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ATTORNEY DOCKET NO. CONFIRMATION NO. 

63341US008 7315 

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; 
IL YA 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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Electronic Patent Application Fee Transmittal 

Application Number: 14487371 

Filing Date: 16-Sep-2014 

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

DATA 

First Named Inventor/Applicant Name: Janos Rohaly 

Filer: Lance L. Vietzke/Paula Bick 

Attorney Docket Number: 63341 US008 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Utility Appl Issue Fee 1501 1 960 960 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 960 
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Electronic Acknowledgement Receipt 

EFSID: 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: 63341 US008 

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 (Patent application and reexamination processing fees) -5-



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 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

399469 

1 Issue Fee Payment (PTO-85B) 
lssue_Fee_ Trans_63341 US008. 

no 1 
pdf 

56b757528de40d72e54d2399f54c39bd79c 
f2c16 

Warnings: 

Information: 

30901 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
eb68e7116162af9c1f0b3Sc8bca6dcb8cdd 

f67c 

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 Agglications 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 Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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 STA IBS p A IBNT 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 

32692 7590 12/24/2015 

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

APPLICATION NO. FILING DATE 

14/487,371 09/16/2014 

FIRST NAMED INVENTOR 

Janos Rohaly 

EXAMINER 

ELAHI, SHAN E 

ART UNIT PAPER NUMBER 

2486 

DATE MAILED: 12/24/2015 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

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. 

IL 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 1 of 3 
PTOL-85 (Rev. 02/11) 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

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

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

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

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

32692 7590 12/24/2015 

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

APPLICATION NO. FILING DATE 

14/487,371 09/16/2014 

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) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Janos Rohaly 63341US008 7315 

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

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

EXAMINER ART UNIT 

ELAHI, SHANE 2486 

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

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

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

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0 $0 

CLASS-SUBCLASS 

348-043000 

2. For printing on the patent front page, list 

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

$960 03/24/2016 

2 ______________ _ 

3 ______________ _ 

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) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

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

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0 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). 

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 _______________________ _ 

Typed or printed name ______________________ _ 

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

Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

14/487,371 09/16/2014 

32692 7590 12/24/2015 

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

FIRST NAMED INVENTOR 

Janos Rohaly 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

63341US008 7315 

EXAMINER 

ELAHI, SHAN E 

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 l(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 CPR 1.705. 

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

Page 3 of 3 
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0MB 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 0MB approves an agency 
request to collect information from the public, 0MB (i) provides a valid 0MB 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 0MB 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 0MB 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 aware of a violation or potential violation of law or regulation. -10-
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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 M PEP 1308. 

1. [8J This communication is responsive to 10/16/2015. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

2. D 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. [8J 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 
~;ttp://www.uspto.gov/patents/init events/pph/index.is_p or send an inquiry to PPHfeedback@uspto.aov. 

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

Certified copies: 

a) D All b) D Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D 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. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

D 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. [8J Notice of References Cited (PTO-892) 

2. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

/SHAN ELAHI/ 
Primary Examiner, Art Unit 2486 

U.S. Patent and Trademark Office 

5. D Examiner's Amendment/Comment 

6. [8J Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20151029 
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Application/Control Number: 14/487,371 

Art Unit: 2486 

DETAILED ACTION 

1. The present application is being examined under the pre-AIA first to invent 

provisions. 

Oath/Declaration 

Page 2 

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 15th 2010 

(US/12/666,464), PAT 8,866,883 and a 371 application filed on June 2?1h 2008 

(PCT/US08/68522) and claim benefit of the provisional application 

(US/60/947,009) filed on June 29th 2007. 

Status of Claims 

4. This Office Action is in response to the amendments filed on October 16th 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 3rd 

2015 and approved. 

Response to Amendments 
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Application/Control Number: 14/487,371 

Art Unit: 2486 

5. The objection to the claims 1, 3 and 15 has been withdrawn in view of 

amendments filed by Applicant. 

Page 3 

6. The objection to the abstract has been withdrawn in view new abstract submitted 

by Applicant. 

7. Applicant's filed Terminal Disclaimer on 11/03/2015 and approved on 11/3/2015 

has been acknowledged by the Examiner. 

Allowable Subject Matter 

8. 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 

Page 5 

9. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to SHAN ELAHI whose telephone number is 

(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) 272-7 418. 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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11 I lid I I I 
I I I I IBM_TDB: : I : ,,............:. """""""". """"""""""""""""""""""""""""""""""""""""""""""""' """""""""""""' """"""""""""'' """""""""""""""""""""""'' 
I S7 I 3678 I S4 and S5 and S6 I U&PGPUB;: OR : ON l 2015/06/19! 
I I I I USPAT· : : l 08·06 : 

I .... I ....... I ........................................................................................ 1 ~~1 ......................... 1 ................... 1 ......................... 1 
I U&PGPUB; i OR 
I USPAT· i 
I USOCR; : 
I FPRS· i 
I EPO; ,JPO; : 
I DERWENT; 
t ' 
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I .......... , ................ I ~~~:)~~v~hko~nd~ricne~r2 1 • ~~: ·························' .............! ··························' 
I 822 I 34315 I ("3M") .AS. I u~B; I OR I ON 1210;,~i612ol 

l=I J 1 .. ~~1 ........................ , ................... 1 .......................... 1 

I S23 · 1 i (3M near2 innovative near2 properties i U&PGPUB;: OR : ON l 2015/06/20! 
I I near2 comapany) .AS. I USPAT; : : ! 10:25 : 
I I I USOCR; : : ! : 
I I I FPRS; : : I : 
I I I EPO; JPO; : : I : 
i i i DERWENTi i i i 
I I I I BM TDB 1 I ! I 
\ :~~~~~~~~~~· ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ - ~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

I S27 6581, (~~~~~=~sf~~ai~~~;~~~a~~itree I llf ~I OR 1. ON 1. 21oi,;1i6/201. 

I ' I I BM TDB : ' ' ' 
' l~~~~~~~~~- ~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~ - ~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~> ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

I S28 I 8 I (creat$3 and generat$3) same I U&PGPUB;: OR : ON j 2015/06/20: 
I I I (stereoscopic and panoramic and three I USPAT; : : j 11: 15 : 
I I I near2 dimensional near2 imag$3) I USOCR; : : j : 

I I I l~W~I I I I 
I I I I I BM_ TDB : : I : r 1□3 I ("3850505" I "4221462" I "4241985" I I U&PGPUB;:□R :□NI 2015/06/20! I I I "4429328" I "4528587" I "5396583" I I USPAT; i i l 15:27 i 
I I I "6023588" I "D312263").PN. OR I USOCR i i l i 
I I I ("6791598").URPN. I : : I : 

lmo:79 '("0904212" I "0986163" I "1247646" I !U&PGPUB;ioR ioN i2015/06/2oi 
I "1259365" I "1267689" I "1371438" I I USPAT; i i j 15:53 i 
I "1477541" I "2050826" I "2107464" I I USOCR i i j i 
I "2158660" I "2168273" I "2210198" I I : : I : 
I "2213512" I "2279443" I "2313561" I I : : ! : 
I "2403733" I "2460864" I "2566700" I I : : I : 
I "2693128" I "3019698" I "3020341" I I : : I : 
I "3275745" I "3418044" I "3457364" I I : : I : 
I "3595995" I "3608457" I "3626404" I I : : I : 
I "3705261"1"3991266"1"4006291"1 I : : I : 
I "4303316" I "4393400" I "4399456").PN. I i i j i 
I OR ("4528587").URPN. I : : l : 
,~::.:.:==~""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""'"""""""""""""' l~T 1"8866883"pn luf ;10R ION 1210;~161211 
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1 ........... _1_1.1.BM_TDB_i_,_;_, 
lms 18 I (dental near2 technology) and (model$3 I U&PGPUB; i OR i ON j 2015/06/21 i 
I I near2 three near2 dimensional near2 I USPAT; i i I 10:43 i 
I I dental) and (three near2 dimensional I USOCR; j j ! j 
I I near2 dental near2 model$3) I FPRS; : : j : 

I I I 6~W~+l I I I 
I I I I BM_ TDB 1 I ! I ,~ ................ , ................................................................................................ , ........................ , ........................ , ............................................ , 

I S36 I 19 I (dental near2 technology) and (three I U&PGPUB;: OR : ON j 2015/06/21: 
I I I near2 dimensional near2 dental near2 I USPAT; : : i 10:46 : 
I I I model$3) I USOCR; i i l i 

l_l....... 1 ........................................................................................ 15~~1 ......................... 1 ................... 1 .......................... 1 

I ~7 5 I "6604527" pn I uf ~- OR I rn 1

2
1°; ~i~

21 
I 

1 .......... _1_1.1.BM_TDB_i_,_;_, 

ISIB 6921 (~:;:: i~a;;t;~ ~~~:,:~1ensionaJ I uf ~- OR I rn 1210; rl~
2t 

I i I I BM_ TDB : ' i ' ,, .......... --~-------------~ . . . 
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1_1 ............... 1 ~~=~=~=~:::~~~:o~an~l .5~~1 ......................... , ................... 1 .......................... 1 
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l .......... 11 ................ 11 .. ::i~~~l ~ ~::) 1 

.. ~~~~:t,?;·417:~~~~f t~~· ....... IL ...................... 11 ........................ 11 ................... 11 .......................... 1 

S41I92 l(dentalsamethreenear2dimensional !U&PGPUB;!OR !OFF l2015/06/21! 
I I near2 imag$3 and model$3) and I USPAT; i i l 12:42 i 
I I (processor$1 and imag$3 near2 I USOCR; j j ! j 
I I process$3 and stor$3 and memory and I FPRS; : : j : 
I I computer near2 program) I EPO; JPO; : : j : 
i ' i DERWENT! i i i 
t ! t ~ : ~ : !1! IBM_TDB: : i j 

~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S42 301 I ("CAD" same "CAM" same dentistry) U&PGPUB;: OR !,',,,,,,,,,,,,, OFF l 2015/06/21 i i USPAT; : l 12:43 i 
I USOCR; : i ' 

I,,',,,, FPRS- : I : 
~~I I I 

i IBM TDB i , 
l~~~~~~~~~, ~~~~~~~~~~~~~~~~' -------------~ ~ ~ - ~~' ~~~~~~~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~• 

843 6 ("CAD" same "CAM" same dentistry) and I U&PGPUB;: OR !,',,,,,,,,,,,,. OFF ! 2015/06/21 j (three near2 dimensional near2 dental I USPAT; : i 12:43 : 

near2 model$3) I ~~. I I,,,_ 1,,, 

I DERWENTi 
' 1 i IBM TDB i i 

~ ,;;===c ............................................................................................... ' .......... - .......... ; ........................ , .................. ' ........................ , 

S44 I 99 I ("CAD" same "CAM" same dentistry) and I U&PGPUB;: OFF j 2015/06/21: 
I I (dental same three near2 dimensional I USPAT; : i 12:44 : 
I I same model$3) I USOCR; : ! 
I I I FPRS; : ! 
I I I EPO; JPO; : I 
I I I DERWENT; I 
I I I I BM TDB i I i-----' ~~~~~~~~~~~~~·' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~·' ~ - ~~: ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S45 13 ("CAD" same "CAM" same dentistry) and I U&PGPUB;: OR !,',,,,,,,,,,,,, OFF l 2015/06/21 i (dental same three near2 dimensional I USPAT; : I 12:45 : 
same model$3) and ( camera$1 and video I USOCR; : l i 
nar2 camera$1) and (imag$3 near2 I FPRS; : l i 
process$3) and (memory and storage I EPO; JPO; i I,,,_ I,,, 

and computer near2 program) I DERWENT; 
I IBM TDB i , , ......... , ,----_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~ ~ - ~~' ~~~~~~~~~~~~~~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~-

S46 116 ("2467432" "3660900" "3860803" U&PGPUB; OR ON l 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" 
"5431562" "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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1

. ;;}g~~~;113:~~~~; .2J~~N .... ..J ......................... 1 ........................ 1 ................... 1 .......................... I 

LILl("2467432" I "2531222" I "4055895" I IUS-P<?PUBi□R :LJN !2015/06/21! I I "4073061" I "4371336" I "4433956").PN. I USPAT; j j ! 12:45 j 
II OR_ ( "4 7551_39"). URPN ......................................... , .. 1 .. USOCR ...... , i ........................ i ................ , .. l .. .. .... , .... i 

~-

S48 171 ("20020006597" I "20030009252" I U&PGPUB; OR ON 
"20030139834" I "20030224311" I USPAT; 12:45 
"20040128010" I "20050055118" I USOCR 
"20060078840" I "20080090196" I 
"20130029283" I "2467432" I "3407500" 
I "3600808" I "3660900" I "3683502" I 
"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" 
"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" "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" I "5857853" I "5866058" 
I "5879158" I "5880961 I "5880962" I 
"5934288" "5954500" "5957686" 
"5964587" "5971754" "5975893" 
"6015289" "6044309" "6049743" 
"6062861" "6068482" "6099314" 
"6123544" "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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'-~~~~~~~~~~, •~~~~~~~~~~~~~~~~, •~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, h~~~~~~~~~~~~~~~~~~~~~~~~~• 11.~~~~~~~~~~~~~~~~~~~~~~~~~• 11.~~~~~~~~~~~~~~~~~~~ · 1~~~~~~~~~~~~~~~~~~~~~~~~~~~• 

□□91 I ("3510946" I "4055895" I "4505672" I I U&PGPUB;:□R :LJN !2015/06/21! I "4541800" I "4591341").PN. OR I USPAT; j j ! 12:46 j 
______________ __! __ ( "4 793803"). URPN. _________________________________________________ __! _ USOCR ____ __J ______________________ __J __________________ J ________________________ __: 

LJLJ57 I ("3407500" I "3510946" I "4448735" I I U&PGPUB;:□R :LJN j2015/06/21l I "4505673" I "4591341").PN. OR I USPAT; j j ! 12:46 j 
______________ __! __ ( "4856991 ") . URPN. _________________________________________________ __! _ USOCR ____ __J ______________________ __J __________________ J ________________________ __: 

851 208 ("20020006597" I "20020018981" I U&PGPUB; OR ON l 2015/06/21 
"20020055800" I "20030009252" I USPAT; 12:47 
"20030139834" I "20030156111" I USOCR 
"20030224311" I "20040128010" I 
"20040189633" I "20050018885" I 
"20050055118" I "2467432" I "3407500" 
I "3600808" I "3660900" I "3683502" I 
"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" I "5799100" I "5800174" 
I "5823778" I "5848115" I "5857853" I 
"5866058" "5879158" "5880961" 
"5880962" "5882192" "5934288" 
"5957686" "5964587" "5971754" 
"5975893" "6015289" "6044170" 
"6044309" "6049743" "6054990" 
"6062861" "6068482" "6099314" 
"6123544" "6151404" "6152731" 
"6183248" "6190165" "6205243" 
"6210162" "6212442" "6217325" 
"6217334" "6227850" "6244861" 
"6250918" "6260000" "6300958" 
"6309215" "6315553" "6318994" 
"6322359" "6350119" "6350120" 
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"6369815" I "6371761" I "6382975" I 
"6398548" I "6402707" I "6409504" I 
"6431870" I "6463344" I "6463351" I 
"6471512" I "6482298" I "6512994" I 
"6514074" I "6524101" I "6540512" I 
"6545678" I "6554611" I "6558162" I 
"6572372" I "6602070" I "6629840" I 

I "6705863" I "6722880" I "RE35169").PN. I 
I OR("7428481").URPN. I , , , , 

~""""""""'""""""""""""""""""""""""""""""""""""""""""""""""'""""""""""""""""""""""""""'"""""""""""""""""""""""'"" 

S52 I 153 I ("20020006597" I "2467432" I "3407500" i U&PGPUB· i OR 
I "3600808" I "3660900" I "3683502" I 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" 
"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" 
"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" "5848115" 
"5857853" "5866058" "5879158" 
"5880961" "5880962" "5934288" 
"5957686" "5964587" "5971754" 
"5975893").PN. OR("60 5289" I 
"6044309" I "6049743" I "6062861" I 
"6068482" I "6099314" I "6123544" I 
"6152731" I "6183248" I "6190165" I 
"6205716" I "6217334" I "6244861" I 
"6309215" I "6315553" I "6322359" I 

I l"6524101"I"6554611"I"RE35169").PN.! i i i 

--------J --------------J .-9!3XX~2??.~-~'.'.L~!3!:~-~----------------------------------------J ----------------------- j -----------------------; "---------------- i ~==c=;I 

nn6 I (three near2 dimensional near2 display$3 U&PGPUB;:nR :nN l 2015/06/21 
I same synchroniz$3 same windows) USPAT; : : I 12:55 
i USOCR· i i i 
I FPRS· , : : l 
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Case No.: 63341US008 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor: ROHALY, JANOS 

Application No.: 14/487,371 

Filed: 16 SEPT 2014 

Art Unit: 2486 

Confirmation No.: 7315 

Examiner: ELAHI, SHAN 

Title: SYNCHRONIZED VIEWS OF VIDEO DATA AND THREE­
DIMENSIONAL MODEL DATA 

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

Dear Sir: 

AMENDMENT AND REPLY 

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

Amendments to the Specification 

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

Tools are described for preparing digital dental models for use in dental restoration 

production processes, along 1tvith associated systems and methods. Dental modeling is improved 

by supplementing vievts of three dimensional models vtith still images of the modeled subject 

matter. Video data acquired during a three-dimensional scan of the model 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. Interactive modeling tools may be 

similarly enhanced. For mcample, tools for margin marking may synchronize display of margin 

lines behveen the still image and the model so that a user can interact vtith either or both of the 

visual representations, 1tvith changes to a margin reflected in both displays.--

Page 2 of 12 
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Application No.: 14/487,371 Case No.: 63341US008 

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, 

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 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 

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 

images. 

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 
-49-



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

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. 
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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. 
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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 § 

608.0l(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-
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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. 

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 ,i,i [0009] and [0021]-[0024]. 

In ,i [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."1 In ,i [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."2 The next paragraph states 

summarily that either a camera or a computer can do the preprocessing for this reconstruction 

technique,3 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."4 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 ,i,i [0009] and ,i [0039]. In the first cited paragraph, Geng generally mentions a user 

1 Geng, ,r [0009]. 
2 Geng, ,r [0021]. 
3 Geng, ,r [0022]. 
4 Geng, ,r [0023]. 
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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."5 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 ,i,i [0032]-[0039], all 

cited by the examiner) appears in ,i [0038], where Geng generally provides that "both 2D and 3D 

image data can be acquired by the capturer."6 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. 7 

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 

5 Geng, ,r [0009]. 
6 Geng, ,r [0038]. 
7 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. 
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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)."8 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. 

8 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. 

October 16, 2015 

Respectfully submitted 

STRATEGIC PATENTS, P.C. 

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

608.0l(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-
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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. 

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 ,i,i [0009] and [0021]-[0024]. 

In ,i [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."1 In ,i [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."2 The next paragraph states 

summarily that either a camera or a computer can do the preprocessing for this reconstruction 

technique,3 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."4 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 ,i,i [0009] and ,i [0039]. In the first cited paragraph, Geng generally mentions a user 

1 Geng, ,r [0009]. 
2 Geng, ,r [0021]. 
3 Geng, ,r [0022]. 
4 Geng, ,r [0023]. 
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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."5 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 ,i,i [0032]-[0039], all 

cited by the examiner) appears in ,i [0038], where Geng generally provides that "both 2D and 3D 

image data can be acquired by the capturer."6 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. 7 

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 

5 Geng, ,r [0009]. 
6 Geng, ,r [0038]. 
7 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 
-59-



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

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)."8 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. 

8 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. 

October 16, 2015 

Respectfully submitted 

STRATEGIC PATENTS, P.C. 

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

415 F.2d 1393, 1404-05, 162 USPQ 541, 550-551 (CCPA 1969)" (MPEP p 2100-

8, c 2, I 45-48; p 2100-9, c 1, I 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 15th 2010 

(US/12/666,464), PAT 8,866,883 and a 371 application filed on June 27 th 2008 

(PCT/US08/68522) and claim benefit of the provisional application 

(US/60/947,009) filed on June 29th 2007. 
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4. This Office Action is in response to the application filed on September 16th 2014. 

Claims 1-20 are pending examination. The present application is being examined 

under the pre-AIA first to invent provisions. 

The Examiner acknowledged PCT opinion on patentability and PCT search 

opinion. 

Information Disclosure Statement 

5. The information disclosure statement (I OS) 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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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 

9. 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-AIA 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. 

10. The following is a quotation of the appropriate paragraphs of pre-AIA 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. 

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

Geng (US Publication No. 2005/0089822 A 1 ). 

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], [007 4]-[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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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 

12. The following is a quotation of the appropriate paragraphs of pre-AIA 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. 

-78-



Application/Control Number: 14/487,371 

Art Unit: 2486 

Page 14 

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

et al hereafter Orth (US Publication No. 2006/0020363 A 1 ). 

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 A 1) 

teaches video images); 

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

and 
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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 A 1 - (see at least abstract for video 

imagery of an actual dental restoration and a 3D scan). 

2. US 2004/0218039 A 1 - (see at least abstract for a dental video 

imaging system). 

3. US 2005/0089822 A 1 - (see at least abstract for 3D image and a 
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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 

15. 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) 272-7 418. 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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of the patie1-,t ;5 prod~c•::c: and dig1t2.I ;p-,ages of th•: IT•C•C:e! are ev2.lu,Jt•::C:, ch,:,;1·,:,;cter:z.::C: in 

that - the f;1·:;t image:; of the direct:y frc,11-, the Ja;,1v :rnpressic11 •node! obta:neci i11 a defined 

positic,p to a c,:,;p-,ffa 2.nci vvith a ... 

Trx;ls .:;;re oescribed for prep;;Jring d:gitdi der-,~_a! models f:x use ir-, oenfal res~or.:;;tion 

p1·cductic,p processe:.:;, ,:,;lc,pg 1Nith ,:,;ssc,ciated :.:;y:,tems oPd methods_ De,it,:,;I mode!i11g ;s 

i1T,proved by :,~pp!eme,it;1-,g v1e;,rvs of three-dime-1:.:;:ona: IT•C•C:~::!s 1,vith stil! im,:,;g.::s cf the 

p-,oc:~::led subject m-:,;tte•. \/;·c:.::c, c:ata acquired ... 

Tools 2.re desoibed fo, prepddng digi~.a! dentdi ;;1odels fc, use :n dental restor2.~·:on 

production p•oc•::sses, along with associated system:.:; 2.nd method:,. Dental mcde:ing :s 

improved by s;__;pp:~::ment:ng '1;ev,1:, of thr~::e-c:in~,ens;c,pa! mode::.:; v.llth stil: images of th~:: 

rnodel•::c: subject matter. \/Idec ciat,:,; acqui-ed ... 

The syste;,1;; dnd ;;1et~1ods d:sclcsed herein p•cvide re2.I ti;;1e oispiay of ~-hree-dimension2.I 

c:~::Pta! data acquired ;',it,acoa::y frc,11-, a cie11ta: patient. 

T:..x)ls are dez.dbed fo; prepadng digita! det:tai iilodels 1:..:r use :1: dental restrn·at:on 

pr:-;du:-Jion poocesses, along wifh as.stxi;;Jfed systen1s 2.nd niethods. Den~·al n1cde:ing :s 

improved by svpp:ernen~·:ng views of ~hree-dirr:ensir;r·,;;J! modeis wi~.h stil: images :-;f ~.he 

modeled .subjed rna~·fer. Video ddta a:-.qui•ed. 

Synd:1·0:1ized v:ews of video d2-:tB m1d three-dirr.ensiGn3: :11ode! da-:.:a 

Tools are describ~d for preparin9 d:gitai denta! r:1odels f:-;r use in der1r~-~1 restoration 

prcduc~.ir;r·, processes, alr;r-,g with a.ssr;ddted sys~erns .:;;r-,d rned-1ods Dental rn:-;de!ing i.s 

irr:proved by s:ipp!enienting v:ews of three-dimens:ond: rr:r;r;e!s with s~.il! in1ages cf the 

rnodeled subject n1atte•. Vider; fJ;;Jfa dcquired ... 

G Reg:strnt:on of 3D irr.3ging of 3D objects 
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N~,-l• Qu~~:;:: : _______________________________________ : 

t ... method oPd Sy'sterr: for ueotiPg th1·•::~::-,:l;p-,~::nsio1-,a! model:, of :rnpla-1t-beariri9 de1-,tol 

arches, a11d cthe• ,:_;1-,atc,p-,ica: fie!cis c,f viev,.,, emp:oys three-dirr:e-1:.:;ior.a: scann:ng rr:eops 

to ,:apture :rnages of a11 -::;i-,atc,11~,ic,:,;I field of viev,1 v,.,herei11 then? have ti•::en pos;t;c,1~,~::d (and 

pn_:if.::robly affixed to 2.r. ,:;1-,atop-,ica: ... 

Tools 2.re desoibed fo, prepadng digl~_r;1! dente1i n1odels fc, use :n dental restor2.~·:on 

production proc•::sses, along vvith associated system::; 2.r.d method:,. Dental mcde:ing :s 
improved by s<.,opp:~::ment:ng '1•ev,1:, of thr~::e-c:i1T,ens•c•Pa! rr:ocie::.:; v.llth stil: images of th~:: 

rnodel~c! sub_j-:?c:: rna-::-::er. \'[dee d,:it:i acqui(ed .. 

:~. Con1p:,1t..-~~·-aid..-xi f,1bri,.:ation of Q n-:mr;v;~bl0 d..-~nt,1: f.Ht1s:.ht:si':.: 

t ... nie:.~1od .:;;r-,d sys terr: for f2.bricr::1~ing 2. dente1: prosthesis ore provkfod. High resolu~k;n 

c:igita! scariri•::c: images of a patierit·s oral :.:;tr,.,;ctures or•: acqui1·ec:_ Three dim•::1-,siori-:.I (JD) 

cone bean-, X-ray" image::; of hard ar.ci ::;oft 01·,:;I tis::;~es are acquired. The scanned im-:.g~::s 

ar~: integrated v.llth th~: JD cone t:eo1T• ... 

Oe:-1tQ: prr;sth0s:s n-:,1n:,1fQ('t:...ir::-1g ~nethod, by ::-upedn:pt1sin9 digit~: 
hi'1;~g0s of ~nodE! w:th Qnd withr;ut tooth str:...ic:.l!:'0 ft1nn..-~d from 
n1oc.fr:lfr1g or t(K1th nrnte:-ia! 

I~- [s i;i devk.e .:;;s vve!I o.s e1 n-1e~.hod fo, the poodl:c:.:on r;f den~;;l! pr:-;s:.heses [s p•cposed, 

v.d-,ff~::in a mode: (6) consist::; of a j,:;1,v impre::;siori of th•: patient is proc:;__,ceci arid d•gita! 

irr:a,;i•::s of the mode: (6) are ev·a!uated. t,ccording to the iriv·ention, a construct•o1-, 

plaririiPg \1vith :01,v ir.v·estrr:erit ,:osts, on a ... 

t ... three-dirr:ens[one1:-be1sed rr:odeilr-,g rr:efh:-;d and sys:.ern designed fr;r der-.~.lstry and 

1·elated meciica! (arid oppropdot•:: POP-•n•::c:ica:) app!icotic,Ps. Dat,J capture rne-:.1-,s 

p•oduces o pc,int ck:i;__o,:I •ep•e:.:;er.tir.g the three-dimerisior.,:;: surface of an ob_ject (e.g., 

c:•::Pta! arch)_ Three-dimensional oe,:ognition oqje,:ts a•e 

The p•e.sent spedflc2.tfon desoibes sys:.en-1.s e1nd n-1e:.~1ods for fn~·erac:.:ve ~-hree­

dirr:eri:.:;ior.a: c:~::nta! im-:.giPg. More sp•::cifica!ly. the pres~::Pt IT•ethods -:.1-,c: sy:.:;terns p1·ovide 

for interactive o:i•np;__otei--aidec: c:~::si,;iri (C/.\D/ in dental opplic-:.t•o1-,s. /~.ccording to one of 

rnariy" pc,ssib!e ep-,boc:,p-,ents, an interact•ve. 

t ... sys~.1;:-rn and rr:e:.hcd for l:se fn con.s~·ru:-.ting e1 prcs~hesi.s,lf.orr:ple:.e restora~·fon ~-h2.t 

obt,JiPs ,J C:igita! cierititi,::i,i •noc:.::1, such a:.:; a 3D geometric surface model or a 3D 

vo!urnetric i1T,age rr:ocie:, processe:.:; the digit,:;! C:entition model to form a v·irt;__oa! model, 

f,::i,rr:::; a virtu-:.1 mo!d including a di,;i•tol. .. 
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N~,-l• Qu~~:;:: : _______________________________________ : prefer2.bly' affixec: to OP anatornicai. .. 

Syncht·oni~0d vi>;;~W of thE thnH:-<~imf;:-1sio:-1al n:odt:! ct~ta ar:d thE vidEo 
d~t.:1 

Tool:, for th~:: pr~::parat:on for ~s•: in der.ta: •e:.:;toration m2.r.ufa,:turiPg process, a dig:t2.I 

der.ta: p-,oc:~::I, iri oc:c:ition, systep-,s a,id •n•::thoc::.:; rel-:•tec: is de:.:;uit:ec:. De1-,tol modeli-19 ;5 

irr:provec: by s<.,opp:~::ment:ng a :.:;tiil i•nage of 2. subject th,:,;t hos t:e•::P modeied, th•: viev</ of 

the three-dimer.sion2.I •no,:l•::I .... 

The syste•n:.:; a11d •n•::thod:.:; d1sclcsed herei-1 p•cvic:e vi:.:;ua: f.::edbac~ cono::r1-,ing one or 

p-,c,i-,:_:i scann:ng param•::t•::1·:.:; to a user duriPg acq'.-••sitic11 of o thn.:i~:: dimensional :.:;c,:,;1-,. 

The ,sitr:ui,::,~.ir;r·, regarding fhe s~.o?~H :-.honge :-;f ~.he s< ... H.~e:-J in a re;;J! spr::1:-.e p•cvides r;1 systen-1 

whk.h oepresen~·s :rnpr::1:-Js to thoee-dinien,sicnol :-.otr:puter graphics C;;Juser; by c~1,::,nges of 

sto?~.e r;f n1ree-din1ension,::,I ccn1pute• gr2.phics c:-;rnp:-;sed r::1nd fixed to s:ibjec~. 2.nd s~.r::1~e 

of :ma,;i•:: toking spac•:: by si11~,u!2.tior.,_ .. 

The systen1s dnd n1et~1ods disclcsed herein p•cvide re2.I tin1e oispir::1y of ~-hree-dirnension2.I 

der-,~_r::1! ddtd ,::,cqliired int•dDidi:y frr;rr: a dentd: pr::1~ien~--

J\':;~.-~(:.:\!Mf.Nl:f;A:.r!. l:fzf( 11.t ~:ii 
i.::;.?003•}J.!3~:3:-?9 i :.i$; _t.,_:::--~•t)C:'):):ONS i ?l -.~,uG-'.?f:c:3 

2: Reg:stn3t:on of 3 -D in:2-:ging of 3--D objects 

A three-dirner1siona!-based rnode!it:g n:e-:.hod and ?r;;t~t:: desigried it)r det:tistry ~-~nd 

t·~la-:.ed o·nedk ... ai (arid apprc;::-;riate 1:01:-rr1edica!) appi:cati:..)t:s. Dat-~-~ capttJre rr:e~-~ns 

pr:-;du:-.es 2. point clo:id represen~.ing ~he fhree-dirnensir;r·,a! surfr::1:-.e of ,::,n r;bjec-:. (e g., 

dentdi r::1rch). n1ree-din1er·,sion,::,I reccgn:-:.:on ol~ects ;;Jre .. 

Th~ sirnu!ati:..)t: regaoding -:.he ;;tate ck~nge Di the S'.~bject in~-~ reai ;;pace ;"Jrc;vide·;; ,1 system 

v.ihich represents it::pact;; to l"hre~-dirn~nsk;n~-~1 computer graphk ... s cau·;;ed by chat:ge·;; of 

;;tate :..)f tht·~e-dirr1et:sior1al cc;rnr_;ul"er graphics cornpos~d and i:xed to subjec ... t, and state 

of :rr:;;Jge t2.king space by sitr:ui,::,~.ir;n, .. 

x:- :vk-thod ar~d ::;ysten~ for ii~~~•;iir.g and mode!h~9 ~ thr•2•2 dirr.ensiona: 
sti·uct:...ir(:' 

Sys-:.err:;; and rr:ethod;; fot· 9~nerating a three-dirr:ensional (3D) rnode! of a strudure 

indude coatit:g the sl"rtJdure with a !ut::it:e·;;cent ;;ubstanc ... e t:..) enhance -:.he irn~-~ge qualil"y, 

-:.he lurn:nesc ... en-:. S'.~bs-:.ance having an exd-:.ation ran(~~; and captut·:ng one or n:ore :,.,1ages 

of -:.he ,stru:-.tlire thr:-;ugh 2.t le,::,st one in·or::1ge .. 

The poe;;et:t spedi:cat:rn: dezdbe·;; sys-:.e,il.'; and iilethod·;; for ir1t~t·~-~cfr✓~ thr~e­

din:en·;;:rn:ai denta! irnagin(~. :\.~ore spedfica!ly, l"h~ ~x~sent rnel"hcxJs and ?r;;t~t::s prc.wid~ 

for ir1t~t·~-~cfr✓~ cooi1pu-:.er-aided design (CAD) in dental applications . .A.ccot·dir19 tc; one :..)f 

t::any r;ossib!e err:bodirr:enl"s, an interactive .. 
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N~,-l• Qu~~:;:: : _______________________________________ : Tools are describ-:?d f.:v prepcvin,;J ,:Fgltai der.ta! 1T1c .. :l~ls fer u::e fr. dei-1t:il restoratfon 

production r;roces~e-;;, along with a;;socia-:.ed ·;;ysterns and rnethods. Dental rn~xJe!ing [;; 

irnprc.wed by S'.~::"J::"J!ernentfng vie',NS of three-dirr:en·;;i:..)t:a: rnode!s v.iith stil: image~ of the 

rr:odeled subject rnat-:.e;. Video dat-~-~ acquired ... 

"2h. :\L::ivigi3ting ~mo:19 irn~ges ,:if .?.n obj•2,:t in ::ld sp.?.c-2 

A three-dirr:e1·1sicr.,:i! ITic-dei of an cb_i~G f:: ernpioy-'.?c! t,:i c:dd fn r.,:iv[gatfcr. ,:vn,:v1g a 

n1.11Tiber c,f image:: of the object t:iken from 'i.'.:11·fc .. ..!s v:ewpcf1·1ts. In ,;J-:?nerai, .:in image cf .:in 

ck0ect ~uch ~-~s a di9ital pho-:.:..:graph [;; disr;!ayed in a user intet·f~-~ce or the like. \,\ihen ~-~ 

user ~e:e~_ts a rx;ir1t w:th:n the display .. 

Th-:? 11:venticn ,:iai!T1s 3 m-:?th,:id fer prep3rin•;J d-:?ntal restcraticr. •:DIT!pc,1:en-:: the 

preparaticr. te,:hn[q:.:e fer L:.se [n di,;Jit:i! dema: rncde! c:,:i:1:-!S ,:i tee! ar·d the sa[d re:e·v·an-:: 

.';y·;;t-err1 and method for. 8y us:ng for ;·nodel!ing :..)bject ~;f ~tatic irr1a9e ot the 

.';upple;i1entary of t"he three-dirnensi~;n~-~1 model vie\\1 ••. 

A three-dirne!-1s:cr.,:i!-b,:ised rncde!i1:9 IT!e-::hod and .syst-:?1:-! c!esfg!-1ed fc,r ,:1~1:tlstry-:inc! 

1·-:?la-::ed medka: !>-id appr,:i::viat~ 1:01:-!T1~c!ic,:i!} appi:catlc,1:s. DJt-:i captL:re rne-:ins 

pr~xJu~_e·;; a p:..)int clo'.~d re;;resentin(~ the l"hree-dirner1sion~-~! surfa~_e ot an object (e.g., 

det:ta: arch}. Three--:..fai1en~:onal rec:..:gn:t:on objects are ... 

Tccls are describ-:?d f,.J!" prep,:idn,;J ,:1:gltai der.t3! !T1c .. :l~ls fer u::e :r. de!-1t-:il restora-:::on 

producticr. proc~s::es, alcr.g wi-::h a.sscda-::ed systems ar.d m-:?th,:ids. Den-::al mcd-:?!ing :.s 

irnprc.wed by S'.~::-;;;!ement:ng views ot three-dirr:en·;;:rn:a: rnode!s v.iith stil! image~ :..:f the 

rr:odeled subject matte;. v:deo dat-~-~ acquired ... 

A three-dirne!-1s:cr.,:i!-b,:ised rncde!i1:9 IT!e-::hod and .syst-:?1:-! c!esfg!-1ed fc,r d~1:tlstry-:inc! 

1·-:?la-::ed medka: !>-id appr,:i::viat~ 1:01:-!T1~c!ic,:i!} appi:catlrn:s. DJt-:i captL:re rne-:ins 

p!"cdu,:es a pc,in-:: cl,:i,__!d !"-:?::veser.tir.,;J the thre-:?-dim-:?!-1sicr.-:i! surfa,:e ot an cbj-:?c-:: (e.g., 

det:ta: arch}. Three--:..fai1en~:onal rec:..:gn:t:on objects are ... 

'j•: fvled:ca! s!rnu!at:or: appar~~tus ~~nd ~-nethod fr;r <..x:intrc!!ir:9 3~dtmenstona! 
imag,;,;. disp!ay in the medii:a: sfrr.ul.?.hc-~ i3pparatus 

A m-:?c!ic3! simu!atlc,1: app3r3tu:: [s p1·c·v·ided, which :s capable ,:if :J~1-fcrrnin,;J -:i sim ... !!ation 

by ccrrel,:itf!-1•;J a thr~e-c!ilT!ens:c,nai im-:ig~ ,Nfth -:in en-::f-::y rncde!. Cc,c,1·,:lfnates ,:if 

1:-!ea.s1_,!1-~1:-!ent IT!ark.s MPl. MP.2, 0,~P3 c,i: a .s1Aface cf ,:i !c,,Ner dent,:i! arch rncde! 62 :n ,:i 

A system ,.Jptka:ly images a dent,:i! structure wi-::h[n 3!1 ,.JrJ! c3·v"ity. T!-1e system f!-1dL:des ar. 

ir.tra-c,ral -::rack adap-::ed -::o be insened :r.::ide the cr3! ,:avlty: d!-1 ilT!age 3pHture mc·v·abiy 

Cr.J'..!:J!ed tc, the [n-::ra-c,1·-:il t1·ack -:ind adap-::ed -::o capt ... !!"-:? c,ne or IT!DI"~ images of the dental 

.st!"ud ... !1·-:?; and 3!1 ilT!age ... 

J~'S5~G:\l~'ffJ,n :;)u;1 f:t:-...:, r;;1_:_;\:\:;: :v:r~_;.;.,:.,RD: • •j_] 

u:;::;;~;:i.-;t,{': i US ~-.,"!):fE1HS i G~:-.t,,~•R.-20€12 
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N~,-l• Qu~~:;:: : _______________________________________ : a:-.quis:~·:on and .:;;n;;J!ysis :-;f ~.hree-dirnensionr::1! d2.te1. H1ese systems and tr:ei.hcds may ::Je 
t;.sefui:y etr:plcyed :n e1 c:-;n~ext su:-.h o.s dentis~ry ~G ... 

,l\ systern ano rr:efh:-;d fr;r t;.se in const•uc~.lng i;i pr:-;sthes:s/cr;rr:ple~·e res~.o•otion i.~lo?~. 

ob fains a digite1: oenfifion model, such ;;JS r;1 3D ge:-;rnefrk. surfr::1:-.e n1odel :-;r i;i 3D 

vcit;rne~ric image rr:rx;e!, poou:sses i.~H: oigifal dentition n1odel fr; fr;n,1 r;1 vi,t:ie1i n1odel, 

forrr:s a virtual n1cid including r;1 dig:~·2.L. 

PR.OBLE~v'1 TO RE SOLVES~'. To pre.wide ,1 dental exarnir1c1tk.:1: su;"J;"Jort rr:ethod by which high 

-degoee den~.lstry tree1ttr:eni. infonr:ation c2.n be prcvkfod dt lcw :-.os~ .. SOLU:"JON: The 

den~r::1! ex;;Jrn:ndtion s:ippor~ rr:e~hrx; is constituted of a step J. c:-;nnecting ter;;1in;;J!s for 

.a:\:SS.K:.Nf',:WNT:f:"0 ;-:;:;r:::;_:~.::tt <l: 

.:F2Vf:}'3?.Ji3'it/,:,.., ! .::W.l,NCSC :~:=-l'UC.l\ lilhJS i 15-H.S- ';?i,ff:' 

3.-3 Method and systen: f,:-;r f,:-;rm::~i,;; a de:1tal pros!.:hes:s 

A sy~tern and rnel"h:-xJ for t.;;;e in const;ucting a pt·:-;sthe·;;:s/cornpl~t~ t·esto;ation that 

ob fains a digite1: oenfifion model, such ;;JS r::1 3D ge:-;rnefrk. surfr::1:-.e ;;1odel :-;:- ;;J 3D 

vcit;rne~ric irr:age rr:r;r;e!, poocesses t~1e r;igifal dentition ;;1odel fr; fr;n,1 r;1 vi,t:idi ;;1odel, 

forrr:s a virtual n1cid including r::1 dig:~·2.L. 

(;eating a de1:tc1i rr:odel frorr: a series oi irr:a(~~s of an :ntra-oral :-;b_iect indLH.ie·;; l"h~ step~ 

of(.:;;) cdptur:ng e1 series of :mdgt-:..s of dn ir,~;a-or2.I cbjec~- frr;rr: ;;J p!ur2.lity :-;f cdpture 

positions, where ~he objec~. ir·dvde.s cornrnon swf2.ce fe2.tlires ;;Jnd 2. cr;r·.~.rci target 

r::1rr.:;;r-,ged with •espect to the o::..~e-~- f:-; .. , 

It: a cor:1;"J'.~l"~r sy~tern that inc!udes a Central P;:..:ces·;;:ng Unit at:d an assodated i:i;"J'.~l" 

de,J°ice, ~tor~·~ge de-✓ice and display de·✓ice, ~-~ n:eth:..xi k)r d:spl~-~ying on the dispiay de·✓ice a 

virtue1: ~.hree-di;;1er·,sion.:;;I (3D) oen~;;J! rr:odei r::1~ oesired pre.set views, for or~.hodontic Lise. 

The vir~tB! 3D dent2.I "l(Y.iel is ... 

x~. Sys!.:em a:~id mettv;d for 3-0 ds!ita: :·econst:~uction of 3:1 on;d cavity from 
a S(:'quence of 2- D ::~nBges 

Sy;;tet::s arid t::etht)ds are ;;rovided through v,·hich a rnode!-based v:sk;n system 1m 

dentis~ry which dssi.s~·s in oiagnosis, ~;e.:;;~rner·,~ planning anr; surgicr::1! sirnu!dtion. The 

presen~ invention indude.s dn ir-,~.1;:-gr.:;;~_e; compliter vi.sion sys~.err: ~~·,;;Jf :-.ons~rvds a t~1•ee­

d:rr:ens:one1: ('3-[)) model cf the patien~·s den~_.:;;I. .. 

Th~ syste;.,1·;; c1nd ;i1ethod·;; d:sd:..:s~d herein ernpk;y a cor:1b:nc1tirn1 oi digital l"hre~­

dirnerisiona! rr::..xiei:ng arid t·~-~pid fab;ical"iori l"~d1nologi~s to p;cNide ;;re-indexed, pre·· 

registered, .:;;r-,d/o• prect;~. components for articu!dted dental rn:-;de!s. Den~r::1! d•~-:Cvl;;Jf:-;r.s 

r::1nd :-.crr:ponents of den~·2.I n1odels a.s desu ibed. 
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N~,-l• Qu~~:;:: : _______________________________________ : usefu!!y ~::1T,ployed ;1-, a cc11te:ct sucb as c:~::ntistry to .. 

t ... ::;yst~::m and method for us~:: in co1~,structir.g a p1·0::;tbes;s;corr:plete 1·.::storation that 

obt,:,;ips ,:_; C:igita! cie11titio-1 •noc:.::1, such a::; a 3D geometric surface model or a 3D 

vo!urnetr:c i1T,age rr:ocie:, processe:.:; the digit,:;! c:entition model to form a v·irt'.-•ai model, 

f,::i,rr::, a virtu-:.1 maid including a di,;i•tol. .. 

The ,sys fems r::1nd mefrKK.ls disck;sed ~1erein err:plcy i;i con1::Jinr::1~k;n of digiL?.I thoee­

d1rr:e,i:.:;1or.a: IT•C•C:~::::r.g a,ic: 1·,:;pic: fabricatio-1 technologie:.:; to prc,vicie p•e-ir.cie:ced, pre­

reg:st~::r~::c:. 2.r.d/or pr•::cut o::i•np,::n1°:I-,t:.:; for articu:at~::d dental mcde:s. Der.ta: art;c~latcrs 

and ,:01TipoP2n1:s ,:if d-'.?ntdl model:: a.s des,:rlbed .. 

The systen-1s dnd n-1et~1ods d:sclcsed herein err:pk;y d comb:ndticn of digi~_,::,I fhree­

c:;11-,ens;c,pa! mode:;pg and rapid fabrication tech-1olc,gies to provide pre-iPC:exed, pr~::-

1·eg;stered, opd/or preciJt components fc,1· ,J1·ti-:u!ated de,it,JI mode!s. D~::Pta! artic;__dators 

and ccmpor.e,it:, of dental models ,Js de:,cribed 

The .sys fems r::1nd me~·hods disck;sed ~1ere:n emplcy i;i con-1::.1inr::1~k;n of d:9:t.?.I thoee­

dime-1:.:;ior.a: IT•C•C:~::!ir.g a,ic: 1·,Jpic: fabricat;'o-1 technologie:.:; to prc,vide p•e-ir.de:ced, pre­

regist~::r~::c:, ar.d/or pr•::cut o::i•np,::n1°::I~,t:.:; for articu:at~::d dental mcde:s. Der.ta: art;c~latcrs 

a11d coIT,pc,pents of de1~,tol models as c:~::scribed ... 

The systen-1s dnd n-1et~1ods d:sclcsed herein err:pk;y d comb:ndticn of digi~_,::,I fhree­

c:;11-,ens;c,pa! mode:;pg and rapid fabrication tech-1olc,gies to p•ovic:e pre-iPC:exed, pr~::-

1·eg;stered, opd/or preciJt components fc,1· ,J1·ti-:u!ated de,it,JI mode!s. D~::Pta! artic;__dators 

and ccmpor.e,it:, of dental models ,Js de:,cribed 

:vtt:thod and ~~✓-~t,en-: for· im;~gir:g ~nd :-node!ing ;~ three din:-.~n-~ion~: 
stn;(·t:...ire 

t, sys~ern (i=igu.e ]) r::1nd a method for gene•dting,::, 3D rnodel of 2. dentd: structure inc!l:de 

coating the :,trijcture v,.1;th o !~mir.e:.:;c.::1-,t substoPce to e-1haPce the i1T,age qua:ity. 1"h•:: 

sy:.:;tem hav·ing ar. ;',itra-ora! sca11-1°::r (100) for capturing imog~::s cf v·arious c:•::Pta! 

struct~res in the mouth ar.d cc,11-,11-,unicot•::s thi:, ... 

~1s :vtt:thod and ~~✓-~t,em for· im;~gir:g ~nd modeling;~ three din:-.~n-~ion~: 
stn;(·t:...ire 

Systern.s dnd rne~_hr;d.s for gene•dting,::, ~.hree-dirnensionr::11 (3D) rr:rx;e! of 2. s~rvcfure 

iPdude coating the :,trijcture w;th a !urnir.e:.:;c.::1-,t substoPce to e-1hance th•:: image qu,Jlity, 

th•:: lumine:,ce,it :,~bst,J1-,ce h-Jving a11 •'.::<c;totic,p range; ,JI-,c: capturing one or mere ;'•noges 

of th•:: structure through at least one ;'p-,age .. 

-~~~SAG~!\•1f~!T:r .. :JR:3::-:. Dl11~.:\!E [ +.:.] 
, •'.?O(r:,.,o~· •:::a) · · ,, :. ·:,:.~ v ,~re?:'- ~ ~x, .,~.- -:.. v. "Jo~·: 

https://iq .ip.com/discover 

Page 6 of7 

6/21/2015 
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N~,-l• Qu~~:;:: : _______________________________________ : 

Tbe syste•n:.:; a11d •n•::t:-iod:.:; d1sclcsed herei-1 p•cvic:e vi:.:;ua: f.::edbac~ cono::r1-,ing one or 

p-,c,i-,:_:i scann:ng param•::t•::1·:.:; to a user duriPg acq'.-••sitic11 of o t:-in.:i~:: dimensional :.:;c,:,;1-,. 

https://iq .ip.com/discover 6/21/2015 
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PATENT COOPERATION TREATY 

!NTERNATlON,\L PRELIMlNARY REPORT ON PATENTAHltfTY 
(Ch.:1pkr l of !h(c Paknl (\,opern1ion Th:atyl 

:\ppik{mi's or ~\gx'!.~<fs Hk: rl:f~.::.:::.:1c:e 
f38~14· ·: \.-V()ClO~-; 

FOR. .FllRTHKR ACTION 

; r~t::: r~n--~U:) ! ~;,J} { j h n !~ .-..bt(~ r· d<~ ~i~~~1/nthlr::/~<:t ~ 
27 tJUn~ 20GS {i~: .0f}.~~Gc°8) . . 

.k:i~n1~rll<>n~i1 P:n~:rd (];$::;::,..~:'.~<:~:.th~n i 8th ~~(hl.i·On lH}h~~:; :·):lcfor -:::d.ih:·).::titld.t<:~\'!:~~~) 

See :•eievant :ntorni~3t~on l:-~ Fonn PCT/tSAl~?37 

/\pp-~i):~~u~ 
3~·i !f\!N(}VAT!VE PR()PERTlES c:()~1P.AN'f 

1" Tffr.;, in't(:Hrnh::.-n~d yn:-.;.;'i'tfH~n,n:y f(:f•Ort :::•n p:.rt(:i~t;:;bi"H~)' ((J;~~_pt,~r n ;:-; ;:-;~;~H:·d. by ih;.;_': ln~s;Tfi.~~ti·l~n~i·i BuH.~~t\: OH b,~h::1ff of th,~ 
!nl..:.:\:.tl:i:.i<n·t~{°[ s~~;;~.rL~:hinr /HH.hr~rify mxkr Rt:l~~ -+'+ r~.1 .. y ·H;(~-

rn .th.;.;~ ,.ru(~ctwd :;h~::.::ki. :.my ~"'..;:f~.~'i::fr,>~. ~o th~: i:.'.:·d;lcn c~pin~t•B ,){ ;.he h>lcrn.:~:ioi~~ti Se-a~~·hio.~~ Authuri(y ;ih,Ji:hJ h.:.;~ ~):<hJ ;t:, <t :,~f~h~n-cx~ 
~<> th{~' lntt·~n~~t~t•m3] p~<ilut~n~r::y r~tt•rl t•n p~:t~~g;_;}~i~i1,;· .((:{:;~pt(:I J) ~n:s;h.~~':.d. 

Nno-~;:::~_;:,.bh~.hL~X~~<l nfnf;i;.(~rin ,~:iHi: s~:r~-::rd h:} {H)'.:~;Hy ... ir:i..:-~~.i.}t~V{:. ~t{:f .::-:_:):d ·:us.h.i~:.rj;:-:j 

~~pplk~;~bHi(y· 

R1,;{~~:.:(~n1,;d :;;;r(~'!n1~f:: \:rid~~f . .:'\rl'itk ·-~~r: ~ ~~."Hh n:~g.:.:td iO ;:}0\:~hy ~ ~rr • .1x~.i}UV\:~ S!(':p or .i.ftdB:Jri<~] 
:!pphs::J·•H.Hy~ ,jtt~h)n$ ~1.0:d ~~ph~n(lii~·n::.s :-s.npp(~fHt:g :;;H.~h si:J.ten--:~.:ii' 

-t TfF.;' Ic~t~Tll.~:~i-)nit B~3fl;.~~HJ ,,,.in (:(}fEffniui;,,.~~w,.~ H£i2.: HT~}H t::.: ,d..;.:>~gr:~:t~:d ()flk~l;.~:..: in ~:(:(:t)ldm1<:,~ ,,.·~th I{\d~~J. 44f:-:·.~·-:3{-..-) ::-:t::-td 9t~.c~-\J :,~iJt 
nriL. x~~_.;,,:x~pt 1,.i;,.•fn.:~J.<: th~ ;3pp11::.:;wf n-::-:k~:~ i:ri ~½J~r::::~~ n:.qux~:;t ~u-u.-f:':.i' ,:\rH,:h: .~J(.":}; ht:f(}_',_;f:. ih-:.:'>- x~XpH~~hf:-B o{ JO :·~~ont'}h i.run.'::. n;~.:. pr:~.,rl:y 
da~~ (H::.ifo 44bis ~:n. 

;);::.;.l;.~ r,f i::;:~,=v~~n~ .. .--.:.~ :..~f tin::; r:::1~.~r~ 
Qf; Ja.nuary' 12010 (05.01 -~2t1't O) 

Beate Glffo-Sc.hrnitt 
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PATENT COOPERATlON TREATY 

f~·orn ·the 
lNTERNATlONAL SEAFlGHiNG AUTHORffY r----- . i PCT 

I I WFUTTEN OP!N!ON OF THE 
rl, ."'·''."'. f_-,,...~•r<., P'""'.,T,11~1,,~.o.::,.1·'. \I I ""'" '"'· '"··--··"'----' INTERNATIONAL SEAHGHlNG i\lJTHORrrY 

(F)(~'r Fiu~e 4-3bh)~ ·1) 

I l ............................. __ .................. _~.------
1................ ........................................................................................ . .. ..J I ~~::.i:'.:i~~l~::~,.__; s0"' form ::::c·rn~~f>.t~lO ('<'""-'<<)nd sh&as) I 

--------------------------------------------------------------------------l···········-----------~---- . 
[ l\pr:;~h.;~~:t1'$ t){ .&~1e-:~t.'$ w~ :~f,.~r~::w:~ i FOf H ~ 0 -- . i 

l-·='.~l~. ft~'.~:.~.~~~'.:.~~:~'.~=~~......................... ; ........................ ··················-· I . ~>00 ~J~~,~~~~h 2~fl!~~~~-! ... :.... .. · ···································· ....... ----------11 
I 1nit-n1$!itQ1~} ;l,,Optl~afo:.q~ No. l Jnt:etrl~iion<1l 11fo19 d:3.i:S- fda}·>inonth.J··~~t} \ P~iQdi:l d&'t~ {<f;;l_}~·mar1th.J~r.} ~ 

' p('7 ,' l'"')Qf'l''D"'"'l5'Y' 1 ,-;-, ')f "Q'''' ' .-,q Ot 'l(i!)"'' ' 
~ •• :.~~-~:-~:::_:~---~-~~': __ ~:··~ ,:.<;.. ______________ 1_::~:~ __ :_:~: ___ ~:~~----- ------"""-___ L ... {.:'.,. " ).~-<-. • - l ~--------~--~~--·· l 
• 1ntt:r:n~fo.)::-~ii{ P~.de;n1 Gi&s.t:Jfo.::.~t':t-->t1 \!PC) r~:- bt.1:th n;>.t;on~1.: cit,g_~stfo .. :&t!tJn &r:rJ ff~G · 

i !NV. GQBTi 5.iOO i I . I 
{ . .,,,.,,.,.,.,,,.,.,.,.,.,,n-•••••••••••••••••••H._,._,,.,.,,,.,,n,,,n ............. n'>-.n-.n.-.n ...... •••••••••••••••••••••••••••••••._H._n ......................... n•"'••H .................................................... n .................................. n ........................................ , .............................................. ,..__ __ , 

:~~ : 
l 3M lNNOVATlVE PHOPERTlES COMPANY ! 
t••••--••••--••••• . •• ........ ••••••••••h• ...... H•• .. H•••--••••••••••••••••••••••••••••••••• . . . . . ••••••••••••--••••••••• ••••••••••••••••••••••••••--••••••••••••••••••••••••••••••••••••••••••••••••••••••••-------H-----------------•••••••••••• i 
1··························••.•···································· -·············-······••,•·······••. ···············,·························•--. ··················••.•·······•• ... ••·······-·······································: 

·1 . Ti1ls opinion contains indications re,iating iD the !o!kJ1,vin~l items: 

H~as<Jn~~d ~~!B.t~rn~ni under BlJte 4:lbls. i {a){i) \•Vffh regard to nv,ialty:- jnvent}ve step or indwstr::ai 
appHc.abmty:: citation$- ~tncl exp~anatlon:s supportir1g ~-uch stat;~m&nt 

if~ _den~tH;d. for !nt:rnat~on~ pr~Hn'._~nary :xarnh:atk>t~ ls rri.?:dsr th!~ ~p_i01?~ .?~'m U$U.~Hy l~e, ~<H°lshJg~ .. ed, to bs ~ 
~~•nt~en ~pn1KJn,of ina tnu:r:1ax~c-Jn~7.l ~,1r:~.:hrn~:~ary ~:-,.!arn:ni'.·1g.Awt,rst)tHtJ·i~pE,~\'.~ e<<~ept that tH~.; d(J:2:S: :~-;; app!y '-ivh0r0 
H~Q appncant cnooss~; an i•\Uthon11/ cr.M~r t:1$.n tn:~ nn0 B) be b1t3 1P~:i=\ anQ H1e f~nosen iPt~:'.\ has nonfed ~he· 
:1 t)t$rn.ationai Buteau ;.Jnder fltJl€: 6~'-· i hfs-{b) that "<~riU$n ~~ptn·tor:$ c:f this lnt~rna.tk)na! S$a,rch~ng Authority 
~~m ~nt be so considered. 

if thl.£S opinion i5: as. provkJed r::J.)OV8., c:o:1t1kif:rE~d to be a \~'tilten opinion of th& i}:1EA,; the ;ippiicant fa~ }nvH{::d to 
sLibrn:tt to th-E;· lPEA a \·vr~u~~n r~p~y togethet~ i.;',fr~~:J~ a.ppropt~t~t0~ ~vith ~n,r:e~O.rr:sf!tS. beforS: the e),:pkaHon Qf 3 i 
frcrr: ihe d:~Ja ,i rnamng of Forr:1 Pf)1?Sl~.J2~?0 or be~vr~ HH:- 0:<pi-ration of {'22: rnonths h"<-"Hn }hf: prk.)dfy dah~:­
\~hichever expfres i~:.t~t. 

l 

I 

: N~n::.e r~:~d rnctiJing ~1dd◄"f~$:-S: of th:"S ;~~~~:: i fl,::-ts t1f .~~:,..·srnpi,efrt>n <.)f Tt,t:i:hoi"lr.~(i t)ilk1er 

! -,--· i ihls opinion· I ,t"'''"·•···'~'-"~"'"·-::,, i 
i _ .·· • • Et:.~,pe~r! P$1~:nt ()f11t:~ "'~;tts<:hl~e;r Sk, il)~ ~:2.e fo,nn ~ ; g1· · ·. ~ .. ~ I 
: l~--: ...,,.,,~;· .. q~ ... ~h.. : }tuia{~~ Era.v.·.i t ..... i 
: ..... -~~ .. :.:- ... ~ ~~-~Hli ~ PC":!1S,..;,_\1~dO ' z... . i? I 
l T:::t .,-.49 ;':K} 25::}Gi ., {~ : ~ ~ i 
: F;x:<: +49 SO .2590: ,. .840 : ·-rrs~»pht"x)•~ Ne.• . ... ~-49: ::3-G 25:~)1 .-..4 ·i Q •').:..•,.~ :-..~ .:? \ 

~-............... ~-.-....._.,.••n•••-•••••••••••••n•n..........,_ ............ ,.,,., ___________ ~-HHHH i,nn,nnnn~~•nnnn,...........,...............,•.,......,....., .. ~-.-.-•J•••• .. ••--•••-- .-.-..-. ...... ,.,,.,~-.... -..-.---~~~-....-- - --....., .............. .......,. .............. ._._._.... •.:;..,.-:,-.,;.,_ .........,_,l 
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WR:ffTEN OPINION OF THE 
iNTERNATJONAl SEARCHING AUTHORffY 

lnt(:irnaUona! application No, 
PCTiUS20081068522 

'"""""""""'·-------~----~ .. - -·---·,· 

·-----------------···"· .... . .. ,_, ______ _ 
Bo):' No. ! Bas.ls of the op_l_n_io_n _____ ______ .... _ . ··------------

CJ a twns!afam of the internafa:mal application into , which ls the l~)npuage o! a transllHion 1umished for the 
purposes 01 internatlrm~! Bean::h (Rules t2,3{a) and 28.1 (b)). 

2. Cl This opinion has been established taklng inti:) account the rectification of an obvious mistake. autbori20d 
by or notified to ttlis i\Uthorliy i.mder R:u!e Bl {Rule 43bls. ·i {a)) 

3. Wilti re~vnt.i to any nuciao!ide a:nctibr amlm:s ac.id $equence dlsc!o:;l:{l .in the iriternafa:maJ app!lcation int! 
nBcessary to Um claimed invi~mtlnn, tf1ls npinlon has tw;~~n t~stablished nn Hie t,~sis of: 

0 

D on paper 

4. U In atldltion, in U-m ease that more Umn om~ vt'lrslon or copy of a sequence iistlng anr1br table relating mereto 
11:as !Jl,,on rned or iurniSh€,d, Hm ri,iqulred sta.tornems !frat the h11mmation in the subseqm:int m addl!lona! 
zxipies is identical to that in the app!ieatlon as Wed or fioes not qo tieyonij tht) app!lcatlon as med, as 
appmpflate, were 1umish~3d, 
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¾'VR!TTEN OPINION OF THE 
!NTEHNAT!ONAL SEARCHING AUTHORlTY 

lntl'.,rnaliom:.li application No, 
PC!T/US2008A)68522 

Box No, m Non-establishment of opinion with regard to noveH~•s inventive, step and indtmtrJa! 
a:ppiicabml\t 

The questions whether the claimed: lnv~~ntlon appears to be 11ove!, to involve an hY9enHve step {to b~:! nun 
otrvit)tis), m to tie lnflusttianv .:lPP!icable have not til':len ttxamined In respen i:ii 

CJ HKi f,aiti int~)trmfo:ma! appHcaUon, or lhH sakj ela!ms Nos. m!Hl1;~ to the fn!!t:i\iV/ng subjHct matter whicl1 t..\::ies 
not require an tnternati.-:irmJ SttBJCh (specif}'.}'. 

CJ tiw deSO'iption, da!ms or clrawlnqs Ono'foafo~ particular Merntmts betowJ or said da\ms Nns: an::: so unt:!ear 
Hl.;,1 no meaninfitil opinion cm.iki°b~~·formed (srmcf1}}: · 

Cl Hm dairns, <::ir sski clalrns Nos. arn so lnadsquetei}' :suppurted by the description that no lTlf3anlngM oplnion 
,~oldd be rornieti {SfJer:i.~}): 

U a meanlngl'u! uplnlr.m could not tua frmm,x! witt1out the sequence Hsfo19; ttll~ applicant did no\ wltt1in the 
prescribed time Hrnlt: 

0 furnish a sequenGe i~s-Hn(J on .paper eornp!yirt~1 t\tlth the s.tandard provided for in i\nnex C of th£~ 
A.t:lrnini:str;:i.tive !nstruct!ons, and such !lshng was not ava\iat)le !Q ttie intsrnafamal Sean::hing 
.Authqrity in a form i':md inarmer aoeeptat)la tn lt 

0 himtst, a sequence !isling in electmnk: form otm,piyinn ·with ttle stamJan:J pmvkied for ln Annex'. C ,,f tnGi ,<\(lrnlnislmtiv,:.: !nstrucHons, and suet, Hstlni;i 1,vas ni:it av·aHab!e to thiJ lnterna.uona! Searching 
Auth:irity in a ft)mi and manner a.Gceptabk:i to iL 

D pay tlm required late fumishin9 fHe kir HH:i furnk,hing of a. r,t~itmn{m !lstin9 in m:sponsn lo an 
iflvltation tmder Huh:::,s l~Hecl{a) or {b}. 

fJ 0; meaningful Qplnlon CQUld not be formed 1t<ith<,ut ti1e tables relatiJtl to the sequenco listings: thGi applicant 
t.Ud not~ ¥vfthin th~:t pre~~crib~]:fS Urn.e Htl"lit, turnish· .such tabltfS !n e~t~Gtronic fnrrn .co,rnp!.ying \~tth U~f1 te<;hn}Gal 
rnnuimments orovidei:t l'or in Annex C,bfa of tf,8 Admlnlstrativo !nstn .. cuons, and such tables: l;Veff.i not 
avaHaHe to the lnternatiom~! Seamhin{J AutMdiy in a kinn and manner acGeptab!s to it 

0 the tables related to ttle nudeotlde and.,~)r amim) add sequenc,~i llstlnn, if ki e!ectronic form only, do not 
cornp}i with m~, technrca! mquirmnents pn:.ivi<.kxi for ln Anm;;x C-fJfs of the AdmlnistraHvH lnsln.ic!ions, 
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WRffTEN OPINION OF THE 
INTERNATIONAL SEARCHING AU THO FUTY 

lntem,,.tiona! app!ie:afam No. 
PCT1US2008iDH8522 

_.,,,.,,,.,,,....._ .......... ,, ............................ ,.:a,_ .... -~------·---"'-.... ..,_..,..__, ...... '"'- .............................. ~,._-.... ........ _,,,,,., ... _~,..~~-~~---~ ...................... -,,,_..._ ...... ... 

i. t'J ln response Io the invitation (Form PGTAHA,206) to pay addltiorml fees, the applicant has, wlttHn th,3 
appHGab!e urne !lrnlt 

0 pa.kJ arkiltlonai fees 

?. r:J TNs Authority found that mto: requlrernent of unity of invsntion ls not cnmp!iect wlth and chose not to lnvitt,i 
the appli,.:ant ll:) pay addltion~~l foes. 

Box No., V Rea:$0000 st,,tement w1dl:.W Rule 43his. l{a}{i} w.ith regard to rn:ivetty, inveliHve step o.r 
__ indu1~.!Jal aepucabHI!Y; clt~tions ~:!id e.xplarn:iticms"~_uppa~tt!~9 s¥~.!t~tate~2!~----·•--·----···------
i, Statement 

Novelty {N} Ve,~--.... .,,.._(. C!li:t{n1s i-:?::t 
No: C!HhT1$ " -

lnv,,,ntivi~ stsp {!S) 'Yes: Claims -~ 
Ni:1: C!ai,ns :t:?:1 

!n(lustria! appllcabmty (li\} Yes: Clakns li4: 
No: C~ia.kns --
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VlRITTEN OPINION OF THE 
INTERNATIONAL SE.ARCHING 
AUTHOFt!IJJSEPAAATE SHEET) ____ __ _ 

Tl1is International Searchlnq Authority found multiple (groups of) inventions ln thls 
intematlona! application, as fol!o\>vs: 

determ1nlng an orientation and ~J dlreiction of travisl for 
each vehicle of a plura!ity of vehicles and h:ientffying each 
of the p!ura!lty of vehicles., 

2, Clairns: .25--54 

sct~llng the images and obtaining a !engt!1 to pixel ratlo 

detecting entry and exit ol' an object/vei1ide within a field 
of V!8'N of the CRfflEffR 

4, CiaJrns: 73-81 

deterrnlning a region of lnten.1st{ROl); generating a b!ob 
image by segm€.~ntation in RO!; determining the major t·u-id 
rninor dlarneters of blobs; 

·1. The foHmving docun1ent (0·1--0;2) 1s referred to lr this comrnunicat!on; the 
numbering wrn be adher€.Ki to ln the rest c:,f the proeeduro; 

Di: vVO ;?004/100067 A (03D LP fUSJ; OUADUNG HENLEY [USJ; QUADUNG 
MARK fUSl; BLAIR ALJ\N [US) 18 November .2004 (2004¥11 ·~ 18) 
VVO 2007/1. 03~-P B A (D40 TECHNOLOGIES LLG [US]) ·13 September 2007 
(2007--09-13) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHJNG 
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2, lNVENT!VE STEP 
The c!alms 1-24 do not involve an !rrvent}ve step in the sense of l\rtlc!e 33(i3) PCT, 

D1 dlsc!oses a rnethod cornprising: 
-creatlng a three~dlrnenslonal rnodei from a soquence ot image sets, each lrna[sW 
sBt lnc!ud!no a nh .. m::-1llt\,, of irnaoes of a subiect the ohJraHt,,. of irna~es lncludlng at ,... . ~ J -.._,.i, ' ... • ~ J ~~ 

!east one video lmage (Di, claim 1, the first t\:vo paragraphs}; 
,,selecting a video image from the sequence ot image sets, the vldao lrnagt! 
containing a vlew of the subject from a perspective; displaying the video irnage ln 
a user 111h1rfac~1 (Di, c1aJm ·1, the last paragraph); and 
-rendering the three dlrnenslonal rnode! in tho user interface from t(ie perspeGtlve 
(Di, clairns -1 O and ·15), 

t"'Ia-· '1r"'1 -l ,-.,ff.:l<.j'>:;': frI'!'•~ n1 i•1 t1v~t e,,:,,-"<h >''ll·~,:) rl t''i,l;:, nt• ·r·$,rlt'-1 ·ol' !~"1'-">"•I:)~' ~ .. ,,,,. f"""rltLlf'Ad ,,,l~ ,l t ~ .. -t:~ ~v~"'', '-,.) ~~ ~~ . . ~> .... ~~cs. W~-l.w:: ~ >.,.__.. '"~ :·~ ~-· fv•~ .... ~~ ~f ,,:~.~i~~~w·W c.uw· :,..,~t~ . ..,_.. 

from a dil'ferent optical axls .. Tt-1ts means that, according to the current application, 
me 3D rnodel of a subject ls created tllrou9h the known parallax effect in its 

source irnages. Thls l'Baturo ls detaiied w'i'th more clear words in dependent dalrns 
7 and 8- On the other hancl, D1 obtains the ao moch:1! by scanning, 

Both modelHng techniques a.re very· we!! known to the skHleti person, They am 
iJtandard rne!hodH in 3D rnode!Hnq field and ttuJy may be used interchangeable to 
create :'3D modH!s, All modomng books ln the computer 9raphics field disclose the 
parallax(s:tereo) teohnlq1..1e to c:reat\1 30 rnode!s, TJ1(1refore, independent c:lalm 1 
does not lnvoh,,(1 inventive .step, The same obJectk"'.ln and reasoning apply to the 
correspond\ng cornputer prograrn prnduet clairn 9 and systern clalm i7. 

The subjecl>rrmtter of the dependent c1alms 2,5,6 are dlsdrn .. md in 01 (claims 

Deptmdent claims 3 and 4 dlsc!ose that the vldeo image can bG selecteci by the 
user tht{iugh dlfferent sek~ctlon rmHhods, !t should be noti~d that D1 uses a seeA 
through screHn to detennine the fle!d nf view (D1, c!akn 17) and thls screen can 
be used also to d~~ten-nine an area of h1terest ln the image {D1 ~ cla!ms i 8-20), 
()H-,,~,, I 'l:d<.'Vj ~-,,,1~-,,·,t•"'" f na'.'l! •·1,."~.- '-:-.·,,.) ·"1 '"'t">l\t 1"''' \-),',!' ,-.i,.,,('<n,·) ::> j!·.c-,·,1,-:,tl'"'")~ 'i' f' 
W.•·=-~ h . ..-~ '-' '\...•H;;\,,,.: M'-'-• };_.,\,.,.- ~V{~ ~a:;.•~;., ~·""<:"~~ t;,'ht .. · ~),tl}:f'-"" J )~U·I '•V M~•· .. s~~j u~~GI l ·¼ ....... ,........ l 
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lt should be f\Hther noted that, augmented reality in dental imaging ls very woll 
knmvn and clalrn i dlsc!oses a classical appJlca.tlon of tNs fk:dc.t lh augmented 
reality,, rlc!1 rnedla can be reglstered and displayed together, !t is a freqlsentiy used 
technique also for rnany other blornedlca! app!lcaHon areas, 02, which may be 
usod under EPC, is citod here to sllO\N another augmented reality system exarnp!e 
for the dentltkm field, 

~L INDUSTRIAL APPLlCABlUTY: 
The curtBnt set of claims 1--24 d!sdoses technlca! features to \mplenmnt a 
oornputer 9rap!"1ics method of rendering and therefore, the subject rnatter of clarrns 
-1 ~24 ls lndustrlaHy appiicable, 

4, SPECLAL TECHNlCAL FEATURES (STF) /'.\ND UNDERL Y!NG OBJECTIVE 
PROBLEMS 

Dcicument D1 ls conski€.u-ed to btJ the closest state of the art: The 
dHterences behvof:n the dlsc/osur-e of D1 and the four potential 
inventions can be defined as fo!lows: 

Gonskierlng Di, the special technical features (STF) of the 1st subject consist in: 

,. cmatlng a three-dlrnensional model from a sequene-e of image sets 
~· se1ecting a vidtm lrnage 
- ctlsplaylng the video image 
- rendering the three~dlrnenslona! n1odel from the ptxspecHve of the video lmage 

The undt1rlylng objective problem solved by the above STF is to mode! and render a 3D 
object 

Conslderlng Di, the spGclal technical features (STF) of the .2nd sub,iect conslst ln: 

~ cmatlng a three~c:fononslonal rnode! frorn a st~quen,1e of image sets 
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-- rendering the three:_cHrnenslonal rnode! fron1 a perspective 

PCT/US2oqB,,:R§8§22 

-· selecting a video image that contalns a view of the subject most closely corresponding 
to the perspective 
- displaying the video image 

Tb(t uqierly!ng objocUvtJ prob!em solved by the above STF ls to seh'.1ct a video in1;;1g(~, 
among others. 

Considering Di, the Sp€Jciai technical fon:1.tums (STF) of the 3rd subject consist in: 

- creating a three-,dlmons\onai moc1et fron-i a sequence of l.mag:e sets 
- dlsp!r:rying the images in a first \01indow 
.. dt.1p!aying thl'.3 thretHJirm::insional n1odt~I in a second vvindovv 
- .syncl1ronkilng tl1to1: first anti second 1.vlr1dow to provide a common perspective, 

Tht~ underlying objective probiern solved by Hie above STF is to syrn:::hronlze a n3nder 

of a aD objeot anti its source images on display, 

4A, 4th subJHct 

Consicfantng O'l, U1e special techflica! -features (STF) of the 4th subject consist in: 

- dlsp!aylng a three dimensional rnodel of dentltlon from a perspective 
- providing a plurality of video images or the dentltlon 
- selection one of the p!uraHty of video images 
- d!snk:1.vino the video imaae with tht1 throe dirnenslona! rnoc.lel as an ald to visua!l~1 

~ , V W J 

detennining a margin of the dentition. 

The underlvlna objectlve omb!erri solved b'y,' the above STF ls to determine a mangin of 
-.I - ... ~ 

5. Thn spf~cfai tochnica! features (STF) art.c1 obviow.1ly not ldentlcat !\4oreover, 
they are not corresponding, l.t3. they do not function ln an equivalent, 
cornpiernentary or cooperative rnanner ancl are not specially adapted to 
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lnh.;)rnational app!icaUon No. 

____ _E CT/US.2008/068522 

each other, !n partlcurm, tht1si.1 special tscllnlcaJ foatun:'3S can not be 
mgarded as bt;3ing cormsponding because they solve different probterns. 

Thi1reforo, the appHcatlon claims four inventions not so !inked as to 

forrn a single gt"'neral inventive concept as tht~y don't havo same or 
cormsponoln9 spedal technlcril teatures, Hom.-::,e, the requirements of 
H:A~ i 3 .. ·1 and i 3.2 PGT are tht~refore not nll':lt 

ti !f the applleant opts to restrict the claims, it fs suggested to erase the dafrns 
corresponding to tl'le subjects wrileh am not examined, In the a.bst1nc0 of any response 
horn the app!k~ant, the exarninatlon ~vii! be restricted to the first subJect 
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r·~~m rc1~1lfi\/2~c~ {i:~r:H:~:.:e.t"'.1n c·~ ~t:si ~ht~:t:1t (2li {..t"o:~1: ~~v~j 
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render i ng a 30 mode 1 with a per s pee ti ve a tit a i ned from its 
associated video 

2. claims: 25-54 

s~·iect"lng a vfrleo image vlth tt1e p~npecUve of a r~ntfor<:::d 
30 ◊t\J€Ct 

synchronizing an image and ,;i rend,;.1red 3D mo<:t~,1 on two 
it,11 ndot4s 

:,e1ecting a MiitH:ion \ddeo image with the perwective if -~ 
nrndered 30 obj,xt to determine a mar~Ji n of dentH ion 
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PATENT COOPERATION TREATY 

!NTERNATlON,\L PRELIMlNARY REPORT ON PATENTAHltfTY 
(Ch.:1pkr l of !h(c Paknl (\,opern1ion Th:atyl 

:\ppik{mi's or ~\gx'!.~<fs Hk: rl:f~.::.:::.:1c:e 
f38~14· ·: \.-V()ClO~-; 

FOR. .FllRTHKR ACTION 

; r~t::: r~n--~U:) ! ~;,J} { j h n !~ .-..bt(~ r· d<~ ~i~~~1/nthlr::/~<:t ~ 
27 tJUn~ 20GS {i~: .0f}.~~Gc°8) . . 

.k:i~n1~rll<>n~i1 P:n~:rd (];$::;::,..~:'.~<:~:.th~n i 8th ~~(hl.i·On lH}h~~:; :·):lcfor -:::d.ih:·).::titld.t<:~\'!:~~~) 

See :•eievant :ntorni~3t~on l:-~ Fonn PCT/tSAl~?37 

/\pp-~i):~~u~ 
3~·i !f\!N(}VAT!VE PR()PERTlES c:()~1P.AN'f 

1" Tffr.;, in't(:Hrnh::.-n~d yn:-.;.;'i'tfH~n,n:y f(:f•Ort :::•n p:.rt(:i~t;:;bi"H~)' ((J;~~_pt,~r n ;:-; ;:-;~;~H:·d. by ih;.;_': ln~s;Tfi.~~ti·l~n~i·i BuH.~~t\: OH b,~h::1ff of th,~ 
!nl..:.:\:.tl:i:.i<n·t~{°[ s~~;;~.rL~:hinr /HH.hr~rify mxkr Rt:l~~ -+'+ r~.1 .. y ·H;(~-

rn .th.;.;~ ,.ru(~ctwd :;h~::.::ki. :.my ~"'..;:f~.~'i::fr,>~. ~o th~: i:.'.:·d;lcn c~pin~t•B ,){ ;.he h>lcrn.:~:ioi~~ti Se-a~~·hio.~~ Authuri(y ;ih,Ji:hJ h.:.;~ ~):<hJ ;t:, <t :,~f~h~n-cx~ 
~<> th{~' lntt·~n~~t~t•m3] p~<ilut~n~r::y r~tt•rl t•n p~:t~~g;_;}~i~i1,;· .((:{:;~pt(:I J) ~n:s;h.~~':.d. 

Nno-~;:::~_;:,.bh~.hL~X~~<l nfnf;i;.(~rin ,~:iHi: s~:r~-::rd h:} {H)'.:~;Hy ... ir:i..:-~~.i.}t~V{:. ~t{:f .::-:_:):d ·:us.h.i~:.rj;:-:j 

~~pplk~;~bHi(y· 

R1,;{~~:.:(~n1,;d :;;;r(~'!n1~f:: \:rid~~f . .:'\rl'itk ·-~~r: ~ ~~."Hh n:~g.:.:td iO ;:}0\:~hy ~ ~rr • .1x~.i}UV\:~ S!(':p or .i.ftdB:Jri<~] 
:!pphs::J·•H.Hy~ ,jtt~h)n$ ~1.0:d ~~ph~n(lii~·n::.s :-s.npp(~fHt:g :;;H.~h si:J.ten--:~.:ii' 

-t TfF.;' Ic~t~Tll.~:~i-)nit B~3fl;.~~HJ ,,,.in (:(}fEffniui;,,.~~w,.~ H£i2.: HT~}H t::.: ,d..;.:>~gr:~:t~:d ()flk~l;.~:..: in ~:(:(:t)ldm1<:,~ ,,.·~th I{\d~~J. 44f:-:·.~·-:3{-..-) ::-:t::-td 9t~.c~-\J :,~iJt 
nriL. x~~_.;,,:x~pt 1,.i;,.•fn.:~J.<: th~ ;3pp11::.:;wf n-::-:k~:~ i:ri ~½J~r::::~~ n:.qux~:;t ~u-u.-f:':.i' ,:\rH,:h: .~J(.":}; ht:f(}_',_;f:. ih-:.:'>- x~XpH~~hf:-B o{ JO :·~~ont'}h i.run.'::. n;~.:. pr:~.,rl:y 
da~~ (H::.ifo 44bis ~:n. 

;);::.;.l;.~ r,f i::;:~,=v~~n~ .. .--.:.~ :..~f tin::; r:::1~.~r~ 
Qf; Ja.nuary' 12010 (05.01 -~2t1't O) 

Beate Glffo-Sc.hrnitt 
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-:~· ;" 
PATENT COOPERATION TREATY 

r-·n:an iha 
!NTERNAT!ONAL SEARGrHNG AUTHOR!T''l 

ti' To~ -~., ..... ,.. · l PCT 
I 

t \ 
\ ~ 

I ' WRITTEN OPINION OF THE 
t s£~e forrn fJC."f)lEi!\~~~;~.o 

I ___ ·--- J:;:~l;::.~~~~,~~;:y i 
[. fo.pp;i1.,~~nt\, or <1g@t'c; m.; ;~for;,,nc0 1 FOR FURTHER ACT10N .... .. .......................... ~ 
i see form PCTASA.::?.20 i Se1., ,Klrw-ir"'t.1:h 2 t,~l;:,w I 

1·--~,c-~~~~'~:~l~~±!~:~~;:r2~~~~--,................ i ;?:-'.":t~:n:.,l,!tiing dH!0 {d~yff;or1tn,:,·~,wi l ~:◊·~~- ~:J.t~~O,~)-'.•f))0>1/hyem) i 
i . i /U-::>,:..\.><.o,,,iJ,::<v<.:.. , ,._,, .(k._t.,OOo , ,,:.~ .. CB,c:O,,, 
i ";;~,f~;-;:;;,.t;~;;;~i ·f;·;;;~;· ci~~j-fi~;i;~;;;· ('ip;:;;-~;;: ;~,i; ·;~~;;~;,;i·cl;~~;ifi~~;;i;;;;·~Jd I PC. --------------------- 1

·-· ________ .. __________ nnnn-H•n--n • •• -~~~~~~~~~'~'~''''''''', 

~~:::~:;=~~~;~~'.~;~;'.:~;,:~·- ~=-:~~~:=~~~~-==--~ ·-i 
1,. Tllis opinion contains ir1diCation, relating <> !tie f-OlloWiog items, I 

M Bex No. ! 8~$iS ,,1 the opinion 

2. 

□ 
0 
0 

Priority 

RS3aso;riecl stz~t.~:rn~.,nt und~r RlJ}0-,:l~'H)t\1.·l {~~.)(i) i.ivhh f$~ard to r:o\..-efty( ~nvenh~l~- tt0p or indugtf!i"::.l 
~~.ppHcabi.lit~l;. cit;shon~~ and e>:pianaHt1ns ~;uppolting such s[ati:-sinen~ 

FURTI--H:R ACTION 

Jr o. d~rt:BJ:d f~')f h:f)~tnctfion;:"tt prs~irnln=~tll exan1l:natior: is 0Hid0, th}:> c(p~o~on \'.V[U usut!H:l b~ c~')f}$ki~r&d to b~ B. 
vvdU&n apkl!CH'E of t:--1{~ !ntt~rn:1tkJn.cil f·"rHHrnlnart Exarnining At.~thorny {'lPEiV') &xcept that thi~ dr.:::es not app!i v,fr:EEH~ 
th~ app!ic&nt cMc:os0~. i:trt J.\uthorlt); oth~t than thlB one; to b~~ th0 !Pf:)\ and ;hf:: ct]t::&an iPEl-\ l:~s no~lf~c.l th~ 
1 :·?~tnath::-rL:~J Bure.;~~ t}n~er F{ul~~· 66~ i }.)it{b} that ¼~rftt~~n opinions <)f th.ts lnt$n'1aHnnal Sear:")hing Aui.horfty 
~v:!l t:Dt b-c& so ,~onsto~r0ts. 

if-tffrs Qpink,:1 h~~ as.: provki~d atJov~~ ct")tn~id{~tecl to be a fv.:'.ttten opir~ion <)f the lPE .. i\.: HH~ ~-tppHGrird is frr~.lit~~d t.::> 
s:-...tbn1il to fhe l-F-\EA. a v .. •dtiiJn tE~ply iogether 1 V•/f':.ere ::tppropdate .. vy_lth o.rnendrnents.i b~k:re !he expiration of 3 rnt)nihs 
fto:-n H·ia d~ta of rr:«Hinq of Fonn PC1,)1:Sfo ... l2~~0 o·r b~:?ksr~ the &XpfraU(Jn of 22 ~lgxith~ r:-orn ttH~ o~-k-:.·dtv d~it~'( 
'-'Vhiche~•t~r e>;.pires lt~tet.. ' ' ~ 
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vVRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORffY 

fr1 thB !nternationa! applicatkm in the language in which lt 1Nas med 

lnternationa! application No, 
PCTAJS20(J8,068522 

U a translation of me intematkina! appncation into , wfoch ii, the !an9uage of a translation fmriit,hed for the 
purposes of intamauona! search {Rules ·J:?..(Ha} and 23;1 {b)}. 

:~. D T!1ls !)pinion tw.s been est:;;tbEstH~d taking into aecount the recUnoaHon of an obvious mistake authorized 
tlf or notifled t::.i this Authorlty urn::ler RU!t:l (1'! (Huie 43biS.1 {a)} 

;J V,nth H:lgard to any riu-deotlde andiUt amino acid sequ-oncl't dlsc!ot,ed in the intsrrmtlona! app!lcauon i:iwf 
necE,ssary to the daimed invention, tl'lis opinion has lx~en estab!istmd on the basis of: 

4, 0 !n atidltlon, in thEi case that more than one version nr cop}' o! a sequence !lstin!;~ andk'.a- table relating tMreto 
!1as bt,i~~n rned or fun,lsJwc!, Um required statements that thEi lnfonru:itinn ln the subsequent w· acklitbna! 
zxipies is identical to ttmJ .in tM application as flk.>tl or does not ~P beyond the appliceit.ion as filEJd., as 
appn:.iprlate, were fornisM<1 
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WRffTEN OPlNlON OF THE 
INTERNATIONAL SEARCHING AUTHORffY 

ln!Btnatinnal app!lcatkm No. 
PCTAJS2008A)68522 

Boi.: No,. m Ni:m-elllt;;thHshment of oplnton wUh regard to noviii1ty, inv~nth,"f! step and industrial 

app!lcabUlty _____ ---~----------- -----------------------··----··---···-----------·----·--·-----· 
The questions whether the claim£id invsntion a:pp.=mrs to be novel, to invo!v~ ,-:,n invsntlve sctep fro b~~ non 
obvious), or to hl:l lndustrlaliy applicable have not !x~i:m e:<am!ni:Kl in respi:,ct ol 

D the ,mid intanw.tionat appiieatinn, m the said claims Nns. relate to the to!!owlnu subji:ict. matter ·whk:h dzms 
not requin,i w1 intemation,:it search (spez~i~vr 

C] Hli~~ description> ciahns or tirH\r...~int~s (ln,1~ai~t•9 l)artlctdtlr elt:rnfttii'"s-- tl$!Ov1.) or s~iid cialrns t~o~i: are so un<.Jear 
l:!mt rn> rnt:.\aningfu! opinion could be lormed (spedt}}: 

the claims, m said claln1s Nos, am so lnactequate!y 1,upporMd by the descripfa)n ti'.lat no mt,m,ln9fui oplnbn 
C~JUl(j tJe i(~rn1atl (S.t'\9Ch}·): 

D a me.anlngrul opinlon coultt net be formed w½thout ttie se,wence hsfoig: the applicant ctid not, within tht, 
prescnh~id UmB Hmit 

LJ 

n .,...,., 

n furnish f1 seqm.mcEi Hsting on p;:iper ,::ornplyl.ng 'Nith the sttmdard i>,t,vit!e<l for ln Annex C l'"li' the 
Adrnlnlstr;;Uive !nstructiont,, and such llstln9 was m)t av;;1H;:1b)e to the intmn,;itbna! S~iaR:hing 
Authi:irity in <l form and rn;;m11Eif i.K:c,'::ptabh,i to n. 

0 h.imlstl a ssquenoo listing in e!ectmnic kirm ,::omplying ~1vith H1e standard provided for in Annex C 
Gf the lidmlnistmtive lnstn.ictit~ms, end such listing was not available to th":3 !ntemetiona! Searchlng 
Authority in a form and mm-mar accepir.:.b!e to lt 

0 pay me requlmd late n.irnfahlnr! fee for H"1e fumisiwig d a sequence lis!lng ln resixmse t.o an 
invlt.ati:on unzier Eu!es ·i()licKl(a} m (bj .. 

a nw,winglul opinlon could not br,i formed .vi!i1cut t1"1s t~1b!ss w!~tled to tile sequence lisllngs; the applicant 
<lid not, within tho prescrltl~Kl fon:) Hmit, furnisi1 suer, t<~bles ln elt,ctmnfc form cornolVing with trn:i t;;;;ctmlca! 
requtren:~ents provkte-t.1 h;r in t-\nnex (>-his of tne AfJ~n!nfst'ra-Hve ~nstructlnns~ and -siJt~h t"abies \'.Ver(➔ not. 
available to th,:i !nternat/On~~:! S,:iawhing A1.1ttmrity ln a form ;:md manner ,'1et::eptabie to it 

the tab!Bs r-eh!~ted lo n1e nuC}f*OtkiE~ ancttff aH)tnn i:~cid se,tuenct~~ Hstk~G. ff in e1e<:horHc sorrn onlv. do not 
comply with lt:e i6cJm1ca! rnquirom,,mt1 provide<..1 for !ri Aiinex C>his of tris Achninlstmthm lnstn;l:tiomi, 
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WRffTEN OPINION Of THE 
INTERNATfONALSEARCHING .AUTHORITY 

!ntiimationa! appfa::ation No. 
PCTilJS2008i068522 

·1 . t8 in responst~ to the frwitat.ion (Frmn PCTilHA1~?.GG} to pay additional fees .. the .applicant has, within the 
appHcal::ik\ tfme Hmit 

paid attclitlonat fees 

CJ 

2. [1 Thfs Authority found mat the r8qtJlrernent of urnt'.)l of invention is not. cornpl!ed with and chest, not to lnvit.e 
t11e applic;;mt to pay additiotHli fees:. · 

Box No, V R~~sonoo stati:anent under Hult:~ 43bfa 1(a}(i} 1,-,,iHh regat·d to novelty, inventive $tep or 
industrh,ll appllcabmty; cltaUotls and mq:i!a:nauor1s .supporting such statement ...........,. .... :a._..._..._..._.._,..,_ .. ,__,_....;_ __ , ..................................... ...,.,,,...__ .. :o....._,_...,,,. ... ...__,_ ___ ... ,.._ ............. ~ .......... ,._.._.._ ... ......,,.,,.,.. ...... , ...... , ......... ~:,..,-... .. ____ , ____ ~.-~-.-, ... - ............... __ --

L Statement 

Novelty (N) .. {i~s: Glalms l"~{:1 
No: C!aims 

!nventivH step {!8) \
1es: Glalms " 

" 

No: Claims J.:,?.± 

!ncjtJstrla! app!icabmty (!A) Yoes: Giaims :1-24 
No: G!airns 

2, Citations and explanations 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 

PCT/US2008!068522 ::4U1tJORffY J~gpARA TE SHE_~I} _____ . __ _____ ,,,,,., ......... ~ ...... ~ ................................... . 
This fntemat!ona! Searching Authority found rnultiple {groups of) \nventlons ln tfll.s 
international appHcatlon, as ro!k1v~1s; 

1 . G!airns: 1 ··24 

determlning an orientation and a direction of travel for 
each vehicle of a p!u mHty of vehicles and ldentifying each 
of the plurality of vehlc!t~S. 

2. Claims: 25-54 

scaling the images and obtalnlng a length to plxel ratlo 

detectlng entry and exit of an object/vehicle wlt!·iln a field 
of vievv of the c.:::lJnera, 

detc➔rrninin9 a region of interest(HOl); generaUng a blob 
image bv se•g. rnentatlon in RO!; deterrnlnino the rnaior and 

..... ... .... . ..... ✓ ~ 

rninor diarneters of blobs; 

1. The fo!!owing document {Di «D:?.) is mfo:rred to ir this communlcatlon; the 
nurnbering vvm be adhered to in the rest Qf the procedure: 

0·1; \iVO 2004/100067 A (D3D L P [USJ; OUADUNG HENLEY [US}; QUAD UNG 
rvIAm.;; [US]; BU\.! R ALAN [US) 18 November 2004 (2004y i 'l -18) 

D2: Vi/O 2007/103918 A (D4D TEGHNOLOGlES lLC [US}) 13 SEipternber 2007 
( 200 7"0~)y 13) 
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WRffiEN OPINION OF THE 
!NTERN,!\TIONAL SEARCHU'>lG 

lnt$matinnal app!lcation No. 

AUTMORffY (SEPARA_T_E_._S_H_E_E_T_...) __________ ~i_:JC:;;;,.";.'"",;,,;,l!,.,:;;.U;...;;S~2t~QfV0685?? 

2'. !NVENT!VE STEP 
The claims 1 ·24 do not involve an inventive step in the sense of ,t\rt\de 33(:3) PCT. 

0·1 cHsc!osm;: a rm~thod comprising: 

-creating a three-dimenskmal modet from a sequtmce of image sets, each lrna~w 
set including a piuraiity of images of a sul;j&ct, the plurality of lmage(1 lncluding at 

least one vk.leo irnage (01, claim 1, th~"* first lv,;'O paragrapk,); 
-setectlng a video irnage from the $equence of irnage sets, the video irnagt1 
contaln1ng a vievv of the subject frorn a perspective; dispiaylng th~1 video image ln 
~ l' l-::,,:,,;· :ntc-.••fa•""" ,'f'<i ,-,!;:,\,n· i l·hp 'a<.:(·f r~-"'l'·~•g•·~n!i:) -· ""'"" C., • ·•~.u.,:. ~ L :, . 'i..~J • ¾.~·~;. \ _..._J c· s ,, ...... ~x..~.~:. 1 . ~ t~ (,,~ ~ ~,.t t-;i:,:,:.,.,. <.:<:l., ~ ::~,-t,.., \ ,: C'\~ ~~> 

-rendE.ir\ng the three dirnenslona! model in the user interface from the perspective 

(Di, claims ·wand 15). 

Claim 1 differs from D1 in H1at each one of foe ptura!lty of irna9es are captured 

from a different optical axls. This ffH.':!ans that, accnrdfng to the current application, 
the 3D mode! of a subject ls created througt: the kno\,vn parallax etiect in its 

source images .. This feature is tietaikx.i i.<1..•ith more clear \>vc:irds in dependent claim~~ 
7 and 8. On the other ham:( D1 obtains: the 30 model by scannh1fJ. 

Both rnode!!lng techniques "~re vBry we!i known tc the skH!ed person, They are 

standard rnetriods in 3D modeWng fie!ci and H-wy may be used interchangeable to 
ereate ~JD rnodels, All rnodeiling bO(J!<.s in the computer graphics fie!d disclose thl;_; 
paraHax(stereo) technique to create 30 models. Thoretore, Independent c!akn 1 

dor,s not lnvolve ir1venHve Stt1p, The sarne obtection r{nd rea.sonlng apply to the 

corresponding cornputer program product elaim H and syst1~n1 c'falm 17, 

Th,:,; sul:.\iect--rnatter of the dt"':!fJt1ndont da.im~==- ;?,6,6 are d!sck1st~d in D1 (claims 
10,.15,18}. 

Dependrmt claims :3 and 4 dlsclose that the vk"Jeo hnage can be sek"':!ct&d by the 

user through dHierent selection methods, !t ~\!"1oiJld bo noted that Di uses a see" 
through screen to determine t1e foskJ of vie\•.' (0·1, claim 17} and this semen can 
be used also to dotermine an area of interest in the lmaqe m·1 , c!aim.s 18~20L 

- ' • 1 

Otktf3>' 1ildc.,, -:_,,:,,lc.r•r··1',,,~ fCictl·• ·T"'-' '-~n:, <:,,,·nphi i"'''l'"'" d~<)'(:I"' ,_.,iil'""f"':ir;yf,c- ir, ~.v( Y~'-.!i'V{·.~ ..,._(~.-~x.;.v '.,d ,,.;;,: •. q.,~-::.~w CS.CV WhH '·J HC~ ,.1: '"'.._ ... , .... l~;:-;._1~1 {,;{ ,.s.;:) ~~.:.-t ... ~ .... v ·•l~ 

lrnp!ementa.tion which do nt1t add anything inventive significance to the subjr::ct 

matter of lndeperKient elah1:1s. 
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ft should be further noted that, auwnented reality- in dental irnaglng ls very well 
knmvn and c!afrn 1 discloses a c!asslcai application of this field, !n augrnented 
reality, rich media can l1i1 registered and dlsplayed togE~ther. it is a frequently usec.i 
tochnlque- also for many other biomedical app!lcafron areas, 02, \'Vilich may he 
used under EPC, ls cited here to show another augmented reanty system exampie 
for the dentition field. 

8, INDUSTRIAL APPUGABIUTY: 
The current sat Gf daims 1-24 discloses technical features to irnplernant a 
computer graphics rnethod of renderlng and thE~mfore, the subject nmtter of clairns 
1--24 is i ndustrla!ly applicable. 

Document 01 is consldered to be the closest state or tile art The 
differences between the disc!osum of 01 and the four potential 
lmtentions can be defined as follows: 

Considering D 1, tht1 special technical features (STF) of the 1st subject tonsist in: 

- creating a thmeydirnenskmal rnode1 from a soquence ot image sets 
- sefecting a video image 
- displaying the video image 
- renderina the three-dimensional model from the persnec!:ive of the video 1maoe V ' • . ~ 

The underi11ing objective problem solvE.1d by the above STF is to rnodel and render a 30 
ot1ect 

4-2, 2nd subject 

Consldc➔ring D1 ~ the spedal tec!'micat features (STF) of the 2nd subjfict consist ln: 

- creatlng a threfM;Hmensional rnndel from <'-1 Sf:quence of frnaqe sets 
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- rendering the three~dimensional model from a perspective 
- se!ectlng a video lma9e that contains a vkw,1 of the- subjt':)ct most c!ose!y correspondlf19 
to the perspective 
•· dlsp!aying the vki~10 image 

The unrJ1.ar!ying obJecHvi~ probh,un solved by the above STF is to select a vldeo image 
arm.mg others:, 

Gonskjering 0·1, the speda! technlca! features (STF) ot the 3rd subject consist in: 

y creattnfl a three-cllrnenslona! model trorn a seqt.mnce of hnage sets 
- displaying the images in a first windovv 
• displayit)q the triree~dimensiom.1! model in a second wlndov,' 
·· S\mchrcnl2lng tht~ fast and st-wond ',,\•imio\<\i to provide a cornrnon perspective, 

The underlying objectlve problem solved by tht) above STF ls to S)mehronize a render 
of a 30 ot~ect and !ts source images on display. 

- disp!a}"'ing a three dimensional motie! of dentifo::in from a perspectivE.~ 
·· providing a pluraHty of video images of thr:: dentitl(Jn 
- selection one of the plurality of vtd~:C) lmages 
-- dlsp!aylng tht~ vidoo image ·wtth the thn .. ,H.1 dirn~)nslonal mode! as an aid to vlsuaHy 
deterrriining a rnargln ol' the dentition. 
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image ... spoken words directly to !heir written words t,y automated speech recognition (ASR) 
computing .... 

E!ect:·op:1vs~oioqic ~3SS-':1SSn":~1ni_of{centr~~;; at.H.i~torv: proC.~$SSlnq_i:jlsso:·i:j~~:- ln 
ch~:dn::~n \'\o'~th_:-:i:Jn•-~'l\·'ndrorn~c t-:!eft !!q i:·:.:-:d/orpa!aie 
X ~•is..::.. l ~:1;:.~. B :'i.-~:.-:Ph0~~•)f' - J:.x:ms..::.: t•ftht=-": .-'..\~x1:.is::t-::~; 3,•_;r_:l0\:,•· :•i .~rt~t~:-:G,:~, ~?Dl ~~ 
... fer enclosed and unrcofed spaces with similar decay rate do not show significant difference 
... Drive, Newport, OR 97365), and Roland Ste!zer (Austrian Society for !nnovalive Computer 

Sci- ences ... Total 22 tagged squids were released from the research vessel in three nights 

and ... 

Eneydqp~i~~d!G diction~3~)'~ ot· !ibr~:1.rv ~3nd inforrnation sc;~~nce 
VK Sur~-:J .. ~-oos 
.•. Parity bit: !n computing, a t,it included in a unit o! digital data to detect errors in ... week, 
month, and year duting which !he services and resources of a libraiy or computer system are 

... Peer-to-peer (P2P) : File stmring between Internet users whose computers have been 

assigned IP ... 

... have inc!uded a significant focus on staffing; and some states· requirements for exi.ema! 

audits of clinical programs ... showed variations in dose calculations due !o incorrect 
applie11tio11 cf anisotropy models and applic11tion of t)bsolete ... 3601 2012 AAPM Annual 

Meeting Program ... 

... probably reduces input activities in the hippa~.ampus, thereby results in deficits in spatial 

memory .... POQH:I The clinical application of buccai acrylic appliances HS NOH*, SH LEE, 

IH ... and dumb) and pmmation of an accessible and efficienl educationa! programme at 
community ... 

... Po!icy Management and Software Defined Networking (SON) The Rise ofthe Smart Phone 
Application Performance and ... This network. known as ALOHAnet, was designed le -.,-onnecl 

seven computol'ii on four Hawaiian Islands wirelessly to a central computer located on the ... 

Robfn-t t3. Eqg!eston 
V':iP ,JBfitf~:~. S .,qd:.:1p:..,m ... &/~ •.. qr~JJ, -1~s·3 
, .. system has a maximum update rate of 100 Eye-calibration time is short while the accuracy 

of 1 samples/second. deg (RMS) is adeQuate for the i!ippli.::ation at hand .... Macintosh 

computer/monitor and the EPOG progrlllmme . 

... As you practice on the go or ai your .::omp;.;ter you increase yom· coherence base!ine and 

youf ability to take charge of ymJr emotional ... so,11e questions raised during !he program: .,. 
There am three programmes so far although the second and third haven't been subtittecl yet 

https://www.google.com/patents/related/US20150002509#c=s&d1 &d2&t=1 computer"/o20program.1 memory.1 processors.1 three%20dimensional%20de... 5/6 
-146-



6/21/2015 Patent US20150002509 - Related Art - Google Patents 

UK in 
,,, who may inf!uence your decision on what computer to buy. , .. phone, and now include a 

wide range of devices like Persona! Digital Assistants (PDA) and wireless computers .... 
onsite and to instantly transmit them to !he business centre has an ;nvaluable appiicatkm in 

processes ... 

UsEff=s (~estura!J:xpio:·ation of Dfff~3rHnt \tirtua! .~\gent~~· Expres~~h:-t~}-srofiit3s 
(S~U)1"'t P~toe:-} 
~-~ Cnur~1~10~\ ,JG f-::1t§~in, C J~:..x41J~"!m:~~ ~· .. ~.{\,r-,_,i_:\S'GH PtY;•G~~edir:qs Gf ~~if! ?ih , .. , ;:(30B 
.•. month~ may, number~ {1}. pages~ {32---49}, tit!e ~ {{Affective computing with primary .. , 

pdf:pdt}, issn = (00950033}, jouma! = {ACM SIGM!S Database}, keywords= (computer-based 
presentations •.• the domain of researct.1, design, and applications of persuasive computers.!n 

!his ... 

... the Swartz Foundation, lhe Pa.JI G. Allen Family Foundation, and !he Wmld Class University 
program of the ... And those can be mimicked, al least in principle, on a computer ..•. and 

socia! netv;ork- ing, I foresee a lime when humanily's teeming billions and their computers will 

be ... 

... to merge in order to create the first generation of commercially Bllccessful computer 

wearables .... Smarlphones ant1 tablets brough! computers out of offlce5 into a variety of 
environments for persona! ... With a computing device already in the pocket, will !he added 

ct1nvenience of a ... 

©2013 Google 
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Dental modeling is improved by supplementing views of three--dimensional 
models with Video data acquired during a scan of the model provides a smm:e 

of st;II ... A computer program product comprising non-transitory computer 

mmcutable code ... a processor configured io display the video Image in an area 

of the user ... 

Dental modeling is improved by supp!ementing view;s of three-dlmen;sionail 

models ... Vid!!o data acquired during a scan of !he model provides a source of 

still imagi.s ... the vidi.o imagi. In a user interface: and rendering the three­

dimensional model in ... A comptJoor program product comprising computer 

elteculable code ... 

Dental modeling is improved by supplementing views of three-dimensional 

models with Video data acquired during a scan of the model provides a som-re 

of stili ... For example, lools for margin marking may synchmnl:ite display of 

margin ... the video image in a user interface; and rendering the three-­

dimensional model i~ ... 

Dental modeling is improved by suppiementing views of thrne-dlm11nsional 

models with ... Video data acquired dunng a scan of the model provides a smirce 

of stil! ... For example, tools for margin marking may synchronia!e display of 

margin ... A graphical user inte,iaoe for computer-assisled margin marking on 

dentition, the ... 

'V'ki~o--~~sg;gted ~~·u~~:aJn n:~~rk~ngft)r d~~~1t2t~~~ot.i&~£ 
,, • ..._.~..,,\· .g-:.K~Bl~:.GGrn!~ai\::~~tst-..~,.G~:n(:':::Q0~3G:~.''2?:..~\-·.::~-i'-

Tools are described for preparing digital dental models for use in dental ... 

Dental modeling is improved by supplementing views of three-dimensional 

models with still ... Video data acquired during a scan of the model provides a 

source of still ... For example, toois for m;asrgin ,11arking 111ay sym:hroni%e display 

of margin lines ... 

Tools are described for preparing digital dimtal models for <Jse in dr;ntal ... 

Dental modeling is improved by supp!ementing vlew;s of three-dlmen;sional 

modell! with stil! ... Video data acquired during a scan of the model provides a 

source ui sl.ill ... For elta111ple. toois for margin marking may !!ynchronize display 

oi margin lines ... 

a three-dimensional camera configured to project a spatially varying pattern of .. . 

representation of sa;d three"""11meni;ional (3D) model Image for viewing by an .. . 

configured to generate output data representative of said virtual 3D model in .... . 

The dental CAO software (118) can be implemented to run un tr,e computer 

(112). 

~~\uqrnented rea!lty_systt~r:i_for a d&nt;~t!aborai:orv 
~~'\~'-l,:' .f3:.X)~1iE:. ~::.:m/p;st-~:i-: ts.:V,:'0200? i n:39 ·; ~-··\.~··?d·:.~)n 

Synchronized vi 

of video data an 

u,ree-dimensior 

model data 

Ed;..;.,-~xd ~(. Ti::k~•&n, ::y~ .:\. ~<d,•f:shkt,, t::"i· 
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G.:..:~npr:;:'-Y 
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The 3D scan data may be generated at a dental office remote from a !ocatim, a! ... 
The system as described in ciaim 9 wherein at least one of the video images of 
the ... dental preparation model; and software executable by a processor le 
ronvert al ..... Sym::hranized ,;-iewe of ,;-ideo data and three-dimensicmat model 
data. 

l~lffJrn~nt~~d _re-a!lty S\,•·stf~n\ for <3 _dssr~h-~t !::~b~)r~~tory 
~~",f,•'..❖'.f::f:-:);)i~.-:.;f::Y:/pt~K~f;t~-:-/U:$$4:3lHt~~: 

The 30 scan data may be generated at a dental offic.e remote from a iccatian at 
wiiich ... method as described in clai111 1 f,Jrlher including generating the 3D 
model. 3 .... memory hold!ng computer program instructions executed by the 
processor to ... to capture the im!l!ge, where an X axis is along a horizontal 
dimension of the 

These and other techn!ques may be employed in a three--dimensionai ... In 
another aspecl, a computer program pmduct for tJsing im11ge signatures for .. . 
view to a three-dlmensh:mat model obtained !rom three-dimensional data ... 3 
shows a processing pipeline fer obtaining three-dimensional data from a ,;-ideo 
camera. FIG 

These and other techniques may be employed in a three-dlmem;io11a! ... The 
computer prcgram prod,mt of claim 18 wherein each one of the plurality of 
lmage11 is a .. view to a three-dlmem;ional model obtained from !hree­
dimensionai data ..... [0032j Terms such as "digital dental model", "digital 
dental imweseion" and !he ... 

producing three dimensional digital data of shapes of crowns of a plurality of 
teeth .... 5,452,219 describes a method for laser scanning a tooth model and 
milling a .. tn some embodiments, the individua! tooth model5 include data 
representing ..... image processing software combines the data from individual 
stices !o form a ... 

,:\:&chit~zct~-Jre for tre~3,Unq t~zeih 
~~-~-..•'..•'J ~fk)Qi~ .\):'):Yilpt'1.t-t..::r;tsi'U~:~:oo.:;n i sn·T~::S 

capturing dental data from one o,· more third-party scanners; ... displaying a three 
-dimensional computer model of the teeth al the treating professional .... 
roupled to the pm.::essor and adapted to store data for each patienl; and 
5tift:warn to ... 7 is a flowchart of a process to render 3D views cf a patient's teeth 
an a browser. 

BKSti:wn i~nd ff:f3thod to:- co!!~:bor~~Uve shotu};nq_,_ bt:sirH~ss ~~nd ... 
,, . ...._.~..,,-..,· ,$":'-~,.-~l::1.corfi?p•::1i._1~~t~/U~~~~(:·~ OOD3m17~: 

Users can share views of themselves (either their image, pr,oto. ,;-ideo, other ... 
including !he gap or margin between apparel and body in different regions, after 
.... one processcr, a d!!!l!l! storage system (including volatile and non-volatile 
memory ... The modeling system 10 allows users le have thre11-dim11nsional 
mtidele that ... 

The computer receives an initiai digital data set representing !he patient's tee!i1 
at ... Laser scanning of a molded tooth to produce a three--dimenslonal model !s 
..... Image processing softwarn combines !he data from individual slices to furm a 
,.,. The user can also view and menipulate the high resollition model if the ex1ra ... 

C!in~c~an_rffvt~1w· of_an_or~hodont~c tr~atn:f~nt p!Bn_and app!~anc.& 
·•,i•~",:,•?v. ~t'):)gi-s .. :_;f)ff:/pt~t-Br1 t~":-!US r~Q5? ~:~~ 
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The .::omputer receives an initiai digital data set representing the patient's ... 
providing for display on a comput@r screen imagas of the teeth of the patient in 

.... Laser scanning of a moided tooth to produce a three-dimensional model is .. . 
In some embodiments, the individual tooth models include dil!la representing ..... . 

Margin. 

Ct.~~-::-u)~d~~·-::iUk)r:H~t~d _ df~vek)p:n::;nt_ "1f Bn_ orthodontic._ tn:)a~n~::;nt_p!;:3r: _, .. 
~~'\\•',_.';,'. f::f:-:..);)i~ .•"...".:f}f'fl/pt~\\.~f; t~-:-/U :$ :··1 :3.4BJ,•~ 

The computer receives an initia! digital data set representing the patient's ... The 
method of claim 7 , wherein the image d~t~ is digital. 9 ...... A computer 

program, residing on a tangible storage medium, for use in ... Laser scanning o! a 
molded tooth to produce a three-dimensional model is described in U.S. Pat. 

...... Margin ... 

~:~~.ih'-.1th; for_ ~)n~1;~r;d:19 p~rforrn!~nct~ _::ind_ d3"3t::s !::.cq~.Jir~d _frnn1_ ... 
,;;,,,.~'\ ... ~; ... ,\.1::l,j~ ..... ,J,' ,,:, ... ~!(., .~$~·,:~:- ... -,.5 '~:Z,.$3 

Acquired dam may be rejected if it fails to meet criteria associated with distance, . 
A three-dimension distance time .. of.-fiight system is disclosed in which .... 

program that causes a eomputar sub-system having at leas! a processor ,mil to 
...... which res!ricl;ons are adopled in modeling an image of the users hands and 

fingers. 

generating a three dimensional (30) soft tissue image of the anatomical section 
from ..... Most methods inciude inspection of 2D data, such as lateral view Jt-ray. 

~¼~~3t~~rn~3 and n:etho(js for tr~~atn10nt ana!ys;s_b;t teeth_rru;.;tcM:nq 
,, . ...._.~..,_\. ,g-:.K~Bl~1.GGff1!::-a:i.\:1~~ts/tiS?(:?"l(-4? 

Syste,11s and methods are disclosed for matching computer modais of two sets of 
.. , providing a subsequent digit.ii model of the set o! dental objects ;n their moved 

.... thme-!limsmsional x-rays, computer-aided tomographic imag111s or data sels, 

..... readable by the processor (including volatile and nommlatiie memory 

and/or ... 

Svsttnn_and_rn~~thodJor co;ia,boratlv~~ shopp!ng4.tn;sint~~3S and_ ... 

r~ 
: . ~~ ... :. . 

~~'\~"':.:'..' -t1tX1~1:~. ~:nm/pBt~~.t:ts/US2Ql ~m(:~;e ?'50 

9 is an image of a sample upioad window for data fm model generation; .... The 
modeling system 10 allows usera to have three-<llmen.;lomd models that are , 

The modeling module 50 aiso allows the user to view items of apparel that have 

Owing synchro11ized video st1aring, for example, users may mark objects in 

the ... 

:!. A method as in claim 1 wherein informati@ may be shown to the users as they 
.. , Usera can 5hare views of themseives (either their image. photo, video, other 

media ... d) combining of 2D user images and anthropometric date to construct a 
3D ..... The modeling module 50 also allows !he user to view items of apparel trial 

SystfH1l_ and_ rn0t~~od_for co;!a.borafr,:•~~ _ sMopp~ngL. tH;sinfiss and_ ... 
-;,-,..._,,~·..:.q:.x:~1i.:::.~:.:m/pBt•:j1-~ts/C.~\-.?•~5Ht,~3~i_.-~ i ?t-:i,:•::::n 

3. A method as in claim 1 wherein information may be shown to the users as they 

... Users can share views of themse!ves (e;ther !heir Image, photo, video, other 
media ... d) combining of 2D user imageil and anthropometric dil!til! to construct a 
30 body ..... [00105] The modeling module 50 also allows !he user to view items 

of ... 

Hobotic_s\t:&tt3n\for fon-ning_f~~ature~3 in_orthodontic a!ian~~i~1 
w--..•~'\"'!-' .~?.K-.~l:::: .GGrnf::;-ai~:ntG/tiS?~3~~D·l 3 'l 

a platen controlled by the control system for three-dimemi;i,:i,njil positioning of the 
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... a r.onlrol system including a virtual model of the aligner and CAD software .,, 

Current dental scanning methods inc!ude computed BJ(ial tomography (CAT) as 
the viituai modals described above ,-:an be stored indefinitely as dala files in 
any, 

Hm~t;cjntt~rf~H~i::_forp~~Lof:tion_~;:rnu!atk)n 
<:''~,-..•.- ~Y'~"'~!i.-;. •":C'''"\°'''~..-,.-.-:,8:'~ :3·';'<~n::-~F~·· 

3. n,e method of claim 1 , wherein !tie first haptic feedback simulates ... wherein 

the second haptic feedback simulates a three dlmemslonal contour of the ... with 

the proce1111or, !he sensor configured to update data values associated with at 
least a ,,,,, that may be generated are more numerous tt1an in a mechanical 

model. 

The surgical robotic system of claim 3, wherein the computar generates the motor 
,,,,. 7 shows a method of romputing a position in thre!l> dimlimsiom, using two 

video signai into a digital signal, which can be stored in cornp!.iler memory and 
... from image!! obtai>ied by a came!l'Jlens system, a mathematical model of 

the ... 

Svsttn11s_and_rr:0t~H)ds for ~]0tect:ngi:H:d d;~ss!fy;nq objects ln v5de~~_ .... 
~~~~"':.:'..'.t1tX1~1i~.~:t1m/pBt~~.t:ts/US~sg[3;:;:9 

Systems and computer program products are also disclosed .... analyzing a 
piurality of frames of video dalll! captured via the capture interface, ..... extraction 

model !or the object and/or object class(es), using data eldraciion models to ... 
is moved in three-dimensional space during the capture operation (causing the 

detected. 

!ntr::~n~od~~! _ :s:y~"::chrt)n~.?:atk-:sn_ of_ sun:,~ca!_ dat~ 
~~",:,•'..❖' r::::<:;)i~ .. :_;f::-ri/pt~K~f;t~-:-/~•'.:'(r;:0·14 ·: 3~30~:-~..:~ ... ~ ?t·J:-;~1n 

The ti;;sue analysis data may include information such as pathology data, ... 
medica! procedure d1l!tll! comprises one or more video streems and/m audio 

streams , .. processing system comprising one or more processors and memory 
coupled to ... ,.. in which three~dlmensional positions (between or within sub.iects) 

associated . 

, .. people cannot view the patient's video without the patient's ronsent ... 2A 

illustrates a process for determining three dimensional (3D) detection ....... The 

data used to build !he ana!yzer or model in lhese sessions are typically referred lo 

as ... 

Petsonal rr:on;te:dn9~~yst~~rn 
~'..•~"J,~•.grK1~1:""£.~-:t1m/p;~;-~·~nts.:'US:.?O ~ .~ n·143:_);).4 

A proi,assor in the system executes computer reaciab!e code to transmit a help 

... or more cameras positioned to capture three dimensional (30) video of the 

patient; ... 2A il!ustrates a process for determining three dimensional (3D) 
detection ...... The data ,mad to b,iilci the anaiyze, or modal in these sessions are 
typically . ., 

Hapt:c_ int~~rfac~1_ for tn~:pation_ s~n"!U!ation 
••,i'l\f,1"':.:V.f::tX)qi~ ,:.:t1n--i.-'pz~t'3fit~,!US~E;3,g:,m.~ 

sensing a position of the use, manipulatable obiect and updating data values ... 

running a host program on a host oomput1<1r, Irie host program capable of 
displaying ,.,,, that may be generated are more numerous than in a mechanicai 

model. ..... In another version, the user object 130 is manipulatable in three 
dimeneions and , .. 

Cu~~~e~s_blood_pressure rnoni1.orlnq ~U)P!ianc~1 
;,f,t•l,,'\,•·.s:GG~l~.GG•••/::.•attX!t~!UB?!~~}~~i~~? 

one or more cameras positioned to capture three dimensional (30) video of the 
,.,. A processor in the system executes eomp!.illilr readable code to transmit a 

help ... When lt1e patient is heatthy, peopie cannot view !he patient's video without 
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the .... ,, The data used to build the analyzer or model in these sessions are 
typically .. _ 

~V1i~sh n,~Tuvc}rk n·H)r:!torir(qatu}!i£:u:c~3 
m· .. ,,.. .. nt't1~?i_..,. ··--;c, .... ~~p·,~..-, .... -:s:·~ ::,:r~':->S"-V" ~,·::. 

one or more cameras posiiionecl to capture three dimimsional (3D) video of the 
.... A processor in irie system executes computer readable code lo transmit a 

help ... When the patient is healthy, people cannot view !he patient's video without 
the ...... The data used to build the analyzer or modal in these sessions are 

typically , .. 

PathJnt n1Qnitoring app!iar~ce 
'•,i•~",f,•?V.f;::tX)Qi'3.•:.:nrr:.-'pt,\'3fit~,!USt?i)gBn~~ 

3, The system cf claim 1 , wherein the appliance is wirelessly coupled to a .. ,. For 

the patieni based on the 3D video ant:! allow a remote third party to view images 

of ... one or more cameras to determine a three dimensional (30) model of a 
person; .. , When an emergency occurs, images of the patient and related medical 

data .. -

one or more cameras positioned to capture three dimensicmal (3D) video of the 
patient; and .... A processor in U1e system executes computer readable et1de to 

transmit ... When the patient is heaithy, people cannot view the patient's video 
without , ..... The data used to build the analyzer or model in these sessions ere 
typically .. _ 

When the patient is healthy, people cannot view the patient's video without the , .. 

When an emergency occurs, image11 of the patieni and related medical d!!!t!!! ... 2A 

illustrates a pmcess for determining tlmi111 dim111rieiorial (3D) detection ...... For 3D 
modeling purposes, !he hole can be filled by blending neighborhood surfaces, 

Hi~a!t~1 n--:tni;toring ~~pp:!fnice 
''-"'.:✓-",<kS.i/f vJ ... ~•--- :>:",~~v-,,;• ·.:-::7:,;;:: ~ ..,. 'g 

A proce!Bsor in the sy'S!em executes computer remlabie rode to transmit a help 
req,;est .. , Whan !he patient is healthy, people c-,annot view ihe patient's vid1110 

without the ... 2A illustrates a process for determining three dimensional (3D) 

detection ....... The data used to build the analyzer or model in these sessions ere 
typically .. . 

H~~~!H~.:~:on:to:·ing ~~PP~~<3nc~ 
,: ... -~~,,··-~1t1-:.1~lfl-.GG•';'./f.•~tt~~~ts!Ut3im006'.$i) 

A processor in the system e"ecutes computer r-,adable rode to transmit a help 

request ... When the patient is healthy, people cannot vi!!w !he patient's video 
without the ... 2A iil,;strates a process for determining thrae dimem1icmal (30) 
detection. - .... The data used to build the analyzer or model in these sessions are 

typically ... 

This application includes a computer progr.;m listing appendix including !he 

following ... spectral and polarimetric pixel samples at 3 spatiai dimemsion!B ( 
including plermptic ... soh;tion set to a linear algebra representation of the spectral 
data, FIG ..... wi!h the Edison Corporation Federal FM series model here depicted 

(190), 

Fitne~:;s_n·1or:ttorir:g 
-,,·~~":,":,' ,i-,:\Y.•(~lt:13 .. X.if'f':/pa.t-.:~.-: tf~/;_: ~:;a ?E;.:;~5 ~ 

The patient or wearer's privacy is preseiveci since human access to videos cf ... 
When the patient ur wearer is healthy, people cannot view !he patient or wearers 

vid!!o .... 2A illustrates a process for determining three dimensional (3D) 
detection , ...... Tha data used to build the analyzer or mode! in ihese sessions ere 

typically ... 
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A pmc.011111,:ir in the system executes computer readable code to transmit a help 

request ... When the patient is healthy, people rannot vi!!w the patient's video 
without the ... 2A iilustrates a process for determining thm.i dim@11siomll (3D) 
detection ...... The data used to build the ana!yzer or model ;n !hese sessions are 

typically .. . 

iV~esh_neTh''lorl<._rrior:!toringap;::t!i~~rn.:~e 
~'..•':-"J\~·-~3nn~;:~3.f:t1m/p:3~~:::l$.:'US8 i m~Jll 

A processor in the system executes computer readable code to transmit a help 

request ... When the patient is healthy, people cannot view the pi;tient's video 

without the .... 2A illustrates a process for determining three dimensional (3D) 
detection ..... ,, Tr,e data used to build the analyzer or model In these sessions are 

typically. 

He~~w')_rnon~torinq .anp:;i:ffiCE~ 
'\o",{,f,•~'l.f::tX)~)iG ,:,:0m/pz.;:t.:Hits/US~475~3tm 

When the patient is healthy, people cannot view !he patient's video without the 

When an emergency occurs, images cf the patient and related mediral data ... 2A 
illustrates a process for determining three dimensional (30) detection ..... , For 

3D modeling purposes, the hole can be fi!led by blending neighborhood surfaces. 

He~i!t:h_~·nors:torh1qapp;;gnc~::: 
~~~~-...::..•.qn:..1~1:G.~:nm/pB~".~t:ts.:'U3~7~!?H?t: 

When the patient is healthy, people cannot view !he patient's video without the ... 
When an emergency t)ccum, images cf the patient and related medical data , .. 2A 

illustrates a process !or determining three dimensional (3D) detection. . , For 

3D modeling purposes, the hole can be fi!led by blending neighborhood surfaces. 

He~i!U1_:11on:t~)ringapt};;~3nce 
~'..•~"J\~·.gtK1~::~3.(:t1m/p;~~~:::ts/US83~:~1·1 i:e 

A processor in the system executes computer readab!e code to transmit a help 

request ... When tr;e patient is healthy, people cannot vi~w the patient's video 

without the .... 2A illustrates a process for determining three dimensional (3D) 
detection ....... The data used to build the anaiy:r.er or modal in these sessions are 

typically. 

~:~:.:::.t:-W :_: 1~0~ i:·:.~)~ ~~ 14 .-:h.-.\'):;a~ i~.-~3: 
~~•',,f,•iN.gf:-:.1~1:~ ,::nm.-'pz.;:t-31;ts!USttes~:iKm 

When the patient is healthy, people cannot view !he patient's video without the ... 

When an emergency occurs, images cf the patient and related medical data ... 2A 
illustrates a process for determining three dimensional (30) detection ..... , For 

3D modeling purposes, the hole can be fi!led by blending neighborhood surfaces. 

Svsttnns_and_rr~et:·KK':s for J}rovid:nginteroperatJ!iity arnong ..... 
. . ··.•.·· ~~~~--:.:-...•.:..1:..x1~1:G.~:nm/pBt~-=-::ts/US'.2QGm~wo.-;so4 

A medical system includes a network; one or more medical data collection 
When the patient is i1ealthy, people carmot view the patient's video wilhout tr,e , ... 

2 illustrates a process for determining three dimensional (3D) detection. , .. l'or 

3D modeling purposes, the hole can be fi!led by blending neighborhood surfaces . 

i\:~e~:;h_ neTuv~.:;r}:. persona!_ tHnEffgen(?l re~:iponse ~ipp!:ance 
m-~-..~··.;:-r•z::~:···~ ..... t",m\•:;~--~•--':s:': :s-;-·~:~·-~;J;?·' 

one or more wireless nodes forming a wire!ess mash nel\vcrk where data hops 

fron1 , , .. The digital monitoring agent comprises one of: a Hidden Markov Mode! 
.... cameras positioned lo capture three ilimensih:mal (3D) viileo of the patient; 
and ... the patient based on the 3D video and allow a remote third pa,ty to view 
image,;; __ _ 

H&B!th_:r:on~torinq .a.t:._~~:~;~rlc~~ 
~..,.,,, .... ,,.:_qfK)~)iG ,:,,:)m/pz.;:t•Hits/UStt?'4?:31 ~~ 

When the patient is healthy, people cannot view !he patient's video without the ... 

When an emergency occurs, images cf the patient and related medical data ... 2A 
illustrates a process for determining three dimensional (30) detection ....... For 

3D modeling purposes, the hole can be fi!led by blending neighborhood surfaces. 

application of frac!iona! e&lculus for moilelil"l!II the skin; and measurement of skin 
... An automated location !racking and data storage system fer an imaging device, 
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..... In certain olher applicalions, dental radiographs (X-rays) may show dental .... 

Some dimeF1l!lloF1s of ageing grow and expand over t1ma, while others decline. 

~V1i~sh n~~Tuvnrk strokE3 n:c;r~;torin9~ipp!ifu1ce 
~~-.,.v•,.{,•.~;tx1~1:G.~":t1m/p;3~~~i:ts.:'USl5SH6~:.~: 

one or more cameras positioned to capture three dimeF1sloF1al (3D) video of the 
patient; .... A pm~e,u,or in tr,e system executes computer readable code lo 

transmit a ... When the pa!ient Is healthy, people cannot view the patient's video 
without ..... The data used to build the analyzer or modal in these sessions are 

typically .. . 

Hf~aith_ :non~:or!nq _app:~anc~~ 
·•,i•~",f,•?v.~t'):)gi~.•:.;f:ff:/p;,.~,-B11t~-:-1us~e84HDD 

The system of claim 1 , wherein the processor receives data from the sensor for 

..... When !he patient is healthy, people cannot view the patient's video without .... 
2A illustrates a process for determining three dimansional (3D) detection ...... For 

30 modeling purposes, the hole can be filled by blending neighborhood surfaces 

PerH0f:f3! ~~rni~rgi~nt-v resnonst3_ff)EFU ~3VBtern 
-,.-,..._,,,_.,.,.: .f3t'K)~)iG. ,:,.:)m/pz.;:t•,Hits/USB,S:3 i 2~3·~ 

The digital monitoring agent comprises one of: a Hidden Markov Model (HMMi .. . 
A mesh network appliance coupled to a power line to communicate X10 dj!jla to .. .. 

cameras positioned to cap!ura three dimi.msk111al (30) video of the patient; ... the 

patient based on the 3D video and allow a remote third party to view images of 

Per-sor:~~i i3:rru~rqenc)·~res;:H)r:s~3(F~EH} ~;yst,;::rn 
-,.-..-.,~'..{•·.qtx:~1:G. r~0m/p;3~~~t:ts.:'U3~7 4 ?:~~i:E:, 

3. The method of claim 1 , romprising estimating an indoor location of !he ..... 

cameras positioned to capture !hr1<11<1 dlmern.sional (3D) vh:leo of !he patient; and a 
... for the patient based on the 3D "ideo and allow a remote third party to view 
imj!jge!l ...... The data used to build the analyzer or model in these sessions are 

typically. 

3. nm method of claim 1 , romprising eslimaling an indoor iocalion of the .... 

cameras positioned to capture three dimensional (3D) video of the patient; and a 
... for the pat.lent based on tr,e 3D video and allow a remote third party to view 

Image,; ...... The data used to build the anaiyzer or model in these sessions are 

typically .. . 

P~3rsonaten1e:·genev r~3sponse_{per} systern 
.,, • .J,\ £.53'..' f ·: ..,_._ J'",;: ... n~._:.-:~_:.~,;• _:..:>~-~, ~ .:~,)'i :;:;?.~ .~•-· 

The digital monitoring agent comprises one of: a Hidden Markov Modal (HMM) .. . 

A mesh network appliance coupled to a power line to commuriicale X10 data to ... . 
cameras positioned to capture three dimensional (3D) "ldeo of !he patient; ... the 
patient based on ti1e 3D video and allow a remote third party to view imiigas of 

application of iractionai celculus for modelil'l!I the skin; and measurement of skin 
... An automated location !racking and data storage system for an lmagiflg device, 

..... In certain olher applications, dental radiographs (X-rays) may show dantiil .... 
Some dimel'lii!IOl'lS of ageing grow and expand over time. while others decline. 

P':!fS\.)f:a! _{:!fn~~:-a.~~nt~V r::;~ij')Of:~~t~ .{PEH} ~~V?3i~!rn 
~~",:,•'.❖'. gi-:-t:;1l~ .•'..;t::-~:/pB.t-t'if; t~-:-/U S$~.15~1B? 

3. The method of claim 1 , further comprising refining identification of the ..... more 

cameras positioned to capture three dimensional (3D) video of the patient; and 
... the patient based m1 lhe 3D video and allow a remote third party tt) view 
Image,; ...... The data used to build the anaiyzer or model in these sessions are 

typically .. . 

Cti;2:r;;~cter;z.at!on of foodJn<ite:·ials_by Qptoff:agnetie fir:gerprir:t!ng 
-,,,~-...~--; .~,.-:·.,olt:~3.X.iff:/pa.t-:~.-:tf~/-;i',/G;::]·1.<·: :i3D ~ ;:.~ i ?d.:~~:n 

3. The method of claim 1 , further comprising, comparing the op!o-magnetic .... In 
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certain other applications, dental rat'liographs (X-rays) may show di!!nt.11 caries .... 

Some dimeF1l!lioF1s of ageing grow and expand over time, while others decline . 
...... Historical da!Jl and the rem,lts of modeling tools 132 may be compared to the 

Ch~~r!2:cti3r:.z~~U(-:n ot food n1at~~ri:2:is byqf}to:-naqoi~tic- finqer.orlnUng 
✓i'''f (:--,,"\?··:.··:i':':,\3•~-t"-•S.'; •~> ,,,.;·:·,·; ~ ~·:-:,:" 

3. n,e method of claim 1 , fwther comprising, comparing :tie opto-magrietic 

tlngerptint ..... Further, using the electrical engineering modeling mathematics the 

points on a ... Some dimemsioms of aging gmw and expand over time, while 
ott;ers decline . ., ... 59 is a diagram depicting a pixel vil!!w of an acquir<ld digital 

image cf a ... 

3. The method of claim 1 , wherein !he mobile communication facility is a handset . 
..... are suitable for handling data that are transmitted over computar natworks . 

. a three dimensional spare of the physical movement onto a two-dimensional 

.... it expires and requires the user to purchase the vidl!!o in order to view it again. 

3. The method of claim 1 , wherein the first location is determined according le a 

..... are suitable for handling data that are transmitted over computer networks. 
a three dimeF!sional space of the physical movement onto a two .. dimensiona! 

..... it expires and requires lhe user to purchase the video in order to vil!!w it again, 

He~:::ith_ inon~to:·in9 ,app:~-:1n~e 
~~·~-..•'.•'J ~~fk)Qi~ .\)f.1ffl/pH\\.~r;ts/USt:~~:'3 i :~s1 

When the patient is i1ealthy, people canrmt view the patient's video wilhout tr,e ... 

When an emergency occurs, images of the patient and related medical data ... 2A 

illust~ates a process for determining thri!!I!! dimensional (30) detection ....... For 
30 modeling purposes, the hole t".an be filled by blending neighborhood surfaces. 

l~:::1PARl\TUS AND J\•1ETH{)D _F()~l \hliDEF!ELD _FtJNCT!f)Nl~L ~~i.s.\t1~Nt1: 
(VV~F!)._Uti!Nl"';_, .. 

f.!('.{lUiring .... are synchronized al 60 frames per seocnd via hardware triggering, 
projecting 3 ... This is ;mpiemented us;ng the CUDA programming model by 

nVidia, .... 1 d is a diagram which depicts the diffuse propagation of a normaliy­

lncident,. 

VVln,1!~~s~_kx::2~ilon_ f~Stab!~shing d~)ViC€~ 
,;;,,,.~"-. ... ::,},.1 ... 1::::,j~ .-..W, ,.:,.,d!f., .~.s:·.._:~:-.d. ~ ~:C1 , 0 ::,:-.. ~: 

Once in place Survey Nuts can, 1or instance, provide a three dimen!!ional ...... 

Users can view the data display en the Swvey Egg itself 202 ...... Users can also 

download the dimensiona! diagrams to a digital device and software of their 
choice ...... The conventional mt Web advertising model has many flaws, and one 
of these .. . 

application of fractional calculus for modetir1g the skin: and measurement cf skin 
... An automated location !racking and dala storage system for an imaging device, 

..... In certain olher app!icalions, den!Jll radiographs (X~rays) may show deF1tal ... 
between canter of hydrogen and oxygen atoms in a covalent bond d (0-H) of ... 

one or more cameras positioned lo capture video of a patient; and .... A 
processor in the system executes computer readable code to transmit a help 
request .... 2A illustrates a precess for determining threl!! dimensional (30) 

detection ....... The data used to build the analyzer or model in these sessions are 

typically referred to ... 
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P~:WS{)fH3Lt·H~H:::~qencv r~~~:;pt)n~~~s_{per} s.vst~sn1 
':-''~-..•~'l ~:,.-:-.,:)l~ .•.::l'.1ff~.:p~'i.~i:tf~,:us~'.0·1 ..:min--~ t}tis 

The digital monitoring agent comprises one of: a Hidden Markov Model (HMM) .... 
more cameras positioned lo rapture three dimensional (3D) video of !he pat;en!; 

... the patient based on the 3D irideo and aliow a remote third party to iriew 
images ...... These data driven analyzers may incorporate a number of models 
such as .. . 

Psrsona!ht po\:ver~~d_ app!:ar:ce 
W',}"',.;,~?VJ ~ '<: .v>•;,,,><<-S n~s:• ·~r~, • ;-·,y)"7~'''''-' 

A network appliance coupled lo a power line to rommuni,~ate x 10 d.Bla to and .... 

more cameras positioned to capture three dimensional {30) video of the patient; 
... the patient based on !he 3D video and allow a remote third party to vl!lw 

im.Bges .. . A predictive model. including lime series models suci1 as !hose 
employing ... 

A system includes a eompumr having a time retrievai unit to connect to ... a 

proce11sor, comprising: .... objects, graphics, lmsg.i!II, vidso, film. audio. music. 
5oft:w21ro, etc ...... 78 illustrates a three-dimemsionll!! d21t21 structure according lo 

..... however, if Component Model, Serial Number(s). Reirision Number, ... 

He~2:ith_ :no~·3;to:·in9 .S:\/~1tf:::n1 
~~·~\•'..•V gfk)Qi~ ...... ;:-;-:':"i/p;.,t\..~f;tsi'U~:t:~:::.:m:-:~: 

A monitoring system for a person includes a processor coupled lo one or ... When 
the patient is healthy, people cannot view the patient's video without the ... 2A 

illus!mtes a process for determining three dimensional (30) detection wh!le FIG . 
... ,., The data l,sed to build !he analyzer or mod.>I in !hese sessions are typically ... 

Pers,)na! -~)r:v~rq~~nf~,-· res;::.Qnse appti;~nce 
'•,i•~",f,•?V.f;;:tX1gk::.,:.:fn"r:/pt,t-3fit~;!UStS~?5i)?~~ 

a processor analyz;ng accelerometer data and coupled to !he wireless transce;ver 

.... The digital monitoring agent comprises one of: a Hidden Markov Model .... 
more cameras positioned to capture thraq;, dimensional (3D) vid.io of the patient; 

... the patient based on !he 30 video and allow a remote third party to view 

images ... 

H~~aith n~on;to:·inq .~ipp:!ance 
-,,,.~-..•':-"; ,~,.-:·.,ol~3.X.iff:/p~'i..:.~.-: tI~/;_: ~~ii_.t4i3:.:; 7 ~ 

A proce5sor in the system executes computar readabie rode to transmit a help 

request, .. When !he pi;tient is healthy, peopte cannot view the patient's video 
without the .... 2.i, illustrates a process for determining thre!l dlm!l11S1io1121t (3D) 

detection ....... The data used to build the analyzer or model in U1ese sessions are 

typically .. . 

Pt3rsonat fH1~~H'-'Qf:nc--./_ fE3spons0(p=2:r) sy~3t0rn 
\\,i',~,,..,~:G-:.~:;:i::1 .G(1n•f::-at~x~ts/U~~~:o·~ ~iQQ'f 7'~3~~ t~ 

The digital moni!oring agen! comprises one of: a Hidden Markov Model (HMM) .. . 

A mesh network appliance coupled to a power line to communicate xrn data to ... . 

cameras positioned to r.aplure three dimsnsional (3D) video of the patient; ... tt1e 
patient based on the 30 irideo and allow a remote third party to view lm21g!ls of 

P~H'Sc>nai_tn11er9enev_r~3t~QonB0 ~~pp!icu1c0 
,, ....... ~'\\' ,~":'..K•Bil:1.GGffi?fl'&i~;~~tB/LiSB6SOG:]~ 

3. The method of claim 1 , comprising tracking only movement to maintain ..... one 
or more cameras positioned to capture ttmiqi dlmii!l'lsional (3D) irideo of the ... !or 

the patient based on the 3D video and allow a remote third party to view Image;; 
...... The djljt!li used to buiid the analyzer or model in these sessions are typically ... 

:l. A machine readable medium, !he machine readable medium having program 

.... performing a spectml analysis of image data acquired from the degree of 
polarization of reflections .... Miniature may mean trial no dimension of ttla 

detector exceeds six inches. . , 6 depicts an interactive modeling too! of a skin 
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In the f,eld of 1:omputer graph;cs lmage11 of peop!e cou!d be rendered more 

accurately ... Miniature may mean that no dimension of the detector exceeds six 
inches. The device may further ... In tr,e device, skin assessment data of lo~.a!ions 

may be overlaid on ...... 6 depicts an interactive modeling tool of a skin care 

system. 

:!. A machine readable medium, the machine readable medium having prngram ... 
An automated location tracking and data storage system !or an imaging dev;ce, 

.... Images of people could be rendered more aocwrately in video-conferencing 
and ... Miniature may mean that no dimimsil:m of the deteclor exceeds six inches. 

3. 2006 and entitled "PREVENTING MOBILE COMMUNICATION FACILITY 
CLICK ...... a thr1111 dimensional space of the physical movement onto a two-
dimensional ..... ii expires and requires the user to purchase the video in order to 

view il again ....... an analog-to-digital r.onverter, which digital data may be 

Interpreted using 

~b..gsistivf~ c!othinq 
~~-.,.~'..{•·-~;t1~.1~1:G. ~":t1m/p;3~~~t:ts.:'USlS]i HiW~: 

Alti1ough multiple sym:tm.lni.i:ed motors (on each side) ~.an be used to ... Also 

illustrated are the three snap release latches indicated (but owt of view) 011 the left 
of FIG ... ,. Combined they provide an unobstructed, fully dimerrn;iom!!I control of 

U1e ...... data capture of it's user modeled actions as tr;e action modeling session 

that .. . 

d) using the graphical user interface to select a referenr.e tooth; ..... Other 

background references related to captll!ing three dimem;i,:mal models of ... This 

can also be done while 30 teelh model is romted to give viewsi from dlffornnt 
angles ..... The memory 22 may aiso store other sets 27 of digital iml!lge diiltiil, 

Including ... 

He~~H:h_rnon:tc~r!nqapp;;;~nce 
~-N~--:.:-...• .t;tx1~1i~. ~:nm/pBt~-:.i:ts/US2Q1 t3tW9SS41 

a processsor coupled to the wearable appliance to analyze vital dlilli or ... for the 
patient based on ti1e 30 video and aliow a remote third party to view im~ges .... 

2A iiius!rates a process for determining three dimensional {30) detection ...... For 

30 modeling purposes, the hole can be fi!led by blending neighborhood surfaces . 

, .. The appal"'atus of 

claim 3 , wherein in D), the processing wnit al!ows access to the at least ...... still 
frame or video camera or olher image ar.quisition device, in which the source 

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

Hea!t~l n1:.:;n;todnq .app:!ance 
.,, • . J,\ .i-;(3'..' f ·: ,.> J'",;: .. n~._:.-:~:-~,;• .:''···~, ~ fo)'i • ~ •• "·~. i 

When the patient Is healthy, people cannot view the patient's video wllhout the ... 

When an emergency occurs, images of the patient and related medical data ... 2A 
ltlustrales a process for determining three dimensional (3D) detection ....... Fer 

3D modeling purposes, the hole can be fiiled by blending neighborhood surfaces. 
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Dental modeling is improved by supplementing viewi; of three-<llm.in11ional 

modells with ... Video data acquirad during a scan of the model provides a source 
ai stili ... :11ynchrt.mlze display of margin lines between the still Image and the 

model so !hat a ... A computer program product comprising a comp!lter 
readable medium .. . 

VSd~~o-·ass!st~~d-~1-s~rgl~1_rnark!n9 for cle~t&~ r~~od~~~'S 
~'..•':-"J\~·-~3nn~::~3.(:t1m/p:3~~!::l$ ... ·cr--; ·: 0 i mmii~~?;fa?G;·..:,r:n 

Improved dental modeling vi111w still imagei; by l,sing thr111e-dim11111slo11al models 

... in the video data collected during the scanning model, the three-dimemsional 
model of ... And a digital video Image model consist~ ofone er more of the 

available ...... or il may be a two-dimensional image of each set to an external 

praai&sor, .. . 
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A15 2007/0098237 05-03-2007 Yoo 

A16 2007/0103460 05-10-2007 Zhang 
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Foreign Patent Documents 

Exam. Cite Foreign Patent Document Publication Date 
Name of Patentee or Pages, Columns, Lines, 

Translation 
lnit.* No. Number-Kind Code (If MM-DD-YYYY Applicant of Cited Where Relevant Passages 

(Check if yes) Ctry. Code 
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B1 WO 2004/100067 11-18-2004 Quadling 
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Electronic Acknowledgement Receipt 

EFSID: 21246099 

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: 63341 US008 

Receipt Date: 20-JAN-2015 

Filing Date: 16-SEP-2014 

Time Stamp: 10:29:34 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

76130 

1 Transmittal Letter IDS1_63341 US008.pdf no 2 
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ce2a1 

Warnings: 
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Information Disclosure Statement (IDS) 

Form (SB0S) 

78531 

IDSl_ 1449_63341 US008.pdf no 1 
808c460f5e8f20ff4a 18daf35bbe74fcb30c1 
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Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 

Total Files Size (in bytes) 154661 

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 A~~lications 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 A~~lication 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 A~~lication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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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32692 
Patent 

Case No.: 63341US008 
Customer Number 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor: JANOS ROHAL Y 

Application No.: 14/487371 

16-SEP-2014 

Confirmation No.: 7315 

Filed: 

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

INFORMATION DISCLOSURE STATEMENT 

Mail Stop: Amendment 
Commissioner for Patents 
P.O. Box 1450 

CERTIFICATE OF MAILING OR TRANSMISSION [37 CFR § 1.S(a)] 

I hereby certify that this correspondence is being: 

[81 transmitted to United States Patent and Trademark Office on the date shown below 
via the Office electronic filing system. 

Alexandria, VA 22313-1450 
January 20, 2015 /Paula J. Bick/ 
Date Signed by: Paula J. Bick 

Dear Commissioner: 

Pursuant to 37 CFR §§ 1.56, 1.97, and 1.98, enclosed is a completed Form PT0-1449, 

citing references submitted for consideration by the Examiner. It is respectfully requested that 

the Examiner initial and return the enclosed Form PT0-1449 to indicate that each reference has 

been considered. 

This Information Disclosure Statement is being filed within three months of the filing 

date of the application, or within three months of entry into the national stage, or before the 

mailing of a first Office Action on the merits. 

Fees 

[8J It is believed that no fee is due; however, in the event a fee is required, please charge the fee 
to Deposit Account No. 13-3723. 

D The fee required under 37 CFR § 1.17(p) will be paid at the time ofEFS-Web submission. In 
the event fees are not or cannot be paid at the time ofEFS-Web submission, please charge 
any fees under 37 CFR § 1.17 which may be required to Deposit Account No. 13-3723. 

D Please charge the fee provided in 37 CFR § 1.17(p) to Deposit Account No. 13-3723. 
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Application No.: 14/487371 Case No.: 63341US008 

Copies of References in The Parent Application 

In accordance with 37 CFR § 1.98(d)(1)(2), copies of the cited references are not 

enclosed as they can be found in the file of the parent case, U.S. Application No. 12/666,464, 

filed June 27, 2008; which is relied on for an earlier effective filing date under 35 U.S.C. 120. 

January 20, 2015 
Date 

Office of Intellectual Property Counsel 
3M Innovative Properties Company 
Facsimile No.: 651-736-3833 

Respectfully submitted, 

By: /Lance Vietzke/ 
Lance L. Vietzke, Reg. No.: 36,708 
Telephone No.: 651-737-2180 

2 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

14/487,371 09/16/2014 

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

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Janos Rohaly 63341US008 
CONFIRMATION NO. 7315 

PUBLICATION NOTICE 

1111111111111111111111 ll]~!l]!~l!~l!~lil)H~!I!~] 111111111111111 IIII IIII 

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

Publication No.US-2015-0002509-A 1 
Publication Date:01 /01 /2015 

NOTICE OF PUBLICATION OF APPLICATION 

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

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

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth 
in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's Office of 
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382, 
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of 
Public Records, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and the 
dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent 
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and 
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to 
publication, such status information is confidential and may only be obtained by applicant using the private side of 
PAIR. 

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

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 

page 1 of 1 
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1,·--~----- DECLARATION FOR UTILITY 
, OR DESIGN Case No: 63341US008 I PATENT APPLICATION (37 CFR § 1.63) 

As a below named inventor, I believe I 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 V.!DEO DATA. AND THREE~DlM-FXNSIONAL 

MODEL DATA 
'-----~----~~n,,, ' ,~--~ 

The specification of which: 

D is attached hereto; 

k8] was filed on 1 September 16~~-~9_1_4_~ 
as United States Application No. 

D is .identified as P.9T International App!!7n No. [ ____ ..... _ .... _ .. _______ __. 
filed on __J 

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

I l1ereby acknowledge that any willful false statement made in this declaration is 
punishable under 18 U.S.C, 1001 by fine or imprisonment of not more than 5 
years, or both, 
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DECLARATION FOR UTILITY 
OR. DESIGN 

PATENTAPPUCATION (37 CFR § 1.63) 
Case No: 63341US008 

As a below named inventor, I believe I 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 THREENDIMENSIONAL ...... ~.ll:' 
MODEL DATA .. 

The specification of which: 

D is attached hereto; 

~ was filed on I September 16. 2014 
as United States Application No, 

0 is identified asPCT international Application No. ['--------········~~~~~~~·····7 
filed on L ___________ ~ 

The above~identified application was made or authorized to be made by me, 

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

Legal Name of Inventor: 

Robert N. Nazzal 
-------····· ....................... ---------,-----------------------------·------·· ............... .. 
1nventor's Signat~re: Date: 

¢.r:,. 

?<~/ 
~--.. ..L:/.-·--------
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.-------------------D.-E--C-L_A_R_~-~-ig-~-s-~~-:-, -U-T-ll_lT_Y_~--.---C-as_e_N_o_:_ .. 1·.·.-.. ·.·.·.63341 US008 

PATENT APPLICATION (37 CFR § 1.63) 
; .............................. .. 

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

I 
SYNCHRON.IZED VIEWS-CiF VIDEO DATA AND THREE-DliiENS!ON.Al 

MODEL DATA 
'-----------._~ .. ._._n._._._._ ._._,,,._ ___ • --~ 

The specification of which: 

D is attached hereto; 

[:gJ was filed on [.september1s, 2014 
as United States Application No. 

D is identified as E.9T International Application No. 
filed on [ ___ . _________ ...! 

I 14/487,371 

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 imprisonment of not more than 5 
years, or both. 

Inventor's Signature: Date: 
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DECLARATION FOR UT!LffY 
OR DESIGN 

PATENT APPLICATION (37 CFR § 1.63) 
Case No: I 63341US008 

t 

! 

As a below named inventor, I 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: 

[
-SY.NCHRONIZED VIEWS OF Vi°DEO DATA AND THREE~DIMENSIONAL ··--~11 

MODEL DATA 
~~,-,,,......_,,, __ _ n~~~ ,,,......_ Hn--~ 

The specification of which: 

D is attached hereto.; 

~ was filed on [September 16L~914 --·--] 
as United States Application No. 

[] is identified as PCT International Application No. 
filed on r-······-- ----~~~~~--·7 

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 imprisonment of not more than 5 
years, or both. 
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DECLARATION FOR UTILITY 
OR DESIGN 

PATENT APPUCATION (37 CFR § 1.63) 
Case No: 63341US008 

As a below named inventor, l believe I am an original inventor or an original 
joint lnventor 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~DIMENS!ONAL i 

MODEL DATA i 
--------~~ ,,Hnn,,,, 

The specification of which: 

D is attached hereto; 

[SJ was filed on [§~ptember 1 S, 2014 
as United States Application No. 

D is identified as PCT International Af?.plication No. 
filed on ·············~ 

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

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

1 
Legal Name of !nv;ntor: 

Eric B. Paley 
11 nventor;s··s·i·g·r;at'ure: 

I ( if\/1 I ~ Lf i / 

I /~ J~/ 
I 
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Electronic Acknowledgement Receipt 

EFSID: 20806425 

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: 63341 US008 

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 I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1 Oath or Declaration filed 
Declaration_Executed_63341 U 

S008.pdf 

1016196 

no 5 
48f4dd703a9fdbb7748a7498696d3d64da0 

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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

14/487,371 09/16/2014 

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

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Janos Rohaly 

NOTICE 

63341US008 
CONFIRMATION NO. 7315 

1111111111111111111111 ll]~!l]!~l!~l!~lil~!~I~ !1!1111 111111111111111 IIII IIII 
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 I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 280 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 600 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 720 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 
(37 CFR 1.16(i)) 

minus 20= OR X 80 = 0.00 

INDEPENDENT CLAIMS 6 minus 3 = 3 X 420 = 1260 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($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 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2860 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
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 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

14/487,371 09/16/2014 2422 3000 63341US008 20 6 

32692 
CONFIRMATION NO. 7315 

FILING RECEIPT 
3M INNOVATIVE PROPERTIES COMPANY 
PO BOX 33427 
ST. PAUL, MN 55133-3427 

1111111111111111111111 ll]~!l]!~l!~l!~lil~!~I~ !1!1111 111111111111111 IIII IIII 

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 

lnventor(s) 

Applicant( 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; 

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/US0S/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 AIA (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 US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

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

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

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

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). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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Case No.: 6334iUS008 

Transmittal of Continuing Patent Application m Rufe 1.53(b) 

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

Pursuant to 37 CFR § 1.53(b), please file a continuation application of pending prior Application No. 
12/66GA64, filed November 15, 2010. 

r·-----------------,--
l lnventor(s): Janos Rohaiy, Robert N. Nazzal, Edward K. Tekeian, llya A Kriveshko, and Eric B. Paley ! 
L~~e: ...................... E:~-~~HRONIZE'o\11 EWS OF v1oio-·0ATA AND T.HREE-D!MENSIO·N~~--~~-~EL .[lAT-~J 

1. t:;J A newly executed Combined Declaration/Assignment will follow. 

2 D A newly executed Declaration is attached 

3. D A copy of the Combined Declaration/Assignment in the prior appHcation is attached. 

4. ITT Attached is a new Specification which.: 

~:: ::;;:: page __ :::--....,I ~; -: ::: ::s;np::• i : J 
=tI::: ~; ;::~;~~~g• (~ any) -1==r=:____ : 
_:::i~~~i::~~ges .. :::::::::::::::__ ·:::::r::::~--~-············· -.~J ~ :1 

5, 0 A Preiirninary Amendment is attached. 

6. D This application is being filed by less than all the inventors named in the prior application. Please 
delete the names of the following person(s) who are not inventors of the invention being claimed in 
this application: 

7. t:;] The fee for filing tt1is application ls computed as foUows: 

.·.·.;.· .•. ·.·.;.·.:,·.;.:.;.:-.•:•:-:-;.;.·-·.;.:-:.;.:•·-·.;.;.;.·-·-:-:-:-:.>:->···-❖•••••••••• 

I Fee Calculation 
Number (M~rHJS 2550) 

l Rate :;fr):- ~ ! 's·:;:~:~:;:~~ Fees 
~ Filed EFS Filing ea.add'I 50) 

Application Size Fee (Pages 

I in Specmcatio:i and any 0 0 i) $400,00 $0 00 
external tables) 

Total claims 20 l -20 = ,., 
t/ i X $80.00 $0.00 

lndependent claims 6 l - 3= 3 ~ X $420,QQ $1,2.60.00 
' Add'! fee for one or more multiple dependent claims l $780.00 $0,00 

Basic Filing Fee $280.00 
Exam Fee S720,00 
Search Fee $600.00 

Total Amount Due: $2.860.00 

8. 0 Customer Number for Correspondence Address; 32692 
9. D This invention was made under a contract with an agency of the u_s_ Government: 

Agency: _____ Contract No : 
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10. Fees: 

0 The fee for filing this appllcation wiil be made at the tfme of submission via EFS-Web. In the 
event fees are not or cannot be paid at the time of EFS-Web submission, please charge any fees 
under 37 CFR §§ 1.16 and 1 17, which may be required to file to Deposit Account No. 13-3723. 

0 Please charge any fees under 37 CFR §§ 1.16 and 1.17, which may be required to file this application 
to Deposit .Account No. 13-3723. 

0 Please charge any additional fees associated with the filing or prosecution of this appHcat1on to 
Deposit Account No. 13-3723. This authorization includes the fee for any necessary extension of 
time under 37 CFR § 1.136(a). To the extent any such extension should become necessary, it is 
hereby requested. 

0 Please credit any overpayment to the same deposit account 

11. An Assignment 

[SJ to 3M !nnovative Properties Company ls of record m the prior application. 

12. D Attached is an Authorization to Act 

13. D Enclosed is a return receipt postcard. 

14. [SJ Attached is an Application Data Sheet 

15. [SJ Attached is a Power of Attorney. 

rn. D Other attachments: 

Seotember 16, 2014 
Date 

Office of Intellectual Property Counsel 
3M Innovative Properties Company 
Facsimile No.: (651) 736-3833 

Respectfully submltted, 

By: /Lance Vietzke/ 
Lance L Vietzke, Reg No.: 36,708 
Telephone No.: 651-737-2180 
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Case No.: 6334iUS008 

Transmittal of Continuing Patent Application m Rufe 1.53(b) 

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

Pursuant to 37 CFR § 1.53(b), please file a continuation application of pending prior Application No. 
12/66GA64, filed November 15, 2010. 

r·-----------------,--
l lnventor(s): Janos Rohaiy, Robert N. Nazzal, Edward K. Tekeian, llya A Kriveshko, and Eric B. Paley ! 
L~~e: ...................... E:~-~~HRONIZE'o\11 EWS OF v1oio-·0ATA AND T.HREE-D!MENSIO·N~~--~~-~EL .[lAT-~J 

1. t:;J A newly executed Combined Declaration/Assignment will follow. 

2 D A newly executed Declaration is attached 

3. D A copy of the Combined Declaration/Assignment in the prior appHcation is attached. 

4. ITT Attached is a new Specification which.: 

~:: ::;;:: page __ :::--....,I ~; -: ::: ::s;np::• i : J 
=tI::: ~; ;::~;~~~g• (~ any) -1==r=:____ : 
_:::i~~~i::~~ges .. :::::::::::::::__ ·:::::r::::~--~-············· -.~J ~ :1 

5, 0 A Preiirninary Amendment is attached. 

6. D This application is being filed by less than all the inventors named in the prior application. Please 
delete the names of the following person(s) who are not inventors of the invention being claimed in 
this application: 

7. t:;] The fee for filing tt1is application ls computed as foUows: 

.·.·.;.· .•. ·.·.;.·.:,·.;.:.;.:-.•:•:-:-;.;.·-·.;.:-:.;.:•·-·.;.;.;.·-·-:-:-:-:.>:->···-❖•••••••••• 

I Fee Calculation 
Number (M~rHJS 2550) 

l Rate :;fr):- ~ ! 's·:;:~:~:;:~~ Fees 
~ Filed EFS Filing ea.add'I 50) 

Application Size Fee (Pages 

I in Specmcatio:i and any 0 0 i) $400,00 $0 00 
external tables) 

Total claims 20 l -20 = ,., 
t/ i X $80.00 $0.00 

lndependent claims 6 l - 3= 3 ~ X $420,QQ $1,2.60.00 
' Add'! fee for one or more multiple dependent claims l $780.00 $0,00 

Basic Filing Fee $280.00 
Exam Fee S720,00 
Search Fee $600.00 

Total Amount Due: $2.860.00 

8. 0 Customer Number for Correspondence Address; 32692 
9. D This invention was made under a contract with an agency of the u_s_ Government: 

Agency: _____ Contract No : 
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10. Fees: 

0 The fee for filing this appllcation wiil be made at the tfme of submission via EFS-Web. In the 
event fees are not or cannot be paid at the time of EFS-Web submission, please charge any fees 
under 37 CFR §§ 1.16 and 1 17, which may be required to file to Deposit Account No. 13-3723. 

0 Please charge any fees under 37 CFR §§ 1.16 and 1.17, which may be required to file this application 
to Deposit .Account No. 13-3723. 

0 Please charge any additional fees associated with the filing or prosecution of this appHcat1on to 
Deposit Account No. 13-3723. This authorization includes the fee for any necessary extension of 
time under 37 CFR § 1.136(a). To the extent any such extension should become necessary, it is 
hereby requested. 

0 Please credit any overpayment to the same deposit account 

11. An Assignment 

[SJ to 3M !nnovative Properties Company ls of record m the prior application. 

12. D Attached is an Authorization to Act 

13. D Enclosed is a return receipt postcard. 

14. [SJ Attached is an Application Data Sheet 

15. [SJ Attached is a Power of Attorney. 

rn. D Other attachments: 

Seotember 16, 2014 
Date 

Office of Intellectual Property Counsel 
3M Innovative Properties Company 
Facsimile No.: (651) 736-3833 

Respectfully submltted, 

By: /Lance Vietzke/ 
Lance L Vietzke, Reg No.: 36,708 
Telephone No.: 651-737-2180 
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PTO/AIN14 (11-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

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

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

Attorney Docket Number 63341US008 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SYNCHRONIZED VIEWS OF VIDEO 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 
D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 

37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Janos Rohaly 

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

City Concord I State/Province I MA I Country of Residence i I US 

Mailing Address of Inventor: 

Address 1 P.O. Box 33427 

Address 2 

City I St. Paul I State/Province I MN 

Postal Code 1 55133-3421 I Country i 1 us 

Inventor 2 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Robert N. Nazzal 

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

City Waltham I State/Province I MA I Country of Residence i I US 

Mailing Address of Inventor: 

Address 1 P.O. Box 33427 

Address 2 

City I St. Paul I State/Province I MN 

Postal Code I 55133-3421 I Country i I us 

Inventor 3 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Edward K. Tekeian 

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

EFS Web 2.2.9 
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PTO/AIN14 (11-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

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

Attorney Docket Number 63341US008 
Application Data Sheet 37 CFR 1.76 

Application Number 

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

City I Cambridge I State/Province I MA I Country of Residence i I US 

Mailing Address of Inventor: 

Address 1 P.O. Box 33427 

Address 2 

City I St. Paul I State/Province I MN 

Postal Code 1 55133-3421 I Country i 1 us 

Inventor 4 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name 

ILYA A. Kriveshko 

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

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

Mailing Address of Inventor: 

Address 1 P.O. Box 33427 

Address 2 

City I St. Paul I State/Province I MN 

Postal Code I 55133-3421 I Country i I us 

Inventor 5 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name 

Eric B. Paley 

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

City Somerville I State/Province I MA I Country of Residence i I US 

Mailing Address of Inventor: 

Address 1 P.O. Box 33427 

Address 2 

City I St. Paul I State/Province I MN 

Postal Code I 55133-3427 I Country i I us 
All Inventors Must Be Listed - Additional Inventor Information blocks may be 

I generated within this form by selecting the Add button. 

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

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

EFS Web 2.2.9 

Add I 

Suffix 

Suffix 
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Approved for use through 01/31/2014. 0MB 0651-0032 

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

Attorney Docket Number 63341US008 
Application Data Sheet 37 CFR 1.76 

Application Number 

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

Customer Number 32692 

Email Address I 
Add Email !Remove Email! 

Application Information: 

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

Attorney Docket Number 63341US008 I Small Entity Status Claimed □ 
Application Type Nonprovisional 

Subject Matter Utility 

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

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

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

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

Representative Information: 

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

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

Customer Number 32692 

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

Prior Application Status Pending ! Remove ! 

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

Continuation of 12/666464 2010-11-15 

Prior Application Status Expired ! Remove ! 

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

12/666464 a 371 of international PCT/US2008/068522 2008-06-27 

EFS Web 2.2.9 
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PTO/AIN14 (11-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

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

Attorney Docket Number 63341US008 
Application Data Sheet 37 CFR 1.76 

Application Number 

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

Prior Application Status Expired I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

PCT/US2008/068522 Claims benefit of provisional 60/947009 2007-06-29 

Additional Domestic Benefit/National Stage Data may be generated within this form I Add I by selecting the Add button. 

Foreign Priority Information: 

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

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application 
that is eligible for retrieval under the priority document exchange program (POX) ithe information will be used by the Office to 

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

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

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

I Remove I 
Application Number Country i Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

Statement under 37 CFR 1.55 or 1. 78 for AIA (First Inventor to File) Transition 
Applications 

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

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

Authorization to Permit Access: 

~ Authorization to Permit Access to the Instant Application by the Participating Offices 

EFS Web 2.2.9 
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PTO/AIN14 (11-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

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

Attorney Docket Number 63341US008 
Application Data Sheet 37 CFR 1.76 

Application Number 

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

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), 
the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO), 
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application 
is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant 
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority 
to the instant patent application is filed to have access to the instant patent application. 

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect 
to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application 
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of 
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is 
sought in the instant patent application. 

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date offiling this Authorization. 

Applicant Information: 

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

Applicant 1 I Remove I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 
® Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

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

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

I 

Name of the Deceased or Legally Incapacitated Inventor : I 

If the Applicant is an Organization check here. ~ 
Organization Name I 3M INNOVATIVE PROPERTIES COMPANY 

Mailing Address Information: 

Address 1 P.O. BOX 33427 

Address 2 

City St. Paul State/Province MN 

Country ii us Postal Code 55133-3427 

Phone Number 
I 

Fax Number 
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Approved for use through 01/31/2014. 0MB 0651-0032 

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

Attorney Docket Number 63341US008 
Application Data Sheet 37 CFR 1.76 

Application Number 

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

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. Add 

Assignee Information including Non-Applicant Assignee Information: 

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

Assignee 1 

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

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. □ 
Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Province 

Country i I Postal Code 

Phone Number Fax Number 

Email Address 

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

Signature· . Remove 

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

Signature /Lance Vietzke/ Date (YYYY-MM-DD) 2014-09-16 

First Name Lance I Last Name I Vietzke Registration Number 36708 

Additional Signature may be generated within this form by selecting the Add button. I Add I 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

63341US008 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

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

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

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

The information provided by you in this form will be subject to the following routine uses: 
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SYNCHRONIZED VIEWS OF VIDEO DATA AND 

THREE-DIMENSIONAL MODEL DATA 

CROSS-REFERENCE TO RELATED APPLICATION 

5 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. 

10 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 

15 [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 

20 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. 

25 [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 

5 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 

10 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, 

15 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 

20 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 

25 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 

30 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 

5 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 

10 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. 

15 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. 

20 [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 

25 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 

30 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 

5 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-

IO 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; 

15 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 

20 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 

25 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 

30 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 

5 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. 

10 [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 

15 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 

20 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 

25 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-

30 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 

5 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 

10 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 

15 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 

20 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 

25 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 

30 plurality of images and rotating the three-dimensional model to maintain the common 

6 
-197-



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 

5 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. 

10 [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, 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 

15 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 

20 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 

25 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 

5 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. 

10 [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 

15 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 

20 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 

25 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 

30 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 

5 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 

10 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 

15 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 

20 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 

25 [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. 

30 [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. 

10 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 

15 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 

20 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 

25 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-

30 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, 

5 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 

10 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 

15 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 

20 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 

25 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 

30 bones and any other supporting or surrounding structures. As used herein, the term "intraoral 

11 
-202-



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, 

5 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 

10 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 

15 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 teeth, bone, and other intraoral structures described above or as artificial 

dental objects such as the restorations, prostheses, appliances, hardware, and interim 

20 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 

25 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 

30 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, 

5 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 

10 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 

15 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 Rohaly et al., the entire content of which is incorporated 

herein by reference. While Rohaly discloses one multi-aperture system, it will be appreciated 

that any multi-aperture system suitable for reconstructing a three-dimensional point cloud 

20 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 

25 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 

30 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 

5 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 

10 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 

15 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 

20 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. 

25 [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 

30 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 

5 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 

10 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 

15 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 

20 a dual 2.8GHz Opteron central processing unit, 2 gigabytes of random access memory, a 

TY AN 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 

25 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 

30 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 

5 screen display capable of receiving user input through direct, physical interaction with the 

display 110. In another aspect, the display may include an autostereoscopic 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 

10 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 

15 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-

20 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 

25 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 

30 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. 

5 [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 

10 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 

15 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 

20 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 

25 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 

30 for an intended purpose. In addition, spatial resolution may be enhanced using various post-

17 
-208-



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. 

5 [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 

10 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 

15 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 

20 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 

25 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. 
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[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 

5 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 

10 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 

15 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 In Vision 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 

20 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 

25 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 

5 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 

10 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 

15 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-I000HD 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 

20 optimized, these parts may be used in lieu 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-

25 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 In Vision 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, 

5 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 

10 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 

15 approach may deploy the advantages of various technologies in different aspects of the 

fabrication process, such as using stereo 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 

20 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 

25 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 

5 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 

10 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. 

15 

[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 

20 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 

25 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, 

30 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, 

5 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 

10 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 

15 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 

20 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 teeth, a number of prepared teeth (such as for a bridge), and so forth. Video 

25 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 

30 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 

5 ( 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 

10 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 

15 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. 

20 [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 

25 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 

30 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 

5 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 

10 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. 

15 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 

20 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 

25 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. 

30 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. 

5 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. 

10 [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. 

15 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 

20 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 

25 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 

30 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 

5 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 a user interface, command line interface, or the like, a user such as a 

10 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, 

15 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 

20 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 

25 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 

5 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 

10 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 

15 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. 

20 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 

25 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 

30 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 oflocations involved in a digital dental workflow. For example, models 

5 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 

10 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 

15 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. 

20 [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; 

25 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 

30 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 teeth of interest. As shown in Fig. 6, a 

5 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 

10 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 

15 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 

20 may be associated with the original model to represent various sections thereof. 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 

25 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 

30 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 

5 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 

10 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 Pigs. 5 and 6, or any other digital model from which the operative tooth model 

15 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 stereoscopic three-dimensional interfaces described herein. 

[0096] Fig. 8 depicts a graphical ditching operation that may be employed in a user 

20 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 

25 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 

30 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 

5 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 

10 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 

15 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 

20 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 

25 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 stereoscopically rendered, 

or otherwise displayed in three-dimensions using available data such as the three-dimensional 

5 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 stereoscopic 

rendering in these windows is a relatively straightforward application of known stereoscopic 

techniques. Where a multi-aperture or multi-camera image sequence is provided, the still 

10 image in the video image window 1010 may also be stereoscopically 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 

15 pair and the synthesized stereoscopic 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 

20 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 

25 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 

30 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. 

5 [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 

10 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 

15 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 

20 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 

25 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 

30 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 

5 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 

10 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, 

15 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. 

20 [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-

25 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 

30 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-

5 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 

10 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 

15 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 

20 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 

25 freedom for user input. 

[00108] While three-dimensional input may permit unconstrained cursor movement 

within the stereoscopically 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 

30 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 stereoscopic 

5 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 

10 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 

15 clearer visual content). In one aspect, these tools permit direct manipulation of the digital 

model and/or stereoscopically 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 

20 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-

25 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 

30 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 

5 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 

10 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, 

each 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. 

15 [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 

20 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 

25 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 area 

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 

30 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 

5 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 

10 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 

15 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 

20 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 

25 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 

5 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 

10 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 

15 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 

20 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. 

25 [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 

30 with a reset control to return the model view to the perspective of the still image, and the 
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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. 

5 [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 

10 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 

15 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 

20 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 

25 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 

30 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 

5 manipulate the model view to provide any number of useful perspectives on the model for 

visual validation of the selected margin or points thereof. 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, 

10 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 

15 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, 

20 interpolating, or otherwise synthesizing other available surface data either automatically, 

semi-automatically, or manually using the interactive model editing tools above. 

25 

[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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5 

CLAIMS 

What is claimed is: 

1. 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; 

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

15 

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 

20 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 

25 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. 
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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; 

5 displaying one of the plurality of images in a first window; 

10 

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 

15 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 

20 perspective. 

25 

30 

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 

5 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 

10 provide a common perspective on the subject. 

15 

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. 

20 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 

25 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 

30 from two or more of the plurality of images to provide a common perspective on the subject. 
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5 

10 

15 

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 

20 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 

25 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. 

30 
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5 

ABSTRACT 

SYNCHRONIZED VIEWS OF VIDEO DATA AND 

THREE-DIMENSIONAL MODEL DATA 

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 

10 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 

15 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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