATA

20100281370| 124 [107/06/2010)VIDEO-ASSISTED MARGIN ||POHLMAN,JAMES TEKEIAN, EDWARD K.

20120231421 05/22/2012||DIGITAL DENTISTRY LAUGHLIN,NATHAN TEKEIAN, EDWARD K. |

Issued
Not [[20150002509] 09/16/2014[SYNCHRONIZED VIEWS OF VIDEO [[ELAHLSHAN TEKEIAN, EDWARD K.
Issued DATA AND THREE-DIMENSIONAL
IMODEL DATA
Not 06/29/2007SYNCHRONIZED VIEWS OF VIDEO TEKEIAN, EDWARD K.
Issued DATA AND THREE-DIMENSIONAL
IMODEL DATA

Not 06/29/2007IVIDEO-ASSISTED MARGIN R TEKEIAN, EDWARD K. |

Issued IMARKING FOR DENTAL MODELS

Not 01/04/2008 THREE-DIMENSIONAL IMAGING TEKEIAN, EDWARD K.
Issued SYSTEMS AND METHODS

Inventor Search Completed: No Records to Display
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TEKEIAN EDWARD
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Date: 6/19/2015
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Application#{|Patent#|| PG Pub# ||Status||Date Filed [Title Examiner Name Inventor Name
3 Not 160  ||06/18/2001|On-line configurator for interactive R KRIVESHKO, ILYA
Issued virtual product customization and
product display
Not 159 [106/19/2000][Floral configurator A KRIVESHKO, I[LYA
Issued
1 $0336371[20070236494 150 [01/20/2006|THREE-DIMENSIONAL SCAN HOANG,PHI KRIVESHKO, ILYA A.
RECOVERY
i 343)120070171220f 150 [|05/16/2006(THREE-DIMENSIONAL SCAN HOANG,PHI KRIVESHKO, ILYA A.
RECOVERY
: 12/|20070172101ff 150 [|09/03/2006|SUPERPOSITION FOR ANSARI, TAHMINA KRIVESHKO, ILYA A.
[VISUALIZATION OF THREE-
DIMENSIONAL DATA
ACQUISITION
: {[20070172112 150 [{09/03/2006[[VISUAL FEEDBACK OF 3D SCAN  [[SETH,MANAV KRIVESHKO, ILYA A.
[PARAMETERS
Not [[20100281370| 124 [07/06/2010VIDEO-ASSISTED MARGIN [POHLMAN,JAMES KRIVESHKO, ILYA A.
Issued IMARKING FOR DENTAL MODELS
: 2533[[20110050848]| 150 [[11/15/2010[|SYNCHRONIZED VIEWS OF VIDEO ([ELAHI,SHAN KRIVESHKO, ILYA A.
DATA AND THREE-DIMENSIONAL
IMODEL DATA
P 29([20110007137| 150  [09/22/2010[HIERACHICAL PROCESSING USING|MIKESKA NEIL KRIVESHKO, ILYA A.
IMAGE DEFORMATION
Not [[20110043613) 124 [109/22/2010fTHREE-DIMENSIONAL MODEL MIKESKA NEIL KRIVESHKO, ILYA A.
Issued REFINEMENT
Not [[20100283781|| 61 [06/30/2010[NAVIGATING AMONG IMAGES OF [[NGUYEN,PHONG KRIVESHKO, ILYA A.
Issued AN OBJECT IN 3D SPACE
Not [[20130329020|| 30 [08/20/2013[[HYBRID STITCHING DASTOURI,MEHRDAD KRIVESHKO, ILYA A.
Issued
3 Not [[20130335417)| 30 [08/20/2013][SPACE CARVING IN 3D DATA [WILSON,NICHOLAS KRIVESHKO, ILYA A.
Issued ACQUISITION
4 A58 Not 30 ](09/11/2014|COMPUTER-IMPLEMENTED TRAN,KHOI KRIVESHKO, ILYA A.
Issued METHODS AND SYSTEMS FOR
[WHEELIE CONTROL IN DIWHEEL-
TYPE AUTONOMOUS MOBILE
ROBOTS
Not [[20150002509|] 30 [09/16/2014)[SYNCHRONIZED VIEWS OF VIDEO ([ELAHLSHAN KRIVESHKO, ILYA A.
Issued DATA AND THREE-DIMENSIONAL
IMODEL DATA
Not 159 [|01/20/2006|[Digital dentistry R KRIVESHKO, ILYA A.
Issued
Not 159 [l06/29/2007[[SYNCHRONIZED VIEWS OF VIDEO ||, KRIVESHKO, ILYA A.
Issued DATA AND THREE-DIMENSIONAL
IMODEL DATA
Not 159 [l06/29/2007|[VIDEO-ASSISTED MARGIN R KRIVESHKO, ILYA A.
Issued IMARKING FOR DENTAL MODELS
Not 159 [l01/04/2008THREE-DIMENSIONAL IMAGING ||, KRIVESHKO, ILYA A.
Issued SYSTEMS AND METHODS
Not 159 [l04/21/2009|THREE-DIMENSIONAL IMAGING ||, KRIVESHKO, ILYA A.
Issued SYSTEM ENHANCEMENTS
Not 159 [02/22/2011J[HYBRID STITCHING R KRIVESHKO, ILYA A.
Issued
Not 159 [02/22/2011)[SPACE CARVING IN 3D DATA R KRIVESHKO, ILYA A.
Issued ACQUISITION
Not 159 [l09/11/2013WHEELIE CONTROLLER FOR R KRIVESHKO, ILYA A.
Issued DIWHEEL-TYPE AUTONOMOUS
[MOBILE ROBOTS
Not 159 [l01/24/2014fMETHOD AND SYSTEM FOR R KRIVESHKO, ILYA A.
Issued OBJECT PLACEMENT USING
AUTONOMOUS MOBILE ROBOTS
Not 159 [l04/08/2014[METHOD AND SYSTEM FOR R KRIVESHKO, ILYA A.
Issued [AUTOMATIC FRONTIER
MANAGEMENT BY AUTONOMOUS
MOBILE ROBOTS DURING
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Inventor Name Search Result
Your Search was:

Last Name = PALEY
First Name = ERIC

PG Pub# |[[Status||Date Filed|Title Examiner Name Inventor Name

14/120080015727[( 150 [|08/28/2006[[LOCAL ENFORCEMENT OF MASINICK.MICHAEL [PALEY, ERIC B.
ACCURACY IN FABRICATED
IMODELS

120080199829 09/03/2006[|REAL TIME DISPLAY OF HEIDEMANN,JASON [PALEY, ERIC B.
ACQUIRED 3D DENTAL DATA

20070172112 09/03/2006[VISUAL FEEDBACK OF 3D SCAN SETH.MANAV [PALEY, ERIC B.
[PARAMETERS

$3{[20090298017| 06/02/2009|DIGITAL DENTISTRY LEWIS,RALPH ||PALEY, ERIC B.

20100281370 07/06/2010VIDEO-ASSISTED MARGIN POHLMAN,JAMES [PALEY, ERIC B.
Issued IMARKING FOR DENTAL MODELS

£3[[20110050848 11/15/2010[SYNCHRONIZED VIEWS OF VIDEO [[ELAHI,SHAN [PALEY, ERIC B.
DATA AND THREE-DIMENSIONAL
IMODEL DATA

20100152871 02/23/2010[|LOCAL ENFORCEMENT OF SAXENA,AKASH [PALEY, ERIC B. ‘

ACCURACY IN FABRICATED
IMODELS
20100152872 02/23/2010[|LOCAL ENFORCEMENT OF MALHAO [PALEY, ERIC B.
ACCURACY IN FABRICATED
IMODELS
{4]20100152873 02/23/2010[|LOCAL ENFORCEMENT OF MASINICK.MICHAEL [PALEY, ERIC B.
ACCURACY IN FABRICATED
IMODELS

Not (20120231421 05/22/2012||DIGITAL DENTISTRY LAUGHLIN,NATHAN PALEY, ERIC B.
Issued

Not 120150002509 09/16/2014[SYNCHRONIZED VIEWS OF VIDEO [[ELAHI,SHAN [PALEY, ERIC B.
Issued DATA AND THREE-DIMENSIONAL
IMODEL DATA

Not 01/20/2006{|Digital dentistry PALEY, ERIC B.
Issued

Not 06/29/2007SYNCHRONIZED VIEWS OF VIDEO [PALEY, ERIC B.
Issued DATA AND THREE-DIMENSIONAL
IMODEL DATA

Not s PALEY, ERIC B.
Issued
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Pragram Control. ..

.. Consequently, computers begin fo lege their discreta spatial identities; any scattered
collection of interconnecied ... a bit bafors ils time} by Sun Microsystems puts #, the network is
the computer. ... largest exporter of elesarvices, and the second-largest exporter of
software. }13 Sines ..

< v Y
- Vogt - 200

- Contributions to the field of data visualization and human-computes interfaces. The ..
performed that show that three-dimensional graphics presented within the actual patient with
... Each spplication is describad based upon an adapiation of the AR system to the parlicular

DM Ga
... A visyalization pipeline can be created by calling T AR functions from a pragrasns. ... for VR
using OpeniEL, the programmer needs {0 have a thorough knowledge of computer graphics
and ... at a tifed display {muitiple users, cost-effective} bullding such an application in

combination ...

- Some unique limitations make the implemantation of computer vision applications on the
mobile devices ... focus on thair device in the same way as they do with desk- top computers.
. & {EDGE) more computation may be done remotely and the ‘real” pervasive somputing on
the ...

.

.. Some unique imitations make the implamentation of computer vision applications on the
mokite devices fundamentatly challenging. 1.3 Challenges ... fop computers. This may
pecoms & problem when vision and or recognition tasks ... pervasive computing on the phang
will arrive. ...

|y LS

... Engineering Electrical Powsr and Machines Elgctronics and Electrical Communications
Computers ang Systems .. in order to improve it duving the first five years program fife cycls
as ... technaology and decision suppori sysiems, Compuier graphics and somputer sysiems
needed ...

simulation A ... A R&D program aimed iu the realization of an innovative class of scoalerators
for ... arror, the ease of uss and the commespondsance {0 users requirsments of the application
Fig. o

-Sompiar A
.. to quite an extent on these devices, they are often indicated, fogether with the computers,
in the ... produce and superimpose a grast varialy of woitage forms with the help of analogue
computing systems ... is called for - the values of x- and y-coordinates that the computer

supplies are ..
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malear
AW, L

... interaction, addressing major advances in knowledge and effective use of computers in a ..
Straitz and Panos Markopoulss « Violume 22, LNCS 8531, Social Computing and Social ...

HC! international 2015 The 158 Intermational Conference on Human—Computer Interaction,
HEGHR

53

. Remote Control Bragram, A file transfer program used on the RDH internst. it s simllar to
FTP. ... An SO standards praject for RDBMS computers o allow interoperability. The aim is
universal dats- hase access angd the ahility to exchange dats betwesn different somputer
platforms, ..

will use as ... The con- straints of million-transistor designs dictate that celiphone computers
will be basad on ... Reducad to irelsvancs ars ail the concaptual foundations of the compuster
age. ..

... P3un, G, Rozenherg and A. Salomas, "DNA Computing. New Somputing Paradigms”,
Springer ... Macdonald Joanne, Stefanavic Darko and Stojanovie Milan N. "DNA compuiers
for wiark ... International Jounal of Computer Applications Technology and Ressarch Yolums
4~ lesus 3 ..,

[,
MONARY

... o produce an antire knot-tying behavior, without any pre-program- ming. ... in: Proceedings
of the 2005 Intemnatisnal conference on medical inage compuling and compsiter ... Robolics
{CSTAR), Londen, ON, Canada bDapariment of Electrical and Computer Enginesring,
University ...

Compuier memory and processing speed ... One of the direct consequences of this rend is
an aver-ingreasing demand for systems offaring mobile computing and telscommuynication. ...

2% H . o
ANTIS OV WWSCOMITMIERHSRLIGNE- ANNENE da )

. N
4 hiols W

... With increasing interplay of radio angineering with related information services of computear
vision [12 ... DARPA's XG program [41, 42] pul substantial emphasis on the near-lerm
potential of smart ... faces of participants at high data rate, followed by long-term application-
assisted very ...

. 2.5.4. 18 Table 7.1 Runtime statislics for muscie generation on a laptop computer with 8 ..
muscle genaration on a PG with & 3.2GHz processer {singls core} and 2Gh main mamory. ..
Figure 6.3 {8) Computing the position of an equivalent craniometric landmark q. The surface
of the ...

o

oy

w

[

Device for Computing Modulus of Vactor Erom Two Orthogonal Components (AL M,

Kovatev, Yu, | ... Organization of input of Constanis 1o L.81 Logarithm Computars (V, D,
Baykov, A, L Kiys .. in the cass of wide- band filters, The algorithm is construcied for
computer calcutation by ...

paralisl computing. ... platiorm bassd on High Level Architecture is firsily proposed to support
the application involving helerogensous ... The results show that RTL_JADE works very
afficiently ...

Computing: Providing for ... the technigus we have come to know as molion control, with
analog computars. .. the textbook, The Visuafization Toolkit: An Object-Oriented Approach 1o
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Camputer Graphics ...

and med cai information 3nywhare and ar‘yhme and the invisibility of cm‘nputmg modules
when .. Since computers cannot handle or sture continuous datr, the first step of the
conversion ... provide automated signal processing and classification without the nesd for a
host computer. ...

WE L - B0

uman:ties C@mpuimg at New York University,

s, N

Larna Hughes, Assistant Direcio. for b

a.:anged for the ... With funding from the Getty Grant Program, NINCH issued 3 request for ...
pianning tool by adding information about equipment specification (eg compater processor
speed, RAM ..

E>a':cler stud:aiﬂ journalism {and alsc found tims o take courses to program 2 gigantic
mainframe computer) al ... between PCs and Macs; | refer fo either and both as personal or
laptop computers. .. you how to use a USB cable to exchange files with a personal or laplop
computer. ..

- Ray Pinker and Clark Ssil- ars, of Los Angsles, whe were 2lso on the prograns. ... of
riminalists has to have some meaning teyond filling out an application and sending in ...
and INA recovery, Maurice Padilla from Appliad Biosysterns, who discussed valid seftware

and validation ...

Y New

. B8 Software Yap .. Patent Status: US patent application have been filed covering this
novsal technatogy ... Dr, Kirshenbaum and Mr. Yoo show in this invention that protease
calalysis can be used fo generate sequence-specific bismimelic macromotecules through the
ligation of ...

.. 300 .-r-.u!t:p ications per semnd ran more than 500 times faster than other computing
magchines of ... contain softwars that enables them to be con- nected to varvus-sized
nefworks of computers. Nefworks allow many in- dividual users o share costly computer
rE50UT0SS, Such a8 A ..

f-umar‘ and non-human MRI and fMRI, Further application of these principles could be ..
image would often show only a miniseule portion of corlex and be difficult to orient and
interpret. ... as IMRI. Although, for purposes of length, examples of computer code producsd
{0 make ...

praductiv:ty drivers, parinerships and alliancas; “Just In ime", "Zere Defects” programs;
Ka\z,en. continuous ... hammer and tongs, will nol easily transform inte machinists of computer
integrated manufacturing ... compete with others, broke the rule of show-casing computers in
stores ...

« The Do holds three National SBIR Conferencas a yaar and pariicipates in many .. the
possible duplication with ofher ressarch or ressarch and developmeni, program balancs,
budgst ... solution b. The polential for commarcial (government or private seclor) apglication

and the ..

. Wasg he A"nga reaiiy just a footnote in computing history, contributing nothing new and
d.ffaren. from the ... Xarox iiself released the Star computer in 1881, but it cost $17,000 and
s0id poory ... Glearly, personal eomputers were price-sensitive, aven if they had advanced

new features ..
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« 1.1 A Classicat A;spraac?‘ ............... 251 8.2.1.2 A Soft- Camputmg Approach...............
288 ... they hardly realise thal with the advent of powsrful computers and the ... co-operale
among the different scheols of psycholugy. computer sciance, organisational ...

MA Slgaet A 3 an.,
e THE concapt of | mf::r-' wtion {echnology' is ususlly ral ated {0 cemputar stience .
information technoiogy is widely understond as 8 merge of telscommunications snd
eamputing and hence ... The re- cent development in lechnology has produced faster
compiters and wider bandwidth ...

- ahd avoidance.....2-5 2-3. Originally inlended for use in a fishfinder application, the
National ... 7-12 A-1. Flowchart of the interrupt handling software associated with .. A6 A4,
in responses to input commands from the computer, hardwired logic circuitty on interface
Board ...

.. documents char‘ge as we begin o speak our words into the computer rather than ...
Compdnies rushed 1o install computers and laser printers that could enhiance the corporale
image ... spoken words directly {o their written words by automated spaech recognition (ASR)
SOmpUting. ..

o b ‘\“;\‘ ;‘\\ \\l‘\'\\\h
fcr enclosad and L.nrccfa,d spaces wxh similar decay rate do not show significant difference
« Drive, Newpost, OR 873658), and Roland Steleer {Austrian Society for Innovative Computer
Sci- ences ... Totel 22 tagged squids were released from the research vessel in three nights

and ...

F‘amy bit: In somputing, & bit ncluded in a unit of digital data to detect ervors in .. waek,
month, and year during which the services and resourcss of 3 library or computer system are
« Peer-to-peer (P2P)} : Flle sharing betwesn internet users whose computers have been
assigned 1P ..

« have included a sign cant fﬁcus on steffing; and some siates’ requirements for extarmal
audits of clinical programs ... showed variations in dose calculations due to incorrect
applicstion of anisciropy models and application of cbsolete ... 3801 2012 AAPM Annual
Meeting Program ...

- probably reduo&*& input activities in the hippocampus, thereby resuils in deficils in spatial
MeMOTY. . P18 The clinical application of buccal avrylic appliances HS NOH*, SH L
iH ... and dumb) and promotion of an accessibie and efficient edusational programme at
Loty ..

nion, @i, A
. Palicy Mawagempnt and Software Detfined Nefworking {(SDN) The Riss ofthe Smart Phone
App!ssaﬁmn Parformance and .. This network, known as ALOHAReL, was designed o connedt

seven computers on four Hawatlian Istands wirelassly to 2 cantral computer located on ths ..

2044
SRR

. System has a maximum L.pdaie rate of 100 Eve-calibration time is short while the acouracy
of 1 samples/second. deg {RMB) is adanuate for the application at hand. ... Macintosh
computer/monitor and the EPOG programme. ..

your ability m take Lharge of your emm-snai - Some questions raised dunng Hhe program’ ...
Thare are three programmes so far although the second and third haven't been subtitled yet.
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. who may infiuence your decision on what computer 1o buy, ... phone, and now includes a
wide range of davices Hke Personal Digital Assistants (PDA} and wircless computers. ..
onsite and o instantly transmit them to the business centra has an invaluable pplication in
PrOCOSHES .

A

~ ASMAZVE Praces

}. pages = {32-48}, title = {{Af"ecﬂve computmg w:th DAY ..

poif pdf}, issn = 506950033} journal = {ACM SIGMIS Database}, keywords = {computer-basad
presentations ... the domain of research, design, and applicaiions of persuasive computers.in
this ...

. the Swa:k‘ Foundation, the Paul G. Allen Family Foundation, and the World Glass University
program of the .. And those can be mimicked, at least in prinviple, on & computer, .. and
social network- ing, | foresee 3 time when humanity's teeming bitions and their computers will
be ..

.. to merge in order to creats the first ganeration of commarcially successiul computer
wearables. .. Smariphones and tablels brought computers out of offices inte a variety of
environments for persenat ... With 3 computing device already i the pocket, will the added
convenience of & ..

©2013 Google
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modais with ... Video data acquired during a scan of the mode! providas a source
of still ... A computer program product comprising non-transilory compisters
sxecutahle code ... a pracessor configured fo display the vides image in an area
of the user ...

Dantal modsling is improved by supplementing views of thres-dimansional
modeds ... Video data acquired during a scan of the moedel provides 3 source of
still images ... the vides inags in a user inlerface; and randaring the three-
dimensional model in ... A computer program product comprising computer
executable code ...

Dental modeling is improved by suppliemanting views of three-dimensional
models with ... Video data acquired during a scan of the msds! provides a source
of siill ... For example, tools for margin marking may synchronize display of
margin ... the video image in a user interface; and rendering the three-
dimensional model in ...

Dental modeling is improved by supplementing views of three-dimansional
models with ... Video date acquired during a svan of the mede! provides a source
of stift ... For example, toots for margin marking may synchranize display of
margln ... A graphical user inlerfacs for computer-assisied margin marking on
dentition, the ...

Taols sre describad for preparing digital dental models for uss in dendal ...
Bental mogeling is improved by suppiementing views of three-dimensional
madels with still ... Vides dats acguired during 8 scan of the model providas 3
source of still ... For exarmple, tools for margin marking may synchrenize display
of margin lines ...

Tools are described for praparing digilal dental models for use in dantal ...
Dental modeling is improved by supplementing views of three-dimensional
maodais with still ... Video dals acquired during & scan of the model provides &
source of shill .. For sxampls, tools for margis marking may syschranize display
of margin lines ..

a three-dimensional samera configured o project a spatially varying pattern of ...
representation of said three-dimensional (30} model image for viewing by an ...
configured tc generate output data representative of sald virtual 30 model in ...
The dental CAD software (118) can be implemented o run on the computer
{112).
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The 31 scan data may be generated at 3 denta! offics remote from 3 locatinn at ...
The sysiem as desaribed in claim 8 wherein gt least one of the vides Images of
the ... dental praparation model; and software executable by a processor fo
convert at ... Bynchronized views of video data and three-dimensions! mode!
data.

The 30 scan data may be generated at a dental office remete from a iccation at
which ... method as described in claim 1 further including generating the 3D
model. 3. ... memory holding compiser program insiructions executed by the
processor o, fo capture the image, whers an X axis is along a horizonial
Simension of the ..

These and ather technigues may be employad in a three-gimensional ... In
ancthar aspect, & computer program product for using image signatures for ...
view to a three-dimensional model oblained fom three-dimensional data ... 3
shows a processing pipeline for obtaining three-dimensionsi dats from a video
camera. FIG

These and other technigues may be employed in a three-dimensional ... The
computer pragram product of claim 18 wherain each one of the plurality of
images is a .. view o a three-dimensional smodel obtained from three-
dimensional data ..... [B032] Terms such as “gdigital dental model’, "digital
dental impression” and the ...

producing three dimensional digital data of shapes of crowns of a plurality of
teeth ... 5,452,219 describes 3 method for laser scanning a tenth model and
milling a ... In some embodiments, the individual teath madels include dats
reprasanting ..... Image processing software combines the data from individual
slices to farm a ...

: capturing dental data from one or mere third-party scanners; ... displaying a thres

i) -dimensional compuler medel of the festh at the treating professional ...
coupled fo the pracassor and adapted o store data for esch patient; and
software to ... 7 is a fowcharl of & process o renger 30 views of a patiant's teath
on 3 browser.

ot and

@
[y

AW G

Users can share views of themselves (either their image, photo, videa, other ...
including the gap or margin betwsen apparei and body in different regions, after
.. 0118 processer, 3 data slorage systemn (including volatile and non-volatile

¥ ... (he modeiing system 10 afiows users to have thres-dimensional
models that ...

The computer receives an inilial digital data set representing the patient’s teeth

at ... Laser scanning of & molded tooth to produce a three-dimensional mode! is
..... ge procaessing & combines the data from individual slices o forma
... The user oan also view and manipulate the high resclution model If the extra ...
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The computer recaives an initial digital dzis sol representing the patient's ...
providing for display on 3 sompiter screen hmages of the teeth of the patient in
.... Lager scanning of a molded tooth to produce a three-gimensional model is .
in some embodiments, the individual tooth models include data representing ...
Margin ..

The computer recelves an initial digital dala set representing the patient’s ... The
methed of claim 7, whersein the image data is dightsl. 8. ... A computar
program, residing on 2 tangible storage madium, for use In ... Laser scanning of a
moldad teoth to produce a three-dimensiona! modsal is described in U.S. Pat.

Acquirad data may be rejecte fails (o mset orileris associated with distance, ..
A three-gimension distance time-of-flight system is disclosed in which ...
program st causes a compuier sub-sysiem having at least a presessar unil ic
...... which resirictions are adopted in modeling an image of the user's hands and
fingers,

generating a three dimensional (30) sol tissus image of the snatomical section
from ..... Most methods inciude inspection of 20 data, such as lateral view x-ray.

Systems and methods are disclssed for matehing computer medels of two sots of
... providing a subsequant digital model of the set of dental objscts in their moved

three-din ional x-rays, puter-gided tomagraphic images or data sets,
. readabls by the processsy (including volatile and nonvolatile memery
andfor ...

9 is an image of a sample upicad window for data for model generation; ... The
modeling system 10 allows users o have three-dimensional models thatare ..
The modeling module 50 aiso aliows the user to view items of apparsal that have
... Buring synchronized video sharing, for example, users may mark objects in
the ...

3. A method 83 in claim 1 wherein information may he shown o the users as they
... Aisers can share views of thamssives {sithar their Image, photo, vides, othar
media ... @) combining of 2D user images and anthropomsiric data tc construct a
30 ... The modeling module 50 also allows the user to view items of apparei that

3. Amethod as in clgim 1 wherein information may be shown to the users as they
... Users can share views of themselves {sither their image, photo, videe, other

madia ... d) combining of 20 user images and anthropometric data to construct 3
3D body ..... {00105} The modeding module 80 also allows the user fo view tams

a plaien controlfed by the conbrol system for three-dimensional positioning of the
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... & control system including & virtual moadal of the aligner and CAD softwars ...
Current dental scanning metheds include computed axial tumography (CAT) as ...
he virtual models described above can bs slored indefinitely a3 data filss in

any ...

3. The meathed of claim 1, wherein the first haptic feedback simulates ... wherain
the ssecond haptic fesdback simulates a three dimensional contour of the .. with
the processar, the sensor configurad {o update data values associated with at
easta ... that may be generated are more numerous than in a mechanicat

model.

The surgical robetic system of claim 3, wherein the computer generates the motor
““““ 7 shows a method of computing a position in theee dimensions using twa ...
video signai into a digital signal, which can be stored in computer memary and
... from images obiained by a cameradiens system, a mathematical madel of

the ...

: Systermns and computer program products are alsoe disclesad. ... analyzing a

§ plurality of frames of vides data captured via the capture interfacs, ..... axtraction

: model for the object andfor object clags{es), using data axtraction modsls fo ...
is moved in throe-dimensgional space during the captura operation {causing the
detacted

The tissue analysis data may include information such as pathology data, ...
medical procedure data comprises one or more vides streams andior audic
streams .. processing system comprising one or more processors and memaory
coupted o ...... in which three-dimensiona! positions {between or within subjecis)
associaled ...

: The patient's privady is presenvad since human access 1o videes of the patient is
i ... people cannot view the patient's video without the patient's vonsent. ... 24

: Hlusirates a process for determining three dimensional (30) detsction. ... The
gdata usad io bulld the analyzer or mode! in these sessions are typivally referred to

A processor in the sysiem exscutes sompuier readable cods to transmit a help
... OF more cameras positionad to caplure thrae dimensional (30} video of the
patient; ... 24 iustrates a process for determining three dimensional (30}
detection. ...... The #ata used to bulid the analyzer or model in these sessions are

typically ...

sensing 8 position of the user manipulatadle objent and updating data values ...
running 8 host program on a host computer, the host program capabls of
displaying ... that may be generaied are more numerous than in 8 machanical
madeal. ... In another version, the user object 130 is manipulatable in three
dimsensions and ...

one or mare cameras positioned to capture three dimensional (30) video of the
.... A processor in the sysiem execuies computer readable code to transmit a
help ... When the patient is healthy, pcglo%ieécannnt view the patient’s vides without
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the ... The data used to bulld the analyzer or modal in these sessions are
typically ...

ange or Mmore cameras positicned (o capturs thres dimensional (30) video of the
- A procasser in the systam executes computer readsble code to transmit a
help ... When the patient is healthy, people cannot view the patfent's vides without
the .. The #ats used to bulld the analyzer or medsl in these sessions are
typically ...

3. The systern of dlaim 1, wherain the appliancs is wirelessly coupled o a ... for
the paiient based on ths 3D vides and allow 3 remote third party fo view images
of ... one or more cameras to deftermine a thrae dimensional (30) medel of a
person; ... When an emergency oouurs, images of the patient and ralated madical
data ...

one or mors camerss positioned o capture three dimensional (30) video of the
patient; and ... A processar in the system executes computer readable code to
transmit ... Whan the patient is healthy, pecpia cannot view the patient's vides

When the patient is healthy, pecple cannot view the patient's video without the ...
When an emergency coours, images of the patient and related medical data ... 28
Hustrates a provess for determining three dimensional (3D} detsction. ... For 3D

A processor in the sysiem axecutss compuier readable node te transmit a help
requast ... When the pafient is healihy, people cannot view the patient's videe
without the ... 2A Hustrates a prooass for determining three dimensional (30)
detection. ...... The daia used to build the analyzer or made! in these sessions ars
fypically ...

.80

A progessor in the system execules somputer readable tode o transmit a help
request ... When the patient is healihy, people cannot view the patient's video
without the ... 2A illustrales a process Tor determining three dimensionsl (30)
detection. ...... The data used to bulld the analyzer or mode! in these sesslons are
tvpically ...

This application includes a compuler program lisling appendix including the
following ... spaciral and polarimetric pixel samples at 3 spatial dimensions {
including pleneptic ... solution set to a linear aigebra representation of the spectral
data. FiG. ... with the Edison Corporation Faegeral FM series mode! here depicied
{190},

The patient or waarer's grivacy is presamnved since human actess to videos of ...
Whaen the patient or wearer is heaithy, people cannot view the patient or wearar's
vigles ... 2A iifustrates & process for determining three dimensionaf (30)
detestion . ... The daia used o build the analyzer or mods! In these sessions are
typically ...
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A progessor in the system axscules computer readable tode to transmit a help
request ... When the patient is healihy, people cannot view the patient's video
without the ... 2A illusirales a process for determining thrae dimensionsl (30)
detection. ...... The data used to bulld the analyzer or mode! in these sessions are
tvpically ...

A processor in the system execules sompiter readable code to transmit a help
raguest ... When the patient is heslthy, people cannol view the patient's video
without the .... 24 ilfustrates a process for determining three dimensionaf {30)
detection. The data used to build the analyzer or medel in these sessions sre

typioally ...

When the patient is healthy, people cannot view the patient's video without the ...
« v When an emergency occurs, images of the patient and reisted medical data ... 24
) Hustrates g process for delermining three dimensional (3D) detaction. ... Four
30 medeling purposes, the hole can be filled by blending neighborhood surfaces.

Vhan the patient is haalthy, people cannot view the patient's video without the ..
When an emergency otcurs, images of the patient and related medical daka ... 24
Hustrates & process for determining three dimensionsi (30) detection. ... For
30 medeling purposes, the hole can be filled by biending neighborhood surfaces.

A processor in the system execules somputer readable code to transmit a help
raquest ... When the patient is healthy, people cannot view the patient’s vides
without the ... 2A lilustrates a process for determining three dimensiona! (30}
detection. ... The data used to build the anaiyzer or model in these sessions sre

typically ...

. When the patient is healihy, people cannot view the patient's video without the ...
When an emergency occurs, images of the patient and related medical data ... 24
Hustrates 8 process for delarmining three dimensional (30) detection. ... For
30 modeling purposes, the hole can be filled by blending neighborhood surfaces.

A madical system includes a netwark; one or mors medical data coliection ...
When the patient is heslthy, people cannot view the patient's vides without the ...
2 Hustrates a process for determining three dimensional (30) detection. ... For
30 modeling purposes, the hole can be filed by blending neighborhood surfaces .

ane or more wireless nodes forming a wirsless mesh network where data haps
fram ... The digital monitoring agent camprises ong of: a Hidden Markov Model
... Careras positionad to capture thres dimensional (30 vides of the patient;
and ... the patient based on the 3D vides and afiow 8 remole third party (o view
images ...

When the patient is healthy, people cannot view the patient's video without the ...
When anp emergancy occurs, images of the patient and reizted medical data ... 24
Hustrates 8 process for delermining three dimensional (30) detection. ... For
30 modeling purposes, the hole can be filled by blending neighborhood surfaces.

application of fractional caloulus for modeling the skin; and measurement of skin
. An sutomated location tracking and dala storage sysiem for an imaging device,
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..... in certain ofher applications, dental radiographs Olrays) may show dental ...
Soms dimensions of ageing grow and expand over time, whils sthers dedline.

ane or more cameras positioned o capture thres dimansional (30 vides of the
patient; ... A progesser in the systern executes computer readable code to
transmit a ... When the patlent is haalthy, psopie cannot view the patient's video
without ... The dats used to builld the analyzer or modsl in these sessions are
typically

The system of claim 1, wherain the procssser receives data from the sansor for

..... When the patient is haalthy, people cannot view the patient's video without ...
24 ilustrates a process for detormining three dimansianal (3D) deteciion. ... For
3D modeling purposes, the hole can be filled by blending neighborhood surfaces .

The digital monitoring agent comprises one of: a Hidden Markov KMode! (HMM] ...
A mesh network appliance coupled to a power line to communicate X100 data to ...
cameras positionad io caplure thres dimensional (D) video of the patient; ... the
patient based on tha 3D vides and allow a remote thind party fo view images of ...

s

VWA

3. The method of claim 1, comprising estimating an indoor location of the ...
cameras positioned to capture threes dimensional (3D} video of the palient; and 8
... for the patient based on the 3D vides and allow a remote third party to view
images ... The dats used fo build the analyzer or medsl in these sessions are

typically ...

3. The method of claim 1, comprising estimating an indoor location of the ...
cameras positioned to capture three dimensional (30} video of the patient; and 38
... for the patient based on the 3D vides and allow a remote third party to view
IMAGRS ... The data used to build the analyzer or mode! In these sessions are

The digital monitoring agent comprises one oft 3 Hidden Markov Model {HMM) ...
A miesh network appliance coupled {0 a power line 10 communicate X10 data to ...
cameras positivned fo caplure thees dimensional {3D) video of the patient; ... the
patient based on the 30 video and aliow a remots thind party to view Images of ...

application of fractional calculus for moedeling the skin, and measurement of skin
... An avtomated location tracking and data storage system for an imaging devive,
..... in certain other applications, dental radiographs (Xurays) may show dental ...
Some dimensions of ageing grow and expand over time, while others decline,

3

mare

cameras pesitioned io capturs thyee dimensional (30) video of the patlent; and
... the patient basad on the 3D vides and aliow a remote third party to view
Images ... The data used to builld the analyzer or modsi in these sassions are
typically ...

3. The method of claim 1, further comprising, comparing the op
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cortain other applications, dantal radiographs (drays) may show dental caries ...
Soms dimensions of ageing grow and expand over time, whils sthers dedline.
...... Historical data and the resulls of modeling tools 132 may he compared (0 the

3. The meathed of claim 1, further comprising, comparing the opto-magnetic
fingarprint ... Further, using the slectrical engineering modsling mathematics the
points on a ... Some dimensions of aging grow and expand over time, white
others dedline. ... 58 is a diagram depicting a pixel view of an acquired digital
image of 3 ...

. The msthod of claim 1, wharein the mabile communication facility is a handset .

. are suitable for handiing data that are transmitted over computer networks.

,,,,, a theee dimensional space of the physical movement onio a two-dimensional
.. it expires and requires the user to purchase the vides in order to view it again.

. The method of claim 1, whersin the first location is determined according o a
..... are suitable for handiing data that are transmitied over computer natworks.
..... a thres dimensional space of the physical movement anlo a two-dimensionat
..... it expires and requires the user to purchase the vides in order to view it again.

When the patient is heslthy, people cannot view the patient’s vides without the ...
When an amergency ocours, images of the patient and refated medical data ... 2A
fustrates 3 process for defermining three dimensional {3D) detection. ... For
A0 modeling purposses, the hole can be filled by blending neighborhood surfaces.

... ¥ideos .... The apparatus of claim 10 comprising a computer or data cirouit for
acquiring .... are synchronized at 60 frames per second via hardware triggering,
projecting 3 ... This is implemented using the CUDA programming meds] by
aVidia, .... 1 d is a disgram which depicts the diffuse propagation of 2 narmaliy-
incident, ..

COnce in place Survey Nuts can, for instance, provide a threes dimensional ...

Users can view the data display on the Survey Eqg Hself 202 ... Users can a8iso
dowriload the dimensional diagrams to a digital dovice and software of their
choles ... The conventional art Web advertising model has many flaws, and one
of those ..

application of ractional caleulus for modeling the skin: and measurement of skin
... An avtomated location tracking and deta storage system for an imaging device,
..... in certain other applications, dental radiographs (Xurays) may show dental ...
betwasn conter of hydrogen and oxygen atoms in a covalent bond & {(O-H) of ...

ane or more cameras positioned o capture vides of a patient; and ... A
procassor in the system executes computer readabls code 1o transmit a help
request ... 24 llustrates a process for delermining three dimensional (3D}
detaction. ...... The datr used to build the analyzer or modsl in these sessions are
typically refarredic ...
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The digiial moniioring agent comprises one oft a Hidden Markov Model (HMM) ...
more cameras positioned 1o caplure three dimensional (30) video of the patient;
... the patisnt based on the 3D video and aliow a remaots third party to view
images ... These data driven analyzers may incorperate a number of models
such s ..

: + A nehvork applisnce coupled 16 8 power line 1o scommunicaie 10 datato and ...

s TERG CRMEras positioned o capture three dimensional (30) vides of the patient;
... the patient based on the 3D video and aliow a ramole third party to view
images ... A predictive mogel, including time series madels such as those
erriployl

A system includes a computar having a time retrieval unit io connecito ... a
prevesses, comprising: ... objedts, graphics, images, vides, film, audio, music,
sofhwans, aic. ... 78 illustrates a three-dimensional data structurs according lo
..... however, if Component: Model, Seral Rumber(s}, Revision Numbser, ...

A monitoring system for a person inciudes a processar coupled to one or ... When
the patient is healthy, peopls cannot view the patient's vides without the ... 2A
ftustrates 3 process for defermining three dimensional {3D) detection while FIG.
,,,,,, The data used to builld the analyzer or madel in thase sessions are typically ...

a prosesswr analyzing acesleromaler data and coupled lo the wirsless transcaiver
... The digita! monitering agent comprisas one of. a Hiddan Markay Modef ...
more camerss positioned o capture three dimensional (3D) vides of the palient;
... the patient based on the 3D video and aliow a remote third party 1o view
images ...

A processor in the sysiem executes computar readable code to transmit a help
request ... Whsn the patient is healthy, people cannot visw the patient's video
without the ... 2A iustrales a procass for determining thres dimensional (3D}
detection. ...... The data used to builld the analyzer or mede! in these sessions are
typically ...

The digital monitoring agent comprises ong of: a Hidden Markov Moded {(HMM) ...
A mesh network appliance coupled o a power line fo communicate X10 data i ...
cameras positionsd fo capturs thres dimensional (3D) video of the patient; ... the
patient based on the 3D video and aliow a remots third party io view images of ...

3. The msthod of claim 1, comprising tracking only movement to maintain ... one
ar more cameras positioned o capture three dimensisnal (3D} video of the ... Tor
the patient based on the 3D vidso and allow a remots third party o view images

...... The data used to bulld the analvzer or meodel in these sessions are typically ...

3. A machine readable medium, the machine readable medium having program
.... performing a speciral analysis of image data acguired from the degres of
polarization of reflections .... Miniature mey mean that no dimensien of the
detector axcaaeds six inches. § depicts an inferactive modeling too! of a skin
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care system.

in the field of computer graphics images of people could be rendered more
asccurately ... Miniature may mean that no dimensisn of the defector axceads six
inches. The device may further ... In the device, skin assessment data of locations

may be overlaid on ..
system.

. 8 depicts an interactive modeling too! of a skin care

3. A machine readable medium, the machine readable medium having prograsm ...
An automated location tracking and data storage system for an imaging device,
... images of peopls could be rendered more accurately in video-confarsncing
and ... Mintature may mean that no dimension of the delector excesds six inches.

3, 2008 and entiffed "PREVENTING MORILE COMMUNICATION FACILITY
CLICK ... a throe dimensional space of the physical movemeant onlo a two-
dimensicnal ... it expires and requires the user to purchase the vidas in order ic
view it again. ...... an analog-lo-digital converter, which digital data may be
interprated using ...

Although multiple syrehronized motors (on esch side) can be used fo ... Alse
Hustrated are the three snap relsase latches indivated (but out of view) o the leit
of FiG. .... Combined they provide an unobstructed, fully dimensional coniro! of
the ... data capturs of i's user modeled actions as the aclion modsling session
that ...

o} using the graphical user inlerfacs to seled a reference taoth, ... Other
background references related to capturing three dimensional modeds of ... This
can alsc be done while 3D teeth modet is rotated to give views from different
angles. ... The memory 22 may aiso store other sels 27 of digital image dats,
including ...

8 processor coupled to the wearable appliance fo analyze vital data or ... for the
pafisnt based on the 3D video and aliow a remote third party to view images ...
: 24 fHustrates a process for determining three dimensional {30} detection. ... For
30 modeling purposes, the hole can be filed by blending neighborhood surfaces .

; a y {0 store pr ~gxecutable instruclions; and ... The apparatus of
[ i claim 3 , wherein in D}, the processing unit afiows access to the at least ...... siiff
frame or video camera or olher image acquisition device, in which the ssurce

data, . The user interface, which comprises screen views rendered by a user

interface ...

i When the patient is heaithy, pecple cannot view the patisnt's vides without the ...

i When an emergency coours, images of the patient and refaled medics! data ... 24

! Blustrates a process for determining Hires dimensional {3D) detection. ... fFor
3D modeling purposes, the hole can Be filled by blending neighborhood surisces,
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Deantal modeling is improved by supplementing views of three-dimansional
modeis with .. Videso data acquirsd during a scan of the model provides a source
of stili ... synchronize display of margin ines botween the still image and the
model so that 2 ... & computer program product comprising a compuler
readable medium ...

improved dantal modaling view stll images by using three-dimensional modals
... In the video data cotiected during the scanning model, the three-dimensional
madel of .. And a dightal vides image model consists of one or mors of the
available ... o i may be a two-dimensional image of each set to an axtemal
PrOCRSSOT, ..

@213 Goegle
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OR DESIGN - Case No: 633415008
PATENT APPLICATION {37 CFR § 1.83)

As a below named inventor, | believe | am an original inventor or an original
joint inventor of a claimed invention in the application and for which a patent is
sought on the invention entitled:

SYNCHRONIZED VIEWS OF VIDEO DATA AND THREE-DIMENSIONAL
MODEL DATA

The specification of which:

(] is attached hereto;

O] was filedon | September 18, 2014
as United States Application No. | 141487371

filed on [

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

! hereby acknowledge that any willful false statement made in this declaration is

punishable under 18 U.S.C. 1001 by fine or imprisonmenit of not more than 5
yaars, or both.

Legal Name of inventon
Edward K. Tekelan |
inventor's Signature: Date:

e
AR
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DECLARATION FOR UTILITY

OR DESIGN Case No: 53341US008
PATENT APPLICATION (37 CFR § 1.63)

As a below named inventor, | believe | am an original inventor or an original
joint inventor of a claimed invention in the application and for which a patent is
sought an the invernition entitled:

SYNCHRONIZED VIEWS OF VIDEO DATA AND THREE-DIMENSIONAL
MODEL DATA

The specification of which:

| 1 is attached hereto;

] was filedon | September 16, 2014 |

as United States Application No. | 141487 374

[ 1 is identified as PCT International Application No. |
filed on

i

Thie above-identified application was made or authorized {0 be made by me.

! hereby acknowledyge that any willful false statement made in this declaration is
aunishable under 18 U.S.C. 1001 by fine or imprisonment of not more than 5
years, or both.

Legal Name of inventor:
flya A. Kriveshko

Inventor's Signature: Date:

SRR
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ﬂﬁCLAR&TK}N FOR UTILITY

OR DESIGN Case No: 6334118008
PATENT APPLICATION (37 CFR § 1.8%)

As a below named inventor, | believe | am an original inventor or an original
joint inventor of a claimed invention in the application and for which a patent is
sought on the invention entitled:

SYNCHRONIZED VIEWS OF VIDEO DATA AND THREE-DIMENSIONAL :
MQDEL DATA ,

The specification of which:

[ is attached hereto;

H

was filed on | September 18, 2014 |
as United States Application No. | 14/487,371

7] is identified as PCT International Application No. |
filed on ]

The above-identified application was made or authorized o be made by ma.

| hereby acknowledge that any willful false staternent made in this declaration is
punishable under 18 U.5.C. 1001 by fine or imprisonment of not more than &
years, or both,

Legal Name of Inventor:
Eric B, Paley

Envermrs Signature; | Date:
¥ e
Of 14515
;‘% é&{,g/ 10) 14/ 1%
f
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Electronic Acknowledgement Receipt

EFSID: 20806425
Application Number: 14487371
International Application Number:
Confirmation Number: 7315
. . SYNCHRONIZED VIEWS OF VIDEO DATA AND THREE-DIMENSIONAL MODEL
Title of Invention:
DATA
First Named Inventor/Applicant Name: Janos Rohaly
Customer Number: 32692
Filer: Lance L. Vietzke/Paula Bick
Filer Authorized By: Lance L. Vietzke
Attorney Docket Number: 63341U5008
Receipt Date: 26-NOV-2014
Filing Date: 16-SEP-2014
Time Stamp: 10:48:35
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment no
File Listing:

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

Declarati E ted_63341U 1016196
1 QOath or Declaration filed eclaration_txecuted_ no 5
5008.pdf
48f4dd703a9fdbb7748a7498696d3d64dal)
46e15
Warnings:

Information: -172-




Total Files Size (in bytes):| 1016196

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

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/487,371 09/16/2014 Janos Rohaly 63341US008
CONFIRMATION NO. 7315
32692 NOTICE

3M INNOVATIVE PROPERTIES COMPANY

PO BOX 33427 0 A

ST. PAUL, MN 55133-3427 00000007090
Date Mailed: 09/23/2014

INFORMATIONAL NOTICE TO APPLICANT

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Janos Rohaly

Robert N. Nazzal
Edward K. Tekeian
ILYA A. Kriveshko
Eric B. Paley

page 1 of 1
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/487,371
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 280
SEARCH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A N/A 600
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (a)) N/A N/A N/A N/A 720
TOTAL CLAIMS ] *
(37 CFR 1.16(i)) 20 minus 20= OR |« 80 - 0.00
INDEPENDENT CLAIMS ] *
(37 CFR 1.16(h)) 6 minus 3 = 3 x 420 - 1260
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2860
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) 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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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
14/487,371 09/16/2014 2422 3000 6334105008 20 6
CONFIRMATION NO. 7315
32692 FILING RECEIPT
3M INNOVATIVE PROPERTIES COMPANY
PO BOX 33427 O O A A
000000070901238

ST. PAUL, MN 55133-3427
Date Mailed: 09/23/2014

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)
Janos Rohaly, Concord, MA;
Robert N. Nazzal, Waltham, MA;
Edward K. Tekeian, Cambridge, MA;
ILYA A. Kriveshko, Boxborough, MA;
Eric B. Paley, Somerville, MA;
Applicant(s)
3M INNOVATIVE PROPERTIES COMPANY, St. Paul, MN

Power of Attorney: The patent practitioners associated with Customer Number 32692

Domestic Priority data as claimed by applicant
This application is a CON of 12/666,464 11/15/2010
which is a 371 of PCT/US08/68522 06/27/2008
which claims benefit of 60/947,009 06/29/2007

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

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

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

If Required, Foreign Filing License Granted: 09/22/2014

page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/487,371

Projected Publication Date: 01/01/2015
Non-Publication Request: No

Early Publication Request: No
Title

SYNCHRONIZED VIEWS OF VIDEO DATA AND THREE-DIMENSIONAL MODEL DATA
Preliminary Class

348
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.

page 3 of 3
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Case No.. 83341008

Transmittal of Continuing Patent Application - Rule 1.53(h)

Commissioner for Patents
P.0O. Box 1450
Alexandrig, VA 22313-1450

Fursuant to 37 CFR § 1.53({b}, please file a gontinuation application of pending prior Application No.
12/666 464, filed Movember 18, 2010,

tnventor(s): Janos Rohaly, Robert N. Nazzal, Edward K. Tekeian, liya A, Kriveshko, and Eric B. Paley
Title: | SYNCHRONIZED VIEWS OF VIDEO DATA AND THREE-DIMENSIONAL MODEL DATA |
1. & A newly executed Combined Declaration/Assignment will follow.
2. [ Anewly executed Declaration is attached
3. [ Acopy of the Combined Declaration/Assignment in the prior application is attached.
4. B4 Attached is a new Specification which:

Begins on page 1 and ends on page 432

Claims begin on page 43 émd end on page 48

Abstract (if any) on page ' 47

Number of Sheets of Drawing,é {f any) 8

Total Pages 53

on

(71 A Preliminary Amendment is altached.

& [1 This application is being filed by tess than ail the invantors named in the prior application. Please
delete the names of the following persen{s} who are not ventors. of the invention being claimed in

this application: .

7. 4 The fee for filing this application is computed as folfows:

Fee Caloulation M;jrg:sjer EWFFSUH;::; Fees
Application Size Fee {Pages
i Specification and any g 0 {1 3400.00 30.00
externa)l tablas) - -
Total claims 20 -20=  F 0 1 x$80.00 ' $0.00
independent claims 8 NS 3 % $420.00 $1.260.00
Add'l fee for one or more multiple dependent claims - S780.00 $0.00
Basic Fiing Fee | $280.00]
Exam Fee __§720.00
Search Fee $600.00
Total Amount Due: $2,860.00

8. B Customer Number for Correspondence Address; 32%%2

g. [] This ihvention was made under a coniract with an agency of the U.S. Government:
Agency Contract No..
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14, Fees;

The fee for filing this application will be made at the time of submission via EFS-Web. Inthe
avent fees are not or cannat be pald at the time of EFS-Web submission, please charge any fees
under 37 CFR §§ 1.18 and 1.17, which may be required to file to Deposit Account No. 13-3723.

Please charge any fees under 37 CFR §§ 1.18 and 117, which may be required to file this application
to Daposit Account Mo, 13-3723.

Please charge any additional fees associated with the filing or prosecution of this application ©
Deposit Account No. 13-3723. This authorization includes the fee for any necessary extension of
fime under 37 CFR'§ 1.13B(a}. To the extent any such extension should become necessary, it is
hereby requested.

Flease credit any overpayment to the same deposit account.
1. An Assignment

X 1o 3M Innovative Properties Company is of record in the prior application.
12. [] Attached is an Authorization to Act.
13, {1 Enclosed is a return receipt posteard.
14, Attached is an Application Data Sheet.
15, X Attached is a Power of Attorney.
18. [] Other attachments:

Respectiully submitted,

September 16, 2014 By fLance Yielzke!
Gate Lance L. Vietzke, Reg No. 36,708

Telephone No.. 651-737-2180

Office of Intellactusal Property Counsel
30 Innovative Properties Company
Facsimile No.. {851} 738-3833

]
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Case No.. 83341008

Transmittal of Continuing Patent Application - Rule 1.53(h)

Commissioner for Patents
P.0O. Box 1450
Alexandrig, VA 22313-1450

Fursuant to 37 CFR § 1.53({b}, please file a gontinuation application of pending prior Application No.
12/666 464, filed Movember 18, 2010,

tnventor(s): Janos Rohaly, Robert N. Nazzal, Edward K. Tekeian, liya A, Kriveshko, and Eric B. Paley
Title: | SYNCHRONIZED VIEWS OF VIDEO DATA AND THREE-DIMENSIONAL MODEL DATA |
1. & A newly executed Combined Declaration/Assignment will follow.
2. [ Anewly executed Declaration is attached
3. [ Acopy of the Combined Declaration/Assignment in the prior application is attached.
4. B4 Attached is a new Specification which:

Begins on page 1 and ends on page 432

Claims begin on page 43 émd end on page 48

Abstract (if any) on page ' 47

Number of Sheets of Drawing,é {f any) 8

Total Pages 53

on

(71 A Preliminary Amendment is altached.

& [1 This application is being filed by tess than ail the invantors named in the prior application. Please
delete the names of the following persen{s} who are not ventors. of the invention being claimed in

this application: .

7. 4 The fee for filing this application is computed as folfows:

Fee Caloulation M;jrg:sjer EWFFSUH;::; Fees
Application Size Fee {Pages
i Specification and any g 0 {1 3400.00 30.00
externa)l tablas) - -
Total claims 20 -20=  F 0 1 x$80.00 ' $0.00
independent claims 8 NS 3 % $420.00 $1.260.00
Add'l fee for one or more multiple dependent claims - S780.00 $0.00
Basic Fiing Fee | $280.00]
Exam Fee __§720.00
Search Fee $600.00
Total Amount Due: $2,860.00

8. B Customer Number for Correspondence Address; 32%%2

g. [] This ihvention was made under a coniract with an agency of the U.S. Government:
Agency Contract No..
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14, Fees;

The fee for filing this application will be made at the time of submission via EFS-Web. Inthe
avent fees are not or cannat be pald at the time of EFS-Web submission, please charge any fees
under 37 CFR §§ 1.18 and 1.17, which may be required to file to Deposit Account No. 13-3723.

Please charge any fees under 37 CFR §§ 1.18 and 117, which may be required to file this application
to Daposit Account Mo, 13-3723.

Please charge any additional fees associated with the filing or prosecution of this application ©
Deposit Account No. 13-3723. This authorization includes the fee for any necessary extension of
fime under 37 CFR'§ 1.13B(a}. To the extent any such extension should become necessary, it is
hereby requested.

Flease credit any overpayment to the same deposit account.
1. An Assignment

X 1o 3M Innovative Properties Company is of record in the prior application.
12. [] Attached is an Authorization to Act.
13, {1 Enclosed is a return receipt posteard.
14, Attached is an Application Data Sheet.
15, X Attached is a Power of Attorney.
18. [] Other attachments:

Respectiully submitted,

September 16, 2014 By fLance Yielzke!
Gate Lance L. Vietzke, Reg No. 36,708

Telephone No.. 651-737-2180

Office of Intellactusal Property Counsel
30 Innovative Properties Company
Facsimile No.. {851} 738-3833

]
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PTO/AIA/14 (11-13)
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 persoens are required to respond to a collection of information unless it contains a valid CMB control number.

Attorney Docket Number | 63341US008

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYNCHRONIZED VIEWS CF VIDEC DATA AND THREE-DIMENSIONAL MODEL DATA

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2
[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.}
Inventor Information:
Inventor 1
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Janos Rohaly
Residence Information (Select One) (¢ US Residency () NonUS Residency () Active US Military Service
City Concord State/Province MA Country of Residence i| US
Mailing Address of Inventor:
Address 1 P.O. Box 33427
Address 2
City St. Paul | State/Province | MN
Postal Code 55133-3427 | Country i us
Inventor 2
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Raobert N. Nazzal
Residence Information (Select One) (¢ US Residency () Non US Residency () Active US Military Service
City | waltham State/Province | MA Country of Residence i | US
Mailing Address of Inventor:
Address 1 P.C. Box 33427
Address 2
City St. Paul | State/Province | MN
Postal Code 55133-3427 | Country i | us
Inventor 3
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Edward K. Tekeian
Residence Information {(Select One) (¢ US Residency ) Q Non US Residency () Active US Military Service

EFS Webh 2.2.9
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PTO/AIA/14 (11-13)

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 contains a valid OMB control number.

Attorney Docket Number | 63341US008

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SYNCHRONIZED VIEWS OF VIDEO DATA AND THREE-DIMENSIONAL MODEL DATA

City Cambridge State/Province | MA | Country of Residencei | US

Mailing Address of Inventor:

Address 1 P.O. Box 33427

Address 2

City St. Paul | State/Province | MN
Postal Code 55133-3427 | Country i USs

Inventor 4

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
ILYA A Krniveshko

Residence Information (Select One) (¢ US Residency () NonUS Residency () Active US Military Service

City | Boxborough State/Province | MA Country of Residence i | US

Mailing Address of Inventor:

Address 1 P.O. Box 33427

Address 2

City St. Paul | State/Province | MN
Postal Code 55133-3427 | Country i | uUs
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SYNCHRONIZED VIEWS OF VIDEO DATA AND
THREE-DIMENSIONAL MODEL DATA

CROSS-REFERENCE TO RELATED APPLICATION

This application is a continuation of U.S. Application No. 12/666,464, filed November
15,2010, which is a 371 National Stage of PCT/US2008/068522, filed June 27, 2008, which
claims the benefit of U.S. Provisional Patent Application Serial No. 60/947,009, filed June 29,
2007.

BACKGROUND

1. Field of the Invention

[0001] This disclosure relates to dentistry, and more particularly to tools and
techniques for marking margins on three-dimensional digital models of dentition.

2. Description of the Related Art

[0002] Recent advances in dental technology have made it possible to capture highly
accurate digital dental impressions. Current scanning techniques conceptually provide
sufficient resolution to directly prepare physical models for a variety of dental restorations
such as bridges, crowns, and the like, as well as dental appliances, dental prostheses, and so
forth. However, intra-oral scanning presents numerous physical obstacles to obtaining
accurate three-dimensional data around important areas such as the margin of a prepared tooth
surface. This includes collapse of the tissue wall around the prepared tooth, as well as blood,
saliva, and the like that may accumulate and obscure portions of the margin. In such
situations, ambiguities in the resulting three-dimensional scan cannot be readily identified or
resolved based solely upon the resulting three-dimensional model.

[0003] A need exists for improved techniques to process digital dental models. For
example, a need exists for improved margin marking tools to assist with digitally preparing

dental restorations.
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SUMMARY

[0004] A digital production process for dental restorations is improved by
supplementing views of three-dimensional models with still images of the modeled subject
matter. Video data acquired during a scan of the model provides a source of still images that
can be displayed alongside a rendered three-dimensional model, and the two views (model
and still image) may be synchronized to provide a common perspective of the model’s subject
matter. This approach provides useful visual information for disambiguating surface features
of the model during processing steps such as marking a margin of a prepared tooth surface for
a restoration. Interactive modeling tools may be similarly enhanced. For example, tools for
margin marking may synchronize display of margin lines between the still image and the
model so that a user can interact with either or both of the visual representations.

[0005] In one aspect, a method disclosed herein includes creating a three-
dimensional model from a sequence of image sets, each image set including a plurality of
images of a subject, each one of the plurality of images captured from a different optical axis,
the plurality of images including at least one video image; selecting a video image from the
sequence of image sets, the video image containing a view of the subject from a perspective;
displaying the video image in a user interface; and rendering the three-dimensional model in
the user interface from the perspective.

[0006] The method may include selecting a different video image from the sequence
of image sets, the different video image containing a second view of the subject from a second
perspective; and rendering the three-dimensional model from the second perspective.
Selecting a different video image may include receiving a user selection of one of a plurality
of thumbnail images. Selecting a different video image may include receiving a user input
from a video timeline control. The perspective may include a three-dimensional viewpoint
relative to the subject. The perspective may include a distance from the subject. Creating the
three-dimensional model may include capturing a plurality of image sets with a multi-aperture
video camera. Creating the three-dimensional model may include capturing the video image
from a center channel of the multi-aperture video camera.

[0007] A computer program product disclosed herein includes computer executable

code embodied on a computer readable medium that, when executing on one or more
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computer devices, performs the steps of: creating a three-dimensional model from a sequence
of image sets, each image set including a plurality of images of a subject, each one of the
plurality of images captured from a different optical axis, the plurality of images including at
least one video image; selecting a video image from the sequence of image sets, the video
image containing a view of the subject from a perspective; displaying the video image in a
user interface; and rendering the three-dimensional model in the user interface from the
perspective.

[0008] The computer program product may include computer executable code that
performs the steps of: selecting a different video image from the sequence of image sets, the
different video image containing a second view of the subject from a second perspective; and
rendering the three-dimensional model from the second perspective. Selecting a different
video image may include receiving a user selection of one of a plurality of thumbnail images.
Selecting a different video image may include receiving a user input from a video timeline
control. The perspective may include a three-dimensional viewpoint relative to the subject.
The perspective may include a distance from the subject. Creating the three-dimensional
model may include capturing a plurality of image sets with a multi-aperture video camera.
Creating the three-dimensional model may include computer executable code that may
perform the step of capturing the video image from a center channel of the multi-aperture
video camera.

[0009] A system disclosed herein includes a creating means for creating a three-
dimensional model from a sequence of image sets, each image set including a plurality of
images of a subject, each one of the plurality of images captured from a different optical axis,
the plurality of images including at least one video image; a selecting means for selecting a
video image from the sequence of image sets, the video image containing a view of the
subject from a perspective; a displaying means for displaying the video image in a user
interface; and a rendering means for rendering the three-dimensional model in the user
interface from the perspective.

[0010] The system may include a second selecting means for selecting a different
video image from the sequence of image sets, the different video image containing a second

view of the subject from a second perspective, wherein the rendering means renders the three-
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dimensional model from the second perspective. Selecting a different video image may
include receiving a user selection of one of a plurality of thumbnail images. Selecting a
different video image may include receiving a user input from a video timeline control. The
perspective may include a three-dimensional viewpoint relative to the subject. The
perspective may include a distance from the subject. Creating the three-dimensional model
may include capturing a plurality of image sets with a multi-aperture video camera.
Capturing a plurality of image sets may include capturing the video image from a center
channel of the multi-aperture video camera.

[0011] In another aspect, a method disclosed herein includes creating a three-
dimensional model from a sequence of image sets, each image set including a plurality of
images of a subject, each one of the plurality of images captured from a different optical axis,
the plurality of images including at least one video image; rendering the three-dimensional
model in a user interface from a perspective; selecting a video image from the sequence of
image sets that contains a view of the subject most closely corresponding to the perspective;
and displaying the video image in the user interface.

[0012] The subject may include dentition, the method including providing a tool for
marking a margin of the dentition. The method may include receiving a user selection of a
new perspective on the three-dimensional model and selecting a different video image from
the sequence of image sets, the different video image containing a second view of the subject
from a second perspective; and rendering the three-dimensional model from the new
perspective. The method may include providing one or more of a zoom control, a pan control,
and a rotate control to receive the user selection. The perspective may include a three-
dimensional viewpoint relative to the subject. The perspective may include a distance from
the subject. Creating a three-dimensional model may include capturing a plurality of image
sets with a multi-aperture video camera. Capturing a plurality of image sets may include
capturing the video image from a center channel of the multi-aperture video camera. The
method may include selecting a plurality of video images from the sequence of image sets and
synthesizing a composite video image that combines data from the plurality of video images
to obtain the view of the subject. The composite video image may have a resolution higher

than a resolution of any one of the plurality of video images.
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[0013] A computer program product disclosed herein includes computer executable
code embodied on a computer readable medium that, when executing on one or more
computer devices, performs the steps of: creating a three-dimensional model from a sequence
of image sets, each image set including a plurality of images of a subject, each one of the
plurality of images captured from a different optical axis, the plurality of images including at
least one video image; rendering the three-dimensional model in a user interface from a
perspective; selecting a video image from the sequence of image sets that contains a view of
the subject most closely corresponding to the perspective; and displaying the video image in
the user interface.

[0014] The subject may include dentition, the computer program product including
providing a tool for marking a margin of the dentition. The computer program product may
include computer executable code that performs the steps of: receiving a user selection of a
new perspective on the three-dimensional model; selecting a different video image from the
sequence of image sets, the different video image containing a second view of the subject
from a second perspective; and rendering the three-dimensional model from the new
perspective.

[0015] The computer program may further include computer executable code that
performs the step of providing one or more of a zoom control, a pan control, and a rotate
control to receive the user selection. The perspective may include a three-dimensional
viewpoint relative to the subject. The perspective may include a distance from the subject.
Creating a three-dimensional model may include capturing a plurality of image sets with a
multi-aperture video camera. Capturing a plurality of image sets may include capturing the
video image from a center channel of the multi-aperture video camera. The computer
program may include computer executable code that performs the step of selecting a plurality
of video images from the sequence of image sets and synthesizing a composite video image
that combines data from the plurality of video images to obtain the view of the subject. The
composite video image may have a resolution higher than a resolution of any one of the
plurality of video images.

[0016] A system disclosed herein includes creating means for creating a three-

dimensional model from a sequence of image sets, each image set including a plurality of
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images of a subject, each one of the plurality of images captured from a different optical axis,
the plurality of images including at least one video image; rendering means for rendering the
three-dimensional model in a user interface from a perspective; selecting means for selecting
a video image from the sequence of image sets that contains a view of the subject most
closely corresponding to the perspective; and displaying means for displaying the video image
in the user interface.

[0017] The subject may include dentition, the system including providing a tool for
marking a margin of the dentition. The selecting means may include means for receiving a
user selection of a new perspective on the three-dimensional model and selecting a different
video image from the sequence of image sets, the different video image containing a second
view of the subject from a second perspective; and rendering the three-dimensional model
from the new perspective. The selecting means may include means for providing one or more
of a zoom control, a pan control, and a rotate control to receive the user selection. The
perspective may include a three-dimensional viewpoint relative to the subject. The
perspective may include a distance from the subject. The creating means may include means
for capturing a plurality of image sets with a multi-aperture video camera. The creating
means may include means for capturing the video image from a center channel of the multi-
aperture video camera. The system may include second selecting means for selecting a
plurality of video images from the sequence of image sets and synthesizing a composite video
image that combines data from the plurality of video images to obtain the view of the subject.
The composite video image may have a resolution higher than a resolution of any one of the
plurality of video images.

[0018] In another aspect, a method disclosed herein includes creating a three-
dimensional model from a sequence of image sets, each image set including a plurality of
images of a subject, each one of the plurality of images in each image set captured from a
different optical axis; displaying one of the plurality of images in a first window; rendering
the three-dimensional model in a second window; and synchronizing the first window and the
second window to provide a common perspective on the subject.

[0019] The method may include receiving a user selection of a different one of the

plurality of images and rotating the three-dimensional model to maintain the common
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perspective. The method may include receiving a user selection of a different one of the
plurality of images and translating the three-dimensional model to maintain the common
perspective. The method may include receiving a user selection of a different one of the
plurality of images and scaling the three-dimensional model to maintain the common
perspective. The method may include receiving a user selection of a different perspective of
the three-dimensional model and selecting a new one of the plurality of images to maintain
the common perspective. The method may include receiving a user selection of a different
perspective of the three-dimensional model and creating a composite video image from two or
more of the plurality of images to provide a common perspective on the subject.

[0020] A computer program product disclosed herein includes computer executable
code that, when executing on one or more computing devices, performs the steps of: creating
a three-dimensional model from a sequence of image sets, cach image set including a plurality
of images of a subject, each one of the plurality of images in each image set captured from a
different optical axis; displaying one of the plurality of images in a first window; rendering
the three-dimensional model in a second window; and synchronizing the first window and the
second window to provide a common perspective on the subject.

[0021] The computer program product may include computer executable code that
performs the step of receiving a user selection of a different one of the plurality of images and
rotating the three-dimensional model to maintain the common perspective. The computer
program product may include computer executable code that performs the step of receiving a
user selection of a different one of the plurality of images and translating the three-
dimensional model to maintain the common perspective. The computer program product may
include computer executable code that performs the step of receiving a user selection of a
different one of the plurality of images and scaling the three-dimensional model to maintain
the common perspective. The computer program product may include computer executable
code that performs the step of receiving a user selection of a different perspective of the three-
dimensional model and selecting a new one of the plurality of images to maintain the common
perspective. The computer program product may include computer executable code that

performs the step of receiving a user selection of a different perspective of the three-
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dimensional model and creating a composite video image from two or more of the plurality of
images to provide a common perspective on the subject.

[0022] A system disclosed herein includes creating means for creating a three-
dimensional model from a sequence of image sets, each image set including a plurality of
images of a subject, each one of the plurality of images in each image set captured from a
different optical axis; displaying means for displaying one of the plurality of images in a first
window; rendering means for rendering the three-dimensional model in a second window; and
synchronizing means for synchronizing the first window and the second window to provide a
common perspective on the subject.

[0023] The system may include control means for receiving a user selection of a
different one of the plurality of images and rotating the three-dimensional model to maintain
the common perspective. The system may further include control means for receiving a user
selection of a different one of the plurality of images and translating the three-dimensional
model to maintain the common perspective. The system may include control means for
receiving a user selection of a different one of the plurality of images and scaling the three-
dimensional model to maintain the common perspective. The system may include control
means for receiving a user selection of a different perspective of the three-dimensional model
and selecting a new one of the plurality of images to maintain the common perspective. The
system may include control means for receiving a user selection of a different perspective of
the three-dimensional model and creating a composite video image from two or more of the
plurality of images to provide a common perspective on the subject.

[0024] In another aspect, a method disclosed herein includes displaying a three-
dimensional model of dentition from a perspective; providing a plurality of video images of
the dentition; selecting one of the plurality of video images that shows the dentition from the
perspective; and displaying the one of the plurality of video images in a user interface with
the three-dimensional model as an aid to visually determining a margin of the dentition.

[0025] The method may include displaying a margin on one or more of the three-
dimensional model or the one of the plurality of video images. Displaying the margin may
further include receiving a user modification of the margin and updating the display with a

modified margin.
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[0026] A system disclosed herein includes a display having a window for displaying
a three-dimensional model of dentition from a perspective; a camera providing a plurality of
video images of the dentition; selecting means for selecting one of the plurality of video
images that shows the dentition from the perspective; and a second window in the display for
displaying the one of the plurality of video images as an aid to visually determining a margin
of the dentition.

[0027] The system may include margin display means for displaying a margin on
one or more of the three-dimensional model or the one of the plurality of video images. The
margin display means may include margin modification means for receiving a user
modification of the margin and updating the display with a modified margin.

[0028] A computer program product disclosed herein includes computer executable
code that, when executing on one or more computing devices, performs the steps of:
displaying a three-dimensional model of dentition from a perspective; providing a plurality of
video images of the dentition; selecting one of the plurality of video images that shows the
dentition from the perspective; and displaying the one of the plurality of video images in a
user interface with the three-dimensional model as an aid to visually determining a margin of
the dentition.

[0029] The computer program product may include computer executable code that
performs the step of displaying a margin on one or more of the three-dimensional model or
the one of the plurality of video images. Displaying the margin may include computer
executable code that performs the step of receiving a user modification of the margin and

updating the display with a modified margin.

BRIEF DESCRIPTION OF THE FIGURES

[0030] The invention and the following detailed description of certain embodiments
thereof may be understood by reference to the following figures.

[0031] Fig. 1 shows a dental image capture system.

[0032] Fig. 2 is a block diagram of a generalized manufacturing process for dental
objects.

[0033] Fig. 3 is a high-level flow chart of a dental object fabrication process.
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[0034] Fig. 4 shows a generalized process for working with digital dental models
using the tools described herein.

[0035] Fig. 5 depicts a graphical die cutting operation.

[0036] Fig. 6 depicts a graphical die cutting operation.

[0037] Fig. 7 depicts a graphical margin marking operation.

[0038] Fig. 8 depicts a graphical ditching operation.

[0039] Fig. 9 illustrates an automated margin marking technique.

[0040] Fig. 10 shows a user interface for visually-assisted margin marking.

DETAILED DESCRIPTION

[0041] Described herein are systems and methods of addressing the identification,
refinement, and other manipulation of margins for dental restorations based upon three-
dimensional digital data captured from an intraoral scan. While the description emphasizes
certain scanning technologies and certain techniques specific to marking margins on digital
dental impressions obtained therefrom, it will be understood that additional variations,
adaptations, and combinations of the methods and systems below will be apparent to one of
ordinary skill in the art, such as fabrication of dental restorations not specifically described, or
use of the following techniques outside a dental context. For example, the techniques
described herein may be usefully employed to refine three-dimensional animation models
acquired from scans of physical objects, or in a machine vision context to mark or evaluate
scanned objects. All such variations, adaptations, and combinations are intended to fall
within the scope of this disclosure. It will also be appreciated that the methods and systems
described herein may be usefully employed for model verification and validation, as well as
any other applications where useful comparisons between a video image and a corresponding
three-dimensional model might be made.

[0042] In the following description, the term “image” generally refers to a two-
dimensional set of pixels forming a two-dimensional view of a subject within an image plane.
The term “image set” generally refers to a set of related two dimensional images that might be
resolved into three-dimensional data. The term “point cloud” generally refers to a three-

dimensional set of points forming a three-dimensional view of the subject reconstructed from
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a number of two-dimensional views. In a three-dimensional image capture system, a number
of such point clouds may also be registered and combined into an aggregate point cloud
constructed from images captured by a moving camera. Thus it will be understood that pixels
generally refer to two-dimensional data and points generally refer to three-dimensional data,
unless another meaning is specifically indicated or clear from the context.

[0043] The terms “three-dimensional surface representation”, “digital surface
representation”, “three-dimensional surface map”, and the like, as used herein, are intended to
refer to any three-dimensional surface map of an object, such as a point cloud of surface data,
a set of two-dimensional polygons, or any other data representing all or some of the surface of
an object, as might be obtained through the capture and/or processing of three-dimensional
scan data, unless a different meaning is explicitly provided or otherwise clear from the
context.

[0044] A “three-dimensional representation” may include any of the three-
dimensional surface representations described above, as well as volumetric and other
representations, unless a different meaning is explicitly provided or otherwise clear from the
context.

[0045] In general, the terms “render” or “rendering” refer to a two-dimensional
visualization of a three-dimensional object, such as for display on a monitor. However, it will
be understood that three-dimensional rendering technologies exist, and may be usefully
employed with the systems and methods disclosed herein. For example, the system and
methods described herein may usefully employ a holographic display, an autostereoscopic
display, a display viewed with anaglyph glasses, a head-mounted stereo display, or any other
two-dimensional and/or three-dimensional display. As such, rendering as described herein
should be interpreted broadly unless a narrower meaning is explicitly provided or otherwise
clear from the context.

[0046] The term “dental object”, as used herein, is intended to refer broadly to
subject matter specific to dentistry. This may include intraoral structures such as dentition,
and more typically human dentition, such as individual teeth, quadrants, full arches, pairs of
arches which may be separate or in occlusion of various types, soft tissue, and the like, as well

bones and any other supporting or surrounding structures. As used herein, the term “intraoral
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structures” refers to both natural structures within a mouth as described above and artificial
structures such as any of the dental objects described below that might be present in the
mouth. Dental objects may include “restorations”, which may be generally understood to
include components that restore the structure or function of existing dentition, such as crowns,
bridges, veneers, inlays, onlays, amalgams, composites, and various substructures such as
copings and the like, as well as temporary restorations for use while a permanent restoration is
being fabricated. Dental objects may also include a “prosthesis” that replaces dentition with
removable or permanent structures, such as dentures, partial dentures, implants, retained
dentures, and the like. Dental objects may also include “appliances” used to correct, align, or
otherwise temporarily or permanently adjust dentition, such as removable orthodontic
appliances, surgical stents, bruxism appliances, snore guards, indirect bracket placement
appliances, and the like. Dental objects may also include “hardware” affixed to dentition for
an extended period, such as implant fixtures, implant abutments, orthodontic brackets, and
other orthodontic components. Dental objects may also include “interim components” of
dental manufacture such as dental models (full and/or partial), wax-ups, investment molds,
and the like, as well as trays, bases, dies, and other components employed in the fabrication of
restorations, prostheses, and the like. Dental objects may also be categorized as natural dental
objects such as the tecth, bone, and other intraoral structures described above or as artificial
dental objects such as the restorations, prostheses, appliances, hardware, and interim
components of dental manufacture as described above.

[0047] Terms such as “digital dental model”, “digital dental impression” and the
like, are intended to refer to three-dimensional representations of dental objects that may be
used in various aspects of acquisition, analysis, prescription, and manufacture, unless a
different meaning is otherwise provided or clear from the context. Terms such as “dental
model” or “dental impression” are intended to refer to a physical model, such as a cast,
printed, or otherwise fabricated physical instance of a dental object. Unless specified, the
term “model”, when used alone, may refer to either or both of a physical model and a digital
model.

[0048] It will further be understood that terms such as “tool” or “control”, when

used to describe aspects of a user interface, are intended to refer generally to a variety of
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techniques that may be employed within a graphical user interface or other user interface to
receive user input that stimulates or controls processing including without limitation drop-
down lists, radio buttons, cursor and/or mouse actions (selections by point, selections by area,
drag-and-drop operations, and so forth), check boxes, command lines, text input fields,
messages and alerts, progress bars, and so forth. Thus in the following description the terms
“tool”, “control” and the like should be broadly construed unless a more specific meaning is
otherwise provided or clear from the context.

[0049] Fig. 1 shows an image capture system. In general, the system 100 may
include a scanner 102 that captures images from a surface 106 of a subject 104, such as a
dental patient, and forwards the images to a computer 108, which may include a display 110
and one or more user input devices such as a mouse 112 or a keyboard 114. The scanner 102
may also include an input or output device 116 such as a control input (e.g., button, touchpad,
thumbwheel, etc.) or a display (e.g., LCD or LED display) to provide status information.

[0050] The scanner 102 may include any camera or camera system suitable for
capturing images from which a three-dimensional point cloud may be recovered. For
example, the scanner 102 may employ a multi-aperture system as disclosed, for example, in
U.S. Pat. App. No. 11/530,413 to Rohély et al., the entire content of which is incorporated
herein by reference. While Rohély discloses one multi-aperture system, it will be appreciated
that any multi-aperture system suitable for reconstructing a three-dimensional point cloud
from a number of two-dimensional images may similarly be employed. In one multi-aperture
embodiment, the scanner 102 may include a plurality of apertures including a center aperture
positioned along a center optical axis of a lens that provides a center channel for the scanner
102, along with any associated imaging hardware. In such embodiments, the center channel
may provide a conventional video image of the scanned subject matter. In other
embodiments, a separate video camera and/or channel may be provided to achieve the same
result, i.e., a video of an object corresponding temporally to a scan of the object, preferably
from the same perspective, or from a perspective having a fixed, known relationship to the
perspective of the scanner 102. The scanner 102 may also, or instead, include a stereoscopic,
triscopic or other multi-camera or other configuration in which a number of cameras or

optical paths are maintained in fixed relation to one another to obtain two-dimensional images
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of an object from a number of slightly different perspectives. The scanner 102 may include
suitable processing for deriving a three-dimensional point cloud from an image set or a
number of image sets, or each two-dimensional image set may be transmitted to an external
processor such as contained in the computer 108 described below. In other embodiments, the
scanner 102 may employ structured light, laser scanning, direct ranging, or any other
technology suitable for acquiring three-dimensional data, or two-dimensional data that can be
resolved into three-dimensional data. While the techniques described below can usefully
employ video data acquired by a video-based three-dimensional scanning system, it will be
understood that any other three-dimensional scanning system may be supplemented with a
video acquisition system that captures suitable video data contemporaneously with, or
otherwise synchronized with, the acquisition of three-dimensional data.

[0051] In one embodiment, the scanner 102 is a handheld, freely positionable probe
having at least one user input device 116, such as a button, lever, dial, thumb wheel, switch,
or the like, for user control of the image capture system 100 such as starting and stopping
scans. In an embodiment, the scanner 102 may be shaped and sized for dental scanning.
More particularly, the scanner may be shaped and sized for intraoral scanning and data
capture, such as by insertion into a mouth of an imaging subject and passing over an intraoral
surface 106 at a suitable distance to acquire surface data from teeth, gums, and so forth. The
scanner 102 may, through such a continuous acquisition process, capture a point cloud of
surface data having sufficient spatial resolution and accuracy to prepare dental objects such as
prosthetics, hardware, appliances, and the like therefrom, either directly or through a variety
of intermediate processing steps. In other embodiments, surface data may be acquired from a
dental model such as a dental prosthetic, to ensure proper fitting using a previous scan of
corresponding dentition, such as a tooth surface prepared for the prosthetic.

[0052] Although not shown in Fig. 1, it will be appreciated that a number of
supplemental lighting systems may be usefully employed during image capture. For example,
environmental illumination may be enhanced with one or more spotlights illuminating the
subject 104 to speed image acquisition and improve depth of field (or spatial resolution
depth). The scanner 102 may also, or instead, include a strobe, flash, or other light source to

supplement illumination of the subject 104 during image acquisition.
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[0053] The subject 104 may be any object, collection of objects, portion of an
object, or other subject matter. More particularly with respect to the dental techniques
discussed herein, the object 104 may include human dentition captured intraorally from a
dental patient’s mouth. A scan may capture a three-dimensional representation of some or all
of the dentition according to particular purpose of the scan. Thus the scan may capture a
digital model of a tooth, a quadrant of teeth, or a full collection of teeth including two
opposing arches, as well as soft tissue or any other relevant intraoral structures. The scan may
capture multiple representations, such as a tooth surface before and after preparation for a
restoration. As will be noted below, this data may be employed for subsequent modeling such
as designing a restoration or determining a margin line for same. During the scan, a center
channel of the scanner 102 or a separate video system may capture video of the dentition from
the point of view of the scanner 102. In other embodiments where, for example, a completed
fabrication is being virtually test fitted to a surface preparation, the scan may include a dental
prosthesis such as an inlay, a crown, or any other dental prosthesis, dental hardware, dental
appliance, or the like. The subject 104 may also, or instead, include a dental model, such as a
plaster cast, wax-up, impression, or negative impression of a tooth, teeth, soft tissue, or some
combination of these.

[0054] The computer 108 may be, for example, a personal computer or other
processing device. In one embodiment, the computer 108 includes a personal computer with
a dual 2.8GHz Opteron central processing unit, 2 gigabytes of random access memory, a
TYAN Thunder K8WE motherboard, and a 250 gigabyte, 10,000 rpm hard drive. In one
current embodiment, the system can be operated to capture more than five thousand points per
image set in real time using the techniques described herein, and store an aggregated point
cloud of several million points. Of course, this point cloud may further processed to
accommodate subsequent data handling, such as by decimating the point cloud data or
generating a corresponding mesh of surface data. As used herein, the term “real time” means
generally with no observable latency between processing and display. In a video-based
scanning system, real time more specifically refers to processing within the time between
frames of video data, which may vary according to specific video technologies between about

fifteen frames per second and about thirty frames per second. More generally, processing
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capabilities of the computer 108 may vary according to the size of the subject 104, the speed
of image acquisition, and the desired spatial resolution of three-dimensional points. The
computer 108 may also include peripheral devices such as a keyboard 114, display 110, and
mouse 112 for user interaction with the camera system 100. The display 110 may be a touch
screen display capable of receiving user input through direct, physical interaction with the
display 110. In another aspect, the display may include an autostercoscopic display capable
of displaying stereo images.

[0055] Communications between the computer 108 and the scanner 102 may use
any suitable communications link including, for example, a wired connection or a wireless
connection based upon, for example, IEEE 802.11 (also known as wireless Ethernet),
BlueTooth, or any other suitable wireless standard using, e.g., a radio frequency, infrared, or
other wireless communication medium. In medical imaging or other sensitive applications,
wireless image transmission from the scanner 102 to the computer 108 may be secured. The
computer 108 may generate control signals to the scanner 102 which, in addition to image
acquisition commands, may include conventional camera controls such as focus or zoom.

[0056] In an example of general operation of a three-dimensional image capture
system 100, the scanner 102 may acquire two-dimensional image sets at a video rate while the
scanner 102 is passed over a surface of the subject. The two-dimensional image sets may be
forwarded to the computer 108 for derivation of three-dimensional point clouds. The three-
dimensional data for each newly acquired two-dimensional image set may be derived and
fitted or “stitched” to existing three-dimensional data using a number of different techniques.
Such a system employs camera motion estimation to avoid the need for independent tracking
of the position of the scanner 102. One useful example of such a technique is described in
commonly-owned U.S. App. No. 11/270,135, filed on November 9, 2005, the entire content
of which is incorporated herein by reference. However, it will be appreciated that this
example is not limiting, and that the principles described herein may be applied to a wide
range of three-dimensional image capture systems.

[0057] The display 110 may include any display suitable for video or other rate
rendering at a level of detail corresponding to the acquired data. Suitable displays include

cathode ray tube displays, liquid crystal displays, light emitting diode displays and the like.
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In some embodiments, the display may include a touch screen interface using, for example
capacitive, resistive, or surface acoustic wave (also referred to as dispersive signal) touch
screen technologies, or any other suitable technology for sensing physical interaction with the
display 110.

[0058] Fig. 2 is a conceptual block diagram of participants in a generalized
manufacturing process for dental objects. The system 200 may begin with a patient 202 being
scanned by a scanner 204, such as the scanner 102 and image capture system 100 described
above, to obtain a digital surface representation 206 of one or more intraoral structures. This
may include scans before and/or after a surface has been prepared to receive a dental
restoration or other dental object. So, for example, a pre-preparation scan may be taken to
capture a shape of the original anatomy and any occlusion information useful in creating a
restoration, and a prepared surface scan may be taken to use as a basis for creating the
restoration, and in particular for shaping the restoration to the prepared surface. Articulation
data relating to the orientation and/or relative motion of an upper and lower arch may also be
obtained through one or more scans of the arches in occlusion, or through other techniques
such as still images or video of the arches in various orientations, or various dimensional
measurements captured directly from the arches, or a physical bite registration captured on a
thin sheet of material.

[0059] The digital surface representation 206 may be processed with one or more
post-processing steps 208. This may include a variety of data enhancement processes, quality
control processes, visual inspection, conversion to a format suitable for rapid prototyping (or
other manufacturing), and so forth. Post-processing steps may be performed at a remote post-
processing center or other computer facility capable of post-processing the image file, which
may be, for example a dental laboratory or a rapid fabrication facility. In some cases, this
post-processing may be done by the image capture system 100 itself. Post-processing may
involve any number of clean-up steps, including the filling of holes, removing of outliers, etc.

[0060] Data enhancement may include, for example, smoothing, truncation,
extrapolation, interpolation, filling (e.g. surface to volume) and any other suitable processes
for improving the quality of the digital surface representation 206 or improving its suitability

for an intended purpose. In addition, spatial resolution may be enhanced using various post-
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processing techniques. Other enhancements may include modifications to the data, such as
forming the digital surface representation 206 into a closed surface by virtually providing a
base for each arch, or otherwise preparing the digital surface representation for subsequent
fabrication steps.

[0061] In a quality control process, the digital surface representation 206 may be
analyzed for the presence of holes or regions of incomplete or inadequate scan data. The
digital surface representation 206 may also be automatically examined for unexpected
curvature or asymmetry to a scanned arch, or other apparent defects in the acquired data.
Other quality control processes may incorporate additional data. For example, a current scan
may be compared to previous scans for the same patient. As another example, a selection of a
dental restoration may be analyzed along with a scan of a tooth surface prepared for the
restoration in order to evaluate the suitability of the surface preparation and any surrounding
dentition for receiving the restoration. More generally, any process for evaluating data in the
digital surface representation 206 with respect to its quality, internal consistency, or intended
use, may be used in a post-processing quality control process.

[0062] The digital surface representation 206 may also be displayed for human
inspection, such as by providing a perspective rendering of a point cloud or mesh of acquired
surface data on a display. For example, a dentist or other individual acquiring a scan may
select a portion of a dental model such as an arch, or particular teeth, for use in subsequent
processing steps. A manual selection of portions of a model and/or scan may significantly
reduce the amount of data required for a particular treatment. In addition, a manual
identification of either model sections or video data may be followed by automated filtering
of data. For example, once a dentist selects a particular tooth for subsequent processing,
video data that is not associated with that tooth or one or more neighboring teeth may be
excluded from further processing, and may, for example, not be transmitted to downstream
processes such as the margin marking systems described below. At this time, or at other
times in the post-scan processing, a user may review the digital surface representation 206 to
mark a margin for a restoration. Details of this specific process will be described below in

greater detail.

18
-209-



10

15

20

25

[0063] Following any manual or automated post-processing, the resulting digital
model may be transmitted to a rapid fabrication facility 216, as indicated by an arrow 209. In
addition, articulation data 218 in any suitable form may be transmitted for use in subsequent
processing steps, as well as a prescription or other specification for manufacture of a
restoration, appliance, hardware, and the like. The rapid fabrication facility 216 may be a
dental laboratory, an in-house dental laboratory at a dentist’s office, or any other facility with
machinery to fabricate physical models from digital models. The rapid fabrication facility
216 may, for example, include a milling system 210, a stereo lithography system 212, or a
three-dimensional printer 214, or some combination of these. The milling system 210 may
include, for example, a CNC milling machine. Milling systems may be used to take a block
of material and create a variety of outputs, including full-arch models, dies, wax-ups,
investment chambers or a final restoration or appliance. Such blocks may include ceramic-
based, particle-board, wax, metals or a variety of other materials. Dental milling systems
such as Procera from Nobel Biocare Inc., or Cerec from Sirona Inc. may also be used to create
a final dental hardware component. The stereo lithography system 212 may include, for
example, a Viper System by 3D Systems, Inc. The three-dimensional printer 214 may
include, for example, an InVision HR printer from 3D Systems. Each of these fabrication
techniques will be described in greater detail below.

[0064] The rapid fabrication facility 216 may use the articulation data 218 and the
digital model to generate one or more dental objects, such as one or more full arch models
220, one or more dies 222, one or more waxups 224, one or more investment chambers 226,
and/or one or more final restorations or appliances 228. Some components, such as the dies
222 and arches 220, may be inserted into an articulated model 234 such as an articulator with
a standard base 230 or a custom base 232. A dental laboratory may employ these various
components to complete a restoration 236, which may be returned to a dentist for placement
into/onto the dentition of the dental patient.

[0065] A number of suitable rapid fabrication facilities are known in the art and may
be usefully employed with the systems and methods described herein. A number of such

techniques are described below by way of illustration and not limitation.
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[0066] One suitable technique is milling. Milling is generally a subtractive
technology in that material is subtracted from a block rather than added. Thus pre-cut
workpieces approximating commonly milled shapes may advantageously be employed to
reduce the amount of material that must be removed during a milling job, which may reduce
material costs and/or save time in a milling process. Computerized Numerically Controlled
(“CNC”) milling is one suitable technique. Another useful milling technique for the dental
fabrication processes is a copy milling system that permits manual or automated transfer of a
three-dimensional form from a physical object to a milled target. CNC milling and other
milling technologies can be employed for manufacturing dental models, dental model
components, wax-ups, investment chambers, and other dental objects. In addition specialty
dental milling equipment exists, such as the Cerec system from Sirona Dental. All milling
systems that may be adapted to use in the dental applications described herein are intended to
fall within the scope of rapid fabrication facilities as described herein.

[0067] Another suitable technique is stereo lithography using a stereo lithography
apparatus (“SLA”). In general, an SLA employs a laser to sequentially cure layers of a
polymer, typically a photocurable liquid resin, with a pattern that defines a three-dimensional
object. One useful commercial embodiment of an SLA is the SCS-1000HD available from
Sony Corporation. Stereo lithography is well-suited for the high volume production of dental
models and dies, because parts may be batched on machines for rapid production. When
optimized, these parts may be used in licu of plaster dental models and other dental objects.
A similar technology employs digital light processing (“DLP”’) to concurrently cure planar
cross-sections of a polymer, and may also be usefully employed with the systems described
herein.

[0068] Another suitable technique is three-dimensional printing. In general, a three-
dimensional printer employs a print head to apply material such as curable photopolymers or
powders in a layer-by-layer additive process. Three-dimensional printers are well suited to
rapid fabrication of small parts such as wax patterns or wax-ups, as well as dies and other
relatively small dental objects. One commercial system suitable for three-dimensional dental

printing applications is the InVision HR printer from 3D Systems.
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[0069] It will be appreciated that other rapid prototyping systems are known in the
art. Thus, the terms fabricate, fabricating, and fabrication, as used herein, will be understood
to refer to the fabrication technologies above, as well as any other rapid prototyping or other
manufacturing technology that might be adapted to manufacture of custom dental objects,
including, without limitation, selective laser sintering (“SLS”), fused deposition modeling
(“FDM?”), laminated object manufacturing (“LOM?”), and so forth. Similarly, any of the
above technologies, either alone or in combination, may operate as a means for fabricating,
printing, manufacturing, or otherwise creating the dental objects described herein. It will be
appreciated that the fabrication steps described above with reference to particular technologies
may be followed by additional steps such as curing, cleaning, and so forth to provide a final
product. The manufacturing techniques described above may be combined in various ways to
provide a multimodal fabrication process. Thus, for example, a CNC milling machine may be
used to create a die for a tooth requiring greater detail than an SLA can provide, while the
SLA may be employed for a model of a dental arch that contains the die. This multimodal
approach may deploy the advantages of various technologies in different aspects of the
fabrication process, such as using sterco lithography for speed, milling for accuracy, and
three-dimensional printing for high-speed fabrication of small parts.

[0070] Fig. 3 is a high-level flow chart of a dental object fabrication process. This
process 300 employs a three-dimensional representation of dentition acquired directly from an
intraoral scan, and may advantageously bypasses a number of processing steps used in
conventional dentistry.

[0071] In general the process 300 may begin with data acquisition, as shown in step
302. Data acquisition may include any acquisition of a digital surface representation, or other
three-dimensional or other representation of dentition suitable for use in a dental object
fabrication process. The data acquisition may be performed using, for example, the scanner
102 and image capture system described above with reference to Fig. 1. In certain
embodiment, a number of different scans may be acquired, such as scans to establish
articulation and occlusion of arches, or scans before and after a surface preparation, which

may be used jointly to create a prosthetic or the like. In certain embodiments scans may be
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obtained at different resolutions, such as a relatively low-resolution scan for an opposing arch
and a relatively high-resolution scan for the margin of a prepared tooth surface.

[0072] It will be understood that while the following description generally relates to
operations performed outside a dentist’s office, such as at a central processing location or a
dental lab where margins are marked onto digital models, the user interfaces, tools, and
techniques described herein may be usefully employed in a number of ways at the time of a
scan, or before transmitting the scan data to a remote processing center.

[0073] For example, a dentist may employ the video review tools, either alone or in
combination with synchronized views of a digital model, to qualitatively assess the suitability
of a particular scan. Stereoscopic rendering of either the video image(s) and/or digital model
may provide useful insights that the clinician can apply to determine whether a supplemental
scan or an entirely new scan are appropriate.

[0074] In other embodiments, a dentist may perform some or all of the margin
marking before transmitting data to a dental laboratory or other remote site.

[0075] In other embodiments, a dentist may tag frames of video data or points on a
model surface with information that can be transmitted with the scan data to a remote site.
This capability may be embodied in a tool for annotations provided within a graphical user
interface such as the user interface described below. The annotations may include, for
example, a prescription, margin information, margin marking instructions, or any other
information relevant to margin marking or other steps in the dental restoration process. The
information may be entered by selecting a point on a video image or digital model surface and
entering any desired text, attachments, or other data or information. These annotations may
be visually displayed as flags or other visual landmarks. In one aspect, the annotations may
be provided on the video image. In another aspect, the annotations may be provided on the
model. In another aspect, the annotations may be provided in one view, and displayed on
both views.

[0076] It will be understood that other information, such as a camera model,
distortion model, calibration data, and the like may be usefully transmitted along with or as a
part of the prescription data for a particular patient and/or restoration. In addition,

information such as header information inserted into frames of video data by a scanner may
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be transmitted. This header information, which may include details on a particular scanner
(e.g., a serial number), lighting conditions for a scan, the region of dentition scanned, and so
forth, may also be usefully transmitted, and may be employed for a variety of downstream
uses such as automated determination of video metadata such as a view (e.g., buccal, lingual,
distal, medial, occlusal, etc.) or an identification of teeth within a current image. By way of
example and not limitation, this information may be employed to label thumbnail views used
in the navigation techniques described below. In other embodiments, the camera model
(camera parameters, calibration data, distortion data, and the like) may be stored at a remote
location, with the selection of a camera model for a particular scan based on the identification
of the scanner in the video metadata. This approach advantageously reduces the amount of
data that must be transmitted with each scan, while providing full information to characterize
the relationship between video data and a three-dimensional model at a remote location where
the model is being viewed and/or manipulated.

[0077] In addition to supplementing model information as described above, a dentist
or other scan creator may prepare a more compact data transmission by removing unneeded
material from the video and/or model data. In general, this selection process applies the
general principle that the video data required for a three-dimensional model reconstruction
may be different (and typically greater) than the video data required for human video-assisted
review of the model or modeling operations such as margin marking. For example, after
identifying a specific tooth or teeth for a restoration or the like, the operator may delete
unneeded video frames or model data, or may initiate an automated removal of unneeded data
based upon the identification of what video data is relevant to the region(s) of interest.
Regions of interest may include a prepared tooth surface, one or more adjacent teeth, one or
more opposing tecth, a number of prepared teeth (such as for a bridge), and so forth. Video
images and/or a corresponding model may be stereoscopically rendered within a user
interface at the site of the scan to assist with this pre-transmission selection of regions of
interest. The user interface may incorporate some or all of the features described below with
respect to a user interface for margin marking. In general, a number of criteria may be
employed for selecting regions of interest or relevant image frames for a dental procedure

such as margin marking. For example, frames of video data may be selected for coverage of
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the image data, such as complete coverage of the regions of interest or optimal (e.g., non-
overlapping or overlapping a predetermined amount) coverage of the regions of interest.
Similarly, frames may be selected based upon orientation of the image data such as the best
viewing angle, either for visual inspection or accuracy of calculated three-dimensional data
(or both). Selection based upon orientation may further include selection of multiple frames
with substantially different perspectives on each surface point or surface area in order to
ensure or improve the chances of a number of unique perspectives on each surface feature. It
will also be appreciated that, even within a region of interest, the video image capture rate of
the scanner may be such that only a small number of video images are required for
meaningful human review. Thus for example, a data reduction process may automatically
eliminate every other frame, four out of five frames, nine out of ten frames, or any other
number of frames selected to preserve adequate video data for video-assisted review as
described herein. In a manual technique, a user may explicitly select the relevant video
images. In an semi-automatic technique, a user may graphically identify points or regions of
interest and the video data may be processed to select video images satisfying one or more
selection criteria such as those described above. In a fully automated procedure, a user may
simply identify the relevant teeth or provide a prescription, and a computer program may
process the video images to determine regions of interest and select frames of video data
accordingly.

[0078] Thus in one aspect there is disclosed herein a technique for reducing the size
of a digital dental model by removing video frames and/or model data that are not relevant to
a restoration. In another aspect, there is disclosed herein a technique for reducing the size of a
digital dental model by removing video frames and/or model data that are not required for
marking a margin. In addition to detailed video and or model data for the selected regions, a
lower quality model of additional dentition may be transmitted with the selected regions, such
as a low quality full arch model for use in a physical or virtual dental articulator. In another
aspect, a similar subset of video images may be selected when displaying thumbnail views in
a user interface as described below. Thus images of significance in a dental restoration
procedure such as margin marking may be selected for display in a video navigation user

interface such as the interface described below. These images may be further labeled with
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orientation information for a user such as a view (buccal, lingual, distal, mesial, etc.), which
may be displayed textually or through an illustrative icon, diagram, three-dimensional
compass, or any other suitable visualization technique.

[0079] Once suitable data has been acquired, one or more modeling operations may
be performed, as shown in step 304. This may include modeling steps such as ditching a
virtual die of a digital dental model, specifying a tooth for treatment, filling holes or otherwise
correcting data, bite registration, and/or fully designing a restoration, prosthetic, hardware or
other dental object(s), as well as any other modeling or digital model manipulation useful in a
dental context. Modeling may be performed using a variety of commercially available
Computer Automated Design (“CAD”) or other three-dimensional modeling tools, as well as
tools incorporating the additional features described below in greater detail.

[0080] For example, modeling may include bounding the surface representation to
form a solid, and then creating a void space, or collection of void spaces within the solid that
do not affect dentally significant surfaces such as the dentition or surrounding soft tissue.
This may advantageously result in significant reductions in material required to fabricate a
dental model from the voided digital model, thus reducing material costs as well as time to
manufacture dental models. Modeling may also include creating or manipulating a margin on
a prepared tooth surface. A number of other modeling steps are described with reference to
specific fabrication processes below. It will be appreciated that the term “modeling” as used
herein may refer to any processing of a digital dental model including fully automated, semi-
automated, and/or manual processes such as those noted throughout this description.

[0081] As shown in step 306, a prescription may be prepared. This specifies a type
of restoration, prosthetic, or the like, and may include a variety of additional information
related to a manufacturer, color, finish, die spacing, and so forth. It will be appreciated that
the prescription step 306 may be performed before the modeling step 304, such as in a process
where a dentist transmits the initial digital surface representation from a patient to a dental
laboratory along with a prescription, leaving some or all of the modeling to the dental
laboratory.

[0082] As shown in step 308, one or more dental objects may be fabricated.

Fabrication may be performed using any of the fabrication technologies described above,
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either alone or in various combinations, using data from one of the modeling systems
described above, which may be reformatted or otherwise adapted as necessary for a particular
printing, milling, or other fabrication technology. Also, as will be clear from some of the
examples below, fabrication may include a combination of different fabrication technologies.
For example, dental model may be three-dimensionally printed with a space for a die, and the
die may be milled of a different material for use in subsequent processing steps. Thus, the
term “fabrication” as used herein is intended to refer to any suitable fabrication technology
unless a specific fabrication technology is explicitly identified, or otherwise clear from the
context. A number of specific fabrication examples are discussed below in greater detail.

[0083] As shown in step 310, a prosthetic or other dental object may be returned to a
dentist for placement into a patient’s dentition.

[0084] It will be appreciated that the above processes, as well as the methods and
systems described below, may be realized in hardware, software, or any combination of these
suitable for the data acquisition, modeling, and fabrication technologies described herein.
This includes realization in one or more microprocessors, microcontrollers, embedded
microcontrollers, programmable digital signal processors or other programmable devices,
along with internal and/or external memory. The may also, or instead, include one or more
application specific integrated circuits, programmable gate arrays, programmable array logic
components, or any other device or devices that may be configured to process electronic
signals. It will further be appreciated that a realization may include computer executable code
created using a structured programming language such as C, an object oriented programming
language such as C++, or any other high-level or low-level programming language (including
assembly languages, hardware description languages, and database programming languages
and technologies) that may be stored, compiled or interpreted to run on one of the above
devices, as well as heterogeneous combinations of processors, processor architectures, or
combinations of different hardware and software. At the same time, processing may be
distributed across devices such as a camera and/or computer and/or fabrication facility and/or
dental laboratory in a number of ways or all of the functionality may be integrated into a
dedicated, standalone device. All such permutations and combinations are intended to fall

within the scope of the present disclosure.
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[0085] It will also be appreciated that means for performing the steps associated
with the processes described above may include any suitable components of the image capture
system 100 described above with reference to Fig. 1, along with any software and/or hardware
suitable for controlling operation of same. All such realizations and means for performing the
processes disclosed herein are intended to fall within the scope of this disclosure.

[0086] Fig. 4 shows a generalized process for working with digital dental models
using the tools described herein, and more particularly for preparing a model for use in
fabrication of a dental restoration such as a crown.

[0087] In auser interface, command line interface, or the like, a user such as a
dental technician may select a model from a work queue of digital models, as shown in step
402. This may be, for example, a queue stored on a local system, or a queue stored at a
remote location accessible through a web-based portal for dental laboratories or other dental
professionals. It will be understood that while a queue generally includes any system for
distributing modeling projects to one or more users on a systematic bases such as a file server,
content management system, or the like, the digital dental models and accompanying data
may also be represented simply as a file (or group of files) located in a local computer
directory or a file (or group of files) received over a network. The model may include, for
example, relevant scans such as a digital dental impression acquired before and after a
dentist’s preparation of a tooth surface for a restoration. Other information may also be
usefully included, such as dental prescription information to guide the user and video data
acquired during the scan(s) used to obtain the digital dental impression. This latter data may
be used, for example, as an aid to margin marking as described in greater detail below.

[0088] After selection of a particular model, a user may mark dies within the model,
as shown in step 404. In general, separation into dies permits easier handling of the operative
tooth or teeth during subsequent physical (and digital) processing, and the individual dies will
be manufactured as separate pieces for use in a dental laboratory. Cutting into dies may
include presenting the model to a user along with tools for the user to control display (e.g.,
rotational orientation, zoom, pan, etc.) of the model and tools for the user to define one or

more dies within the model. In one embodiment, a die cutting tool may permit the user to
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define vertical planes through a model at locations that separate teeth of an arch. An example
of this operation is depicted in Figs. 5-6 below.

[0089] After a model has been separated into dies, a user may mark margins for
restorations as shown in step 406. A user may be prompted to identify one or more dies that
require margin marking. Once one or more dies have been specified, a user interface may
present a three-dimensional rendering of one of the specified dies, and may provide a
graphical tool for marking points along an intended margin within the user interface. Again,
the interface may include tools for controlling display of the model, such as rotational
orientation, zoom, pan, and so forth, so that a user can conveniently navigate around the
model during marking. A margin marking tool in the interface may permit selection of points
along a surface of the model, and may form a margin line through any suitable algorithm for
joining the points into a continuous, closed loop on the tooth surface. The tool may permit an
addition of points, a deletion of points, and/or a movement of points. The tool may also
permit selection and/or de-selection of points for group operations such as joining into a
margin line, deleting, moving, and so forth. A number of useful interface features to assist
with margin marking are described in greater detail below.

[0090] Once the margins have been marked, the dies may be ditched as shown in
step 408. In general, this operation entails removal of portions of the die(s) below the margin
line to permit easier identification of the margin line during subsequent handling steps.
Ditching may be automated by processing the model to remove material below the margin
line (or reshape the surface where a surface-only representation of the model is used).
Manual ditching may also be supported through user interface tools that permit removal of
model material. A combination of automated and manual techniques may also be employed.

[0091] Once the die has been cut, the margin has been marked, and the model has
been ditched, the model may be saved for further processing as shown in step 410. The user
may then return to the work queue to select another model as shown in step 402. More
generally, the model and its various parts (e.g., the dies) may be stored at any stage of
processing so that a user may save any current work and return to the saved project at a later
time. While not specifically depicted, it will be appreciated that a user may select a new

model from the work queue (step 402) before completing a previously selected model, so that
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the user can maintain any number of models at various stages of completion according to
scheduling demands, personal preferences, or any other criteria.

[0092] It will be understood that the operations described above may be distributed
among a number of locations involved in a digital dental workflow. For example, models
may be originally created by a dentist using a digital scanner such as any of the scanners
described above. The scanned model may be transmitted over a data network (along with
prescription information and any other useful data) to a central repository that stores scan data
and provides a secure interface for downstream users. Models may be selected from the
repository in work queue fashion as described above by a dental technician at a dental lab or
other facility, and the dental technician may cut and mark the models as appropriate. The
technician may then apply any suitable ditching, or the cut and marked model may be
returned to the central repository or some other post-processing location for automated
ditching. Once returned to the central repository, the dies, prescription, and other data may be
provided (again through a secure interface) to a rapid fabrication facility which may
manufacture corresponding dental objects and forward them to a dental laboratory for
finishing. While this is one example of a workflow that usefully distributes processing steps
according to competence and capabilities, it will be understood that numerous other
arrangements are possible, and may usefully be employed within the scope of the systems and
methods described herein.

[0093] In one aspect, the methods described above may be employed to prepare
models for rapid fabrication or the like, resulting in the fabrication of a physical model from a
digital model of a die that has been cut, marked (on the margin), and ditched as generally
described above. This in one aspect, a method described herein includes selecting a digital
dental model; cutting at least one die from the digital dental model to provide a die model;
marking a margin on the die model to provide a marked model; ditching the marked model to
provide a ditched model; and fabricating a physical model from the ditched model. The
method may include transmitting the ditched model to a remote data repository, to a dentist
for review, or to a rapid fabrication facility for creation of the physical model.

[0094] Figs. 5 and 6 depict a graphical die cutting operation that may be employed

in a user interface for handling digital dental models. As shown in Fig. 5, a model 502 such
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as a scan of a dental arch may be graphically depicted in a user interface 500 by rendering the
model 502 from a desired perspective. It will be understood that while a single arch is
depicted, the model 502 may include multiple arches, including opposing arches, or may
include a portion of an arch such as one or more tecth of interest. As shown in Fig. 6, a
graphical tool may permit a user to specify one or more cuts 602 within the model 502 to
segment the model into one or more sections 604, including one or more dies or individual
teeth, also known as operative teeth (for a restoration such as a bridge, a die may include more
than one tooth). Each section 604 may then be individually processed as appropriate. While
the cuts 602 are depicted as lines through an appropriately oriented model, the graphical
cutting tool may employ a number of different techniques for segmenting the model 502
including lines (which might define vertical planes), planes, or the like. Where planes are
used to define sections 604 of the model 502, a tool may provide any suitable graphical
representation of the planes within the user interface, and may permit a user to add, remove,
or reposition the planes. The tool may also, where appropriate, permit a user to skew the
planes off vertical to achieve a desired segmentation of the model 502. It will be understood
that cutting a digital dental model into segments such as dies may be performed using a
number of user interface tools, and may be digitally represented using a number of
techniques. For example, the model may be separated into a number of separate surface
models for each segment of the original model, or the cut planes used to define the segments
may be associated with the original model to represent various sections therecof. Any
techniques suitable for digitally representing the segmentation of the original model into a
number of segments such as dies may be used with the systems and methods described herein.
[0095] Fig. 7 depicts a graphical margin marking operation that may be employed in
a user interface for handling digital dental models. As shown in Fig. 7, a model 702 such as a
die from one of the digital dental models described above may be graphically depicted in a
user interface 700 by rendering the model 702 from a desired perspective. A margin line 704
may be created within the model 702 by selecting one or more points 706 on a surface of the
model 702 (where a restoration is to meet the prepared tooth surface) and joining the points
706 in a continuous closed loop of the margin 704. The user interface 700 may provide tools

for controlling a perspective or point of view for rendering the model 702, such as for
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rotating, panning, zooming, and the like. In the following description, terms such as
perspective and point of view are used interchangeably to refer to data describing a position
and orientation from which a subject is being viewed. In three dimension space, this typically
includes x, y, and z coordinates as well as rotational orientation on three axes. The user
interface 700 may also provide tools for manipulating the points 706, such as for creating,
deleting, or moving points, as well as for selecting and/or de-selecting points for group
operations such as a move or delete. The tool(s) may include an undo feature for undoing one
or more previous operations. The points 706 may be jointed automatically or manually, or
some combination of these, such as through a tool in the interface 700 that automatically
interconnects all points not joined manually, or a tool that suggests a next point based upon
extrapolation or interpolation of existing points. The margin line 704 may be represented as a
line, a set of line segments, a set of points, or any other suitable data set, which may be
defined in a coordinate system of the model 702 (and by extension, in a coordinate system of
the model of Figs. 5 and 6, or any other digital model from which the operative tooth model
was obtained). In general, while two-dimensional user interfaces are depicted in these
drawings, the user interface 700 of the systems and methods described herein may employ
any suitable two-dimensional or three-dimensional rendering techniques, including the
various stercoscopic three-dimensional interfaces described herein.

[0096] Fig. 8 depicts a graphical ditching operation that may be employed in a user
interface 800 for handling digital models. Once a margin line 802 has been defined for a die
804, ditching the die may be manually or automatically performed to provide a tooth base 806
for convenient handling of the resulting physical model used by a dental laboratory to create a
restoration, and to make the margin line more readily visible in digital and physical models.
With a properly specified margin line 802, ditching of the die is amenable to a high degree of
automation. The user interface 800 may nonetheless provide tools for specifying various
ditching parameters (depth, amount of material removal, etc.) and for inspecting the resulting
ditched die. The user interface 800 may also provide tools for manually ditching, and/or for
refining an automatically ditched die. Where highly detailed dental models are used,
processes such as automated ditching may be advantageously performed at a digital data

center such as the remote data repository described above.
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[0097] Fig. 9 illustrates an automated margin marking technique. One useful
technique for automated margin marking employs a direct comparison of a tooth surface
before and after preparation for a restoration. As depicted in Fig. 9 in a cross-sectional view,
a model of a tooth surface before preparation for a restoration 902 may be registered with a
model of a tooth surface after preparation for the restoration 904, where the pre-prep model
902 includes the volume of the post-prep model 904, as well as additional tooth structure. A
line 906 formed on an exterior edge of the registered models (only two points on this line are
visible in Fig. 9 at the left and right edges of the cross section) defines the margin line for the
prepared tooth surface. The line 906 may be algorithmically identified using a Boolean XOR
of the surfaces or volumes of the registered models, or using any of a number of other suitable
edge finding techniques.

[0098] For example, contour evaluation may be applied to algorithmically identify
the margin on the post-prep model 904 (or an associated pre-prep model) in three-dimensions.
Similarly, edge finding techniques may be applied to still video images, with the results
mapped to the three-dimensional model using, for example, the techniques described herein.
In another embodiment, two-dimensional and three-dimensional techniques may be used in
conjunction with results averaged or otherwise combined to derive a single margin line. In a
semi-automated embodiment, image-based and model-based techniques may be separately
applied, and a user may be permitted to select which result is used for a margin line, or the
user may be permitted to select portions of the margin line from each result.

[0099] Fig. 10 shows a user interface for visually-assisted margin marking. A
number of the processes described above are relatively straightforward and amenable to
automated or computer-assisted modeling techniques. However, margin marking presents
particular difficulties due to the likely presence of gross errors in a digital surface scan of
dentition resulting from blood, saliva, or displaced soft tissue around the critical scan areas for
a margin. The following interface addresses these difficulties by supplementing a display of a
three-dimensional model with video images obtained during a scan. This interface is
particularly suited to video-based scanning techniques such as a multi-aperture camera that

includes a center channel for capturing video, as described generally above.
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[00100] The user interface 1000 may include, for example, a video image window
1010, a cross-sectional view window 1020, a model view window 1030, and a video control
window 1040. One or more of these windows 1010-1040 may be stercoscopically rendered,
or otherwise displayed in three-dimensions using available data such as the three-dimensional
model, video image pairs, and/or sequences of images that can be warped to provide suitable
stereo image pairs. The model view window 1030 and the cross-sectional view window 1020
employ two-dimensional rendering based upon a three-dimensional model, so sterecoscopic
rendering in these windows is a relatively straightforward application of known stercoscopic
techniques. Where a multi-aperture or multi-camera image sequence is provided, the still
image in the video image window 1010 may also be stercoscopically rendered based upon
depth information encoded in stereo image pairs or the like. In one aspect, this stereoscopic
image may be synthesized based upon a center channel image (where available), the
reconstructed 3D model, and a camera model that provides mappings between image and
object space. In one aspect, a user may switch between an originally acquired stereo image
pair and the synthesized sterecoscopic image to permit qualitative evaluation and/or validation
of the three-dimensional digital model.

[00101] The video image window 1010 may display a still image from a video of a
subject. The video may have been acquired during a three-dimensional scan, such as from a
center channel of a multi-aperture camera, or from a video camera in a nearby, fixed, and
known location relative to a scanning device. In general, a variety of handheld scanners are
know that employ a variety of techniques for obtaining three-dimensional images including
structured light or laser techniques, time-of-flight techniques, single-camera video techniques,
multi-camera. multi-aperture, or split-pupil video techniques, and so forth. Although there are
exceptions, these techniques largely rely on three-dimensional reconstruction algorithms that
either require camera path data as an input or derive camera path data during processing of
scan data. In other words, for each video image obtained during a scan, there is a
substantially corresponding, known, concurrent camera position that includes camera position
and rotational orientation relative to a subject being scanned. Thus for a still image displayed
in the video image window 1010, a perspective or point of view of the scanner on the image

content -- in this case, the subject is a prepared tooth surface — can be determined. This
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information is useful for synchronizing views with the perspective view window, as will be
described in greater detail below. Where non-video scanning techniques are employed, data
may be supplemented with concurrent two-dimensional video that provides still images to
supplement margin marking and other procedures as generally described herein.

[00102] Orientation information may be usefully displayed within (or otherwise in
association with) the video image window 1010. For example, to assist a user with
orientation of the image within the context of dentition, the video image window 1010 may
display a viewpoint (e.g., buccal, lingual, distal, mesial, etc.) and/or distance of the current
image, any of which may, as noted above, be determined from the scanner position data
obtained during a scan. Further, a user control may be provided for direct selection of
orientation. For example, a user may textually or graphically select an orientation for which a
view of the current tooth or tooth surface is desired. The user interface may responsively
select an image that contains an orientation of the subject matter that most closely
corresponds to the selected orientation and display this image in the video image window
1010. In addition, the video control window 1040 described below may be responsively
updated, such as be selecting a group of thumbnail images 1042 having a variety of different
perspectives on the tooth surface selected, or a number of predetermined closely adjacent
orientations.

[00103] In another aspect, a variety of image enhancement techniques may be applied
to the working image(s) displayed in the video image window 1010 to enhance visual quality
of the displayed image. For example, the display may employ locally adaptive contrast
enhancement or contrast limited adaptive histogram equalization, or any other suitable
techniques. The display may also, or instead, employ other information such as distance from
a light source or information available from a corresponding three-dimensional model to
control color, intensity, and the like for improved visual display of the still video image(s).
Pseudo-coloring may also be employed advantageously, such as by shading an area around a
margin or accenting areas of high spatial contrast. It will be understood that the image
enhancement techniques described herein may be employed to assist margin marking or other
dental operations as well as during or immediately after a scan as an aid to video review by

the scan operator.
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[00104] As described below, in one aspect the system operates to synchronize a
viewpoint or perspective of a subject in the video image window 1010 and the model view
window 1030. A number of techniques may be employed in order to maintain consistent
visual information among the various windows of the user interface 1000. For example, the
video image may be undistorted to more closely match depth information apparent in a
stereoscopically rendered three-dimensional model. In one embodiment, the three-
dimensional model accurately reflects the physical, three-dimensional counterpart and
incorporates any calibration data, camera parameters, distortion models, and the like, so the
preferred technique would be to undistort the video image accordingly for display. As a
significant advantage, this approach permits a simple pinhole projection characterization of
the mapping between the video image space and the digital model space, which can
significantly reduce computation time for mappings between the two representations.
However, it is possible and may be desirable in certain cases to distort the three-dimensional
model to spatially correspond to the stereoscopically rendered video image. In either case,
spatial correspondence may generally be achieved by mapping data across the camera model,
calibration data, and the like used to create the three-dimensional model from the video data.
This adjustment may include a distortion model for the camera system, which may account
for x, y, and/or z dependent distortion in one or more channels of the camera system, as well
as scene parameters such as viewing angle and the like.

[00105] Other techniques for conforming images in the various displays include
adaptations of the still image display to a perspective selected in the model view, such as by
texture mapping of video data onto the model, or warping, combining or otherwise processing
existing image pairs to synthesize a perspective corresponding to the model view.

[00106] A number of points 1012, which may be user-positioned points or computer-
positioned points, define some or all of a margin line 1014 (a partial margin line is illustrated
by way of example and not limitation) within the video image window 1010. Points 1012
may be controlled with a user interface tool such as a cursor, along with any drop down
menus, lists, scroll bars, keystrokes, or other controls suitable for adding, deleting, and
moving points 1012. In addition, points 1012 may be selected or de-selected for group

operations such as joining a group of points (to form some or all of a margin), moving a group
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of points, deleting a group of points, or adjusting a group of points to create a smoother
margin line, or to algorithmically move points to more likely margin positions based upon
curvature analysis, data concerning an unprepared tooth surface, or any other available
information in combination with various techniques known in the art. Other more processing-
intensive functions may also be provided, such as recommending a point location within a
region around a current cursor position, completing the closed loop of a margin line based on
one or more user-selected points, or looking for possible outliers in a current point set that
defines a margin line. Where the video image window 1010 is stereoscopically rendered, a
three-dimensional cursor may also be provided to accommodate user navigation within the
rendered three-dimensional space. The three-dimensional cursor may be similarly employed
in any of the windows 1010, 1020, 1030, 1040 that employ stereoscopic or other three-
dimensional rendering techniques.

[00107] A number of useful features may be incorporated into a three-dimensional
cursor. For example, the three-dimensional cursor may effectively behave as if it were
attached to the surface of the imaged model (or stereoscopic video image) so that user
motions (such as with a mouse) in a two-dimensional plane are projected onto the
corresponding image locations relevant to the surface of the stereoscopically rendered image
in the stereoscopic coordinate system. This technique works well with the systems described
above where the video and model displays contain projections with unique surface locations
for each screen location (such as a pixel or the like). However, in certain embodiments,
additional three-dimensional functions may be provided that are not attached to the projected
surface. This may include, for example, validation of the model and/or stereo images, editing
the model based upon the stereo video images, and so forth. In such instances, an additional
control such as a mouse scroll wheel may be employed to provide an additional degree of
freedom for user input.

[00108] While three-dimensional input may permit unconstrained cursor movement
within the sterecoscopically rendered three-dimensional space, the third user input (e.g., scroll
wheel) may also be further adapted for use with the margin marking operations described
herein. For example, using the interface, tools, and three-dimensional cursor described

herein, a user may directly edit the digital model in the model view window 1030, such as to
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create better agreement between video images and the three-dimensional model. There may
be numerous reasons for such an edit. For example, with reference to the video, a user may
identify artificial objects in a field of view such as cord, saliva, blood, and so forth. As
another example, the video-based stereoscopic rendering and the model-based stercoscopic
rendering may appear different. This may occur where, for example, the stereoscopic video is
derived directly from image pairs obtained during a scan, while the model is derived using a
camera model (e.g., camera parameters, calibration data, distortion data, and the like). A user
may address these variations by selecting a point on the stereoscopically rendered surface of
the model (or the video image) and moving the point freely in three dimensions. For
example, the scroll wheel may control movement of the surface point in the z-axis of the
screen, or in a direction normal to the surface. Further a user may control the extent to which
surrounding points follow the movement. This technique may also be employed to sharpen
the margin where the margin on the model appears overly rounded, or otherwise deviates
from the margin depicted in the video image (or temporally adjacent images that provide
clearer visual content). In one aspect, these tools permit direct manipulation of the digital
model and/or stercoscopically rendered video image. In another aspect, these tools enable
validation of the digital model by direct comparison to the source image data. In either case,
the user-provided model revisions may be used to revise the mapping of the model to the
video image so that the user’s changes are retained throughout any subsequent model
operations. Another useful application is to segment individual teeth where the model
appears to physically couple or bridge adjacent teeth across an interproximal gap.

[00109] The cross-sectional view window 1020 may be included within the user
interface 1000 to assist a user in identifying contours of a tooth surface, and in particular for
more accurate manual location of a margin. Cross-section view: this view shows the cross-
section of the currently selected edit area point to help identify high curvature areas. The
window 1020 may display one or more of a cross-section 1022 of a subject, such as at a
current edit point 1024 (which may be any of the points 1012 displayed in the video image
window 1010), or a perspective of the digital model 1026 beginning at a planar cross-section
that includes the current edit point 1024, or some combination of these. The orientation of the

planar cross-section through a subject may vary, although for purposes of discriminating
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contours, an orientation having the steepest or most varied slope may suitably be selected. A
plane normal to the margin line may also be usefully employed. Points such as the current
edit point 1024 or other points of the margin line, and changes thereto, may be synchronized
with points displayed in the video image window 1010 and/or the model view window 103 as
generally described above.

[00110] The model view window 1030 may be included within the user interface
1000 to provide a margin marking environment based more closely on three-dimensional data
in the digital model 1032 of a subject. The model view window 1030 may provide a two-
dimensional or three-dimensional rendering of the digital model, along with tools and/or
controls such as those described above for adding, deleting, or otherwise manipulating points
1034 and/or groups of points to mark a margin line 1036 on a tooth surface. As noted above,
cach change to a point 1034, along with resulting changes to the margin line 1036 may be
used to update display of the points and/or margin line in other windows 1010, 1020, 1040 of
the user interface 1000.

[00111] The video control window 1040 may be included within the user interface
1000 to provide for user selection of a still image for display in the video image window
1010, or more generally for navigating within a video stream captured by the camera system.
Using the video control window 1040, a user may navigate within the video sequence as
appropriate to create, inspect, and validate a margin line. The video sequence may be a video
sequence from a camera system used to obtain three-dimensional data for a scan subject, or
from a related camera having a substantially known relationship relative to the camera system
and/or scan subject.

[00112] In one embodiment, the controls may include a number of thumbnail images
1042 showing images from various camera locations during a scan. Other visual cues may be
provided with the thumbnail images 1042. For example, an arrow 1044 or other highlighting
feature may be provided to illustrate which of the thumbnail images 1042 contain surface arca
visible in the model view window 1030, or which of the thumbnail images 1042 contain
visible portions of the margin line. Thumbnail images 1042 may also or instead by displayed
with orientation information. For example, the thumbnail images 1042 may provide

orientation details (e.g., buccal, lingual, distal, mesial) or distance by providing annotations
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using text, icons, or other visual cues contained with or displayed adjacent to each thumbnail.
A current video image displayed in the video image window 1010 may also be identified
using highlighting 1046 or other visible indicia. While the current image is depicted at a left-
hand side of the window 1040, the current image may instead be positioned at the center of
the thumbnail images 1042 or any other suitable location. It will be appreciated that
thumbnail images 1042 may in general be selected and/or grouped according to relevance in
order to assist a user. For example, thumbnail images 1042 may be selected to provide a
variety of views of a current tooth, or of a portion of a margin line currently being edited.
Where a dentist (or other scanner) has identified a number of teeth, grouping the thumbnails
so that only images of the current tooth may be particularly helpful to a downstream
technician.

[00113] While a one-dimensional thumbnail array is depicted in Fig. 10, it will be
understood that numerous other techniques are known in the art for video timeline control and
may be suitably employed with the systems described herein. By way of example and not of
limitation, the video control window 1040 may display a two-dimensional array (i.e., 2 x 5, 3
X 5, or any other suitable dimensions). The window 1040 may also, or instead, include a
slider or other control for user navigation along an entire video sequence. In another aspect,
the thumbnail images 1042 may be temporally adjacent frames of video data, or may be
spaced apart at suitable intervals such as every fifth frame of data, tenth frame of data, or the
like. The thumbnail images 1042 may also, or instead, include synthesized images from a
variety of viewpoints useful for margin marking. These and other variations may be usefully
employed within the video control window 1040 described herein.

[00114] In one aspect a perspective or point of view may be synchronized between
the video image window 1010 and the model view window 1030. For example, a user may
operate controls within the video control window 1040 to select a video image for display in
the video image window 1010. In response to selection of a video image of a subject, the
model view window 1030 may render the subject (based upon a digital model of the subject)
from the same point of view or perspective. To this end, position data for the scanner/camera,

such as x, y, and z position (in any coordinate system referenced to the subject) and rotational
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orientation, may be obtained from data acquired during the scan. This position data may then
be employed to render the digital model appropriately.

[00115] A user may also or instead control the perspective of the digital model in the
model view window 1030 as generally described above. In this case, the video image window
1010 may be updated to provide a video image more closely corresponding to the user-
selected perspective in the model view window 1030. A number of techniques may be
suitable employed for synchronization from the model view window 1030 to the video image
window 1010. For example, user controls for altering perspective in the model view window
1030 may be constrained so that a user can only move perspective along the camera path that
was used to obtain the three-dimensional data. In this example, a limited ability to pan or
zoom may be provided for variations in point of view that stay within the context of the
current video image. In addition, the video image may be warped, re-sized, or otherwise
manipulated to accommodate minor variations in rotational orientation or the like. As another
example, a new video image may be selected for display in the video image window 1010 by
finding a video image within the full video sequence (or a portion of the full video sequence)
that most closely corresponds to the user-selected viewpoint. This may be determined, for
example based upon any suitable distance or other quantitative comparison between position
and/or rotational orientation of a new user-select viewpoint and viewpoints associated with
images within the video sequence. As another example, a new video image may be
synthesized that nearly or exactly corresponds to the user-selected perspective using various
combinations of video data, camera system distortion models, three-dimensional digital model
data, and any other available data. This may include, for example, mapping video texture data
onto the three-dimensional model, or combining video data from a number of different video
images, along with suitable warping, scaling, registration, and the like.

[00116] In another embodiment, the system may provide unidirectional
synchronization. That is, the model view may respond to a selection of a still image by
rendering from the perspective of the selection. The model view may subsequently be
manipulated to provide any suitable perspective for editing or validating a margin, while the
still image in the video image window 1010 remains unchanged. The user may be provided

with a reset control to return the model view to the perspective of the still image, and the

40
-231-



10

15

20

25

30

model view may continue to respond to a new image selection by re-rendering the model from
the perspective of the new image. Thus views in the video image window 1010 may control
rendering in the model view window 1030. However, altering perspective of the model view
window 1030 has no effect on the still image displayed in the video image window 1010.

[00117] In another aspect, display of the points 1012 in the video image window
1010 may be synchronized with display of points 1032 in the model view window 1030.
Thus a user manipulation of a point 1012 in the video image window 1010 may be used to
update the same point 1032 in the model view window 1030, and a user manipulation of a
point 1032 in the model view window 1030 may be used to update the same point 1012 in the
video image window 1010. It will be understood that in either case, a user may select a point
in two dimensions (corresponding to the user interface), with a three-dimensional location of
the point determined by projecting the x and y coordinate of the point on to a surface of the
model or the still image. In either case, information about the camera system such as
distortion models for camera channels may be employed to accurately transform spatial
information for a point between the two windows 1010, 1030. More generally, some or all of
the windows 1010, 1020, 1030, 1040 may include tools for manipulating points and/or the
margin line, with any changes updated throughout all of the windows. It will be appreciated
that numerous other arrangements may be provided. For example, points and/or margin lines
may optionally not be displayed in the video control window 1040 or cross-sectional view
window 1020. As another example, tools for controlling points may only be provided in one
or two of the windows, such as the video image window 1010 and the model view window
1030.

[00118] Using the user interface 1000 and tools described above, a wide array of
iterative and/or interactive margin marking processes may be employed. By way of example
and not of limitation, one such operation is now described. A user may initiate a margin
marking process by selecting a thumbnail image 1042 in the video control window 1040 for
display (as a “working image”) in a working area such as the video image window 1010. A
user may then use a mouse to select points along a margin line in the video image window
1010. The margin marking system may receive these two-dimensional selections through the

user interface 1000 and correlate them to the three-dimensional space of the three-
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dimensional model. Using location/rotation data for the selected image, the system may also
render a corresponding view of the digital model in the model view window 1030, along with
any corresponding points selected in the working area. A user may review point selections
and a corresponding margin line in the model view window 1030. In addition, the user may
manipulate the model view to provide any number of useful perspectives on the model for
visual validation of the selected margin or points therecof. A user may then select another
thumbnail to obtain a new working image, and continue iteratively until adequate points have
been identified to derive a complete, closed loop margin line.

[00119] In another aspect, tools may be provided for manipulating the digital model,
either through interaction with the model in the model view window 1030, the video image in
the video image window 1010, or a combination of these. For example, the three-dimensional
cursor techniques described above may be more generally applied to address possible
variations between a video image (based upon a single image pair) and a model view (based
upon a composite of image pairs). The variations may result from image-to-image variations
in subject matter clarity, or model-wide variations resulting from the synthesis of numerous
different image pairs. In addition, the techniques described above may be used to correct
errors originating with the person who originally operated the scanner. For example, where a
flap of skin or the like obstructs a portion of a margin, or a particle or the like creates a
discontinuity on the margin line, these deficiencies may be addressed by extrapolating,
interpolating, or otherwise synthesizing other available surface data either automatically,
semi-automatically, or manually using the interactive model editing tools above.

[00120] While the invention has been described in connection with certain preferred
embodiments, other embodiments may be understood by those of ordinary skill in the art and

are encompassed herein.
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CLAIMS

What is claimed is:

1. A method comprising:

creating a three-dimensional model from a sequence of image sets, cach image set
including a plurality of images of a subject including dentition, each one of the plurality of
images captured from a different optical axis, the plurality of images including at least one
video image;

rendering the three-dimensional model in a user interface from a perspective;

selecting a video image from the sequence of image sets that contains a view of the
subject most closely corresponding to the perspective;

displaying the video image in the user interface; and

providing a tool for marking a margin of the dentition.

2. A system comprising:

a memory storing a three-dimensional model of a subject and a sequence of image sets
used to create the three-dimensional model, each image set including a plurality of images of
a subject including dentition, each one of the plurality of images captured from a different
optical axis, the plurality of images including at least one video image;

a display configured to provide a user interface presenting the sequence of image sets;
and

a processor configured to render the three-dimensional model in the user interface
from a perspective, select a video image from the sequence of image sets that contains a view
of the subject most closely corresponding to the perspective, display the video image in the

user interface, and provide a tool for marking a margin of the dentition.

43
-234-



10

15

20

25

30

3. A method comprising:

creating a three-dimensional model from a sequence of image sets, each image set
including a plurality of images of a subject, each one of the plurality of images in each image
set captured from a different optical axis;

displaying one of the plurality of images in a first window;

rendering the three-dimensional model in a second window; and

synchronizing the first window and the second window to provide a common

perspective on the subject.

4. The method of claim 3 further comprising receiving a user selection of a different one
of the plurality of images and rotating the three-dimensional model to maintain the common

perspective.

5. The method of claim 3 further comprising receiving a user selection of a different one
of the plurality of images and translating the three-dimensional model to maintain the

common perspective.

6. The method of claim 3 further comprising receiving a user selection of a different one
of the plurality of images and scaling the three-dimensional model to maintain the common

perspective.

7. The method of claim 3 further comprising receiving a user selection of a different
perspective of the three-dimensional model and selecting a new one of the plurality of images

to maintain the common perspective.

8. The method of claim 3 further comprising receiving a user selection of a different
perspective of the three-dimensional model and creating a composite video image from two or

more of the plurality of images to provide a common perspective on the subject.
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9. A system comprising:

a memory storing a three-dimensional model of a subject and a sequence of image sets
used to create the three-dimensional model, each image set including a plurality of images of
a subject, each one of the plurality of images in each image set captured from a different
optical axis;

a display configured to provide a user interface displaying one of the plurality of
images in a first window; and

a processor configured to render the three-dimensional model in a second window
displayed in the user interface and synchronize the first window and the second window to

provide a common perspective on the subject.

10.  The system of claim 9 wherein the processor is configured to receive a user selection
of a different one of the plurality of images and rotate the three-dimensional model to

maintain the common perspective.

11.  The system of claim 9 wherein the processor is configured to receive a user selection
of a different one of the plurality of images and translate the three-dimensional model to

maintain the common perspective.

12.  The system of claim 9 wherein the processor is configured to receive a user selection
of a different one of the plurality of images and scale the three-dimensional model to maintain

the common perspective.

13.  The system of claim 9 wherein the processor is configured to receive a user selection
of a different perspective of the three-dimensional model and select a new one of the plurality

of images to maintain the common perspective.

14.  The system of claim 9 wherein the processor is configured to receive a user selection
of a different perspective of the three-dimensional model and create a composite video image

from two or more of the plurality of images to provide a common perspective on the subject.
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15. A method comprising:

displaying a three-dimensional model of dentition from a perspective;

providing a plurality of video images of the dentition;

selecting one of the plurality of video images that shows the dentition from the
perspective; and

displaying the one of the plurality of video images in a user interface with the three-

dimensional model as an aid to visually determining a margin of the dentition.

16.  The method of claim 15 further comprising displaying a margin on one or more of the

three-dimensional model or the one of the plurality of video images.

17.  The method of claim 16 further comprising receiving a user modification of the

margin and updating the display with a modified margin.

18. A system comprising:

a display having a window for displaying a three-dimensional model of dentition from
a perspective;

a camera providing a plurality of video images of the dentition; and

a processor configured to select of one of the plurality of video images that shows the
dentition from the perspective and display in a second window in the display the one of the

plurality of video images as an aid to visually determining a margin of the dentition.

19.  The system of claim 18 wherein the processor is configured to display a margin on one

or more of the three-dimensional model or the one of the plurality of video images.

20.  The system of claim 19 wherein the processor is configured to receive a user

modification of the margin and update the display with a modified margin.
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SYNCHRONIZED VIEWS OF VIDEO DATA AND
THREE-DIMENSIONAL MODEL DATA

ABSTRACT

Tools are described for preparing digital dental models for use in dental restoration
production processes, along with associated systems and methods. Dental modeling is
improved by supplementing views of three-dimensional models with still images of the
modeled subject matter. Video data acquired during a scan of the model provides a source of
still images that can be displayed alongside a rendered three-dimensional model, and the two
views (model and still image) may be synchronized to provide a common perspective of the
model’s subject matter. This approach provides useful visual information for disambiguating
surface features of the model during processing steps such as marking a margin of a prepared
tooth surface for a restoration. Interactive modeling tools may be similarly enhanced. For
example, tools for margin marking may synchronize display of margin lines between the still
image and the model so that a user can interact with either or both of the visual

representations, with changes to a margin reflected in both displays.
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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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DocCode - SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 14487371 Document Date: 09/16/2014

The presence of this form in the IFW record indicates that the following document type was received in
electronic format on the date identified above. This content is stored in the SCORE database.

e Drawings — Other than Black and White Line Drawings

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is recorded in
PALM, and no paper documents or physical media exist. The TIFF images in the IFW record were created
from the original documents that are stored in SCORE.

To access the documents in the SCORE database, refer to instructions below.

At the time of document entry (noted above):
* Examiners may access SCORE content via the eDAN interface.
¢ Other USPTO employees can bookmark the current SCORE URL
(http://Score.uspto.gov/ScoreAccessWeb/).
» External customers may access SCORE content via the Public and Private PAIR interfaces.

Form Revision Date: September 30, 2013
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