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Attorney Dqcket No. 0079124-000092 

COMBINED DECLARATION 
. _AND ASSIGNMENT (JOINT) 

. . . 

· Page 1.:of2· 

As one of the below nametj inventors, I. _hereby ·declare that this Combined Declaration and Assignment Is 
directed to: · 

(1) D U.S. application number or PQT application number_, flied on __ ; entitled 
__ ;m - . 

· (2) 181 _ the attached application entitled FOCUS SCANNING.APPARATUS. 

DECLARATION 
. . 

As one of the below na~ed Inventors, i further dec_lare that: _ 

The above-.ldentifled application was made or authooz~d to be made by me. . 

. I believe that I am an original joint inventor of a claimed Invention In the application. 

I have revl.ewed and understand the contents of the above-identified application, includlng.the claims. 

I acknowledge the di,ify'tq disclose to the U.S. Patent and Trademark Office all Information known to me 
to be material to patentablllty a~_defi,:ied in Title 37, Code of Federal Regulations,§ 1.56. 

I hereby ackno'tJfedge that any i,vlllful false statement n_tade in this declaration is punishable under 
18 U.S.C. 1001 by fine or imprisonment of riot more than five (5) ~ears,. or both. •·· 

ASSIGNMENT 

THIS ASSIGNMENT, by the undersigned Inventors (hereinafter· referred to·· as "the · AssigO'Ors"), 
re~pecllvely, witnesseth: 

WHEREAS·, the Asf?ignors have invented .certain new and useful Improvements set forth In an 
appllcath:,n for Letters Patenfof_the United·States, which Is a nonprovislorial application; 

WHER!;:AS, 3SHAPE-A/S, a corporation. duly organized un.~er and pursuant to the laws of DENMARK 
and having a principal place of business at Holmens Kanarz Copenhagen K DK-1060 DENMARK {hereinafter 
referred lo as "the Assignee"), is· desirous of acqui~ng the entire· right, title, and interest in and. to said 
Inventions, the right to file applications on said inventions and th~ entire right, ~itle ·and I.nterest In and. to any 
applications, Including provisional applications for Letters Patent of the United ~tales or other countrie's claiming . 
priority to said. application, and In and to any Letters Patent or Patents, Unite.a Slates or fprelgn, to be obtained 
therefor and thereon. · / · 

',' • I 

. . . ·· NOW, -T.HEREFORE, ·tor good and sufficient consideration, the receipt pf which is hereby 
. · acf(n9wledg,d_;• the Assignors 11~ve solo, assigned, transferred, and set over, and by tl'iese presents do sell, 

·assign, transfer, and set over, ·4nto the Assignee, its sµccessors, legal representatives, and assigns the entire 
right, 'title.,· and ·interest in and to the above-mentioned Inventions, the right to file applicatl6ns on said Inventions 
and the ent_lre right, title ancUnterest In and to any applications fo.r Letters Patent of the .United States or other 
countries claiming priority to said applications, and any and all L~tters Patent or Patents of the United. States of 
America and all foreign countries that may be granted therefor .and thereon, and in and to any emd all 
applications claiming priority to said appllcaUons. divisions, qontinuations, and continuations-In-part_ of said 
appllca.llons, and reissues.and extensions ~f said Letters Patent.or Patents, and a.II rlg_hts under the International 

Buchananll_lgel'$~>ll·&•Roo"Qey01,o 
, Allollii;,i:Ou;j,;</MltiffJirM1l61\1,,o/.,~11$ 
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Attorney Docket No. 0079124-000092 . 
Application No: Unassigned 

· Page2 of2 

Convention for the Protection of Industrial Property, the same to be held and ~njoy!3d by the A~s,gnee, .for it's 

own use and behoof and the use and behoof of Its successors, legal representatives, and. assigns, to the full 

end •Of the term or terms for which Letters Patent or Patents may be granted as fully and entirety' as the same 

would have been held and enjoyed by the Assignors ha~ this sale and. assignment not been made; . 

. AND for the same consideration, the Assignors hereby covenant and agree to and with .the Asslgnee;-its 

suc~ssors, legal representatives, and assigns, that, at the time of execution and dellveiy of these presents, the 

Assignors are the sole and lawful owMrs of the entire right, title, and interest In and to the inventions set forth In 

said applications ancf said applications, including· provisional appllcatlons, above-mentioned, and that the same 

a.re unencumbered, and that the Assignors have good and full rlgnt and ·lawful authority to sell and convey the 

same in the manner herein set forth; · 

AND for the same consideration, the Assignors hereby covenant and agree to and with the Assignee, Its 

successors, legal representatives, and assigns that the Assignors will; whenever counsel of the Assignee, or the 

counsel of Its successors, legal representatives, and assigns, shall advise that any.proceeding In connection 

with ~aid inven.tlons or said applications for Lett'ers Patent or Patents, or any proceeding in conrtecti9n: with 

· L1;1tt~rs Pat.ent or Pcjtents for _said inventions in any country, includlng interference proceedings, ·ts lawful and • 

desirable, or that any application claiming prjority to said appllcatlon, division, continuation, or continuation-ln­

part of any applications for ·Letters· Patent or Patents, or any reissue or extension of any Letters Patent or 

Patents to be obtained thereon, Is lawful and desirable, sign all papers and document~,take all lawful oaths, 

. and do all acts ne~essary or required to be done for the procurement, maintenance, enforcement, and defense 

of Lett~rs Patent or .. Patents. for said inventions, without charge to the Assignee, Its successors, legal 

representatives, and assigns, but at the cost and expense of the Assignee, Its successors, legal representatives, 

and assigns; · · 

· AND the Assignors hereby request the Commssloner of Patents to Issue any and all .said Letters· Patent · 

of the United States•to the Assignee as the Assignee .of said Inventions, the Letters Patent to be Issued for the 

sole use and behoof of the Assignee, Its successors, _legal representatives, and asslg~s. 

--:s~·!" >~.'.' '?cll...,f · . 
Date 

'3, 0/4, .,;.. 2ol '7' 

~>- . 
b . Signature . . '· 

~r,t{c} Jud_ 
(} Sigrillure . ~ ··~ 1 . ·.· 

.·. ,; ~gnalu4:§.,.- . . 

MiKEvanderPOEL . ~rl oJ' 11.~f) 
-----'-'-=-"-;;;;...;.N~am=e....;...;;;.;..,,;;;..._ ___ ( ~ Slgnatu_re ~u~. 

RUNEFISKER 
Narne 

HENRIK 0JELUND 
Date Name 

RASMUS KJJER 
Name 

ARISH A. QAZI 
Date Name · ~tgn 

, KARL.JOSEF HOLLENBECK 
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Patent 
Attorney Docket No. 0079124-000337-T1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

REQUEST FOR FILING CONTINUATION / DIVISIONAL 

Commissioner for Patents 
P.O. Box 1450 

APPLICATION UNDER 37 C.F.R. § 1.53(b) 

Alexandria, VA 22313-1450 Customer Number 21839 

Commissioner: 

This is a request for filing a [8J continuation D divisional application under 37 C.F.R. § 1.53(b) 
of the following pending application, Application No. 16/774,843, filed January 28, 2020 entitled: 

FOCUS SCANNING APPARATUS 

by the following first named inventor: 

Rune FISKER 

[8J The entire disclosure of the prior application is considered as being part of the disclosure of 
the accompanying application and is hereby incorporated by reference therein. 

D Enclosed is a copy of the prior Application No ____ as originally filed on---~ 
including copies of the specification, claims, and drawings. 

D Enclosed is a revised prior application. No new matter has been added to the revised 
application. 

Applicant(s) claims foreign priority under 35 U.S.C. §§ 119 of the following application(s): 

Country Appl. No. 

D The certified copy I DAS Code of the priority application: 

D was filed in prior Application No. __ , filed on __ . 

Filing Date 
MM-DD-YYYY 

D was filed in the International Bureau and acknowledged by the Examiner in prior 
Application No. __ . 

D has not yet been filed. 

[8J The filing fee has been calculated as follows: 

Bucluman Ingersoll & Rooney PC (11/18) 
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Continuation/Divisional Patent Application Transmittal Letter 
Attorney's Docket No. 0079124-000337-T1 

Page 2 

FEES 

Basic Patent Application Filing Fee (1011) $320.00 

Search Fee (1111) $700.00 

Examination Fee (1311) $800.00 

No. of Extra Rate 
Claims Claims 

Total Claims 30 Minus 20= 10 X $ 100.00 (1202) $1,000.00 

Independent 2 Minus 3= 0 X $ 480.00 (1201) 
Claims 
If multiple dependent claims are presented, add $860.00 (1203) 

App. Size Fee (app + dwgs. exceeding 100 sheets) - $420.00 / each add'I. 50 sheets (1081) 

Late Declaration Fee, add $160.00 (1051) 

Track I - Prioritized Exam Fee, Processing Fee and Publication Fee 

TOTAL APPLICATION FEE DUE 

□ Charge $ ____ to Deposit Account No. 02-4800 for the fee due. 

IZI Charge $7,160.00 to credit card. Filing fee being paid concurrent with electronic filing of 
application. 

IZI The Commissioner is hereby authorized to charge any appropriate fees that may be 
required by this paper, or any other submissions in this application, and to credit any 
overpayment, to Deposit Account No. 02-4800. 

$4,340.00 

$7,160.00 

IZI In accordance with 37 C.F.R. § 1.136(a)(3), the U.S. Patent and Trademark Office is hereby 
provided with a general authorization to treat any concurrent or future reply requiring a 
petition for an extension of time for its timely submission as containing a request therefor for 
the appropriate length of time. 

1Z1 Recognizing that Internet communications are not secure, I hereby authorize the USPTO to 
communicate with the undersigned and practitioners in accordance with 37 CFR 1.33 and 
37 CFR 1.34 concerning any subject matter of this application via video conferencing, 
instant messaging, or electronic mail. I understand that a copy of these communications 
will be made of record in the application file. (MPEP 502.03). 

Date: March 19, 2021 

Customer Number 21839 
703 836 6620 

Respectfully submitted, 

BUCHANAN INGERSOLL & ROONEY PC 

By: /WC Rowland/ 
William C. Rowland 
Registration No. 30,888 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 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 0079124-000337-T1 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention I FOCUS SCANNING APPARATUS 

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 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El ~une I t1SKER I El 
Residence Information (Select One) US Residency • Non US Residency Active US Military Service 

City ~irum l1country of Residence i l~K I 

Mailing Address of Inventor: 

Address 1 l<aplevej 87 

Address 2 

City I J.tirum I State/Province 11 
Postal Code I ~83o I Countryi II°K 

Inventor b I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El ~enrik I f'>JELUND I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City ~yngby l1country of Residence i l~K I 

Mailing Address of Inventor: 

Address 1 i<ulsvierparken 55 

Address 2 

City I1--yngby I State/Province 11 
Postal Code 1 ~800 I Countryi II°K 

Inventor 6 I Remove I 
Legal Name 

EFSWeb2.2.13 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 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 0079124-000337-T1 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention FOCUS SCANNING APPARATUS 

Prefix Given Name Middle Name Family Name Suffix 

I El ~asmus I l<JJER I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City r0benhavn K IICountry of Residence i l~K I 

Mailing Address of Inventor: 

Address 1 N0rre S0gade 21, 1 

Address 2 

City I t<0benhavn K I State/Province 11 
Postal Code I 1370 I Countryi 11°K 
Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El t,1ike I ~an der POEL I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City ~0dovre IICountry of Residence i l~K I 

Mailing Address of Inventor: 

Address 1 Raivebakkevej35B 

Address 2 

City I ~0dovre I State/Province 
11 

Postal Code I ~610 I Countryi 11°K 
Inventor b I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El J'l.rish ~- J:lA.zl I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City [oronto IICountry of Residence i ltA I 

Mailing Address of Inventor: 

Address 1 ~15-1369 Bloor Street West 

Address 2 

City I lforonto I State/Province 11 
Postal Code I M6P4J4 I Countryi I FA 

EFS Web 2.2.13 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 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 0079124-000337-T1 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention FOCUS SCANNING APPARATUS 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El f<arl-Josef I ~OLLENBECK I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City ~openhagen 0 l1country of Residence i l~K I 

Mailing Address of Inventor: 

Address 1 Rosenvamgets Hovedvej 6B 

Address 2 

City I J:;openhagen 0 I State/Province 11 
Postal Code I ~100 I Countryi II°K 

All Inventors Must Be Listed - Additional Inventor Information blocks may be 
generated within this form by selecting the Add button. I Add I 

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. 

Customer Number )1839 

Email Address I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention FOCUS SCANNING APPARATUS 

Attorney Docket Number 0079124-000337-T1 I Small Entity Status Claimed □ 
Application Type Non provisional . 
Subject Matter Utility . 
Total Number of Drawing Sheets (if any) 1118 I Suggested Figure for Publication (if any) 11 

EFS Web 2.2.13 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 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 0079124-000337-T1 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention FOCUS SCANNING APPARATUS 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

Publication Information: 

□ 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 

□ 
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 US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number ~1839 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status !"ending I· I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

I j:;ontinuation of I· 16/774843 ~020-01-28 

EFS Web 2.2.13 

I 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 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 0079124-000337-T1 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention FOCUS SCANNING APPARATUS 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

116/774843 ponlinuation of I· 116433369 ~019-06-06 110595010 ~020-03-17 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

116433369 ponlinuation of I· 116217943 ~018-12-12 110326982 ~019-06-18 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

116217943 pontinuation of I· 115974105 ~018-05-08 110349041 ~019-07-19 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

115974105 ponlinuation of I· 114502230 ~014-09-30 110097815 ~018-10-09 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

114502230 ponlinuation of I· 113376427 ~011-12-06 ~878905 ~014-11-04 

Prior Application Status t=xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~3376427 a 371 of international . PCT /DK2010/050148 ~010-06-17 

Prior Application Status J=xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~CT /DK2010/050148 ~laims benefit of provisional . 61231118 ~009-08-04 

Prior Application Status J=xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~CT /DK2010/050148 J:;1aims benefit of provisional . 61187744 ~009-06-17 

Additional Domestic Benefit/National Stage Data may be generated within this form 
I Add I by selecting the Add button. 

Foreign Priority Information: 

EFS Web 2.2.13 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 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. 

0079124-000337-T1 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention FOCUS SCANNING APPARATUS 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (PDXi the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(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 Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

I I I 
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. 

EFS Web 2.2.13 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 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. 

0079124-000337-T1 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention FOCUS SCANNING APPARATUS 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph Bin subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDXl - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
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Focus scanning apparatus 

Cross-Reference to Related Applications 

The present application is a continuation of U.S. Serial No. 16/774,843, filed on 

January 28, 2020, which is a continuation of U.S. Serial No. 16/433,369, filed on June 

6, 2019, which is a continuation of U.S. Serial No. 16/217,943, filed on December 12, 

2018, which is a continuation of U.S. Serial No. 15/974,105, filed on May 8, 2018, 

which is a continuation of U.S. Serial No. 14/502,230, filed on September 30, 2014, 

now U.S. Patent No. 10,097,815 82, which in turn is a continuation of U.S. Serial No. 

13/376,427, filed on December 6, 2011, now U.S. Patent No. 8,878,905 82, which is a 

national stage application of PCT/DK2010/050148, filed on June 17, 2010, and which 

claims the benefit of US 61/187,744, filed on June 17, 2009, and US 61/231, 118, filed 

on August 4, 2009, the contents of all of which are incorporated herein by reference in 

their entirety. 

Field of the Invention 

The present disclosure relates to an apparatus and a method for optical 30 scanning of 

surfaces. The principle of the apparatus and method according to the disclosure may 

be applied in various contexts. One specific embodiment of the invention is particularly 

suited for intraoral scanning, i.e. direct scanning of teeth and surrounding soft-tissue in 

the oral cavity. Other dental related embodiments of the invention are suited for 

scanning dental impressions, gypsum models, wax bites, dental prosthetics and 

abutments. Another embodiment of the invention is suited for scanning of the interior 

and exterior part of a human ear or ear channel impressions. The disclosure may find 

use within scanning of the 30 structure of skin in dermatological or cosmetic/ 

cosmetological applications, scanning of jewelry or wax models of whole jewelry or part 

of jewelry, scanning of industrial parts and even time resolved 30 scanning, such as 

time resolved 30 scanning of moving industrial parts. 

Background 

The disclosure relates to three dimensional (30) scanning of the surface geometry of 

objects. Scanning an object surface in 3 dimensions is a well known field of study and 
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the methods for scanning can be divided into contact and non-contact methods. An 

example of contact measurements methods are Coordinate Measurement Machines 

(CMM), which measures by letting a tactile probe trace the surface. The advantages 

include great precision, but the process is slow and a CMM is large and expensive. 

Non-contact measurement methods include x-ray and optical probes. 

Confocal microscopy is an optical imaging technique used to increase micrograph 

contrast and/or to reconstruct three-dimensional images by using a spatial pinhole to 

eliminate out-of-focus light or flare in specimens that are thicker than the focal plane. 

A confocal microscope uses point illumination and a pinhole in an optically conjugate 

plane in front of the detector to eliminate out-of-focus information. Only the light within 

the focal plane can be detected. As only one point is illuminated at a time in confocal 

microscopy, 2D imaging requires raster scanning and 3D imaging requires raster 

scanning in a range of focus planes. 

In WO 00/08415 the principle of confocal microscopy is applied by illuminating the 

surface with a plurality of illuminated spots. By varying the focal plane in-focus spot­

specific positions of the surface can be determined. However, determination of the 

surface structure is limited to the parts of the surface that are illuminated by a spot. 

WO 2003/060587 relates to optically sectioning of a specimen in microscopy wherein 

the specimen is illuminated with an illumination pattern. Focus positions of the image 

plane are determined by characterizing an oscillatory component of the pattern. 

However, the focal plane can only be adjusted by moving the specimen and the optical 

system relative to each other, i.e. closer to or further away from each other. Thus, 

controlled variation of the focal plane requires a controlled spatial relation between the 

specimen and the optical system, which is fulfilled in a microscope. However, such a 

controlled spatial relation is not applicable to e.g. a hand held scanner. 

US2007 /0109559 A 1 describes a focus scanner where distances are found from the 

focus lens positions at which maximum reflective intensity of light beams incident on 

the object being scanned is observed. In contrast to the disclosure disclosed here, this 

prior art exploits no pre-determined measure of the illumination pattern and exploits no 

contrast detection, and therefore, the signal-to-noise ratio is sub-optimal. 
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In WO 2008/125605, means for generating a time-variant pattern composed of 

alternating split images are described. This document describes a scanning method to 

obtain an optical section of a scan object by means of two different illumination profiles, 

e.g. two patterns of opposite phases. These two images are used to extract the optical 

section, and the method is limited to acquisition of images from only two different 

illumination profiles. Furthermore, the method relies on a predetermined calibration that 

determines the phase offset between the two illumination profiles. 

Summary 

Thus, an object of the disclosure is to provide a scanner which may be integrated in a 

manageable housing, such as a handheld housing. Further objects of the disclosure 

are: discriminate out-of-focus information and provide a fast scanning time. 

This is achieved by a method and a scanner for obtaining and/or measuring the 3D 

geometry of at least a part of the surface of an object, said scanner comprising: 

at least one camera accommodating an array of sensor elements, 

means for generating a probe light incorporating a spatial pattern, 

means for transmitting the probe light towards the object thereby 

illuminating at least a part of the object with said pattern in one or more 

configurations, 

means for transmitting at least a part of the light returned from the object 

to the camera, 

means for varying the position of the focus plane of the pattern on the 

object while maintaining a fixed spatial relation of the scanner and the 

object, 

means for obtaining at least one image from said array of sensor 

elements, 

means for evaluating a correlation measure at each focus plane position 

between at least one image pixel and a weight function, where the 

weight function is determined based on information of the configuration 

of the spatial pattern; 

data processing means for: 
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a) determining by analysis of the correlation measure the in-focus 

position(s) of: 

each of a plurality of image pixels for a range of focus 

plane positions, or 

each of a plurality of groups of image pixels for a range of 

focus plane positions, and 

b) transforming in-focus data into 30 real world coordinates. 

The method and apparatus described in this disclosure is for providing a 30 surface 

registration of objects using light as a non-contact probing agent. The light is provided 

in the form of an illumination pattern to provide a light oscillation on the object. The 

variation/ oscillation in the pattern may be spatial, e.g. a static checkerboard pattern, 

and/or it may be time varying, for example by moving a pattern across the object being 

scanned. The disclosure provides for a variation of the focus plane of the pattern over a 

range of focus plane positions while maintaining a fixed spatial relation of the scanner 

and the object. It does not mean that the scan must be provided with a fixed spatial 

relation of the scanner and the object, but merely that the focus plane can be varied 

(scanned) with a fixed spatial relation of the scanner and the object. This provides for a 

hand held scanner solution based on the present disclosure. 

In some embodiments the signals from the array of sensor elements are light intensity. 

One embodiment of the invention comprises a first optical system, such as an 

arrangement of lenses, for transmitting the probe light towards the object and a second 

optical system for imaging light returned from the object to the camera. In the preferred 

embodiment of the invention only one optical system images the pattern onto the object 

and images the object, or at least a part of the object, onto the camera, preferably 

along the same optical axis, however along opposite optical paths. 

In the preferred embodiment of the invention an optical system provides an imaging of 

the pattern onto the object being probed and from the object being probed to the 

camera. Preferably, the focus plane is adjusted in such a way that the image of the 

pattern on the probed object is shifted along the optical axis, preferably in equal steps 

from one end of the scanning region to the other. The probe light incorporating the 
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pattern provides a pattern of light and darkness on the object. Specifically, when the 

pattern is varied in time for a fixed focus plane then the in-focus regions on the object 

will display an oscillating pattern of light and darkness. The out-of-focus regions will 

display smaller or no contrast in the light oscillations. 

Generally we consider the case where the light incident on the object is reflected 

diffusively and/or specularly from the object's surface. But it is understood that the 

scanning apparatus and method are not limited to this situation. They are also 

applicable to e.g. the situation where the incident light penetrates the surface and is 

reflected and/or scattered and/or gives rise to fluorescence and/or phosphorescence in 

the object. Inner surfaces in a sufficiently translucent object may also be illuminated by 

the illumination pattern and be imaged onto the camera. In this case a volumetric 

scanning is possible. Some planktic organisms are examples of such objects. 

When a time varying pattern is applied a single sub-scan can be obtained by collecting 

a number of 2D images at different positions of the focus plane and at different 

instances of the pattern. As the focus plane coincides with the scan surface at a single 

pixel position, the pattern will be projected onto the surface point in-focus and with high 

contrast, thereby giving rise to a large variation, or amplitude, of the pixel value over 

time. For each pixel it is thus possible to identify individual settings of the focusing 

plane for which each pixel will be in focus. By using knowledge of the optical system 

used, it is possible to transform the contrast information vs. position of the focus plane 

into 3D surface information, on an individual pixel basis. 

Thus, in one embodiment of the disclosure the focus position is calculated by 

determining the light oscillation amplitude for each of a plurality of sensor elements for 

a range of focus planes. 

For a static pattern a single sub-scan can be obtained by collecting a number of 2D 

images at different positions of the focus plane. As the focus plane coincides with the 

scan surface, the pattern will be projected onto the surface point in-focus and with high 

contrast. The high contrast gives rise to a large spatial variation of the static pattern on 

the surface of the object, thereby providing a large variation, or amplitude, of the pixel 

values over a group of adjacent pixels. For each group of pixels it is thus possible to 

identify individual settings of the focusing plane for which each group of pixels will be in 
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focus. By using knowledge of the optical system used, it is possible to transform the 

contrast information vs. position of the focus plane into 3D surface information, on an 

individual pixel group basis. 

Thus, in one embodiment of the invention the focus position is calculated by 

determining the light oscillation amplitude for each of a plurality of groups of the sensor 

elements for a range of focus planes. 

The 2D to 3D conversion of the image data can be performed in a number of ways 

known in the art. I.e. the 3D surface structure of the probed object can be determined 

by finding the plane corresponding to the maximum light oscillation amplitude for each 

sensor element, or for each group of sensor elements, in the camera's sensor array 

when recording the light amplitude for a range of different focus planes. Preferably, the 

focus plane is adjusted in equal steps from one end of the scanning region to the other. 

Preferably the focus plane can be moved in a range large enough to at least coincide 

with the surface of the object being scanned. 

The present disclosure distinguishes itself from WO 2008/125605, because in the 

embodiments of the present invention that use a time-variant pattern, input images are 

not limited to two illumination profiles and can be obtained from any illumination profile 

of the pattern. This is because the orientation of the reference image does not rely 

entirely on a predetermined calibration, but rather on the specific time of the input 

image acquisition. 

Thus WO 2008/125605 applies specifically exactly two patterns, which are realized 

physically by a chrome-on-glass mask as illuminated from either side, the reverse side 

being reflective. WO 2008/125605 thus has the advantage of using no moving parts, 

but the disadvantage of a comparatively poorer signal-to-noise ratio. In the present 

disclosure there is the possibility of using any number of pattern configurations, which 

makes computation of the light oscillation amplitude or the correlation measure more 

precise. 

Definitions 
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Pattern: A light signal comprising an embedded spatial structure in the lateral plane. 

May also be termed "illumination pattern". 

Time varying pattern: A pattern that varies in time, i.e. the embedded spatial structure 

varies in time. May also be termed "time varying illumination pattern". In the following 

also termed "fringes". 

Static pattern: A pattern that does not vary in time, e.g. a static checkerboard pattern 

or a static line pattern. 

Pattern configuration: The state of the pattern. Knowledge of the pattern 

configuration at a certain time amounts to knowing the spatial structure of the 

illumination at that time. For a periodic pattern the pattern configuration will include 

information of the pattern phase. If a surface element of the object being scanned is 

imaged onto the camera then knowledge of the pattern configuration amounts to 

knowledge of what part of the pattern is illuminating the surface element. 

Focus plane: A surface where light rays emitted from the pattern converge to form an 

image on the object being scanned. The focus plane does not need to be flat. It may be 

a curved surface. 

Optical system: An arrangement of optical components, e.g. lenses, that transmit, 

collimate and/or images light, e.g. transmitting probe light towards the object, imaging 

the pattern on and/or in the object, and imaging the object, or at least a part of the 

object, on the camera. 

Optical axis: An axis defined by the propagation of a light beam. An optical axis is 

preferably a straight line. In the preferred embodiment of the invention the optical axis 

is defined by the configuration of a plurality of optical components, e.g. the 

configuration of lenses in the optical system. There may be more than one optical axis, 

if for example one optical system transmits probe light to the object and another optical 

system images the object on the camera. But preferably the optical axis is defined by 

the propagation of the light in the optical system transmitting the pattern onto the object 

and imaging the object onto the camera. The optical axis will often coincide with the 

longitudinal axis of the scanner. 



0025 Exhibit 1004 page 25 of 217 
DENTAL IMAGING

8 

Optical path: The path defined by the propagation of the light from the light source to 

the camera. Thus, a part of the optical path preferably coincides with the optical axis. 

Whereas the optical axis is preferably a straight line, the optical path may be a non­

straight line, for example when the light is reflected, scattered, bent, divided and/or the 

like provided e.g. by means of beam splitters, mirrors, optical fibers and the like. 

Telecentric system: An optical system that provides imaging in such a way that the 

chief rays are parallel to the optical axis of said optical system. In a telecentric system 

out-of-focus points have substantially same magnification as in-focus points. This may 

provide an advantage in the data processing. A perfectly telecentric optical system is 

difficult to achieve, however an optical system which is substantially telecentric or near 

telecentric may be provided by careful optical design. Thus, when referring to a 

telecentric optical system it is to be understood that it may be only near telecentric. 

Scan length: A lateral dimension of the field of view. If the probe tip (i.e. scan head) 

comprises folding optics to direct the probe light in a direction different such as 

perpendicular to the optical axis then the scan length is the lateral dimension parallel to 

the optical axis. 

Scan object: The object to be scanned and on which surface the scanner provides 

information. "The scan object" may just be termed "the object". 

Camera: Imaging sensor comprising a plurality of sensors that respond to light input 

onto the imaging sensor. The sensors are preferably ordered in a 2D array in rows and 

columns. 

Input signal: Light input signal or sensor input signal from the sensors in the camera. 

This can be integrated intensity of light incident on the sensor during the exposure time 

or integration of the sensor. In general, it translates to a pixel value within an image. 

May also be termed "sensor signal". 

Reference signal: A signal derived from the pattern. A reference signal may also be 

denoted a weight function or weight vector or reference vector. 
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Correlation measure: A measure of the degree of correlation between a reference 

and input signal. Preferably the correlation measure is defined such that if the 

reference and input signal are linearly related to each other then the correlation 

measure obtains a larger magnitude than if they are not. 

In some cases the correlation measure is a light oscillation amplitude. 

Image: An image can be viewed as a 2D array of values (when obtained with a digital 

camera) or in optics, an image indicates that there exists a relation between an imaged 

surface and an image surface where light rays emerging from one point on said imaged 

surface substantially converge on one point on said image surface. 

Intensity: In optics, intensity is a measure of light power per unit area. In image 

recording with a camera comprising a plurality of individual sensing elements, intensity 

may be used to term the recorded light signal on the individual sensing elements. In 

this case intensity reflects a time integration of light power per unit area on the sensing 

element over the exposure time involved in the image recording. 

Mathematical notation 

A A correlation measure between the weight function and the recorded light 

signal. This can be a light oscillation amplitude. 

Light input signal or sensor input signal. This can be integrated intensity of 

light incident on the sensor during the exposure time or integration of the 

sensor. In general, it translates to a pixel value within an image. 

f Reference signal. May also be called weight value. 

n The number of measurements with a camera sensor and/or several camera 

sensors that are used to compute a correlation measure. 

H Image height in number of pixels 

W Image width in number of pixels 

Symbols are also explained as needed in the text. 
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Detailed description of the preferred embodiments 

The scanner preferably comprises at least one beam splitter located in the optical path. 

For example, an image of the object may be formed in the camera by means of a beam 

splitter. Exemplary uses of beam splitters are illustrated in the figures. 

In a preferred embodiment of the invention light is transmitted in an optical system 

comprising a lens system. This lens system may transmit the pattern towards the 

object and images light reflected from the object to the camera. 

In a telecentric optical system, out-of-focus points have the same magnification as in­

focus points. Telecentric projection can therefore significantly ease the data mapping of 

acquired 2D images to 3D images. Thus, in a preferred embodiment of the invention 

the optical system is substantially telecentric in the space of the probed object. The 

optical system may also be telecentric in the space of the pattern and camera. 

Varying focus 

A pivotal point of the disclosure is the variation, i.e. scanning, of the focal plane without 

moving the scanner in relation to the object being scanned. Preferably the focal plane 

may be varied, such as continuously varied in a periodic fashion, while the pattern 

generation means, the camera, the optical system and the object being scanned is 

fixed in relation to each other. Further, the 3D surface acquisition time should be small 

enough to reduce the impact of relative movement between probe and teeth, e.g. 

reduce effect of shaking. In the preferred embodiment of the invention the focus plane 

is varied by means of at least one focus element. Preferably the focus plane is 

periodically varied with a predefined frequency. Said frequency may be at least 1 Hz, 

such as at least 2 Hz, 3, 4, 5, 6, 7, 8, 9 or at least 10 Hz, such as at least 20, 40, 60, 80 

or at least 100 Hz. 

Preferably the focus element is part of the optical system. I.e. the focus element may 

be a lens in a lens system. A preferred embodiment comprises means, such as a 

translation stage, for adjusting and controlling the position of the focus element. In that 

way the focus plane may be varied, for example by translating the focus element back 

and forth along the optical axis. 
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If a focus element is translated back and forth with a frequency of several Hz this may 

lead to instability of the scanner. A preferred embodiment of the invention thus 

comprises means for reducing and/or eliminating the vibration and/or shaking from the 

focus element adjustment system, thereby increasing the stability of the scanner. This 

may at least partly be provided by means for fixing and/or maintaining the centre of 

mass of the focus element adjustment system, such as a counter-weight to 

substantially counter-balance movement of the focus element; for example, by 

translating a counter-weight opposite to the movement of the focus element. Ease of 

operation may be achieved if the counter-weight and the focus element are connected 

and driven by the same translation means. This may however, only substantially 

reduce the vibration to the first order. If a counter-weight balanced device is rotated 

around the counter-weight balanced axis, there may be issues relating to the torque 

created by the counter-weights. A further embodiment of the invention thus comprises 

means for reducing and/or eliminating the first order, second order, third order and/or 

higher order vibration and/or shaking from the focus element adjustment system, 

thereby increasing the stability of the scanner. 

In another embodiment of the invention more than one optical element is moved to shift 

the focal plane. In that embodiment it is desirable that these elements are moved 

together and that the elements are physically adjacent. 

In the preferred embodiment of the invention the optical system is telecentric, or near 

telecentric, for all focus plane positions. Thus, even though one or more lenses in the 

optical system may be shifted back and forth to change the focus plane position, the 

telecentricity of the optical system is maintained. 

The preferred embodiment of the invention comprises focus gearing. Focus gearing is 

the correlation between movement of the lens and movement of the focus plane 

position. E.g. a focus gearing of 2 means that a translation of the focus element of 1 

mm corresponds to a translation of the focus plane position of 2 mm. Focus gearing 

can be provided by a suitable design of the optical system. The advantage of focus 

gearing is that a small movement of the focus element may correspond to a large 

variation of the focus plane position. In specific embodiments of the invention the focus 

gearing is between 0.1 and 100, such as between 0.1 and 1, such as between 1 and 
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10, such as between 2 and 8, such as between 3 and 6, such as least 10, such as at 

least 20. 

In another embodiment of the invention the focus element is a liquid lens. A liquid lens 

can control the focus plane without use of any moving parts. 

Camera 

The camera may be a standard digital camera accommodating a standard CCD or 

CMOS chip with one A/D converter per line of sensor elements (pixels). However, to 

increase the frame rate the scanner according to the disclosure may comprise a high­

speed camera accommodating multiple A/D converters per line of pixels, e.g. at least 2, 

4, 8 or 16 A/D converters per line of pixels. 

Pattern 

Another central element of the disclosure is the probe light with an embedded pattern 

that is projected on to the object being scanned. The pattern may be static or time 

varying. The time varying pattern may provide a variation of light and darkness on 

and/or in the object. Specifically, when the pattern is varied in time for a fixed focus 

plane then the in-focus regions on the object will display an oscillating pattern of light 

and darkness. The out-of-focus regions will display smaller or no contrast in the light 

oscillations. The static pattern may provide a spatial variation of light and darkness on 

and/or in the object. Specifically, the in-focus regions will display an oscillating pattern 

of light and darkness in space. The out-of-focus regions will display smaller or no 

contrast in the spatial light oscillations. 

Light may be provided from an external light source, however preferably the scanner 

comprises at least one light source and pattern generation means to produce the 

pattern. It is advantageous in terms of signal-to-noise ratio to design a light source 

such that the intensity in the non-masked parts of the pattern is as close to uniform in 

space as possible. In another embodiment the light source and the pattern generation 

means is integrated in a single component, such as a segmented LED. A segmented 

LED may provide a static pattern and/or it may provide a time varying pattern in itself 

by turning on and off the different segments in sequence. In one embodiment of the 

invention the time varying pattern is periodically varying in time. In another embodiment 



0030 Exhibit 1004 page 30 of 217 
DENTAL IMAGING

13 

of the invention the static pattern is periodically varying in space. 

Light from the light source (external or internal) may be transmitted through the pattern 

generation means thereby generating the pattern. For example the pattern generation 

means comprises at least one translucent and/or transparent pattern element. For 

generating a time varying pattern a wheel, with an opaque mask can be used. E.g. the 

mask comprises a plurality of radial spokes, preferably arranged in a symmetrical 

order. The scanner may also comprise means for rotating and/or translating the pattern 

element. For generating a static pattern a glass plate with an opaque mask can be 

used. E.g. the mask comprises a line pattern or checkerboard pattern. In general said 

mask preferably possesses rotational and/or translational periodicity. The pattern 

element is located in the optical path. Thus, light from the light source may be 

transmitted through the pattern element, e.g. transmitted transversely through the 

pattern element. The time varying pattern can then be generated by rotating and/or 

translating the pattern element. A pattern element generating a static pattern does not 

need to be moved during a scan. 

Correlation 

One object of the disclosure is to provide short scan time and real time processing, e.g. 

to provide live feedback to a scanner operator to make a fast scan of an entire tooth 

arch. However, real time high resolution 3D scanning creates an enormous amount of 

data. Therefore data processing should be provided in the scanner housing, i.e. close 

to the optical components, to reduce data transfer rate to e.g. a cart, workstation or 

display. In order to speed up data processing time and in order to extract in-focus 

information with an optimal signal-to-noise ratio various correlation techniques may be 

embedded I implemented. This may for example be implemented in the camera 

electronics to discriminate out-of-focus information. The pattern is applied to provide 

illumination with an embedded spatial structure on the object being scanned. 

Determining in-focus information relates to calculating a correlation measure of this 

spatially structured light signal (which we term input signal) with the variation of the 

pattern itself (which we term reference signal). In general the magnitude of the 

correlation measure is high if the input signal coincides with the reference signal. If the 

input signal displays little or no variation then the magnitude of the correlation measure 

is low. If the input signal displays a large spatial variation but this variation is different 

than the variation in the reference signal then the magnitude of the correlation measure 
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is also low. In a further embodiment of the invention the scanner and/or the scanner 

head may be wireless, thereby simplifying handling and operation of the scanner and 

increasing accessibility under difficult scanning situations, e.g. intra-oral or in the ear 

scanning. However, wireless operation may further increase the need for local data 

processing to avoid wireless transmission of raw 3D data. 

The reference signal is provided by the pattern generating means and may be periodic. 

The variation in the input signal may be periodic and it may be confined to one or a few 

periods. The reference signal may be determined independently of the input signal. 

Specifically in the case of a periodic variation, the phase between the oscillating input 

and reference signal may be known independently of the input signal. In the case of a 

periodic variation the correlation is typically related to the amplitude of the variation. If 

the phase between the oscillating input and reference signals is not known it is 

necessary to determine both cosine and sinusoidal part of the input signal before the 

input signal's amplitude of variation can be determined. This is not necessary when the 

phase is known. 

One way to define the correlation measure mathematically with a discrete set of 

measurements is as a dot product computed from a signal vector, I= ('1, ... ,In), with n > 

1 elements representing sensor signals and a reference vector, f = (f1, ... , fn), of same 

length as said signal vector of reference weights. The correlation measure A is then 

given by 
n 

A=t•i=Inh 
i=l 

The indices on the elements in the signal vector represent sensor signals that are 

recorded at different times and/or at different sensors. In the case of a continuous 

measurement the above expression is easily generalized to involve integration in place 

of the summation. In that case the integration parameter is time and/or one or more 

spatial coordinates. 

A preferred embodiment is to remove the DC part of the correlation signal or correlation 

measure, i.e., when the reference vector elements sums to zero (~:;f=1 fi = 0). The 

focus position can be found as an extremum of the correlation measure computed over 

all focus element positions. We note that in this case the correlation measure is 

proportional to the sample Pearson correlation coefficient between two variables. If the 
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DC part is not removed, there may exist a trend in DC signal over all focus element 

positions, and this trend can be dominating numerically. In this situation, the focus 

position may still be found by analysis of the correlation measure and/or one or more of 

its derivatives, preferably after trend removal. 

Preferably, the global extremum should be found. However, artifacts such as dirt on the 

optical system can result in false global maxima. Therefore, it can be advisable to look 

for local extrema in some cases. If the object being scanned is sufficiently translucent it 

may be possible to identify interior surfaces or surface parts that are otherwise 

occluded. In such cases there may be several local extrema that corresponds to 

surfaces and it may be advantageous to process several or all extrema. 

The correlation measure can typically be computed based on input signals that are 

available as digital images, i.e., images with a finite number of discrete pixels. 

Therefore conveniently, the calculations for obtaining correlation measures can be 

performed for image pixels or groups thereof. Correlation measures can then be 

visualized in as pseudo-images. 

The correlation measure applied in this disclosure is inspired by the principle of a lock­

in amplifier, in which the input signal is multiplied by the reference signal and integrated 

over a specified time. In this disclosure, a reference signal is provided by the pattern. 

Temporal correlation 

Temporal correlation involves a time-varying pattern. The light signal in the individual 

light sensing elements in the camera is recorded several times while the pattern 

configuration is varied. The correlation measure is thus at least computed with sensor 

signals recorded at different times. 

A principle to estimate light oscillation amplitude in a periodically varying light signal is 

taught in WO 98/45745 where the amplitude is calculated by first estimating a cosine 

and a sinusoidal part of the light intensity oscillation. However, from a statistical point of 

view this is not optimal because two parameters are estimated to be able to calculate 

the amplitude. 
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In this embodiment of the invention independent knowledge of the pattern configuration 

at each light signal recording allows for calculating the correlation measure at each 

light sensing element. 

In some embodiments of the invention the scanner comprises means for obtaining 

knowledge of the pattern configuration. To provide such knowledge the scanner 

preferably further comprises means for registering and/or monitoring the time varying 

pattern. 

Each individual light sensing element, i.e. sensor element, in the camera sees a 

variation in the light signal corresponding to the variation of the light illuminating the 

object. 

One embodiment of the invention obtains the time variation of the pattern by translating 

and/or rotating the pattern element. In this case the pattern configuration may be 

obtained by means of a position encoder on the pattern element combined with prior 

knowledge of the pattern geometry that gives rise to a pattern variation across 

individual sensing elements. Knowledge of the pattern configuration thus arises as a 

combination of knowledge of the pattern geometry that results in a variation across 

different sensing elements and pattern registration and/or monitoring during the 3D 

scan. In case of a rotating wheel as the pattern element the angular position of the 

wheel may then be obtained by an encoder, e.g. mounted on the rim. 

One embodiment of the invention involves a pattern that possesses translational and/or 

rotational periodicity. In this embodiment there is a well-defined pattern oscillation 

period if the pattern is substantially translated and/or rotated at a constant speed. 

One embodiment of the invention comprises means for sampling each of a plurality of 

the sensor elements a plurality of times during one pattern oscillation period, preferably 

sampled an integer number of times, such as sampling 2, 3, 4, 5, 6, 7 or 8 times during 

each pattern oscillation period, thereby determining the light variation during a period. 

The temporal correlation measure between the light variation and the pattern can be 

obtained by recording several images on the camera during one oscillation period (or at 

least one oscillation period). The number of images recorded during one oscillation 
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period is denoted n. The registration of the pattern position for each individual image 

combined with the independently known pattern variation over all sensing element (i.e. 

obtaining knowledge of the pattern configuration) and the recorded images allows for 

an efficient extraction of the correlation measure in each individual sensing element in 

the camera. For a light sensing element with label j, the n recorded light signals of that 

element are denoted l1J, ... , lnJ- The correlation measure of that element, Aj, may be 

expressed as 
n 

A-=~ F . . / .. 
J L J l,J l,J 

i=1 

Here the reference signal or weight function f is obtained from the knowledge of the 

pattern configuration. f has two indices i,j. The variation of fwith the first index is 

derived from the knowledge of the pattern position during each image recording. The 

variation of fwith the second index is derived from the knowledge of the pattern 

geometry which may be determined prior to the 3D scanning. 

Preferably, but not necessarily, the reference signal f averages to zero over time, i.e. 

for all j we have 
n 

Lfi.1 = a 
i=1 

to suppress the DC part of the light variation or correlation measure. The focus position 

corresponding to the pattern being in focus on the object for a single sensor element in 

the camera will be given by an extremum value of the correlation measure of that 

sensor element when the focus position is varied over a range of values. The focus 

position may be varied in equal steps from one end of the scanning region to the other. 

To obtain a sharp image of an object by means of a camera the object must be in focus 

and the optics of the camera and the object must be in a fixed spatial relationship 

during the exposure time of the image sensor of the camera. Applied to the present 

disclosure this should imply that the pattern and the focus should be varied in discrete 

steps to be able to fix the pattern and the focus for each image sampled in the camera, 

i.e. fixed during the exposure time of the sensor array. However, to increase the 

sensitivity of the image data the exposure time of the sensor array should be as high as 

the sensor frame rate permits. Thus, in the preferred embodiment of the invention 

images are recorded (sampled) in the camera while the pattern is continuously varying 

(e.g. by continuously rotating a pattern wheel) and the focus plane is continuously 
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moved. This implies that the individual images will be slightly blurred since they are the 

result of a time-integration of the image while the pattern is varying and the focus plane 

is moved. This is something that one could expect to lead to deterioration of the data 

quality, but in practice the advantage of concurrent variation of the pattern and the 

focus plane is bigger than the drawback. 

In another embodiment of the invention images are recorded (sampled) in the camera 

while the pattern is fixed and the focus plane is continuously moved, i.e. no movement 

of the pattern. This could be the case when the light source is a segmented light 

source, such as a segment LED that flashes in an appropriate fashion. In this 

embodiment the knowledge of the pattern is obtained by a combination of prior 

knowledge of the geometry of the individual segments on the segmented LED give rise 

to a variation across light sensing elements and the applied current to different 

segments of the LED at each recording. 

In yet another embodiment of the invention images are recorded (sampled) in the 

camera while the pattern is continuously varying and the focus plane is fixed. 

In yet another embodiment of the invention images are recorded (sampled) in the 

camera while the pattern and the focus plane are fixed. 

The temporal correlation principle may be applied in general within image analysis. 

Thus, a further embodiment of the invention relates to a method for calculating the 

amplitude of a light intensity oscillation in at least one (photoelectric) light sensitive 

element, said light intensity oscillation generated by a periodically varying illumination 

pattern and said amplitude calculated in at least one pattern oscillation period, said 

method comprising the steps of: 

providing the following a predetermined number of sampling times during a pattern 

oscillation period: 

o sampling the light sensitive element thereby providing the signal of said light 

sensitive element, and 

o providing an angular position and/or a phase of the periodically varying 

illumination pattern for said sampling, and 

calculating said amplitude(s) by integrating the products of a predetermined 

periodic function and the signal of the corresponding light sensitive element over 
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said predetermined number of sampling times, wherein said periodic function is a 

function of the angular position and/or the phase of the periodically varying 

illumination pattern. 

This may also be expressed as 

where A is the calculated amplitude or correlation measure, i is the index for each 

sampling, f is the periodic function, Pi is the angular position / phase of the illumination 

pattern for sampling i and h is the signal of the light sensitive element for sampling i. 

Preferably the periodic function averages to zero over a pattern oscillation period, i.e. 

To generalize the principle to a plurality of light sensitive elements, for example in a 

sensor array, the angular position/ phase of the illumination pattern for a specific light 

sensitive element may consist of an angular position / phase associated with the 

illumination pattern plus a constant offset associated with the specific light sensitive 

element. Thereby the correlation measure or amplitude of the light oscillation in light 

sensitive element j may be expressed as 

AJ = Lf(0j + P; )Ii,j , 

where ei is the constant offset for light sensitive elementj. 

A periodically varying illumination pattern may be generated by a rotating wheel with an 

opaque mask comprising a plurality of radial spokes arranged in a symmetrical order. 

The angular position of the wheel will thereby correspond to the angular position of the 

pattern and this angular position may obtained by an encoder mounted on the rim of 

the wheel. The pattern variation across different sensor elements for different position 

of the pattern may be determined prior to the 3D scanning in a calibration routine. A 

combination of knowledge of this pattern variation and the pattern position constitutes 

knowledge of the pattern configuration. A period of this pattern may for example be the 

time between two spokes and the amplitude of a single or a plurality of light sensitive 

elements of this period may be calculated by sampling e.g. four times in this period. 
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A periodically varying illumination pattern may generated by a Ronchi ruling moving 

orthogonal to the lines and the position is measured by an encoder. This position 

corresponds to the angular position of the generated pattern. Alternatively, a 

checkerboard pattern could be used. 

A periodically varying illumination pattern may generated by a one-dimensional array of 

LEDs that can be controlled line wise. 

A varying illumination pattern may generated by a LCD or OLP based projector. 

Optical correlation 

The abovementioned correlation principle (temporal correlation) requires some sort of 

registering of the time varying pattern, e.g. knowledge of the pattern configuration at 

each light level recording in the camera. However, a correlation principle without this 

registering may be provided in another embodiment of the invention. This principle is 

termed "optical correlation". 

In this embodiment of the invention an image of the pattern itself and an image of at 

least a part of the object being scanned with the pattern projected onto it is combined 

on the camera. I.e. the image on the camera is a superposition of the pattern itself and 

the object being probed with the pattern projected onto it. A different way of expressing 

this is that the image on the camera substantially is a multiplication of an image of the 

pattern projected onto the object with the pattern itself. 

This may be provided in the following way. In a further embodiment of the invention the 

pattern generation means comprises a transparent pattern element with an opaque 

mask. The probe light is transmitted through the pattern element, preferably transmitted 

transversely through the pattern element. The light returned from the object being 

scanned is retransmitted the opposite way through said pattern element and imaged 

onto the camera. This is preferably done in a way where the image of the pattern 

illuminating the object and the image of the pattern itself are coinciding when both are 

imaged onto the camera. One particular example of a pattern is a rotating wheel with 

an opaque mask comprising a plurality of radial spokes arranged in a symmetrical 

order such that the pattern possesses rotational periodicity. In this embodiment there is 

a well-defined pattern oscillation period if the pattern is substantially rotated at a 

constant speed. We define the oscillation period as 2mm. 



0038 Exhibit 1004 page 38 of 217 
DENTAL IMAGING

21 

We note that in the described embodiment of the invention the illumination pattern is a 

pattern of light and darkness. A light sensing element in the camera with a signal 

proportional to the integrated light intensity during the camera integration time of with 

label j, Ii is given by 

t+ot 

11 = K f 0(t')Sj(t')dt' 
t 

Here K is the proportionality constant of the sensor signal, tis the start of the camera 

integration time, Tj is the time-varying transmission of the part of the rotating pattern 

element imaged onto the j'th light sensing element, and Si is the time-varying light 

intensity of light returned from the scanned object and imaged onto the /th light sensing 

element. In the described embodiment Tj is the the step function substantially defined 

by Tj(t) = 0 for sin(mf+9}) > 0 and 0{t) = 1 elsewhere. 9} is a phase dependent on the 

position of the j'th imaging sensor. 

The signal on the light sensing element is a correlation measure of the pattern and the 

light returned from the object being scanned. The time-varying transmission takes the 

role of the reference signal and the time-varying light intensity of light returned from the 

scanned object takes the role of the input signal. The advantage of this embodiment of 

the invention is that a normal CCD or CMOS camera with intensity sensing elements 

may be used to record the correlation measure directly since this appears as an 

intensity on the sensing elements. Another way of expressing this is that the 

computation of the correlation measure takes place in the analog, optical domain 

instead of in an electronic domain such as an FPGA or a PC. 

The focus position corresponding to the pattern being in focus on the object being 

scanned for a single sensor element in the camera will then be given by the maximum 

value of the correlation measure recorded with that sensor element when the focus 

position is varied over a range of values. The focus position may be varied in equal 

steps from one end of the scanning region to the other. One embodiment of the 

invention comprises means for recording and/or integrating and/or monitoring and/or 

storing each of a plurality of the sensor elements over a range of focus plane positions. 
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Preferably, the global maximum should be found. However, artifacts such as dirt on the 

optical system can result in false global maxima. Therefore, it can be advisable to look 

for local maxima in some cases. 

Since the reference signal does not average to zero the correlation measure has a DC 

component. Since the DC part is not removed, there may exist a trend in DC signal 

over all focus element positions, and this trend can be dominating numerically. In this 

situation, the focus position may still be found by analysis of the correlation measure 

and/or one or more of its derivatives. 

In a further embodiment of the invention the camera integration time is an integer 

number M of the pattern oscillation period, i.e. □ t = 2 □M I □ . One advantage of this 

embodiment is that the magnitude of the correlation measure can be measured with a 

better signal-to-noise ratio in the presence of noise than if the camera integration time 

is not an integer number of the pattern oscillation period. 

In another further embodiment of the invention the camera integration time is much 

longer than pattern oscillation period, i.e. □ t >> 2 □M I □ . Many times the pattern 

oscillation time would here mean e.g. camera integration time at least 10 times the 

oscillation time or more preferably such as at least 100 or 1000 times the oscillation 

time. One advantage of this embodiment is that there is no need for synchronization of 

camera integration time and pattern oscillation time since for very long camera 

integration times compared to the pattern oscillation time the recorded correlation 

measure is substantially independent of accurate synchronization. 

Equivalent to the temporal correlation principle the optical correlation principle may be 

applied in general within image analysis. Thus, a further embodiment of the invention 

relates to a method for calculating the amplitude of a light intensity oscillation in at least 

one (photoelectric) light sensitive element, said light intensity oscillation generated by a 

superposition of a varying illumination pattern with itself, and said amplitude calculated 

by time integrating the signal from said at least one light sensitive element over a 

plurality of pattern oscillation periods. 

Spatial correlation 
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The above mentioned correlation principles (temporal correlation and optical 

correlation) require the pattern to be varying in time. If the optical system and camera 

provides a lateral resolution which is at least two times what is needed for the scan of 

the object then it is possible to scan with a static pattern, i.e. a pattern which is not 

changing in time. This principle is termed "spatial correlation". The correlation measure 

is thus at least computed with sensor signals recorded at different sensor sites. 

The lateral resolution of an optical system is to be understood as the ability of optical 

elements in the optical system, e.g. a lens system, to image spatial frequencies on the 

object being scanned up to a certain point. Modulation transfer curves of the optical 

system are typically used to describe imaging of spatial frequencies in an optical 

system. One could e.g. define the resolution of the optical system as the spatial 

frequency on the object being scanned where the modulation transfer curve has 

decreased to e.g. 50%. The resolution of the camera is a combined effect of the 

spacing of the individual camera sensor elements and the resolution of the optical 

system. 

In the spatial correlation the correlation measure refers to a correlation between input 

signal and reference signal occurring in space rather than in time. Thus, in one 

embodiment of the invention the resolution of the measured 3D geometry is equal to 

the resolution of the camera. However, for the spatial correlation the resolution of the 

measured 3D geometry is lower than the resolution of the camera, such as at least 2 

times lower, such as at least 3 times lower, such as at least 4 times lower, such as 

least 5 times lower, such as at least 10 times lower. The sensor element array is 

preferably divided into groups of sensor elements, preferably rectangular groups, such 

as square groups of sensor elements, preferably adjacent sensor elements. The 

resolution of the scan, i.e. the measured 3D geometry, will then be determined by the 

size of these groups of sensor elements. The oscillation in the light signal is provided 

within these groups of sensor elements, and the amplitude of the light oscillation may 

then be obtained by analyzing the groups of sensor elements. The division of the 

sensor element array into groups is preferably provided in the data processing stage, 

i.e. the division is not a physical division thereby possibly requiring a specially adapted 

sensor array. Thus, the division into groups is "virtual" even though the single pixel in a 

group is an actual physical pixel. 
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In one embodiment of the invention the pattern posseses translational periodicity along 

at least one spatial coordinate. In a further embodiment of the invention the spatially 

periodic pattern is aligned with the rows and/or the columns of the array of sensor 

elements. For example in the case of a static line pattern the rows or columns of the 

pixels in the camera may be parallel with the lines of the pattern. Or in the case of a 

static checkerboard pattern the row and columns of the checkerboard may be aligned 

with the rows and columns, respectively, of the pixels in the camera. By aligning is 

meant that the image of the pattern onto the camera is aligned with the "pattern" of the 

sensor element in the sensor array of the camera. Thus, a certain physical location and 

orientation of the pattern generation means and the camera requires a certain 

configuration of the optical components of the scanner for the pattern to be aligned with 

sensor array of the camera. 

In a further embodiment of the invention at least one spatial period of the pattern 

corresponds to a group of sensor elements. In a further embodiment of the invention all 

groups of sensor elements contain the same number of elements and have the same 

shape. E.g. when the period of a checkerboard pattern corresponds to a square group 

of e.g. 2x2, 3x3, 4x4, 5x5, 6x6, 7x7, 8x8, 9x9, 10x10 or more pixels on the camera. 

In yet another embodiment one or more edges of the pattern is aligned with and/or 

coincide with one or more edges of the array of sensor elements. For example a 

checkerboard pattern may be aligned with the camera pixels in such a way that the 

edges of the image of the checkerboard pattern onto the camera coincide with the 

edges of the pixels. 

In spatial correlation independent knowledge of the pattern configuration allows for 

calculating the correlation measure at each group of light sensing. For a spatially 

periodic illumination this correlation measure can be computed without having to 

estimate the cosine and sinusoidal part of the light intensity oscillation. The knowledge 

of the pattern configuration may be obtained prior to the 3D scanning. 

In a further embodiment of the invention the correlation measure, Aj, within a group of 

sensor elements with label j is determined by means of the following formula: 
n 

A1 = I h1h,1 
i=l 
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Where n is the number of sensor elements in a group of sensors, ij = (f1,i, ... fn,1) is the 

reference signal vector obtained from knowledge of the pattern configuration, and ~ = 

('1,j,, ... ln,J is input signal vector. For the case of sensors grouped in square regions with 

N sensors as square length then n = N2. 

Preferably, but not necessarily, the elements of the reference signal vector averages to 

zero over space, i.e. for all j we have 

to suppress the DC part of the correlation measure. The focus position corresponding 

to the pattern being in focus on the object for a single group of sensor elements in the 

camera will be given by an extremum value of the correlation measure of that sensor 

element group when the focus position is varied over a range of values. The focus 

position may be varied in equal steps from one end of the scanning region to the other. 

In the case of a static checkerboard pattern with edges aligned with the camera pixels 

and with the pixel groups having an even number of pixels such as 2x2, 4x4, 6x6, 8x8, 

10x10, a natural choice of the reference vector fwould be for its elements to assume 

the value 1 for the pixels that image a bright square of the checkerboard and -1 for the 

pixels that image a dark square of the checkerboard. 

Equivalent to the other correlation principles the spatial correlation principle may be 

applied in general within image analysis. In particular in a situation where the resolution 

of the camera is higher than what is necessary in the final image. Thus, a further 

embodiment of the invention relates to a method for calculating the amplitude(s) of a 

light intensity oscillation in at least one group of light sensitive elements, said light 

intensity oscillation generated by a spatially varying static illumination pattern, said 

method comprising the steps of: 

providing the signal from each light sensitive element in said group of light sensitive 

elements, and 

calculating said amplitude(s) by integrating the products of a predetermined 

function and the signal from the corresponding light sensitive element over said 

group of light sensitive elements, wherein said predetermined function is a function 

reflecting the illumination pattern. 
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To generalize the principle to a plurality of light sensitive elements, for example in a 

sensor array, the correlation measure or amplitude of the light oscillation in group j may 

be expressed as 

AJ = i.,J(i,J)I;,J , 
i=l 

where n is the number of sensor elements in group j, h,1 is the signal from the i'th sensor 

element in group j and f(i,j) is a predetermined function reflecting the pattern. 

Compared to temporal correlation, spatial correlation has the advantage that no moving 

pattern is required. This implies that knowledge of the pattern configuration may be 

obtained prior to the 3D scanning. Conversely, the advantage of temporal correlation is 

its higher resolution, as no pixel grouping is required. 

All correlation principles, when embodied with an image sensor that allows very high 

frame rates, enable 3D scanning of objects in motion with little motion blur. It also 

becomes possible to trace moving objects over time ("4D scanning"), with useful 

applications for example in machine vision and dynamic deformation measurement. 

Very high frame rates in this context are at least 500, but preferably at least 2000 

frames per second. 

Transforming correlation measure extrema to 30 world coordinates 

Relating identified focus position(s) for camera sensor or camera sensor groups to 3D 

world coordinates may be done by ray tracing through the optical system. Before such 

ray tracing can be performed the parameters of the optical system need to be known. 

One embodiment of the invention comprises a calibration step to obtain such 

knowledge. A further embodiment of the invention comprises a calibration step in which 

images of an object of known geometry are recorded for a plurality of focus positions. 

Such an object may be a planar checkerboard pattern. Then, the scanner can be 

calibrated by generating simulated ray traced images of the calibration object and then 

adjusting optical system parameters as to minimize the difference between the 

simulated and recorded images. 
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In a further embodiment of the invention the calibration step requires recording of 

images for a plurality of focus positions for several different calibration objects and/or 

several different orientations and/or positions of one calibration object. 

With knowledge of the parameters of the optical system, one can employ backward ray 

tracing technique to estimate the 20 -> 30 mapping. This requires that the scanner's 

optical system be known, preferably through calibration. The following steps can be 

performed: 

1. From each pixel of the image (at the image sensor), trace a certain number of rays, 

starting from the image sensor and through the optical system (backward ray tracing). 

2. From the rays that emit, calculate the focus point, the point where all these rays 

substantially intersect. This point represents the 30 coordinate of where a 20 pixel will 

be in focus, i.e., in yield the global maximum of light oscillation amplitude. 

3. Generate a look up table for all the pixels with their corresponding 30 coordinates. 

The above steps are repeated for a number of different focus lens positions covering 

the scanner's operation range. 

Specular reflections 

High spatial contrast of the in-focus pattern image on the object is often necessary to 

obtain a good signal to noise ratio of the correlation measure on the camera. This in 

turn may be necessary to obtain a good estimation of the focus position corresponding 

to an extremum in the correlation measure. This sufficient signal to noise ratio for 

successful scanning is often easily achieved in objects with a diffuse surface and 

negligible light penetration. For some objects, however, it is difficult to achieve high 

spatial contrast. 

A difficult kind of object, for instance, is an object displaying multiple scattering of the 

incident light with a light diffusion length large compared to the smallest feature size of 

the spatial pattern imaged onto the object. A human tooth is an example of such an 

object. The human ear and ear canal are other examples. In case of intra oral 

scanning, the scanning should preferably be provided without spraying and/or drying 

the teeth to reduce the specular reflections and light penetration. Improved spatial 

contrast can be achieved by preferential imaging of the specular surface reflection from 

the object on the camera. Thus, one embodiment of the invention comprises means 

for preferential / selectively imaging of specular reflected light and/or diffusively 
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reflected light. This may be provided if the scanner further comprises means for 

polarizing the probe light, for example by means of at least one polarizing beam 

splitter. A polarizing beam splitter may for instance be provided for forming an image of 

the object in the camera. This may be utilized to extinguish specular reflections, 

because if the incident light is linearly polarized a specular reflection from the object 

has the property that it preserves its polarization state 

The scanner according to the invention may further comprise means for changing the 

polarization state of the probe light and/or the light reflected from the object. This can 

be provided by means of a retardation plate, preferably located in the optical path. In 

one embodiment of the invention the retardation plate is a quarter wave retardation 

plate. A linearly polarized light wave is transformed into a circularly polarized light wave 

upon passage of a quarter wave plate with an orientation of 45 degrees of its fast axis 

to the linear polarization direction. This may be utilized to enhance specular reflections 

because a specular reflection from the object has the property that it flips the helicity of 

a circularly polarized light wave, whereas light that is reflected by one or more 

scattering events becomes depolarized. 

The field of view (scanning length) 

In one embodiment of the invention the probe light is transmitted towards the object in 

a direction substantially parallel with the optical axis. However, for the scan head to be 

entered into a small space such as the oral cavity of a patient it is necessary that the tip 

of the scan head is sufficiently small. At the same time the light out of the scan head 

need to leave the scan head in a direction different from the optical axis. Thus, a further 

embodiment of the invention comprises means for directing the probe light and/or 

imaging an object in a direction different from the optical axis. This may be provided by 

means of at least one folding element, preferably located along the optical axis, for 

directing the probe light and/or imaging an object in a direction different from the optical 

axis. The folding element could be a light reflecting element such as a mirror or a 

prism. In one embodiment of the invention a 45 degree mirror is used as folding optics 

to direct the light path onto the object. Thereby the probe light is guided in a direction 

perpendicular to the optical axis. In this embodiment the height of the scan tip is at 

least as large as the scan length and preferably of approximately equal size. 
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One embodiment of the invention comprises at least two light sources, such as light 

sources with different wavelengths and/or different polarization. Preferably also control 

means for controlling said at least two light sources. Preferably this embodiment 

comprises means for combining and/or merging light from said at least two light 

sources. Preferably also means for separating light from said at least two light sources. 

If waveguide light sources are used they may be merged by waveguides. However, 

one or more diffusers may also be provided to merge light sources. 

Separation and/or merging may be provided by at least one optical device which is 

partially light transmitting and partially light reflecting, said optical device preferably 

located along the optical axis, an optical device such as a coated mirror or coated 

plate. One embodiment comprises at least two of said optical devices, said optical 

devices preferably displaced along the optical axis. Preferably at least one of said 

optical devices transmits light at certain wavelengths and/or polarizations and reflects 

light at other wavelengths and/or polarizations. 

One exemplary embodiment of the invention comprises at least a first and a second 

light source, said light sources having different wavelength and/or polarization, and 

wherein 

a first optical device reflects light from said first light source in a direction different from 

the optical axis and transmits light from said second light source, and 

a second optical device reflects light from said second light source in a direction 

different from the optical axis. Preferably said first and second optical devices reflect 

the probe light in parallel directions, preferably in a direction perpendicular to the 

optical axis, thereby imaging different parts of the object surface. Said different parts of 

the object surface may be at least partially overlapping. 

Thus, for example light from a first and a second light source emitting light of different 

wavelengths (and/or polarizations) is merged together using a suitably coated plate 

that transmits the light from the first light source and reflects the light from the second 

light source. At the scan tip along the optical axis a first optical device (e.g. a suitably 

coated plate, dichroic filter) reflects the light from the first light source onto the object 

and transmits the light from the second light source to a second optical device (e.g. a 

mirror) at the end of the scan tip, i.e. further down the optical axis. During scanning the 

focus position is moved such that the light from the first light source is used to project 
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an image of the pattern to a position below the first optical device while second light 

source is switched off. The 3D surface of the object in the region below the first optical 

device is recorded. Then the first light source is switched off and the second light 

source is switched on and the focus position is moved such that the light from the 

second light source is used to project an image of the pattern to a position below the 

second optical device. The 3D surface of the object in the region below the second 

optical device is recorded. The region covered with the light from the two light sources 

respectively may partially overlap. 

In another embodiment of the invention the probe light is directed in a direction different 

from the optical axis by means of a curved fold mirror. This embodiment may comprise 

one or more optical elements, such as lenses, with surfaces that may be aspherical to 

provide corrected optical imaging. 

A further embodiment of the invention comprises of at least one translation stage for 

translating mirror(s) along the optical axis. This allows for a scan tip with a smaller 

height than the scan length. A large scan length can be achieved by combining several 

scans with the mirror(s) in different positions along the optical axis. 

In another embodiment of the invention the probe light is directed in a direction different 

from the optical axis by means of at least one grating that provides anamorphic 

magnification so that the image of the pattern on the object being scanned is stretched. 

The grating may be blazed. In this embodiment the light source needs to be 

monochromatic or semi-monochromatic. 

The abovementioned embodiments suitable for increasing the scan length may 

comprise control means for providing a coordination of the light sources and the focus 

element. 

Color scanning 

One embodiment of the invention is only registering the surface topology (geometry) of 

the object being scanned. However, another embodiment of the invention is being 

adapted to obtain the color of the surface being scanned, i.e. capable of registering the 

color of the individual surface elements of the object being scanned together with the 

surface topology of the object being scanned. To obtain color information the light 
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source needs to be white or to comprise at least three monochromatic light sources 

with colors distributed across the visible part of the electromagnetic spectrum. 

To provide color information the array of sensor elements may be a color image 

sensor. The image sensor may accommodate a Bayer color filter scheme. However, 

other color image sensor types may be provided, such as a Foveon type color image 

sensor, wherein the image sensor provides color registration in each sensor element. 

One embodiment of the invention comprises means selecting one color of the probe 

light at a time, i.e. selectively switching between different colors of the probe light, 

thereby illuminating the object with different colors. If a white light source is used then 

some kind of color filtering must be provided. Preferably comprising a plurality of color 

filters, such as red, green and blue color filters, and means for inserting said color 

filters singly in front of the white light source, thereby selecting a color of the probe 

light. 

In one embodiment of the invention color filters are integrated in the pattern generation 

means, i.e. the pattern generation means comprises color filters, such as translucent 

and/or transparent parts that are substantially monochromatically colored. For example 

a pattern element such as a rotating wheel with an opaque mask and where the 

translucent/ transparent parts are color filters. For example one third of the wheel is 

red, one third is green and one third is blue. 

Probe light of different colors may also be provided by at least three monochromatic 

light sources, such as lasers or LED's, said light sources having wavelengths 

distributed across the visible part of the wavelength spectrum. This will in general also 

require means for merging said light sources. For example suitable coated plates. In 

the case of waveguide light sources, the merging may be provided by a waveguide 

element. 

To handle the different colors of the probe light the optical system is preferably 

substantially achromatic. 

One embodiment of the invention comprises means for switching between at least two 

colors, preferably three colors, such as red, green and blue, of the probe light for a 
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focal plane position. I.e. for a single focal plane position it is possible to switch between 

different colors of the probe light. For example by switching on and off different 

monochromatic light sources (having one only light source turned on at a time) or by 

applying different color filters. Furthermore, the amplitude of the light signal of each of a 

plurality of the sensor elements may be determined for each color for each focal plane 

positions. I.e. for each focus position the color of the probe light may be switched. The 

embedded time varying pattern provides a single color oscillating light signal and the 

amplitude of the signal in each sensor element may be determined for that color. 

Switching to the next color the amplitude may be determined again. When the 

amplitude has been determined for all colors the focus position is changed and the 

process is repeated. The color of the surface being scanned may then be obtained by 

combining and/or weighing the color information from a plurality of the sensor 

elements. E.g. the color expressed as e.g. an RGB color coordinate of each surface 

element can be reconstructed by appropriate weighting of the amplitude signal for each 

color corresponding to the maximum amplitude. This technique may also be applied 

when a static pattern is provided where the color of at least a part of the pattern is 

varying in time. 

To decrease the amount of data to be processed the color resolution of the imaging 

may be chosen to be less than the spatial resolution. The color information is then 

provided by data interpolation. Thus, in one embodiment of the invention the amplitude 

of the light signal of each of a plurality of the sensor elements is determined for each 

color for selected full color focal plane positions, and the amplitude of the light signal of 

each of a plurality of the sensor elements is determined for one color for each focal 

plane position. Then the color of the surface being scanned may be obtained by 

interpolating the color information from full color focal plane positions. Thus, for 

example the amplitude is registered for all colors at an interval of N focus positions; 

while one color is selected for determination of the amplitude at all focus positions. N is 

a number which could be e.g. 3, 5, or 10. This results in a color resolution which is less 

than the resolution of the surface topology. This technique may also be applied when a 

static pattern is provided where the color of at least a part of the pattern is varying in 

time. 

Another embodiment of the invention does not register full color information and 

employs only two light sources with different colors. An example of this is a dental 



0050 Exhibit 1004 page 50 of 217 
DENTAL IMAGING

33 

scanner that uses red and blue light to distinguish hard (tooth) tissue from soft (gum) 

tissue. 

Impression scanning 

One embodiment of the invention is adapted to impression scanning, such as scanning 

of dental impressions and/or ear canal impressions. 

Small cavity scanner 

Specific applications of the scanner according to the invention relates to scanning of 

cavities, in particular body cavities. Scanning in cavities may relate to scanning of 

objects in the cavity, such as scanning of teeth in a mouth. However, scanning of e.g. 

the ear relate to scanning of the inner surface of the cavity itself. In general scanning of 

a cavity, especially a small cavity, requires some kind of probe for the scanner. Thus, in 

one embodiment of the invention the point of emission of probe light and the point of 

accumulation of reflected light is located on a probe, said probe being adapted to be 

entered into a cavity, such as a body cavity. 

In another embodiment of the invention the probe is adapted to scan at least a part of 

the surface of a cavity, such as an ear canal. The ability to scan at least a part of the 

external part of the ear and/or the ear canal and make a virtual or real model of the ear 

is essential in the design of modern custom-fitted hearing aid (e.g. ear shell or mold). 

Today, scanning of ears is performed in a two-step process where a silicone 

impression of the ear is taken first and the impression is subsequently scanned using 

an external scanner in a second step. 

Thus, one embodiment of the invention comprises 

a housing accommodating the camera, pattern generation means, focus varying 

means and data processing means, and 

at least one probe accommodating a first optical system, preferably a 

substantially elongated probe. 

Preferably, the point of emission of probe light and the point of accumulation of light 

returned from the scanned object is located on said probe. The optical system in the 

probe is for transmitting the probe light from the housing toward the object and also for 

transmitting and/or imaging light returned from the object back towards the housing 
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where the camera is located. Thus, the optical system in the probe may comprise a 

system of lenses. In one embodiment of the invention probe may comprise at least one 

optical fibre and/or a fibre bundle for transmitting /transporting/ guiding the probe light 

and/or the returned light from the object surface. In this case the optical fibre(s) may 

act as an optical relay system that merely transports light (i.e. probe light and returned 

light) inside the probe. In one embodiment of the invention the probe is endoscopic. 

The probe may be rigid or flexible. Use of optical fibre(s) in the probe may e.g. provide 

a flexible probe with a small diameter. 

In one embodiment of the invention the light is transmitted to the object and imaged by 

means of only the optical system in the probe, the first optical system. However, in a 

further embodiment of the invention the housing may further comprise a second optical 

system. 

In a further embodiment of the invention the probe is detachable from the housing. 

Then preferably a first point of emission of probe light and a first point of accumulation 

of returned light is located on the probe, and a second point of emission of probe light 

and a second point of accumulation of returned light is located on the housing. This 

may require optical systems in both the housing and the probe. Thus, a scan may be 

obtained with the probe attached to the housing. However, a scan may also be 

obtained with the probe detached from the housing, i.e. the housing may be a 

standalone scanner in itself. For example the probe may be adapted to be inserted into 

and scanning the inside of a cavity, whereas the housing may be adapted to scanning 

of exterior surfaces. The attachment of the probe may include mechanical and/or 

electrical transfer between the housing and the probe. For instance attaching the probe 

may provide an electrical signal to the control electronics in the housing that signals the 

current configuration of the device. 

In one embodiment of the invention the probe light is directed toward the object in a 

direction substantially parallel with the optical axis and/or the longitudinal axis of the 

probe. In a further embodiment the probe comprises a posterior reflective element, 

such as a mirror, for directing the probe light in a direction different from the optical 

axis, preferably in a direction perpendicular to the optical axis. Applying to the 

abovementioned example with a stand-alone scanner housing with the probe 

detached, the probe light may exit the housing in a direction parallel with the optical 
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axis of the optical system in the housing (i.e. the second optical system), whereas with 

the probe attached the probe light may be directed in a direction different than the 

optical axis of the optical system of the probe (i.e. the first optical system). Thereby the 

probe is better adapted to scanning a cavity. 

In some embodiments of this invention, waste heat generated in the scanner is used to 

warm the probe such that no or less condensation occurs on the probe when the probe 

is inside the body cavity, e.g. the mouth. Waste heat can, e.g., be generated by the 

processing electronics, the light source, and/or the mechanism that moves the focus 

element. 

In some embodiments of this invention, the scanner provides feedback to the user 

when the registration of subsequent scans to a larger model of the 3D surface fails. For 

example, the scanner could flash the light source. 

Further, the probe may comprise means for rotating / spinning the reflective element, 

preferably around an axis substantially parallel with the optical axis and/or the 

longitudinal axis of the probe. Thereby the probe may be adapted to provide a scan 

360° around the optical axis and/or the longitudinal axis of the probe, preferably without 

rotation of probe and/or scanner. 

In a further embodiment of the invention a plurality of different probes matches the 

housing. Thereby different probes adapted to different environments, surfaces, cavities, 

etc. may be attached to the housing to account for different scanning situations. A 

specific example of this is when the scanner comprises a first probe being adapted to 

scan the interior part of a human ear and a second probe being adapted to scan the 

exterior part of said human ear. Instead of a second probe it may be the housing itself, 

i.e. with the probe detached, that is adapted to scan the exterior part of said human 

ear. I.e. the housing may be adapted to perform a 3D surface scan. In other words: the 

housing with the probe attached may be adapted to scan the interior part of a human 

ear and the housing with the probe detached may be adapted to scan the exterior part 

of said human ear. Preferably, means for merging and/or combining 3D data for the 

interior and exterior part of the ear provided, thereby providing a full 3D model of a 

human ear. 
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For handheld embodiments of this invention, a pistol-like design is ergonomic because 

the device rests comfortably inside the hand of the operator, with most of the mass 

resting on top of the hand and/or wrist. In such a design, it is advantageous to be able 

to orient the above-mentioned posterior reflective in multiple positions. For example, it 

could be possible to rotate a probe with the posterior reflective element, with or without 

the step of detaching it from the main body of the scanning device. Detachable probes 

may also be autoclavable, which is a definitely advantage for scanners applied in 

humans, e.g., as medical devices. For embodiments of this invention that realize a 

physically moving focus element by means of a motor, it is advantageous to place this 

motor inside a grip of the pistol-like shape. 

Use of motion, gravity, and magnetic sensors 

Hand held embodiments of the invention preferably include motion sensors such as 

accelerometers and/or gyros .. Preferably, these motion sensors are small like 

microelectromechanical systems (MEMS) motion sensors. The motion sensors should 

preferably measure all motion in 3D, i.e., both translations and rotations for the three 

principal coordinate axes. The benefits are: 

A) Motion sensors can detect vibrations and/or shaking. Scans such affected can 

be either discarded or corrected by use of image stabilization techniques. 

B) Motion sensors can help with stitching and/or registering partial scans to each 

other. This advantage is relevant when the field of view of the scanner is 

smaller than the object to be scanned. In this situation, the scanner is applied 

for small regions of the object (one at a time) that then are combined to obtain 

the full scan. In the ideal case, motion sensors can provide the required relative 

rigid-motion transformation between partial scans' local coordinates, because 

they measure the relative position of the scanning device in each partial scan. 

Motion sensors with limited accuracy can still provide a first guess for a 

software-based stitching/ registration of partial scans based on, e.g., the 

Iterative Closest Point class of algorithms, resulting in reduced computation 

time. 

C) Motion sensors can be used (also) as a remote control for the software that 

accompanies the invention. Such software, for example, can be used to 
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visualize the acquired scan. With the scanner device now acting as a remote 

control, the user can, for example, rotate and/or pan the view (by moving the 

remote control in the same way as the object on the computer screen should 

"move"). Especially in clinical application, such dual use of the handheld 

scanner is preferable out of hygienic considerations, because the operator 

avoids contamination from alternative, hand-operated input devices (touch 

screen, mouse, keyboard, etc). 

Even if it is too inaccurate to sense translational motion, a 3-axis accelerometer can 

provide the direction of gravity relative to the scanning device. Also a magnetometer 

can provide directional information relative to the scanning device, in this case from the 

earth's magnetic field. Therefore, such devices can help with stitching/registration and 

act as a remote control element. 

The present invention relates to different aspects including the scanner device 

described above and in the following, and corresponding methods, devices, uses 

and/or product means, each yielding one or more of the benefits and advantages 

described in connection with the first mentioned aspect, and each having one or more 

embodiments corresponding to the embodiments described in connection with the first 

mentioned aspect and/or disclosed in the appended claims. 

In particular, disclosed herein is a method for obtaining and/or measuring the 3D 

geometry of at least a part of the surface of an object, said method comprising the 

steps of: 

generating a probe light incorporating a spatial pattern, 

transmitting the probe light towards the object along the optical axis of 

an optical system, thereby illuminating at least a part of the object with 

said pattern, 

transmitting at least a part of the light returned from the object to the 

camera, 

varying the position of the focus plane of the pattern on the object while 

maintaining a fixed spatial relation of the scanner and the object, 

obtaining at least one image from said array of sensor elements, 

evaluating a correlation measure at each focus plane position between 

at least one image pixel and a weight function, where the weight 
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function is determined based on information of the configuration of the 

spatial pattern; 

determining by analysis of the correlation measure the in-focus 

position(s) of: 

- each of a plurality of image pixels in the camera for said range of 

focus plane positions, or 

- each of a plurality of groups of image pixels in the camera for 

said range of focus planes, and 

transforming in-focus data into 30 real world coordinates. 

Disclosed is also a computer program product comprising program code means for 

causing a data processing system to perform the method, when said program code 

means are executed on the data processing system. 

Disclosed is also a computer program product, comprising a computer-readable 

medium having stored there on the program code means. 

Another aspect of the invention relates to a scanner for obtaining and/or measuring the 

30 geometry of at least a part of the surface of an object, said scanner comprising: 

at least one camera accommodating an array of sensor elements, 

means for generating a probe light, 

means for transmitting the probe light towards the object thereby 

illuminating at least a part of the object, 

means for transmitting light returned from the object to the camera, 

means for varying the position of the focus plane on the object, 

means for obtaining at least one image from said array of sensor 

elements, 

means for: 

a) determining the in-focus position(s) of: 

each of a plurality of the sensor elements for a range of 

focus plane positions, or 

each of a plurality of groups of the sensor elements for a 

range of focus plane positions, and 

b) transforming in-focus data into 30 real world coordinates; 
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wherein the scanner further comprises counter-weight means for counter­

balancing the means for varying the position of the focus plane. 

Disclosed is also a method for obtaining and/or measuring the 3D geometry of at least 

a part of the surface of an object, said method comprising the steps of: 

accommodating an array of sensor elements, 

generating a probe light, 

transmitting the probe light towards the object thereby illuminating at 

least a part of the object, 

transmitting light returned from the object to the camera, 

varying the position of the focus plane on the object, 

obtaining at least one image from said array of sensor elements, 

determining the in-focus position(s) of: 

each of a plurality of the sensor elements for a range of 

focus plane positions, or 

each of a plurality of groups of the sensor elements for a 

range of focus plane positions, and 

transforming in-focus data into 3D real world coordinates; 

wherein the method further comprises counter-balancing the means for varying 

the position of the focus plane. 

Another aspect of the invention relates to a handheld 3D scanner with a grip at an 

angle of more than 30 degrees from the scanner's main optical axis, for use in intraoral 

or in-ear scanning. 

Brief description of the drawings 

Fig. 1: A schematic presentation of a first example embodiment of the device according 

to the invention. 

Fig. 2: A schematic presentation of a second example embodiment of the device 

according to the invention (optical correlation). 

Figs. 3A through 3C: Schematic presentations of example embodiments of patterns 

according to the invention. 
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Fig. 4: A schematic presentation of a first example embodiment of a flat scan tip with 

large scan length, using a plurality of (dichroic) mirrors and light sources. 

Fig. 5: A schematic presentation of a third example embodiment of a flat scan tip with a 

large scan length, using a curved mirror. 

Fig. 6: A schematic presentation of a fourth example embodiment of a flat scan tip with 

large scan length, using a diffractive grating. 

Fig. 7: A schematic presentation of an example embodiment of a mass-balanced focus 

lens scanner. 

Fig. 8: A schematic presentation of an example embodiment of a device for 

simultaneous scanning of a surface shape and color. 

Fig. 9: A schematic presentation of an example embodiment of a device for scanning 

the at least a part of the external part of the human ear and/or a part of the ear canal of 

a human ear. 

Figs. 1 0A and 1 OB: Schematics showing how a scanner embodiment can be used to 

both scan the outer and inner ear, respectively. 

Fig. 11: Schematic of a scanner probe embodiment used to scan a narrow body cavity, 

such as a human ear. 

Figs. 12A through 120: Examples of mirror configurations to be used with a scanner 

probe. 

Fig. 13: A schematic representation of the reference signal values / weight values per 

pixel for a checkerboard pattern in an idealized optical system. 

Figs. 14A through 14E: Illustration of the process of generating a fused reference 

signal, visualized as images. 

Fig. 15: Top: Example image with projected pattern showing on a human tooth. Bottom: 

The correlation measure for the series of focus lens positions at the group of pixels 

framed in the top part of the figure. 

Fig. 16: Example fused correlation measure image of an intraoral scene. 

Fig. 17: Example of a handheld intraoral scanner with a pistol-like grip and a removable 

tip. 

It will be understood that the ray traces and lenses depicted in the figures are for 

purpose of illustration only, and depict optical paths generally in the discussed 

systems. The ray traces and lens shapes should not be understood to limit the scope of 

the invention in any sense including the magnitude, direction, or focus of light rays or 

bundles passing through various optical components, not withstanding any variations in 
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number, direction, shape, position or size thereof, except as expressly indicated in the 

following detailed description of the exemplary embodiments illustrated in the drawings. 

Detailed description of the drawings 

A functional hand held 3D surface scanner should preferably have the following 

properties: 

1) Telecentricity in the space of the object being scanned, 

2) possibility to shift the focal plane while maintaining telecentricity and 

magnification 

3) simple focusing scheme that involves tuning of optical components only in the 

handle of the device and not in the probe tip, and 

4) a total size consistent with a hand held scanning device. 

The scanner embodiment illustrated in Fig. 1 is a hand-held scanner with all 

components inside the housing (head) 100. The scanner head comprises a tip which 

can be entered into a cavity, a light source 110, optics 120 to collect the light from the 

light source, pattern generation means 130, a beam splitter 140, an image sensor and 

electronics 180, a lens system which transmits and images the light between the 

pattern, the object being scanned, and the image sensor (camera) 180. The light from 

the light source 110 travels back and forth through the optical system 150. During this 

passage the optical system images the pattern 130 onto the object being scanned 200 

and further images the object being scanned onto the image sensor 181. The lens 

system includes a focusing element 151 which can be adjusted to shift the focal 

imaging plane of the pattern on the probed object 200. One way to embody the 

focusing element is to physically move a single lens element back and forth along the 

optical axis. The device may include polarization optics 160. The device may include 

folding optics 170 which directs the light out of the device in a direction different to the 

optical axis of the lens system, e.g. in a direction perpendicular to the optical axis of the 

lens system. As a whole, the optical system provides an imaging of the pattern onto the 

object being probed and from the object being probed to the camera. One application 

of the device could be for determining the 3D structure of teeth in the oral cavity. 

Another application could be for determining the 3D shape of the ear canal and the 

external part of the ear. 
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The optical axis in Fig. 1 is the axis defined by a straight line through the light source 

110, optics 120 and the lenses in the optical system 150. This also corresponds to the 

longitudinal axis of the scanner illustrated in Fig. 1. The optical path is the path of the 

light from the light source 110 to the object 220 and back to the camera 180. The 

optical path may change direction, e.g. by means of beam splitter 140 and folding 

optics 170. 

The focus element is adjusted in such a way that the image of the pattern on the 

scanned object is shifted along the optical axis, preferably in equal steps from one end 

of the scanning region to the other. When the pattern is varied in time in a periodic 

fashion for a fixed focus position then the in-focus regions on the object will display an 

spatially varying pattern. The out-of-focus regions will display smaller or no contrast in 

the light variation. The 30 surface structure of the probed object is determined by 

finding the plane corresponding to an extremum in the correlation measure for each 

sensor in the camera's sensor array or each group of sensor in the camera's sensor 

array when recording the correlation measure for a range of different focus positions 

300. Preferably one would move the focus position in equal steps from one end of the 

scanning region to the other. 

Pattern generation 

An embodiment of the pattern generation means is shown in Fig. 3a: A transparent 

wheel with an opaque mask 133 in the form of spokes pointing radially from the wheel 

center. In this embodiment the pattern is time-varied by rotating the wheel with a motor 

131 connected to the wheel with e.g. a drive shaft 132. The position of the pattern in 

time may be registered during rotation. This can be achieved by e.g. using a position 

encoder on the rim of the pattern 134 or obtaining the shaft position directly from motor 

131. 

Fig. 3b illustrates another embodiment of the pattern generation means: A segmented 

light source 135, preferably a segmented LED. In this embodiment the LED surface is 

imaged onto the object under investigation. The individual LED segments 136 are 

turned on and off in a fashion to provide a known time-varying pattern on the object. 

The control electronics 137 of the time varying pattern is connected to the segmented 

light source via electrical wires 138. The pattern is thus integrated into the light source 

and a separate light source is not necessary. 
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Fig. 3c illustrates a static pattern as applied in a spatial correlation embodiment of this 

invention. The checkerboard pattern shown is preferred because calculations for this 

regular pattern are easiest. 

Temporal correlation 

Fig. 1 is also an exemplary illustration of the temporal correlation wherein an image of 

the pattern on and/or in the object is formed on the camera. Each individual light 

sensing element in the camera sees a variation in the signal level corresponding to the 

variation of the illumination pattern on the object. The variation is periodic in the 

exemplary illustration. The light variation for each individual light sensing element will 

have a constant phase offset relative to the pattern position .. 

The correlation measure may be obtained by recording n images on the camera during 

at least one oscillation period. n is an integer number greater than one. The registration 

of the pattern position for each individual image combined with the phase offset values 

for each sensing element and the recorded images allows for an efficient extraction of 

the correlation measure in each individual sensing element in the camera using the 

following formula, 
n 

Aj = Lhj h,j 
i=1 

Here Aj is the estimated correlation measure of sensing elementj, l1J, ... lnJ are then 

recorded signals from sensing elementj, f1J, ... fnJ are then reference signal values 

obtained from the knowledge of the pattern configuration for each image recording. f 

has two indices ij. The variation of fwith the first index is derived from the knowledge 

of the pattern position during each image recording. The variation off with the second 

index is derived from the knowledge of the pattern geometry which may be determined 

prior to the 3D scanning. 

The focus position corresponding to the pattern being in focus on the object for a single 

sensor in the camera will be given by an extremum in the recorded correlation measure 

of that sensor when the focus position is varied over a range of values, preferably in 

equal steps from one end of the scanning region to the other. 

Spatial correlation 
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In an example of the spatial correlation scheme, one image of the object with projected 

checkerboard pattern is recorded with as high resolution as allowed by the image 

sensor. The scheme in the spatial correlation in is then to analyze groups of pixels in 

the recorded image and extract the correlation measure in the pattern. An extremum in 

the obtained correlation measures indicates the in-focus position. For simplicity, one 

can use a checkerboard pattern with a period corresponding ton= N x N pixels on the 

sensor and then analyze the correlation measure within one period of the pattern (in 

the general case the pattern need not be quadratic N x N). In the best case, it will be 

possible to align the pattern so that the checkerboard edges coincide with the pixel 

edges but the scanning principle does not rely upon this. Fig. 16 shows this for the 

case n = 4 x 4 = 16. For a sensor with W x H = 1024 x 512 pixels, this would 

correspond to obtaining 256 x 128 correlation measure points from one image. 

Extraction of the correlation measure Aj within an N x N group of pixels with label j is 

given by 
n 

Aj = I fi,jh,j 

i=l 

where ~ = (f1 .i, ... fn,J is the reference signal vector obtained from knowledge of the 

pattern configuration, and~= ('1,j,, ... lnJ) is input signal vector. 

To suppress any DC part in the light we prefer that for all j that 

For the situation depicted in Fig. 16 for instance, f;,j = -1 for the pixels corresponding to 

the dark parts of the pattern, and f;,j = +1 otherwise. If the pattern edge was not aligned 

with the edges of the pixels, or if the optical system was not perfect (and thus in all 

practical applications), then f;,j would assume values between -1 and +1 for some i. A 

detailed description of how to determine the reference function is given later. 

Optical correlation 

An example of the optical correlation shown in Fig. 2. In this embodiment an image is 

formed on the camera 180 which is a superposition of the pattern 130 with the probed 

object 200. In this embodiment the pattern is of a transmissive nature where light is 

transmitted through the pattern and the image of the pattern is projected onto the 

object and back again. In particular this involves retransmission of the light through the 
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pattern in the opposite direction. An image of the pattern onto the camera is then 

formed with the aid of a beam splitter 140. The result of this arrangement is an image 

being formed on the camera which is a superposition of the pattern itself and the object 

being probed. A different way of expressing this is that the image on the camera is 

substantially a multiplication of an image of the pattern projected onto the object with 

the pattern itself. 

The variation is periodic in the exemplary illustration. The correlation measure between 

the light variation on the object and the pattern for a given focus distance may be 

obtained by time integrating the camera signal over a large number of oscillation 

periods so that exact synchronization of pattern oscillation time and camera integration 

time is not important. The focus position corresponding to the pattern being in focus on 

the object for a single sensor in the camera will be given by the maximum recorded 

signal value of that sensor when the focus position is varied over a range of values, 

preferably in equal steps from one end of the scanning region to the other. 

Finding the predetermined reference function 

In the following, the process for computing the reference signal f is described for a 

spatial correlation embodiment of this invention, and depicted in a stylized way in Figs. 

14A - 14E. 

The process starts by recording a series of images of the checkerboard pattern as 

projected, e.g., on a flat surface, preferably oriented orthogonally to the optical axis of 

the scanner. The images are taken at different positions of the focusing element, in 

effect covering the entire travel range of said focus element. Preferably, the images are 

taken at equidistant locations. 

As the focus plane generally is not a geometrical plane, different regions of the flat 

surface will be in focus in different images. Examples of three such images are shown 

in Figs. 14A - 14C, where 1700 is an in-focus region. Note that in this stylized figure, 

transitions between regions in and out of focus, respectively, are exaggerated in order 

to demonstrate the principle more clearly. Also, in general there will be many more 

images than just the three used in this simple example. 
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In-focus regions within an image are found as those of maximum intensity variance 

(indicating maximum contrast) over the entire said series of images. The region to 

compute variance over need not be the same as the pixel group dimension used in 

spatial correlation, but should be large enough to contain the both dark and light 

regions of the pattern, and it must be the same for all images in the series. 

Finally, a "fused image" (Fig. 14D) is generated by combining all the in-focus regions of 

the series (Figs. 14A - 14C). Note that in real applications, the fused image will 

generally not be a perfect checkerboard of black and white, but rather include 

intermediate gray values as caused by an imperfect optical system and a checkerboard 

that is not perfectly aligned with the camera sensors. An example of part of a real fused 

image is shown in Fig. 14E. 

The pixel intensities within this image can be interpreted as a "weight image" with same 

dimensions as the original image of the pattern. In other words, the pixel values can be 

interpreted as the reference signal and the reference vector/ set of weigth values~= 

(f1,i, ... fn,J for then pixels in the pixel group with indexj can be found from the pixel 

values. 

For convenience in the implementation of the calculations, especially when carried out 

on an FPGA, the fused image can be sub-divided into pixel groups. The DC part of the 

signal can then be removed by subtracting the within-group intensity mean from each 

pixel intensity value. Furthermore, one can then normalize by dividing by the within­

group standard deviation. The thus processed weight values are an alternative 

description of the reference signal. 

Because of the periodic nature of the "fused image" and thus the "weight image", the 

latter can be compressed efficiently, thus minimizing memory requirements in the 

electronics that can implement the algorithm described here. For example, the PNG 

algorithm can be used for compression. 

The "correlation image" 

A "correlation" image is generated based on the "fused image" and the set of images 

recorded with the camera during a scan. For spatial correlation based on an N x N 

checkerboard pattern, recall that within-group correlation measure is 
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where ij = (f1,i, ... fn,1) are values from the fused image, and 11 = (/1,i, ... ln,J are values 

from a recorded image on the camera. The pixel groupings used in any DC removal 

and possibly normalization that yielded the fused image are the same as in the above 

calculation. For each image recorded by the scanner during a sweep of the focusing 

element, there will thus be an array of (H/N) x (W/N) values of A This array can be 

visualized as an image. 

Fig. 15 (top section) shows one example correlation measure image, here of part of a 

human tooth and its edge. A pixel group of 6x6 pixels is marked by a square 1801. For 

this example pixel group, the series of correlation measures A over all images within a 

sweep of the focusing element is shown in the chart in the bottom section of Fig. 15 

(cross hairs). The x-axis on the chart is the position of the focusing element, while the 

y-axis shows the magnitude of A Running a simple Gaussian filter over the raw series 

results in a smoothed series (solid line). In the figure the focus element is in the 

position that gives optimal focus for the example group of pixels. This fact is both 

subjectively visible in the picture, but also determined quantitatively as the maximum of 

the series of A. The vertical line 1802 in the bottom section of Fig. 15 indicates the 

location of the global extremum and thus the in-focus position. Note that in this 

example, the location of the maxima in the smoothed and the raw series, respectively, 

are visually indistinguishable. In principle, however, it is possible and also 

advantageous to find the maximum location from the smoothed series, as that can be 

between two lens positions and thus provide higher accuracy. 

The array of values of A can be computed for every image recorded in a sweep of the 

focus element. Combining the global extrema (over all images) of A in all pixel groups 

in the same manner the fused image was combined, one can obtain a pseudo-image of 

dimension (H/N) x (W/N). This we call the "fused correlation image". An example of a 

fused correlation image of some teeth and gingiva is shown in Fig. 16. As can be seen, 

it is useful for visualization purposes. 

Increasing field of view 
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For the scan head to be entered into a small space such as the oral cavity of a patient 

it is necessary that the tip of the scan head is sufficiently small. At the same time the 

light out of the scan head need to leave the scan head in a direction different from the 

optical axis, e.g. at a direction perpendicular to the optical axis. In one embodiment of 

the invention a 45 degree mirror is used as folding optics 170 direct the light path onto 

the object. In this embodiment the height of the scan tip need to be at least as large as 

the scan length. 

Another embodiment of the invention is shown in Fig. 4. This embodiment of the 

invention allows for a scan tip with a smaller height (denoted bin the figure) than the 

scan length (denoted a in the figure). The light from two sources 110 and 111 emitting 

light of different colors/wavelengths is merged together using a suitably coated plate 

(e.g. a dichroic filter) 112 that transmit the light from 11 0 and reflects the light from 111. 

At the scan tip a suitably coated plate (e.g. a dichroic filter) 171 reflects the light from 

one source onto the object and transmits the light from the other source to a mirror at 

the end of the scan tip 172. During scanning the focus position is moved such that the 

light from 110 is used to project an image of the pattern to a position below 171 while 

111 is switched off. The 3D surface of the object in the region below 171 is recorded. 

Then 110 is switched off and 111 is switched on and the focus position is moved such 

that the light from 111 is used to project an image of the pattern to a position below 

172. The 3D surface of the object in the region below 172 is recorded. The region 

covered with the light from 110 and 111 respectively may partially overlap. 

Another embodiment of the invention that allows for a scan tip with a smaller height 

(denoted bin the figure) than the scan length (denoted a in the figure) is shown in Fig. 

5. In this embodiment the fold optics 170 comprises a curved fold mirror 173 that may 

be supplemented with one or two lens elements 175 and 176 with surfaces that may be 

aspherical to provide corrected optical imaging. 

Another embodiment of the invention that allows for a scan tip with a smaller height 

(denoted bin the figure) than the scan length (denoted a in the figure) is shown in Fig. 

6. In this embodiment the fold optics 170 comprises a grating 177 that provides 

anamorphic magnification so that the image of the pattern on the object being scanned 

is stretched. The grating may be blazed. The light source 110 needs to be 

monochromatic or semi-monochromatic in this embodiment. 



0066 Exhibit 1004 page 66 of 217 
DENTAL IMAGING

49 

Achieving high spatial contrast of pattern projected onto difficult objects 

High spatial contrast of the in-focus pattern image on the object is necessary to obtain 

a high correlation measure signal based on the camera pictures. This in turn is 

necessary to obtain a good estimation of the focus position corresponding to the 

position of an extremum of the correlation measure. This necessary condition for 

successful scanning is easily achieved in objects with a diffuse surface and negligible 

light penetration. For some objects, however, it is difficult to achieve high spatial 

constrast, or more generally variation. 

A difficult kind of object, for instance, is an object displaying multiple scattering with a 

light diffusion length large compared to the smallest feature size of the spatial pattern 

imaged onto the object. A human tooth is an example of such an object. The human 

ear and ear canal are other examples. Improved spatial variation in such objects can 

be achieved by preferential imaging of the specular surface reflection from the object 

on the camera. An embodiment of the invention applies polarization engineering shown 

in Fig. 1. In this embodiment the beam splitter 140 is a polarizing beam splitter that 

transmits respectively reflects two orthogonal polarization states, e.g. S- and P­

polarization states. The light transmitted through the lens system 150 is thus of a 

specific polarization state. Before leaving the device the polarization state is changed 

with a retardation plate 160. A preferred type of retardation plate is a quarter wave 

retardation plate. A linearly polarized light wave is transformed into a circularly 

polarized light wave upon passage of a quarter wave plate with an orientation 45 

degrees of its fast axis to the linear polarization direction. A specular reflection from the 

object has the property that it flips the helicity of a circularly polarized light wave. Upon 

passage of the quarter wave retardation plate by the specularly reflected light the 

polarization state becomes orthogonal to the state incident on the object. For instance 

an S-polarization state propagating in the downstream direction toward the object will 

be returned as a P-polarization state. This implies that the specularly reflected light 

wave will be directed towards the image sensor 181 in the beam splitter 140. Light that 

enters into the object and is reflected by one or more scattering events becomes 

depolarized and one half of this light will be directed towards the image sensor 181 by 

the beam splitter 140. 
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Another kind of difficult object is an object with a shiny or metallic-looking surface. This 

is particularly true for a polished object or an object with a very smooth surface. A piece 

of jewelry is an example of such an object. Even very smooth and shiny objects, 

however, do display an amount of diffuse reflection. Improved spatial contrast in such 

objects can be achieved by preferential imaging of the diffuse surface reflection from 

the object on the camera. In this embodiment the beam splitter 140 is a polarizing 

beam splitter that transmits respectively reflects two orthogonal polarization states, e.g. 

S- and P-polarization states. The light transmitted through the lens system 150 is thus 

of a specific polarization state. A diffuse reflection from the object has the property that 

it loses its polarization. This implies that half of the diffusely reflected light wave will be 

directed towards the image sensor 181 in the beam splitter 140. Light that enters into 

the object and is reflected by specular polarization preserves its polarization state and 

thus none of it will be directed towards the image sensor 181 by the beam splitter 140. 

Reducing shaking caused by focus element 

During scanning the focus position is changed over a range of values, preferably 

provided by a focusing element 151 in the optical system 150. Fig. 7 illustrates an 

example of how to reduce shaking caused by the oscillating focus element. The 

focusing element is a lens element 152 that is mounted on a translation stage 153 and 

translated back and forth along the optical axis of said optical system with a 

mechanical mechanism 154 that includes a motor 155. During scanning the center of 

mass of the handheld device is shifted due to the physical movement of the lens 

element and holder. This results in an undesirable shaking of the handheld device 

during scanning. The situation is aggravated if the scan is fast, e.g. a scan time of less 

than one second. In one implementation of the invention the shifting of the center of 

mass is eliminated by moving a counter-weight 156 in a direction opposite to the lens 

element in such a way that the center of mass of the handheld device remains fixed. In 

the preferred implementation the focus lens and the counter-weight are mechanically 

connected and their opposite movement is driven by the same motor. 

Color measurement 

An embodiment of a color 3D scanner is shown in Fig. 8. Three light sources 110, 111, 

and 113 emit red, green, and blue light. The light sources are may be LEDs or lasers. 

The light is merged together to overlap or essentially overlap. This may be achieved by 

means of two appropriately coated plates 112 and 114. Plate 112 transmits the light 
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from 11 O and reflects the light from 111 . Plate 114 transmits the I ight from 11 O and 111 

and reflects the light from 113. The color measurement is performed as follows: For a 

given focus position the amplitude of the time-varying pattern projected onto the probed 

object is determined for each sensor element in the sensor 181 by one of the above 

mentioned methods for each of the light sources individually. In the preferred 

embodiment only one light source is switched on at the time, and the light sources are 

switched on after turn. In this embodiment the optical system 150 may be achromatic. 

After determining the amplitude for each light source the focus position is shifted to the 

next position and the process is repeated. The color expressed as e.g. an RGB color 

coordinate of each surface element can be reconstructed by appropriate weighting of 

the amplitude signal for each color corresponding the maximum amplitude. 

One specific embodiment of the invention only registers the amplitude for all colors at 

an interval of P focus positions; while one color is selected for determination of the 

amplitude at all focus positions. Pis a number which could be e.g. 3, 5, or 10. This 

results in a color resolution which is less than the resolution of the surface topology. 

Color of each surface element of the probed object is determined by interpolation 

between the focus positions where full color information is obtained. This is in analogy 

to the Bayer color scheme used in many color digital cameras. In this scheme the color 

resolution is also less than the spatial resolution and color information need to be 

interpolated. 

A simpler embodiment of the 3D color scanner does not register full color information 

and employs only two light sources with different colors. An example of this is a dental 

scanner that uses red and blue light to distinguish hard (tooth) tissue from soft (gum) 

tissue. 

Ear scanner embodiment 

Figs. 9 - 12 schematically illustrate an embodiment of a time-varying structured light 

illumination-based scanner for direct scanning of human ears by scanning both the 

exterior (outer) and interior (inner) part of a human ear by use of a common scanner 

exterior handle and a detachable probe. This embodiment is advantageous in that it 

allows for non-intrusive scanning using a probe designed to be inserted into small 

cavities, such as a human ear. This is done in part by positioning the bulky and 
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essential parts of the scanner, such as the scanner camera, light source, electronics 

and focusing optics outside the closely confined part of the ear canal. 

The ability to scan the outer and inner part of human ears and make a virtual or real 

model of the ear is essential in the design of modern custom-fitted hearing aid (e.g. ear 

shell or mold). Today, scanning of ears is performed in a two-step process where a 

silicone impression of the ear is taken first and the impression is subsequently scanned 

using an external scanner in a second step. The process of making the impression 

suffers from several drawbacks which will shortly be described in the following. One 

major drawback comes from frequent poor quality impressions taken by qualified clinic 

professionals due to the preparation and techniques required. Inaccuracies may arise 

because the impression material is known to expand during hardening and that 

deformation and creation of fractures in the impression are often created when the 

impression is removed from the ear. Another drawback is related to health risks 

involved with taking the impression due to irritation and allergic responses, damage to 

the tympanic membrane and infections. Finally, the impression process is an 

uncomfortable experience for many patients, especially for young children, who often 

require impressions taken at regular intervals (e.g. every four months) to accommodate 

the changing dimensions of the ear canal. In short, these drawbacks can be overcome 

if it is possible to scan the outer and inner ear in a non-intrusive way and obtain a 

registration between the inner and outer ear surfaces. 

The following is not restricted to ear scanning but can be used to scan any small bodily 

cavity. Fig. 9 is a schematic of an embodiment of such a scanner. The scanner 

consists of two main parts - a scanner exterior 1001 and a scanner probe 1002. The 

scanner exterior may be used without the probe to obtain a larger field-of-view needed 

e.g. to scan the exterior part of the ear 1102, or the first part of the ear canal up to the 

first bend. The large field-of-view of the scanner exterior is important to obtain good 

registration between individual sub-scans and high global accuracy. By attaching a 

scanner probe 1002 to the scanner exterior 1001, the combined scanner allows for 

scanning of small and bent cavity surfaces, such as the interior part of an ear 1203. In 

this way and using the same system, the combined scanner exterior and probe are 

able to both scan larger external areas along with smaller internal areas. 
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In Fig. 9 the exterior part of the scanner embodiment 1001 consists of a diverging light 

source 1003 (laser, LED, Tungsten or another type) which is collimated using 

collimation optics 1004. The collimated light is used to illuminate a transparent object 

1005 (e.g. glass) with an opaque pattern, e.g. fringes on it. The pattern is subsequently 

imaged onto the object to be scanned using a suitable optical system. The pattern is 

observed using a similar optical system and a camera 1006, where the latter is 

positioned outside the cavity. The 3D information is obtained from the 2D images by 

observing the light oscillation created by the movement of the pattern across the scan 

object as contained in the individual pixel amplitude. 

To facilitate movement of the pattern, the fringe pattern 1005 is rotating in one 

embodiment. In another embodiment, the fringe pattern is positioned on a translating 

plate that moves in a plane perpendicular to the optical axis with a certain oscillation 

frequency. The light to and from the scan object is projected through a beam splitter 

arrangement 1007, which consists of a prism cube in one embodiment and in another 

embodiment consists of an angled plate or membrane. The beam splitter serves to 

transmit the source light further down the system, while at the same time guide the 

reflected light from the scan object back to the camera, which is positioned on an axis 

perpendicular to the axis of the light source and beam splitter. 

To move the focus plane the scanner exterior includes focusing optics, which in one 

embodiment consists of a single movable lens 1008. The purpose of the focusing 

optics is to facilitate movement of the plane of focus for the whole imaging system in 

the required scanning range and along the optical axis. In one embodiment, the 

focusing optics of the scanner exterior 1101 includes an objective that can focus the 

light directly, without any use of additional optics, as shown in Fig. 10A. In another 

embodiment, the scanner exterior is supplied with a wide-angle objective designed with 

a large field-of-view, e.g. sufficiently large for scanning the exterior part of a human ear 

1102. 

The optical part of the scanner probe consists of an endoscopic optical relay system 

1009 followed by a probe objective 1010, both of which are of sufficiently small 

diameter to fit into the canal of a human ear. These optical systems may consist of both 

a plurality of optical fibers and lenses and serve to transport and focus the light from 

the scanner exterior onto the scan object 1014 (e.g. the interior surface of an ear), as 
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well as to collimate and transport the reflected light from the scan object back to the 

scanner exterior. In one embodiment, the probe objective provides telecentric 

projection of the fringe pattern onto the scan object. Telecentric projection can 

significantly ease the data mapping of acquired 2D images to 3D images. In another 

embodiment, the chief rays (center ray of each ray bundle) from the probe objective are 

diverging (non-telecentric) to provide the camera with an angle-of-view larger than 

zero, as shown in Fig. 9. 

The position of the focus plane is controlled by the focusing optics 1008 and can be 

moved in a range large enough to at least coincide with the scan surface 1014. A 

single sub-scan is obtained by collecting a number of 2D images at different positions 

of the focus plane and at different positions of the fringe pattern, as previously 

described. As the focus plane coincides with the scan surface at a single pixel position, 

the fringe pattern will be projected onto the surface point in-focus and with high 

contrast, thereby giving rise to a large variation, or amplitude, of the pixel value over 

time. For each pixel it is thus possible to identify individual settings of the focusing 

optics for which each pixel will be in-focus. By using knowledge of the optical system, it 

is possible to transform the contrast information vs. position of the focus plane into 3D 

surface information, on an individual pixel basis. 

In one embodiment, a mirror arrangement 1011, consisting of a single reflective mirror, 

or prism, or an arrangement of mirrors, are located after the probe objective 1010. This 

arrangement serves to reflect the rays to a viewing direction different from that of the of 

the probe axis. Different example mirror arrangements are found in Figs. 12A - 12D. 

In one particular embodiment, the angle between the mirror normal and the optical axis 

is approximately 45 degrees, thus providing a 90 degree view with respect to the probe 

axis - an arrangement ideal for looking round corners. A transparent window 1012 is 

positioned adjacent to the mirror and as part of the probe casing/shell, to allow the light 

to pass between the probe and the scan object, while keeping the optics clean from 

outside dirt particles. 

To reduce the probe movement required by a scanner operator, the mirror 

arrangement may be rotated using a motor 1013. In one embodiment, the mirror 

arrangement rotates with constant velocity. By full rotation of a single mirror, it is in this 

way possible to scan with 360 degree coverage around the probe axis without 
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physically moving the probe. In this case, the probe window 1012 is required to 

surround/ go all around the probe to enable viewing in every angle. In another 

embodiment, the mirror rotates with a certain rotation oscillation frequency. In yet 

another embodiment, the mirror arrangement tilt with respect to the probe axis is varied 

with a certain oscillation frequency. 

A particular embodiment uses a double mirror instead of a single mirror (Figs. 12B and 

12D). In a special case, the normal of the two mirrors are angled approx. 90 degrees 

with respect to each other. The use of a double mirror helps registration of the 

individual sub-scans, since information of two opposite surfaces in this way is obtained 

at the same time. Another benefit of using a double mirror is that only 180 degrees of 

mirror rotation is required to scan a full 360 degrees. A scanner solution employing 

double mirrors may therefore provide 360 degrees coverage in less time than single 

mirror configurations. 

"Pistol-like" grip 

Fig. 17 shows an embodiment of the scanner with a pistol-like grip 2001. This form is 

particularly ergonomic. The scanner in Fig. 17 is designed for intra-oral scanning of 

teeth. The tip 2002 can be removed from the main body of the scanner and can be 

autoclaved. Furthermore, the tip can have two positions relative to the main body of the 

scanner, namely looking down (as in Fig. 17) and looking up. Therefore, scanning the 

upper and the lower mouth of a patient is equally comfortable for the operator. Note 

that the scanner shown in Fig. 17 is an early prototype with several cables attached for 

testing purposes only. 

Although some embodiments have been described and shown in detail, the invention is 

not restricted to them, but may also be embodied in other ways within the scope of the 

subject matter defined in the following claims. In particular, it is to be understood that 

other embodiments may be utilised and structural and functional modifications may be 

made without departing from the scope of the present invention. 

In device claims enumerating several means, several of these means can be embodied 

by one and the same item of hardware. The mere fact that certain measures are 

recited in mutually different dependent claims or described in different embodiments 

does not indicate that a combination of these measures cannot be used to advantage. 
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It should be emphasized that the term "comprises/comprising" when used in this 

specification is taken to specify the presence of stated features, integers, steps or 

components but does not preclude the presence or addition of one or more other 

features, integers, steps, components or groups thereof. 

The features of the method described above and in the following may be implemented 

in software and carried out on a data processing system or other processing means 

caused by the execution of computer-executable instructions. The instructions may be 

program code means loaded in a memory, such as a RAM, from a storage medium or 

from another computer via a computer network. Alternatively, the described features 

may be implemented by hardwired circuitry instead of software or in combination with 

software. 
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Claims 

1. A scanner for determining the 3D geometry and color of at least a part of the surface 

of an object, said scanner comprising: 

at least one camera accommodating an array of sensor elements, 

a light source for generating a probe light, 

an optical system for transmitting the probe light towards the object along 

an optical path thereby illuminating at least a part of the object in a plurality of 

configurations and for transmitting at least a part of the light returned from the object to 

the at least one camera, 

wherein the plurality of configurations is in the form of a time-varying 

illumination pattern, such that the 3D geometry is determined based on the time­

varying illumination pattern, and 

a hardware processor configured to: 

selectively switch a color of the probe light, thereby illuminating the object 

with different colors at different times, 

record different images by the at least one camera at the different times, 

thereby recording images of the object with the different colors, and 

combine the different colors from the different images, thereby obtaining 

the color of the surface of the object. 
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Abstract 

A scanner includes a camera, a light source for generating a probe light 

incorporating a spatial pattern, an optical system for transmitting the probe light 

towards the object and for transmitting at least a part of the light returned from the 

object to the camera, a focus element within the optical system for varying a position of 

a focus plane of the spatial pattern on the object, unit for obtaining at least one image 

from said array of sensor elements, unit for evaluating a correlation measure at each 

focus plane position between at least one image pixel and a weight function, a 

processor for determining the in-focus position(s) of each of a plurality of image pixels 

for a range of focus plane positions, or each of a plurality of groups of image pixels for 

a range of focus plane positions, and transforming in-focus data into 3D real world 

coordinates. 
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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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Doc Code: TRACK1 .REQ 
Document Description: TrackOne Request 

PTO/AIA/424 (04-14) 

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION 
UNDER 37 CFR 1.102(e) (Page 1 of 1) 

First Named 
Inventor: Rune FISKER I Nonprovisional Application Number (if I Unassigned 

known): 

Title of 
Invention: FOCUS SCANNING APPARATUS 

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR 
THE ABOVE-IDENTIFIED APPLICATION. 

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in 
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met 
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee, 
and examination fee are filed with the request or have been already been paid. I understand 
that any required excess claims fees or application size fee must be paid for the application. 

2. I understand that the application may not contain, or be amended to contain, more than four 
independent claims, more than thirty total claims, or any multiple dependent claims, and that 
any request for an extension of time will cause an outstanding Track I request to be dismissed. 

3. The applicable box is checked below: 

I. [lj Original Application {Track One) - Prioritized Examination under§ 1.102{e){1) 

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a). 
This certification and request is being filed with the utility application via EFS-Web. 

---OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111 (a). 

This certification and request is being filed with the plant application in paper. 

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each 
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is 
filed with the application. 

II. 0 Request for Continued Examination - Prioritized Examination under§ 1.102{e){2) 

i. A request for continued examination has been filed with, or prior to, this form. 
ii. If the application is a utility application, this certification and request is being filed via EFS-Web. 
iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a), or is 

a national stage entry under 35 U.S.C. 371. 
iv. This certification and request is being filed prior to the mailing of a first Office action responsive 

to the request for continued examination. 
v. No prior request for continued examination has been granted prioritized examination status 

under 37 CFR 1.102(e)(2). 

/WC Rowland/ 
Signature Date 

March 19, 2021 

Name William C. Rowland Practitioner 30,888 
(PrinUTyped) Registration Number 

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. 
Submit multiple forms if more than one signature is required.* 

0 *Total of 
1 (one) 

forms are submitted. 
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DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 17206581 Document Date: 03/19/2021 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via DAV or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: March 1, 2019 
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Patent 
Attorney Docket No. 0079124-000337-T1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of 

Rune FISKER 

Application No.: 17/206,581 

Filed: March 19, 2021 

Group Art Unit: Unassigned 

Examiner: Unassigned 

Confirmation No.: Unassigned 

For: FOCUS SCANNING APPARATUS 

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

Commissioner: 

PRELIMINARY AMENDMENT 

Prior to examination of the above-captioned patent application, kindly amend the 

application as follows: 
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Patent 
Attorney Docket No. 0079124-000337-T1 

Application No. Unassigned 
Page 2 

The following listing of claims will replace all prior versions and listings of claims 

in this application. 

LISTING OF CLAIMS: 

1. (Cancelled) 

2. (New) An intraoral scanner for determining the 3D geometry and color of at least a 

part of the surface of an object in an oral cavity, the intraoral scanner comprising: 

- at least one camera accommodating an array of sensor elements; 

- a pattern generator configured to generate, using a light source, a probe light 

with a plurality of configurations in the form of a time-varying illumination 

pattern; 

- an optical system for transmitting the probe light towards the object along an 

optical path thereby illuminating at least a part of the object with the time­

varying illumination pattern, and for transmitting at least a part of the light 

returned from the object to the at least one camera to form a plurality of 2D 

images, wherein the 3D geometry is determined based on the plurality of 2D 

images and the time-varying illumination pattern; 

- a tip configured to be inserted into the oral cavity; and 

- a hardware processor configured to: 

o selectively switch a color of the probe light, thereby illuminating the 

object with different colors at different times; 

o record different images by the at least one camera at the different 

times, thereby recording images of the object with the different colors; 

and 

o combine the different colors from the different images, thereby 

obtaining the color of the surface of the object, 
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wherein the intraoral scanner is wireless, and wherein the at least one camera is 

a high-speed camera. 

3. (New) The intraoral scanner according to claim 2, wherein the pattern 

generator includes at least one translucent and/or transparent pattern element. 

4. (New) The intraoral scanner according to claim 2, wherein the pattern 

generator is based on a projector such as a liquid crystal display (LCD) projector or a 

digital light processing (OLP) projector. 

5. (New) The intraoral scanner according to claim 2, wherein the different colors 

are provided by at least three monochromatic light sources of the light source. 

6. (New) The intraoral scanner according to claim 5, wherein the at least three 

monochromatic light sources are light-emitting diodes (LEDs) or a segmented LED. 

7. (New) The intraoral scanner according to claim 5, wherein the hardware 

processor is configured to selectively switch the color of the probe light by switching on 

and off the at least three monochromatic light sources. 

8. (New) The intraoral scanner according to claim 2, wherein the optical system 

is substantially achromatic. 

9. (New) The intraoral scanner according to claim 2, wherein the probe light is 

directed towards the object in a direction substantially parallel with the longitudinal axis 

of the tip, and wherein the probe light is further reflected towards the object by a single 

reflective mirror located in the tip. 
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10. (New) The intraoral scanner according to claim 2, wherein the hardware 

processor is further configured to locally process raw 3D data into data for the 3D 

geometry, such that the data for the 3D geometry is wirelessly transmitted instead of the 

raw 3D data, and wherein the raw 3D data is based on the plurality of 2D images. 

11. (New) The intraoral scanner according to claim 2, wherein the hardware 

processor is further configured to locally process raw 3D data into data for the 3D 

geometry, such that the data for the 3D geometry is wirelessly transmitted at a reduced 

data rate in comparison with transmission of raw 3D data, and wherein the raw 3D data 

is based on the plurality of 2D images. 

12. (New) The intraoral scanner according to claim 10, wherein the data for the 

3D geometry is wirelessly transmitted to a workstation. 

13. (New) The intraoral scanner according to claim 10, wherein the hardware 

processor processes the raw 3D data into data for the 3D geometry in real time. 

14. (New) The intraoral scanner according to claim 2, wherein a temporal 

correlation measure is computed with sensor signals, in the at least one camera, 

recorded at different times while the plurality of configurations in the form of a time­

varying illumination pattern are changed. 

15. (New) The intraoral scanner according to claim 14, wherein the temporal 

correlation measure is computed for each individual sensing element. 

16. (New) The intraoral scanner according to claim 14, wherein the temporal 

correlation measure is based on a reference signal that is based on knowledge or on 

calibration of the plurality of configurations of the time-varying illumination pattern. 
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17. (New) The intraoral scanner according to claim 2, wherein the high-speed 

camera records images at a frame rate of at least 500 frames per second or at a frame 

rate of at least 2000 frames per second. 

18. (New) The intraoral scanner according to claim 2, wherein the intraoral 

scanner comprises at least two light sources, each of the light sources configured to 

operate with the pattern generator. 

19. (New) The intraoral scanner according to claim 18, wherein the at least two 

light sources are configured to operate with different wavelengths. 

20. (New) The intraoral scanner according to claim 19, wherein the intraoral oral 

scanner is configured such that the different wavelengths can be manually selected, 

whereby the 3D geometry is dependent on which light source is being manually 

selected. 

21. (New) The intraoral scanner according to claim 2, wherein the intraoral 

scanner further comprises polarization optics. 

22. (New) A method for determining the 3D geometry and color of at least a part 

of the surface of an object in an oral cavity, said method comprising the steps of: 

- using a light source and a pattern generator to generate a probe light with a 

plurality of configurations in the form of a time-varying illumination pattern; 

- transmitting the probe light, through a tip of intraoral scanner inserted into the 

oral cavity, towards the object along an optical path, thereby illuminating at 

least a part of the object with the time-varying illumination pattern; 

- transmitting at least a part of the light returned from the object to at least one 

camera accommodating an array of sensor elements to form a plurality of 2D 

images, 
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wherein the 3D geometry is determined based on the plurality of 2D images 

and the time-varying illumination pattern; 

- selectively switching a color of the probe light, thereby illuminating the object 

with different colors at different times; 

- recording different images by the at least one camera at the different times, 

thereby recording images of the object with the different colors; 

- combining the different colors from the different images to obtain the color of 

the surface of the object; and 

- wirelessly transmitting the data for the 3D geometry. 

23. (New) The method according to claim 22, wherein the plurality of 2D images 

is recorded using a high-speed camera. 

24. (New) The method according to claim 22, wherein the method further 

comprises a step of locally processing, on the intraoral scanner, raw 3D data into data 

for the 3D geometry, such that the data for the 3D geometry is wirelessly transmitted 

instead of the raw 3D data, and wherein the raw 3D data is based on the plurality of 2D 

images. 

25. (New) The method according to claim 22, wherein the method further 

comprises a step of locally processing, on the intraoral scanner, raw 3D data into data 

for the 3D geometry, such that the data for the 3D geometry is wirelessly transmitted at 

a reduced data rate in comparison with transmission of raw 3D data, and wherein the 

raw 3D data is based on the plurality of 2D images. 

26. (New) The method according to claim 24, wherein the step of wirelessly 

transmitting the data for the 3D geometry is to a workstation. 
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27. (New) The method according to claim 24, wherein the step of locally 

processing is in real time. 

28. (New) The method according to claim 22, where the method further 

comprises a step of computing a temporal correlation measure with sensor signals, in 

the at least one camera, recorded at different times while the plurality of configurations 

in the form of a time-varying illumination pattern are changed. 

29. (New) The method according to claim 28, wherein the temporal correlation 

measure is computed for each individual sensing element. 

30. (New) The method according to claim 28, wherein the temporal correlation 

measure is based on a reference signal that is based on knowledge or on calibration of 

the plurality of configurations of the time-varying illumination pattern. 

31. (New) The method according to claim 22, wherein method further comprises 

a step of manually selecting a wavelength for which the intraoral scanner obtains the 3D 

geometry. 
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By way of the foregoing amendment, Claim 1 has been cancelled. Claims 2 - 31 

have been added. No new matter is introduced by these changes. 

It is requested that the application be examined on the basis of the amendments 

presented herein. Early and favorable consideration of this application is respectfully 

requested. 

Should any questions arise in connection with this application, it is respectfully 

requested that the undersigned be contacted at the number indicated below. 

Date March 26, 2021 

Customer No. 21839 
703 836 6620 

Respectfully submitted, 

BUCHANAN INGERSOLL & ROONEY PC 

By: /WCRowland/ 
William C. Rowland 
Registration No. 30,888 
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PATENT No. 9,962,244, Case No. IPR2019-00117, Patent 9,962,244, filed March 4, 2019, 63 
pages. 

ALIGN TECHNOLOGY, INC. Petitioner V., 3Shape A/S, Patent Owner, PATENT OWNER'S 
34 PRELIMINARY RESPONSE FOR POST-GRANT REVIEW OF U.S. PATENT No. 9,962,244, f" 

Case No. PGR2018-00103, Patent 9,962,244, filed February 19, 2019, 64 pages. 

ALIGN TECHNOLOGY, INC. Petitioner V., 3Shape A/S, Patent Owner, PATENT OWNER'S 

35 
PRELIMINARY RESPONSE TO THE PETITION FOR INTER PARTES REVIEW OF U.S. , ....... 

PATENT No. 9,962,244, Case No. IPR2018-00118, Patent 9,962,244, filed March 4, 2019, 62 
) 

pages. 

International Search Report (PCT/ISA/210) issued on October 6, 2010, by Denmark Patent 
36 Office as the International Searching Authority for International Application No. r····· 

PCT/DK2010/050148. 

37 
Written Opinion (PCT/ISA/237) issued on October 6, 2010, by Denmark Patent Office as the r-----
International Searching Authority for International Application No. PCT/DK2010/050148. 

38 
Notification Concerning Transmittal of Copy of International Preliminary Report on Patentability r···· 
(Forms PCT/1 B/326 and PCT/IB/373) and the Written Opinion of the International Searching 



0122 Exhibit 1004 page 122 of 217 
DENTAL IMAGING

Based on USPTO Form PTO/SB/08 

Application Number 17206581 

INFORMATION DISCLOSURE Filing Date 2021-03-19 
STATEMENT BY APPLICANT 

!Rune FISKER et al. (Not for submission under 37 CFR 1.99) First Named Inventor 

Art Unit 

Examiner Name I 
Attorney Docket Number 0079124-000337 

Authority (Form PCT/ISA237) issued on January 5, 2012, in the corresponding International 
Application No. PCT/DK2010/050. 

Office Action issued on February 20, 2014, by the Chinese Patent Office in corresponding 
39 Chinese Patent Application No. 201080027248.7 and an English translation of the Office Action r----· 

(30 pages). 

Office Action (First Office Action) issued on December 2, 2016, by the State Intellectual 
40 Property Office of the People's Republic of China in corresponding Chinese Patent Application r··· 

No. 201510098304.0 and English Translation of the Office Action (18 pages). 

Notification of Information Statement issued on August 2, 2016, by the Japanese Patent Office 
41 in corresponding Japanese Patent Application No. 2014-234653 and English Translation 

, ....... 
) 

(2 pages). 

42 Information Statement issued on July 28, 2016, by the Japanese Patent Office in corresponding f""" 
Japanese Patent Application No. 2014-234653 and English translation (25 pages). 

43 
YOSHIZAWA, Toru, "Handbook of Optical Metrology Principles and Application," CRC Press, r----· 
pages 135-153 (February 25, 2009) (15 pages). 

44 Exhibit 2- 3D Imagery Handbookoh (Moria Ogami, First Edition, Feb. 20, 2006, pages 45-46 , ....... 

(4 pages). 
) 

45 Exhibit 6- Latest Optical 30 Measurementoh (Toru Yoshizawa, First Edition, Nov. 20, 2006, , ....... 

pages 45-48 (16 pages). 
) 

46 Notification of third party observations concerning JP 2014-234653 mailed October 27, 2015, f""" 
and translation of notification (31 pages). 

47 ELGAMMAL, "CS 534: Computer Vision Texture, "Department of Computer Science, Rutgers f" 
University, Spring 2003) (22 pages). 

48 NOGUCHI et al., "Microscopic Shape from Focus Using a Projected Illumination Pattern," , .......... 

Mathematical and Computer Modelling, (September 1996), Vol. 24, No. 5/6, pages 31-48. 
) 

49 SMITH, "Digital Signal Processing" A Practical Guide for Engineers and Scientists," r·· 
Demystifying Technology Series, pages 138, 262, 307-308 (1998). 

GUEHRING, "Dense 3D surface acquisition by structured light using off-the-shelf components," 
50 Proceedings of SPIE - The International Society for Optical Engineering, (December 22, 2000), f'-'-" 

Vol. 4309 (13 pages). 



0123 Exhibit 1004 page 123 of 217 
DENTAL IMAGING

Based on USPTO Form PTO/SB/08 

Application Number 17206581 

INFORMATION DISCLOSURE Filing Date 2021-03-19 
STATEMENT BY APPLICANT 

!Rune FISKER et al. (Not for submission under 37 CFR 1.99) First Named Inventor 

Art Unit 

Examiner Name I 
Attorney Docket Number 0079124-000337 

51 VIVID 910: Non-Contact 3-D Digitizer, www.minolta.com (3 pages). r----· 

52 Notice of Opposition issued in corresponding European Patent No. 2 442 720, dated May 22, , ....... 

2017(41 pages). 
) 

53 Notice of Opposition issued in corresponding European Patent No. 2 442 720, dated f""" 
August 24, 2016 (6 pages). 

54 Notice of Opposition issued in corresponding European Patent No. 2 442 720, dated r----· 
August 24, 2016 (5 pages). 

55 Notice of Opposition issued in corresponding European Patent No. 2 442 720, dated May 24, , ....... 

2017 (23 pages). 
) 

56 Richard J. CHERRY "New Techniques of Optical Microscopy and Microspectroscopy", The r·· 
Macmillan Press Ltd., 1991 (3 pages). 

57 
Michael P. KEATING "Geometric, Physical, and Visual Optics", Butterworth Publishers, 1988 f'-'-" 
(3 pages). 

58 XIAO, et al., "Efficient Partial-Surface Registration for 3D Objects", Computer Vision and Image f" 
Understanding, Volume 98, Number 2, 2005, pp. 271-294. 

YAMANY, et al., "Free-Form Surface Registration Using Surface Signatures", The Proceedings 
59 of the Seventh IEEE International Conference on Computer Vision, September 20-27, 1999, 

, .......... 
) 

7 pages. 

YANG, et al., "Dealing with Textureless Regions and Specular Highlights-A Progressive Space 
60 Carving Scheme Using Novel Photo-Consistency Measure", Proceedings of the Ninth IEEE r····· 

International Conference on Computer Vision (ICCV 2003) 2-Volume Set, 2003, 9 pages. 

61 YUAN, et al., "Inferring 3D Volumetric Shape of Both Moving Objects and Static Background r----· 
Observed by a Moving Camera", IEEE, 2007, 8 pages. 

62 3Shape A/S v. Align Technology, Inc., Case No. 1 :18-886-LPS, Markman Hearing r···· 
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Based on USPTO Form PTO/SB/08 

Application Number 17206581 

INFORMATION DISCLOSURE Filing Date 2021-03-19 
STATEMENT BY APPLICANT 

(Not for submission under 37 CFR 1.99) First Named Inventor !Rune FISKER et al. 

Art Unit 

Examiner Name I 
Attorney Docket Number 0079124-000337 

IDENTIFICATION OF EARLIER APPLICATION UNDER 37 C.F.R. § 1.98(d) 

Documents cited on this form were previously made of record in prior application Serial No. 16/778,843 filed on 

Januar:y 28, 2020, upon which the Applicant relies for the benefits provided in 35 U.S.C. § 120. 

EXAMINER SIGNATURE 

Examiner Signature Date Considered 

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

1 See Kind Codes of USPTO Patent Documents at 1°11,11,1.U!:'.P":"O COV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter 
code (WIPO Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial 
number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a 
check mark here if English language translation is attached. 

CERTIFICATION STATEMENT 

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

□ 
OR 

□ 

□ 
□ 

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

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 
any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e) (2). 

See attached certification statement. 

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

A certification statement is not submitted herewith. 
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Based on USPTO Form PTO/SB/08 

Application Number 17206581 

INFORMATION DISCLOSURE Filing Date 2021-03-19 
STATEMENT BY APPLICANT 

!Rune FISKER et al. (Not for submission under 37 CFR 1.99) First Named Inventor 

Art Unit 

Examiner Name I 
Attorney Docket Number 0079124-000337 

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

Signature I /WCRowland/ I Date (YYYY-MM-DD) I 2021-03-26 

Name/Print I William C. Rowland I Registration Number I 3o,aaa 

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

4847-0994-2495, V. 1 
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Electronic Acknowledgement Receipt 

EFSID: 42292896 

Application Number: 17206581 

International Application Number: 

Confirmation Number: 6170 

Title of Invention: FOCUS SCANNING APPARATUS 

First Named Inventor/Applicant Name: Rune FISKER 

Customer Number: 21839 

Filer: William C. Rowland/Mayra Castillo 

Filer Authorized By: William C. Rowland 

Attorney Docket Number: 0079124-000337-Tl 

Receipt Date: 26-MAR-2021 

Filing Date: 

Time Stamp: 13:13:54 

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.) 

100878 

1 
PRELIMINARY _AMENDMENT--0 

yes 8 
079124-000337.pdf 

e456b92be 137c3e1411 0d2effe0ae7d 1 c30 
d563c 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Preliminary Amendment 1 1 

Claims 2 7 

Applicant Arguments/Remarks Made in an Amendment 8 8 

Warnings: 

Information: 

232574 

2 
Information Disclosure Statement (IDS) 

IDS_ 1449--0079124-000337.pd1 no 19 
Form (SB08) 

ff31 b36d 173025829d4ce7d250cfc62d39bC 
c70c 

Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 

Total Files Size (in bytes) 333452 

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 STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. ~Sl1:fM[;3.~~CJ'JER FOR PATENTS 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 
UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

17/206,581 03/19/2021 2852 2820 0079124-000337-Tl 30 2 

21839 
CONFIRMATION NO. 6170 

FILING RECEIPT 
BUCHANAN, INGERSOLL & ROONEY PC 
1737 KING STREET 1111111111111111111111 m~mll!~H1g1 Ullll 11111111111111111111111 

SUITE 500 
ALEXANDRIA, VA 22314-2727 

Date Mailed: 03/31/2021 

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

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

lnventor(s) 
Rune FISKER, Virum, DENMARK; 
Henrik OJELUND, Lyngby, DENMARK; 
Rasmus KJJER, K0benhavn K, DENMARK; 
Mike van der POEL, R0dovre, DENMARK; 
Arish A. QAZI, Toronto, CANADA; 
Karl-Josef HOLLENBECK, Copenhagen 0, DENMARK; 

Applicant( s) 
3SHAPE A/S, Copenhagen K, DENMARK 

Assignment For Published Patent Application 
3SHAPE A/S, Copenhagen K, DENMARK 

Power of Attorney: The patent practitioners associated with Customer Number 21839 

Domestic Priority data as claimed by applicant 
This application is a CON of 16/774,843 01/28/2020 
which is a CON of 16/433,369 06/06/2019 PAT 10595010 
which is a CON of 16/217,943 12/12/2018 PAT 10326982 
which is a CON of 15/974,105 05/08/2018 PAT 10349041 
which is a CON of 14/502,230 09/30/2014 PAT 10097815 
which is a CON of 13/376,427 12/06/2011 PAT 8878905 
which is a 371 of PCT/DK2010/050148 06/17/2010 
which claims benefit of 61 /231, 118 08/04/2009 
and claims benefit of 61/187,744 06/17/2009 
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Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

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

If Required, Foreign Filing License Granted: 03/29/2021 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 17/206,581 

Projected Publication Date: 07/08/2021 

Non-Publication Request: No 

Early Publication Request: No 
Title 

FOCUS SCANNING APPARATUS 

Preliminary Class 

396 

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. 

page 2 of 4 
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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). 

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). 

page 3 of 4 
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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. 

page 4 of 4 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 17/206,581 

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 320 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 700 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 800 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 30 minus 20= 10 (37 CFR 1.16(i)) 
OR X 100 = 1000 

INDEPENDENT CLAIMS 2 minus 3 = X 480 = 0.00 
(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 2820 

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 Minus 

... = z 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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Doc code: IDS 
Doc: description: Information Disclosure Statement (!OS) Fiiecl 

PTOISB/08a (03-15) 
Approved !or use through 07131/20°16. 0MB 0651-0031 

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
Under tiie Paperwork Reduction Act of 1995. no persons are requiret1 to respond lo a collection of information unless it contains a valid ONlB control nurnt;er, 

Application Number 17206581 

Filing Date 2021-03-19 

INFORMATION DISCLOSURE First Named Inventor I Rune Fisk.er et al. 

STATEMENT BY APPLICANT 
Art Unit 

( Not for submission under 37 CFR 1.99) 
Examiner Name I 
Attorney Docket Number 0079124-000337 

U.S.PATENTS 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Nurnber Code·1 

Issue Date 
of cited Document 

Relevant Passages or Relevant 
Figures Appear 

1 8878905 B2 2014-11-04 Fisk.er et al. 

2 10349042 B1 2019-07-09 Fisker et al. 

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

U.S.PATENT APPUCAT!ON PUBUCA T!ONS 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20050237581 A1 2005-·10-27 Knighton et al. 

2 200602'12260 A1 2006-09-21 Kopelman et ai. 

3 20090279103 A1 2009-11-12 Thiel et al. corresponds to DE 102007005726 

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

FOREIGN PATENT DOCUMENTS 

Name of Patentee or 
Pages, Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

wl1ere Relevant TS 
Initial* No Number3 Code2i Cmie4 Date Passages or Relevant 

Document 
Figures Appear 

EFS Web 2.1.17 
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Application Number 17206581 

Filin~i Date 2021-03-19 

INFORMATION DISCLOSURE First Named Inventor I Rune Fisker et al. 

STATEMENT BY APPLICANT 
Art Unit 

( Not for submission under 37 CFR 1.99) 
Examiner Name I 
Attorney Docket Number 0079124-000337 

1 0837659 EP 1998-04-29 Siemens AG w/English Abstract □ 

If you wist1 to add additional Foreign Patent Document citation information please click U1e Add button 

NON-PATENT UTERATURE DOCUMENTS 

Examiner Cite 
Include name ofthe autt1or (in CAPITAL LETTERS), title oftt1e article (wt1en appropriate), title ofttie item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city andior country where publist1ed. 

Notification Concerning Transmittal of Copy of International Preliminary Report on Patentability (Forms PCT/1 B/326 
1 and PCT/18/373) and the Written Opinion of the International Searching Authority (Form PCT/ISA237) issued on □ January 5, 2012, in the corresponding international Application No, PCT/DK2010/050·148. 

2 Exhibit 2- 3D Imagery Handbook (Moria Ogami, Fii-st Edition, Feb. 20, 2006, pages 45-46 (4 pages). □ 

3 Exhibit 6- Latest Optical 30 Measurement (Toru Yoshizawa, Fii-st Edition, Nov. 20, 2006, pages 45-48 Cl 6 pages) □ 

4 "Amended Complaint, 3Stlape A/S v. Align Tectinology, Inc., Case No. 1 :18-886-L.PS", August 30, 2019, 166 pages □ 

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

EXAMINER SIGNATURE 

Examiner Signature I I Date Considered I 

*EXAMINER: Initial if reference considered, wt1ether or not citation is in conformance with MPEP 609. Draw line througt1 a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant 

1 See !-<.ind Codes of USPTO Patent Documents at 1-.,l,}'1.USPTO GO\! or MPEP 901 .04. 2 Enter office that issued the document, by the two-letter code {VVIPO 
Standard ST.3). 'J For Japanese patent documents, tile indication of the year of ihe reign of ihe Emperor rnusi precede the serial number of the patent document. 
4 !-<.ind of document by the appropriate symbols as indicated on the document under VVIPO Standard ST.16 if possible 5 Applicant is to place a check marl< here i1 
English language translation is attached. 

EFS Web 2.1.17 
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Application Number 17206581 

Filin~i Date 2021-03-19 

INFORMATION DISCLOSURE First Named Inventor I Rune Fisker et al. 

STATEMENT BY APPLICANT 
Art Unit 

( Not for submission under 37 CFR 1.99) 
Examiner Name I 
Attorney Docket Number 0079124-000337 

CERTIFICATION STATEMENT 

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

Tt1at each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e)(1). 

OR 

Tt1at no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in tt1e information disclosure statement was known to 

D any individual designated in 37 CFR 156(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

D See attached certification statement. 

D Tt1e fee set forth in 37 CFR 1. ·17 (p) has been submitted herewith. 

~ A certification statement is not submitted t1erewiU1. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR ·1 .4(d) for the 
form of the signature. 

Signature /VVCRowiand/ Date (YYYY-MM-DD) 2021-04-02 

NameiPrint Wiliam C. Rowland Registration Number 30,888 

This collection of information is required by 37 CFR 1.97 and i .98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. ·122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting tt1e 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 U1is form and/or sumiestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Deprniment of Commerce, P.O. Box 1450, Alexandria, VA 22313-"1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

EFS Web 2.1.17 
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Privacy Act Statement 

The Privacy Act of 197 4 (PL 93~579) requires that you be given certain information in connection witl1 your submission of the 
attactied forrn related to a patent application or patent Accordingly, pursuant to the requirements of U1e Act, please be advised 
that: (1) tl1e 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) Hie principal purpose for whicti ttie information is used by tt1e 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, Uie U.S. Patent and Trademark Office may not be able to process and/or examine your subrnission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in tl1is form will be subject to the following routine uses: 

1. Tl1e 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 tt1is system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s. 

2. A record from this system of records may be disclosed, as a routine use, in tl1e course of presenting evidence to a 
couit, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in tl1is system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to wtiom ttie record pertains, when Hie individual has requested assistance from the 
Member with respect to tl1e subject matter of the record. 

4. A record in tl1is 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 st1all be required to comply wiHi ttie 
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 Hie World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in tl1is 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 Hie 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 mana~iernent practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with tl1e GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Cornmerce) directive. Sucti disclosure st1all 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 whict1 the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. 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. 

EFS Web 2.1.17 
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Electronic Acknowledgement Receipt 

EFSID: 42353095 

Application Number: 17206581 

International Application Number: 

Confirmation Number: 6170 

Title of Invention: FOCUS SCANNING APPARATUS 

First Named Inventor/Applicant Name: Rune FISKER 

Customer Number: 21839 

Filer: William C. Rowland/Stacey Pflieger 

Filer Authorized By: William C. Rowland 

Attorney Docket Number: 0079124-000337-Tl 

Receipt Date: 02-APR-2021 

Filing Date: 19-MAR-2021 

Time Stamp: 11:47:27 

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.) 

79175 

1 
Information Disclosure Statement (IDS) 

337ids.pdf no 4 
Form (SB08) 

c4b4d 1 c5e2573ad3671207a0f1 29b4b5819 
58006 

Warnings: 
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Information: 

This is not an USPTO supplied IDS fillable form 

Total Files Size (in bytes)~ 79175 

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 NO. FILING DATE 

17/206,581 03/19/2021 

21839 7590 04/30/2021 

BUCHANAN, INGERSOLL & ROONEY PC 
1737 KING STREET 
SUITE 500 
ALEXANDRIA, VA 22314-2727 

FIRST NAMED INVENTOR 

RuneFISKER 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

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

ATTORNEY DOCKET NO. 

0079124-000337-Tl 

CONFIRMATION NO. 

6170 

EXAMINER 

ART UNIT PAPER NUMBER 

2484 

NOTIFICATION DATE DELIVERY MODE 

04/30/2021 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

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

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

ADIPDOC 1@BIPC.com 

PTOL-90A (Rev. 04/07) 



0144 Exhibit 1004 page 144 of 217 
DENTAL IMAGING

Decision Granting Request for 
Prioritized Examination (Track I) 

Application No. 
17/206,581 

Examiner 

CHERYL P GIBSON 
BAYLOR 

1. THE REQUEST FILED 19 March 2021 IS GRANTED. 

Applicant(s) 

FIS KER et al. 

Art Unit 
OPET 

The above-identified application has met the requirements for prioritized examination 
A. ~ for an original nonprovisional application (Track I). 
B. D for an application undergoing continued examination (RCE). 

AIA (FITF) Status 
No 

2. The above-identified application will undergo prioritized examination. The application will be 
accorded special status throughout its entire course of prosecution until one of the following occurs: 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

filing a petition for extension of time to extend the time period for filing a reply; 

filing an amendment to amend the application to contain more than four 
independent claims more than thirty total claims, or a multiple dependent claim; 

filing a request for continued examination ; 

filing a notice of appeal; 

filing a request for suspension of action; 

mailing of a notice of allowance; 

mailing of a final Office action; 

completion of examination as defined in 37 CFR 41.102; or 

abandonment of the application. 

Telephone inquiries with regard to this decision should be directed to CHERYL GIBSON BAYLOR at 

(571 )272-3213. In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282. 

/CHERYL GIBSON BAYLOR/ 
Paralegal Specialist, OPET 

U.S. Patent and Trademark Office 

PTO-2298 (Rev. 02-2012) 
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1 _ 1:1.im·· UNITED STATES 
: : ., PATENT AND TRADEMARK DFRCE 

Page 1 of 2 
PO Bo:< 1450 

Alexand,ia, VA 223, 3 - 1450 
VV'vV""./'/.USpto,go\/ 

ELECTRONIC PAYMENT RECEIPT 

APPLICATION # 
17/2061581 

RECEIPT DATE/ TIME 
05/17/2021 12:50:33 PM ET 

Title of Invention 
FOCUS SCANNING APPARATUS 

Application Information 

APPLICATION TYPE Utility - Nonpmvisional Application 
unde, 35 USC 11 ·, (a) 

CONFIRMATION# 6170 

PATENT CENTER# GO·J 95967 

CUSTOMER# 27 839 

CORRESPONDENCE -
ADDRESS 

Payment Information 

PAYMENT METHOD 
DA/ 024800 

PAYMENT TRANSACTION ID 
E20215GC51062424 

ATTORNEY DOCKET# 
0079124-000337-Ti 

PATENT# -

FILED BY \Nilliam Rowland 

AUTHORIZED BY -

FILING DATE 0]/"W/2021 

FIRST NAMED Rune FIS!<ER 
INVENTOR 

PAYMENTAUTHOR~EDBY 
Wllnam Rowland 

FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOT AL($) 

H:114 STATUTOFN DISCLAIMER 

lt\JCLUDING TERMINAL DISCLAIMER 

170 00 

TOTAL 
AMOUNT: 

170.00 

This Ac:knovvl,,,dgernent ,-"\ec:eipt e11id::inc:es r;:iceipt on the not::id oate by the USPTO ol the ir.d,c:ated oocum,,,nts, cha.mc:!e,·iz;:io 
by the applicant, and including page counts, where app!icab!e. It serves as evidence of receipt similar to a Post Card, as 

described in MPEP 503. 

New AppUcaUons Under 35 lLS.C. 111 

If a new application is beino filed and the application includes !he necessary components for fi!ing date (see 37 CFR 1.53(b)-(d) 

and MPEP 506), a Filing Receipt (37 CFR 1.54) wil! be issued in due course and the dHte shovvn on this Acknowledgement 

Receipt will estabiish the filing dale of the application 

Nafa:ma! Stage of an !ritematil:ma! .AppHcation under 35 llS,C:, 371 
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Page 2 of 2 

If a timeiy submission to enter the nationa! stage of an international applicator. is compliant vvith the conditions of 35 U.S.C. 

37·1 and other a.pplicable require,,1ents a Fon,1 PCT!DO/EO/903 ind,cating acceptanrn ol the applicat,on as a national stage 

subn1ission uncler 35 U.S.C 37"1 will be issuec in addition to tl1e Fiiing Receipt, in ciue course. 

New internatiomal Application Fi!ed with the USPTO as a Recelvh,g Office 

If a new ,ntemationai app:ication is being f:led a.nc !he interna!iona, application includes the necessa:-y components for an 

international fi!inq ciate (see PCT .Article 11 ancl MPEP 1B10), a t"1otification of the International Application f\Jumber and of the 

International Filing Da!e (Form PCTiRO/105) will be ,ssued in due course, subject to presc::iptions concemir.g national secur:ty, 

and ih::i date shown on this .Acknovvl,,,dgement ,-"\eceipt will establish the int::Hnationa, liling date ol the application. 
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Oo,: ::>:•d0 : :=::iso.~:.nu: 
Ue::,'.-:tif'.)f:;_,;; t::0r_itu;;ic ;·H:::":i;;~:.I Gi:c;'c:a:;;;'.'f:· - P.pprovt:rJ 

1,~.1m, UNITEDSTATES :::: >~ PATENTANDTRAOEMARKOFRCE 

APPROVAL LETTER 

P.O. Box 1450 
i\lexa.ndda. \/,'-\ ?2:f: ;3 ~ 1450 

WWVUJSpto,gov 

APPLICATION # 
17 /2061581 

FILING DATE 
03/19/2021 

APPLICANT/PATENT UNDER REEXAMINATION 
Rune FISKER 

Title of Invention 
FOCUS SCANNING APPAFlATUS 

~l' Approved 

This patent is subject to a Terminal Disclaimer 

Approved / Disapprnved by: E!ectrnn!c Terminal D!sc!aimer automatically approved 
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1 _ 1:1.im·· UNITED STATES 
: : ., PATENT AND TRADEMARK DFRCE 

Page 1 of 2 
PO Bo:< 1450 

Alexand,ia. VA 223, 3 - 1450 
VV'vV""./'/.USpto,go\/ 

ELECTRONIC ACKNOWLEDGEMENT RECEIPT 

APPLICATION # RECEIPT DATE/ TIME ATTORNEY DOCKET# 
17/206,581 05/17/2021 12:50:33 PM ET 0079124-000337-T1 

Title of Invention 
FOCUS SCANNING APPARATUS 

Application Information 

APPLICATION TYPE Utility - Nonprovisional Application 
under 35 USC 111 (a) 

PATENT# -

CONFIRMATION# 6170 

PATENT CENTER# 60195967 

CUSTOMER# 21839 

CORRESPONDENCE -
ADDRESS 

Documents 

DOCUMENT 

petitiorHequesL pdf 

grantLettero pdt 

Digest 

DOCUMENT 

petition-request pdf 

FILED BY William Rowland 

Fl LI NG DATE 03/19/2021 

FIRST NAMED Rune FISKER 
INVENTOR 

AUTHORIZED BY -

TOTAL DOCUMENTS: 2 

PAGES DESCRIPTION 

3 Terrnina! Disdairner~Fi!ed 

(Electronic) 

Terminal Disclaimff·E!ectronic-· 

Approved 

SIZE {KB) 

48 KB 

18 !<B 

A28E1EE0713AD7AEBABB458B40C5329D277FE13C602CD4E1 
CF78136E7FCEF281DC9FC98035CC7350467D5FF44O718C4A 
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grantletteL pdf 

Page 2 of 2 

8801473E7CD4081387570382D6738948 

F951CBDE2020E3DA88A7C18O14510BA66441F9139968A4F89 
E860CAEB73D5CE02BF69F551449DBC00148699030F974CA2B 
5E908E784F0275CF40D520877D0EC4 

Tr1is Ackr.owledgernent Receipt evidences receipt on Fie noted date by Fie USPTO ol the ind,cated documents, ch;:U"ac!e,ized 

tiy t:1e applicant, and including page counts, vvl1ere app!icab!e. It serves as evidence of receipt sin1ilar to a Post Carel, as 

described in MPEP 503. 

New Applications Under 35 ll.S.C. 111 

If a new application is being filed and the application inc!ucies the necessary components for fi!inq date (see 37 CFR 1.53/b)·(d) 

and fvlPEP 506), a Filino Receipt (37 CFR 1.541 wil! be issued in due course and the date shovvn on this .Acknowledoemer1t 

Hece,pt w:11 ;:istabiish the liling date ol the a.pplica!ion 

Ni:itlona! Sti:ige of an !ntemationa! App!!cation under 35 UaS.C. 371 

If a timeiy submission to enter the nationa! stage of an international application is compliant vvith the conditions of 35 U.S.C. 

37·1 and other a.pplicable require,,1ents a Fon,1 PCT!DO/EO/903 ind,cating acceptance ol the applicat,on as a national stage 

subn1ission uncler 35 U.S.C. 37"1 will be issued in addition to tl1e Fiiing Receipt, in ciue course. 

New internatimml Application Filed with the USPTO as a Receiving Office 

If a new ,ntemationai app:ication is being f:led ,:1no !he interna!iona, application includes the necessa:y components for an 

international fi!inq ciate (see PCT .Article 11 ancl MPEP 1B10), a t"1otification of the International Application f\Jumber and of the 

International Filing Da!e (Form PCTiRO/105) will be issued in due course, subject to presc,iPtions concemir.g national security, 

and !:7::i date s:1own on this Acknovvl,,,dgement ,-"\eceipt will establish the int::Hnationa, liling date ol the applica!ion. 
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11.1=1 •tffl· · UNITED STATES ■IIIIII-- >~ PATENT AND TRADEMARK OFFICE 

P.O. Box 1450 
Alexandri~l \/A 22313 - ·1450 

\J\"l.iV\Al.USpto.gov 

TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE PATENTING REJECTION OVER 
A PENDING "REFERENCE" APPLICATION 

APPLICATION # 
17206581 

Title of Invention 

FILING DATE 
03/19/2021 

FOCUS SCANNING APPAFlATUS 

FIRST NAMED INVENTOR 
Rune FISKER 

ATTORNEY DOCKET# 
0079124-000337~T1 

Filin9 ol terminal disclaimer does not obviate requitement for response under 37 CTR 1 .111 to outstandin9 

Office Ac:tiGll 

Th,s electronic Terminal Disclaimt:,r is not being used for a ,Joint f-bsearch Agreement 

Owner Percent interest 

3Shape /VS 

Total 100% 

The owner(s) or percent interest listed above in the instant application hereby disclaims, except as provided below, 

the terminal part of trie staJutory term of any patent ~Jranted on the instant application vvhich would extend beyond 

the expiration date of the tull statutory term of any patent granted on pending reference Application Number{s) 

Application # Fil!ng Date 

as the term of any patent granted on said reference application may be shortened by any terminal disclaimer tiled 

prior to the grant of any patrmt on t!1e pending rr.,ference application. Tl1e ovvner l1ereby agrees H1at any patent so 

granted on H1l"., instant application sl1all be enforceable only for and during sucl1 prJriod H1at it and any patent 

granted on H1l"., reference application are commonly owned. This agreemrmt runs with any patent granted on t11e 
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instant application and is binding upon the grantee, its successors or assigns. 

In making tile above disclaimer, t11e ovvner does not disclaim the terminal part of any patent granted on tile instant 

application H1at would rJxtenc1 to the expiration dak::., of Hll:: full statutory term of any patent grantmi on said reference 

application, "as t!1e term of any patent granted on said reference application may be sl1ortened by any terminal 

disclairm::.,r filec1 prior to the grant of any patent on the pending reference application," in the event that any sucl1 

patent grantec1 on tile pending refl::rence application: expires for failure to pay a rnaintenance fee, is llelc1 

unenforceable, is found invalid by a court of competent jurisdiction, is statutorily disclaimed in whole or terminally 

disclaimed under 37 CFR ·1 .321, has all clairns canceled by a reexamination certificate, is reissued, or is in any 

manner terminated prior to the expiration of its full statutory term as shortened by any terminal disclaimer filed prior 

to its grant 

Tile owner(s) of percent interest listed above in tile instant application hereby disclaims, except as provided below, 

tile terminal part of the statutory term of any patent grantmi on the instant application vvl1icll woulc1 extend beyond 

tile expiration date of the full statutory term of prior patent number(s) 

Patent# 

10595010 

as t11e term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that 

any patent so grantec1 on tile instant application shall be enforcl::able only for and during such perioc1 tllat it and t11e 

prior patent are commonly o,Nned. This agreement runs vvitl1 any patent granted on Hll:: instant application and is 

binding upon the grantee, its successors or assigns. 

In mal·dng the above disclairner, the owner does not disclaim tbe ten-ninal part of the term of any patent granted on 

tile instant application that would extend to tile expiration date of tile full statutory term of the prior patent "as tbe 

term of said prior patent is presently shortened by any terminal disclairner," in the event that said prior patent later: 

~ expires for failure to pay a rnaintenance fee; 

~ is beld unenforceable: 

• is found invalid by a court or competent jurisdiction; 

• is statutorily disclaimed in whole or terminally disclaimed under 37 CF'R 1.321; 

• has all claims canceled by a reexamination certificate; 

• is reissued; or 

• is in any manner terminated prior to the expiration of its full statutory terrn as presently shortened by any terminal 

disclairneL 

~ Terniinal ziiscla.iiner lee under 37 CFR 120(d) incluzied \/Vith Electronic Terminal Disclaimer ,equesL 

Applicant claims the fonowirsg entity status: 
Regular Undiscounted 
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I hereby declare that all statements made l1erein of my own l.znowledge are true and that all statemnts made on 

information and belief are believed to be true; and further that t11ese staternents were made with the knovvledge that 

willful false statements and t11e like so made are punishable by tine or imprisonment, or both, under Section 1001 of 

Title 18 of the United States Code and that sucl1 willful talse statements may jeopardize the validity of the 

application or any patent issued tliereon. 

I certify, in accordance with 37 CFR 1.4(d}(4} that I am: An attorney or agent registered tO practice before the 

Patent and Trademark OHice who 1s of record in this application 

Signature Name Registration# 

30888 

* Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner). Form 

PTO/SB/96 may be used for making this certilication. See MPEP :324. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

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

NOTICE OF ALLOWANCE AND FEE(S) DUE 

21839 7590 05/28/2021 

BUCHANAN, INGERSOLL & ROONEY PC 
1737 KING STREET 
SUITE 500 
ALEXANDRIA, VA 22314-2727 

APPLICATION NO. FILING DATE 

17/206,581 03/19/2021 

TITLE OF INVENTION: FOCUS SCANNING APPARATUS 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1200 

EXAMINER 

MESA,JOSEM 

ART UNIT PAPER NUMBER 

2484 

DATE MAILED: 05/28/2021 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

RuneFISKER 0079124-000337-Tl 6170 

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

$0.00 $0.00 $1200 08/30/2021 

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

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

HOW TO REPLY TO THIS NOTICE: 

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

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

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

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

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

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

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

Page 1 of 3 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

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

21839 7590 05/28/2021 

BUCHANAN, INGERSOLL & ROONEY PC 
1737 KING STREET 
SUITE 500 
ALEXANDRIA, VA 22314-2727 

APPLICATION NO. FILING DATE 

17/206,581 03/19/2021 

TITLE OF INVENTION: FOCUS SCANNING APPARATUS 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1200 

EXAMINER ART UNIT 

MESA,JOSEM 2484 

1. 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 03-09 or more recent) attached. Use of a Customer 
Number is required. 

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. 

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 transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. 

RuneFISKER 0079124-000337-Tl 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

348-046000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

$1200 

(Typed or printed name) 

(Signature) 

(Date) 

CONFIRMATION NO. 

6170 

DATE DUE 

08/30/2021 

(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. 

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 must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

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

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: □Issue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

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

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

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. 

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 (08-18) Approved for use through 01/31/2020 
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 STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

17/206,581 03/19/2021 

21839 7590 05/28/2021 

BUCHANAN, INGERSOLL & ROONEY PC 
1737 KING STREET 
SUITE 500 
ALEXANDRIA, VA 22314-2727 

FIRST NAMED INVENTOR 

RuneFISKER 

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. 

0079124-000337-Tl 6170 

EXAMINER 

MESA,JOSEM 

ART UNIT PAPER NUMBER 

2484 

DATE MAILED: 05/28/2021 

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

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

Section 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 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-010 I 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 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 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. 
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Notice of Allowability 

Application No. 
17/206,581 
Examiner 
JOSE M MESA 

Applicant(s) 
FIS KER et al. 
Art Unit I AIA (FITF) Status 
2484 No 

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

1.~ This communication is responsive to 03/26/2021. 

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

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

3.~ The allowed claim(s) is/are 2-31 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

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

Certified copies: 

a) □All b) 0 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. 

5.0 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). 

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

Attachment(s) 
1. ~ Notice of References Cited (PTO-892) 

2.~ Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 03/26/2021 04/02/2021. 

5. D Examiner's Amendment/Comment 

6. ~ Examiner's Statement of Reasons for Allowance 

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

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

/JOSE M MESA/ 
Examiner, Art Unit 2484 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) 

/THAI Q TRAN/ 
Supervisory Patent Examiner, Art Unit 2484 

Notice of Allowability Part of Paper No./Mail Date 20210517 



0158 Exhibit 1004 page 158 of 217 
DENTAL IMAGING

Application/Control Number: 17/206,581 
Art Unit: 2484 

DETAILED ACTION 

Notice of Pre-A/A or A/A Status 

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

provisions. 

Allowable Subject Matter 

1. Claims 2-31 are allowed. 

Page 2 

The following is an examiner's statement of reasons for allowance: Independent 

claim 2 recites the uniquely distinct features for: " ... a pattern generator configured to 

qenerate_ using a liqht source, a probe light with a plurality or configurations in the rorm 

of a time-varying illumination pattern; an optical system for transmitting the probe light 

towards the object along an optical path thereby illuminating at !east a part of the obiect 

with the time~varying illumination pattern, and for transmitting at !east a part of the !iqht 

returned rrnm the object to the at !east one camera to rorm a plurality of 20 irnaqes, 

w!1erein the 3D geometry is determined based on the plurality of 2D images and the 

time-varying illumination pattem;o••" And independent claim 22 recites the uniquely 

distinct features for: " ... using a !ight source and a pattern generator to generate a probe 

!ight with a plurality of conrigumtions in the forrn of a time-varying illumination pattern; 

transmitting the probe light, through a tip of an intraora! scanner inserted into the oral 

cavity. towards the obiect along an optical path, thereby illuminating at least a part of 

the object with the time~varying illumination pattern; transmitting at !east a part of the 

light returned from the object to at !east one carnera accommodatinq an array of sensor 

elements to form a plurality of 2D images, w!1erein the 30 geometry is determined 

based on the plurality of 2D images and the time-varving illumination pattern;.a." The 



0159 Exhibit 1004 page 159 of 217 
DENTAL IMAGING

Application/Control Number: 17/206,581 
Art Unit: 2484 

Page 3 

closest prior art in Babayoff et al. (US 2005/0283065) teaches a device 100 comprises a 

main illumination source 31 for illuminating the object of interest 26, typically a part of 

the intraoral cavity, and is optically coupled to main optics 41 to provide depth Z values 

for an array range of X-Y points (according to a known frame of reference) along the 

surface of the object 26. Detection optics 60 comprises an image sensor, typically a 

CCD, that is preferably monochromatic to maximise the resolution of the device, and 

which typically defines the X-Y frame of reference. Alternatively, the CCD may be 

adapted to receive color images. The detection optics 60 receives image data from the 

main optics 41 and the image processor 24 determines the depth Z values for each X-Y 

point illuminated on the object 26 based on this image data, Heinz et al. (US 

2007/0041729) teaches an illustrative illumination arrangement 800 using a multimode optical 

fiber 802 to monitor a surface 804 with a detector 805 (e.g., detector 104 of FIG. 1, detector 302 

of FIG. 3A, or detector A of FIG. 7, 7 A). Optical radiation 806 that reflects from surface 804 will 

exhibit time-varying changes if surface 804 vibrates, if fiber 802 moves across surface 804, or if 

distanced changes (e.g., through tilt or movement of surface 804). The multimode interference 

pattern that illuminates detector 805 is time-varying in accordance with the movement of surface 

804 (or end 814 or d), however, either singular or in combination, fails to anticipate or 

render the above underlined limitations obvious. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to JOSE M MESA whose telephone number is (571 )270-

1706. The examiner can normally be reached on Monday-Friday 8:30AM-6:00PM ET. 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 
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Application/Control Number: 17/206,581 
Art Unit: 2484 

Page 4 

interview, applicant is encouraged to use the USPTO Automated Interview Request 

(AIR) at http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Thai Tran can be reached on 571-272-7382. 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. 

5/17/2021 

/THAI Q TRAN/ 
Supervisory Patent Examiner, Art Unit 2484 

/JOSE M MESA/ 
Examiner, Art Unit 2484 
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Application/Control No. Applicant(s)/Patent Under 
17/206,581 Reexamination 

Notice of References Cited 
FIS KER et al. 

Examiner Art Unit 
JOSE M MESA 2484 Page 1 of 1 

U.S. PATENT DOCUMENTS 

* 
Document Number Date 

Name CPC Classification US Classification 
Country Code-Number-Kind Code MM-YYYY 

* A US-20050283065-A 1 12-2005 Babayoff, Noam G01J3/0224 600/407 

* B US-20070041729-A 1 02-2007 Heinz; Philip H01 L31/02024 398/25 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Name CPC Classification 
Country Code-Number-Kind Code MM-YYYY 

N 

0 

p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

u 

V 

w 

X 

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20210517 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Index of Claims 17/206,581 FISKER et al. 

Examiner Art Unit 

JOSE M MESA 2484 

✓ Rejected Cancelled N Non-Elected A Appeal 

= Allowed Restricted I Interference 0 Objected 

CLAIMS 

D Claims renumbered in the same order as presented by applicant D CPA ~ T.D. D R.1.47 

CLAIM DATE 
Final Original 05/17/2021 

1 -
2 = 
3 = 
4 = 
5 = 
6 = 
7 = 
8 = 
9 = 
10 = 
11 = 
12 = 
13 = 
14 = 
15 = 
16 = 
17 = 
18 = 
19 = 
20 = 
21 = 
22 = 
23 = 
24 = 
25 = 
26 = 
27 = 
28 = 
29 = 
30 = 
31 = 

U.S. Patent and Trademark Office Part of Paper No.: 20210517 

Page 1 of 1 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 17/206,581 FIS KER et al. 

Examiner Art Unit 

JOSE M MESA 2484 

CPC 

Symbol Type Version 

H04N 13 296 F 2018-05-01 

A618 5 0068 2013-01-01 

G018 11 2513 2013-01-01 

G018 11 2518 2013-01-01 

A618 5 1077 2013-01-01 

A618 5 4547 A 2013-01-01 

G018 2210 58 A 2013-01-01 

A618 5 1075 A 2013-01-01 

A618 5 1076 A 2013-01-01 

CPC Combination Sets 

Symbol Type Set Ranking Version 

1JOSE M MESA/ 17 May 2021 
Examiner, Art Unit 2484 Total Claims Allowed: 

(Assistant Examiner) (Date) 30 

/THAI Q TRAN/ 25 May 2021 
O.G. Print Claim(s) O.G. Print Figure Supervisory Patent Examiner, Art Unit 2484 

(Primary Examiner) (Date) 2 8 

U.S. Patent and Trademark Office Part of Paper No.: 20210517 

Page 1 of 3 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 17/206,581 FIS KER et al. 

Examiner Art Unit 

JOSE M MESA 2484 

INTERNATIONAL CLASSIFICATION 

CLAIMED 

H04N 13 296 

I NON-CLAIMED 

US ORIGINAL CLASSIFICATION 

CLASS I SUBCLASS 

I 
CROSS REFERENCES(S) 

CLASS I SUBCLASS (ONE SUBCLASS PER BLOCK) 

I I I I I I 

1JOSE M MESA/ 17 May 2021 
Examiner, Art Unit 2484 Total Claims Allowed: 

(Assistant Examiner) (Date) 30 

/THAI Q TRAN/ 25 May 2021 
O.G. Print Claim(s) O.G. Print Figure Supervisory Patent Examiner, Art Unit 2484 

(Primary Examiner) (Date) 2 8 

U.S. Patent and Trademark Office Part of Paper No.: 20210517 

Page 2 of 3 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 17/206,581 FIS KER et al. 

Examiner Art Unit 

JOSE M MESA 2484 

D Claims renumbered in the same order as presented by applicant D CPA ~ T.D. D R.1.47 
CLAIMS 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 

- 1 9 10 18 19 27 28 
1 2 10 11 19 20 28 29 
2 3 11 12 20 21 29 30 
3 4 12 13 21 22 30 31 
4 5 13 14 22 23 
5 6 14 15 23 24 
6 7 15 16 24 25 
7 8 16 17 25 26 
8 9 17 18 26 27 

1JOSE M MESA/ 17 May 2021 
Examiner, Art Unit 2484 Total Claims Allowed: 

(Assistant Examiner) (Date) 30 

/THAI Q TRAN/ 25 May 2021 
O.G. Print Claim(s) O.G. Print Figure Supervisory Patent Examiner, Art Unit 2484 

(Primary Examiner) (Date) 2 8 

U.S. Patent and Trademark Office Part of Paper No.: 20210517 

Page 3 of 3 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Search Notes 17/206,581 FIS KER et al. 

Examiner Art Unit 

JOSE M MESA 2484 

CPC - Searched* 

Symbol Date Examiner 

H04N13/296, A61 B5/0068, A61B5/1077, G01 B11/2513 05/17/2021 JM 

G01B11/2518, A61B5/1075, A61B5/1076, A61B5/4547 05/17/2021 JM 

G01 B2210/58 05/17/2021 JM 

CPC Combination Sets - Searched* 

Symbol Date Examiner 

H04N13/296, A61 B5/0068, A61B5/1077, G01 B11/2513 05/17/2021 JM 

G01B11/2518, A61B5/1075, A61B5/1076, A61B5/4547 05/17/2021 JM 

G01 B2210/58 05/17/2021 JM 

US Classification - Searched* 

Class Subclass Date Examiner 

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of 
the search. 

Search Notes 

Search Notes Date Examiner 

East Search History, US-PGPUB, USPAT, USOCR, EPO, JPO, 
05/17/2021 JM 

DERWENT, IBM_ TDB. 

Searched inventor's in PALM and PE2E for double patenting. 05/17/2021 JM 

Interference Search 

US Class/CPC 
US Subclass/CPC Group Date Examiner 

Symbol 
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Search Notes 

/JOSE M MESA/ 
Examiner, Art Unit 2484 

U.S. Patent and Trademark Office 

Application/Control No. Applicant(s)/Patent Under Reexamination 

17/206,581 FIS KER et al. 

Examiner Art Unit 

JOSE M MESA 2484 

/THAI Q TRAN/ 
Supervisory Patent Examiner, Art Unit 2484 

Page 2 of 2 
Part of Paper No.: 20210517 



0168 Exhibit 1004 page 168 of 217 
DENTAL IMAGING

EAST Search History 

EAST Search History (Prior Art) 

Ref Hits Search Query DBs Default Plurals Time 
# Operator Stamp 

5222 1 (tim$4 same (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) same (illuminat$4 light$4) U5PAT; 17:31 
same pattern same (teeth tooth DERWENT 
object)) and ("20060158665" I 
"4516231" I "4640620" I "4896015" I 
"20050283065" I "20060212260" I 
"5377011" I "7221332" I 
"20050283065" I "20070109559" I 
"4291958" I "4349880" I "5615003" I 
"20090231649" I "20070171220" I 
"6227850" I "6645148" I "7813591" I 
"20090167948" I "20060251408" I 
"20070134615" I "5722412" I 
"6592371" I "8903476" I 
"20030096210" I "20040080754" I 
"20070252074" I "20090279103" I 
"20100157086" I "5381236" I 
"20070041729" I "7213214" I 
"9329675" I "20090103103" I 
"20100079581" I "5372502" I 
"5428450" I "6485413" I "7551353" I 
"6697164" I "5737339" I 
"20030164952" I "20050237581" I 
"20060020204" I "20060092133" I 
"20120179035" I "5131844" I 
"20070172112" I "20100009308" I 
"5181181" I "20070194214" I 
"4575805" I "4629324" I 
"20090322676" I "5269325").PN. 

5223 1 (tim$4 same (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) same (illuminat$4 light$4) U5PAT; 17:31 
same pattern same (teeth tooth U5OCR; 
object)) and ("20060158665" I DERWENT 
"4516231" I "4640620" I "4896015" I 
"20050283065" I "20060212260" I 
"5377011" I "7221332" I 
"20050283065" I "20070109559" I 
"4291958" I "4349880" I "5615003" I 
"20090231649" I "20070171220" I 
"6227850" I "6645148" I "7813591" I 
"20090167948" I "20060251408" I 
"20070134615" I "5722412" I 
"6592371" I "8903476" I 
"20030096210" I "20040080754" I 
"20070252074" I "20090279103" I 
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"20100157086" I "5381236" I 
"20070041729" I "7213214" I 
"9329675" I "20090103103" I 
"20100079581" I "5372502" I 
"5428450" I "6485413" I "7551353" I 
"6697164" I "5737339" I 
"20030164952" I "20050237581" I 
"20060020204" I "20060092133" I 
"20120179035" I "5131844" I 
"20070172112" I "20100009308" I 
"5181181" I "20070194214" I 
"4575805" I "4629324" I 
"20090322676" I "5269325").PN. 

5224 16 (tim$4 same (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) sames (illuminat$4 light$4) U5PAT; 17:31 
same2 pattern same2 (teeth tooth DERWENT 
object)) and ("20060158665" I 
"4516231" I "4640620" I "4896015" I 
"20050283065" I "20060212260" I 
"5377011" I "7221332" I 
"20050283065" I "20070109559" I 
"4291958" I "4349880" I "5615003" I 
"20090231649" I "20070171220" I 
"6227850" I "6645148" I "7813591" I 
"20090167948" I "20060251408" I 
"20070134615" I "5722412" I 
"6592371" I "8903476" I 
"20030096210" I "20040080754" I 
"20070252074" I "20090279103" I 
"20100157086" I "5381236" I 
"20070041729" I "7213214" I 
"9329675" I "20090103103" I 
"20100079581" I "5372502" I 
"5428450" I "6485413" I "7551353" I 
"6697164" I "5737339" I 
"20030164952" I "20050237581" I 
"20060020204" I "20060092133" I 
"20120179035" I "5131844" I 
"20070172112" I "20100009308" I 
"5181181" I "20070194214" I 
"4575805" I "4629324" I 
"20090322676" I "5269325").PN. 

5225 16 (tim$4 same (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) sames (illuminat$4 light$4) U5PAT; 17:31 
same2 pattern same2 (teeth tooth U5OCR; 
object)) and ("20060158665" I DERWENT 
"4516231" I "4640620" I "4896015" I 
"20050283065" I "20060212260" I 
"5377011" I "7221332" I 
"20050283065" I "20070109559" I 
"4291958" I "4349880" I "5615003" I 
"20090231649" I "20070171220" I 
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"6227850" I "6645148" I "7813591" I 
"20090167948" I "20060251408" I 
"20070134615" I "5722412" I 
"6592371" I "8903476" I 
"20030096210" I "20040080754" I 
"20070252074" I "20090279103" I 
"20100157086" I "5381236" I 
"20070041729" I "7213214" I 
"9329675" I "20090103103" I 
"20100079581" I "5372502" I 
"5428450" I "6485413" I "7551353" I 
"6697164" I "5737339" I 
"20030164952" I "20050237581" I 
"20060020204" I "20060092133" I 
"20120179035" I "5131844" I 
"20070172112" I "20100009308" I 
"5181181" I "20070194214" I 
"4575805" I "4629324" I 
"20090322676" I "5269325").PN. 

5226 64 (scan$4 scanner) near50 (color U5-PGPUB; OR OFF 2021/05/17 
near20 probe near20 light) U5PAT 17:31 

5227 245 (scan$4 scanner) same ((switch$4 U5-PGPUB; OR OFF 2021/05/17 
chang$4 modif$4 alter$4 adjust$4) U5PAT 17:31 
same color same probe same light 
same object) 

5228 21 (scan$4 scanner) same ((switch$4 U5-PGPUB; OR OFF 2021/05/17 
chang$4 modif$4 alter$4 adjust$4) U5PAT 17:31 
same color same (images frames 
pictures) same probe same light same 
object) 

5229 45 ((scan$4 scanner) same color same U5-PGPUB; OR OFF 2021/05/17 
(images frames pictures) same probe U5PAT 17:31 
same light same surface same object) 

5230 33 ((switch$4 chang$4 modif$4 alter$4 U5-PGPUB; OR OFF 2021/05/17 
adjust$4) same color same (images U5PAT 17:31 
frames pictures) same probe same 
light same object) 

5231 49 ((switch$4 chang$4 modif$4 alter$4 U5-PGPUB; OR OFF 2021/05/17 
adjust$4) same color same probe U5PAT 17:31 
same light same object) and 
(H04Nl3/296).CPC. 

5232 49 ((switch$4 chang$4 modif$4 alter$4 U5-PGPUB; OR OFF 2021/05/17 
adjust$4) same color same probe U5PAT 17:31 
same light same object) and 
(A61B5/0068).CPC. 

5233 49 ((switch$4 chang$4 modif$4 alter$4 U5-PGPUB; OR OFF 2021/05/17 
adjust$4) same color same probe U5PAT 17:31 
same light same object) and 
(A61B5/1077).CPC. 
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5234 46 ((switch$4 chang$4 modif$4 alter$4 U5-PGPUB; OR OFF 2021/05/17 
adjust$4) same color same probe U5PAT 17:31 
same light same object) and 
(G0lBl 1/2513).CPC. 

5235 30 ((switch$4 chang$4 modif$4 alter$4 U5-PGPUB; OR OFF 2021/05/17 
adjust$4) same color same probe U5PAT 17:31 
same light same object) and 
(G0lBl 1/2518).CPC. 

5236 13 ((switch$4 chang$4 modif$4 alter$4 U5-PGPUB; OR OFF 2021/05/17 
adjust$4) same color same probe U5PAT 17:31 
same light same object) and 
(A61B5/1075).CPC. 

5237 14 ((switch$4 chang$4 modif$4 alter$4 U5-PGPUB; OR OFF 2021/05/17 
adjust$4) same color same probe U5PAT 17:31 
same light same object) and 
(A61B5/1076).CPC. 

5238 49 ((switch$4 chang$4 modif$4 alter$4 U5-PGPUB; OR OFF 2021/05/17 
adjust$4) same color same probe U5PAT 17:31 
same light same object) and 
(A61B5/4547).CPC. 

5239 43 ((switch$4 chang$4 modif$4 alter$4 U5-PGPUB; OR OFF 2021/05/17 
adjust$4) same color same probe U5PAT 17:31 
same light same object) and 
(G01B2210/58).CPC. 

5240 130 (selectiv$4 same (switch$4 chang$4 U5-PGPUB; OR OFF 2021/05/17 
modif$4 alter$4 adjust$4) same color U5PAT 17:31 
same probe same light) 

5241 64 ((selectiv$4 select$4) same (switch$4 U5-PGPUB; OR OFF 2021/05/17 
chang$4 modif$4 alter$4 adjust$4) U5PAT 17:31 
same color same probe same light 
same (object tooth teeth)) 

5242 3,679 ((selectiv$4 select$4) same (switch$4 U5-PGPUB; OR OFF 2021/05/17 
chang$4 modif$4 alter$4 adjust$4) U5PAT 17:31 
same color same light same (object 
tooth teeth)) 

5243 167,832 ("20030096210" I "20040080754" I U5-PGPUB; OR OFF 2021/05/17 
"20050283065" I "20060158665" I U5PAT 17:31 
"20070109559" I "20070194214" I 
"20070252074" I "20090103103" I 
"20090167948" I "20090279103" I 
"20100079581" I "20100157086" I 
"4291958" I "4349880" I "4516231" I 
"4575805" I "4629324" I "4640620" I 
"4896015" I "5372502" I "5381236" I 
"5615003" I "6697164")" .PN" 

5244 81 5242 and 5243 U5-PGPUB; OR OFF 2021/05/17 
U5PAT 17:31 



0172 Exhibit 1004 page 172 of 217 
DENTAL IMAGING

5245 139 (tim$4 near2 var$4 near2 illuminat$4 U5-PGPUB; OR OFF 2021/05/17 
near2 pattern) U5PAT 17:31 

5246 167,832 ("20030096210" I "20040080754" I U5-PGPUB; OR OFF 2021/05/17 
"20050283065" I "20060158665" I U5PAT 17:31 
"20070109559" I "20070194214" I 
"20070252074" I "20090103103" I 
"20090167948" I "20090279103" I 
"20100079581" I "20100157086" I 
"4291958" I "4349880" I "4516231" I 
"4575805" I "4629324" I "4640620" I 
"4896015" I "5372502" I "5381236" I 
"5615003" I "6697164")" .PN" 

5247 6 5245 and 5246 U5-PGPUB; OR OFF 2021/05/17 
U5PAT 17:31 

5248 109 5245 and (scan$4 scanner) U5-PGPUB; OR OFF 2021/05/17 
U5PAT 17:31 

5249 21 5245 and (tooth teeth) U5-PGPUB; OR OFF 2021/05/17 
U5PAT 17:31 

5250 852 (tim$4 nearS0 var$4 nearS0 U5-PGPUB; OR OFF 2021/05/17 
illuminat$4 nearS0 pattern) U5PAT 17:31 

5251 62 5250 and (tooth teeth) U5-PGPUB; OR OFF 2021/05/17 
U5PAT 17:31 

5252 16 (segment$4 nearS0 ((led) light near2 U5-PGPUB; OR OFF 2021/05/17 
emitting near2 diode) nearS0 scanner) U5PAT 17:31 

5253 6 (segment$4 nearS0 ((led) light near2 U5-PGPUB; OR OFF 2021/05/17 
emitting near2 diode) nearS0 probe U5PAT 17:31 
nearS0 light) 

5254 10 (segmented same ((led) light near2 U5-PGPUB; OR OFF 2021/05/17 
emitting near2 diode) same probe U5PAT 17:31 
same light) 

5255 14 (segment$4 sames ((led) light same U5-PGPUB; OR OFF 2021/05/17 
emitting same diode) sames probe U5PAT 17:31 
same light) and (G0lBll/2518).CPC. 

5256 31 (segment$4 sames ((led) light same U5-PGPUB; OR OFF 2021/05/17 
emitting same diode) sames probe) U5PAT 17:31 
and (G0lBl 1/2518).CPC. 

5257 19 (optical near2 system near2 U5PAT OR OFF 2021/05/17 
substantially near2 achromatic) 17:31 

5258 40 (optical near2 system near2 U5-PGPUB; OR OFF 2021/05/17 
substantially near2 achromatic) U5PAT 17:31 

5259 6 (optical nearS0 system nearS0 U5-PGPUB; OR OFF 2021/05/17 
substantially nearS0 achromatic U5PAT 17:31 
nearS0 color) 

5260 1 (optical same system same U5-PGPUB; OR OFF 2021/05/17 
substantially same achromatic same U5PAT 17:31 
(tooth teeth)) 
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5261 10 (tim$4 nearS0 var$4 nearS0 U5-PGPUB; OR OFF 2021/05/17 
illuminat$4 nearS0 line nearS0 U5PAT 17:31 
pattern) 

5262 49 (tim$4 nearS0 (var$4 chang$4) U5-PGPUB; OR OFF 2021/05/17 
nearS0 illuminat$4 nearS0 line nearS0 U5PAT 17:31 
pattern) 

5263 6 (tim$4 same (var$4 chang$4) same U5-PGPUB; OR OFF 2021/05/17 
illuminat$4 same line same pattern U5PAT 17:31 
same (tooth teeth)) 

5264 195 (tim$4 sames (var$4 chang$4) sames U5-PGPUB; OR OFF 2021/05/17 
illuminat$4 sames (line adjS pattern) U5PAT 17:31 
sames (tooth teeth)) 

5265 5 (camera near2 two near2 cameras) U5-PGPUB; OR OFF 2021/05/17 
nearS0 (tooth teeth) U5PAT 17:31 

5266 10 (tim$4 nearS0 (var$4 chang$4 U5-PGPUB; OR OFF 2021/05/17 
modif$4 alter$4) nearS0 (illuminat$4 U5PAT; 17:31 
light$4) nearS0 pattern nearS0 (teeth U5OCR 
tooth)) 

5267 15 (tim$4 with (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) with (illuminat$4 light$4) with U5PAT; 17:31 
pattern with (teeth tooth)) U5OCR 

5268 53 (tim$4 same (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) same (illuminat$4 light$4) U5PAT; 17:31 
same pattern same (teeth tooth) U5OCR 
same dimensions) 

5269 118 (tim$4 with (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) with (illuminat$4 light$4) with U5PAT; 17:31 
pattern with (teeth tooth object) with U5OCR 
dimensions) 

5270 118 (tim$4 with (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) with (illuminat$4 light$4) with U5PAT; 17:31 
pattern with (teeth tooth object) with DERWENT 
dimensions) 

5271 20 (tim$4 same (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) same (illuminat$4 light$4) U5PAT; 17:31 
same pattern same (teeth tooth) DERWENT 
same dimensions) 

5272 13 (tim$4 nearS0 (var$4 chang$4 U5-PGPUB; OR OFF 2021/05/17 
modif$4 alter$4) nearS0 (illuminat$4 U5PAT; 17:31 
light$4) nearS0 pattern nearS0 (teeth DERWENT 
tooth)) 

5273 18 (tim$4 with (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) with (illuminat$4 light$4) with U5PAT; 17:31 
pattern with (teeth tooth)) DERWENT 

5280 1 (tim$4 same (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) same (illuminat$4 light$4) U5PAT; 17:31 
same pattern same (teeth tooth DERWENT 
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object)) and ("20060158665" I 
"4516231" I "4640620" I "4896015" I 
"20050283065" I "20060212260" I 
"5377011" I "7221332" I 
"20050283065" I "20070109559" I 
"4291958" I "4349880" I "5615003" I 
"20090231649" I "20070171220" I 
"6227850" I "6645148" I "7813591" I 
"20090167948" I "20060251408" I 
"20070134615" I "5722412" I 
"6592371" I "8903476" I 
"20030096210" I "20040080754" I 
"20070252074" I "20090279103" I 
"20100157086" I "5381236" I 
"20070041729" I "7213214" I 
"9329675" I "20090103103" I 
"20100079581" I "5372502" I 
"5428450" I "6485413" I "7551353" I 
"6697164" I "5737339" I 
"20030164952" I "20050237581" I 
"20060020204" I "20060092133" I 
"20120179035" I "5131844" I 
"20070172112" I "20100009308" I 
"5181181" I "20070194214" I 
"4575805" I "4629324" I 
"20090322676" I "5269325").PN. 

5281 1 (tim$4 same (var$4 chang$4 modif$4 US-PGPUB; OR OFF 2021/05/17 
alter$4) same (illuminat$4 light$4) USPAT; 17:31 
same pattern same (teeth tooth USOCR; 
object)) and ("20060158665" I DERWENT 
"4516231" I "4640620" I "4896015" I 
"20050283065" I "20060212260" I 
"5377011" I "7221332" I 
"20050283065" I "20070109559" I 
"4291958" I "4349880" I "5615003" I 
"20090231649" I "20070171220" I 
"6227850" I "6645148" I "7813591" I 
"20090167948" I "20060251408" I 
"20070134615" I "5722412" I 
"6592371" I "8903476" I 
"20030096210" I "20040080754" I 
"20070252074" I "20090279103" I 
"20100157086" I "5381236" I 
"20070041729" I "7213214" I 
"9329675" I "20090103103" I 
"20100079581" I "5372502" I 
"5428450" I "6485413" I "7551353" I 
"6697164" I "5737339" I 
"20030164952" I "20050237581" I 
"20060020204" I "20060092133" I 
"20120179035" I "5131844" I 
"20070172112" I "20100009308" I 
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"5181181" I "20070194214" I 
"4575805" I "4629324" I 
"20090322676" I "5269325").PN. 

5282 16 (tim$4 same (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) sames (illuminat$4 light$4) U5PAT; 17:31 
same2 pattern same2 (teeth tooth DERWENT 
object)) and ("20060158665" I 
"4516231" I "4640620" I "4896015" I 
"20050283065" I "20060212260" I 
"5377011" I "7221332" I 
"20050283065" I "20070109559" I 
"4291958" I "4349880" I "5615003" I 
"20090231649" I "20070171220" I 
"6227850" I "6645148" I "7813591" I 
"20090167948" I "20060251408" I 
"20070134615" I "5722412" I 
"6592371" I "8903476" I 
"20030096210" I "20040080754" I 
"20070252074" I "20090279103" I 
"20100157086" I "5381236" I 
"20070041729" I "7213214" I 
"9329675" I "20090103103" I 
"20100079581" I "5372502" I 
"5428450" I "6485413" I "7551353" I 
"6697164" I "5737339" I 
"20030164952" I "20050237581" I 
"20060020204" I "20060092133" I 
"20120179035" I "5131844" I 
"20070172112" I "20100009308" I 
"5181181" I "20070194214" I 
"4575805" I "4629324" I 
"20090322676" I "5269325").PN. 

5283 16 (tim$4 same (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) sames (illuminat$4 light$4) U5PAT; 17:31 
same2 pattern same2 (teeth tooth U5OCR; 
object)) and ("20060158665" I DERWENT 
"4516231" I "4640620" I "4896015" I 
"20050283065" I "20060212260" I 
"5377011" I "7221332" I 
"20050283065" I "20070109559" I 
"4291958" I "4349880" I "5615003" I 
"20090231649" I "20070171220" I 
"6227850" I "6645148" I "7813591" I 
"20090167948" I "20060251408" I 
"20070134615" I "5722412" I 
"6592371" I "8903476" I 
"20030096210" I "20040080754" I 
"20070252074" I "20090279103" I 
"20100157086" I "5381236" I 
"20070041729" I "7213214" I 
"9329675" I "20090103103" I 
"20100079581" I "5372502" I 
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"5428450" I "6485413" I "7551353" I 
"6697164" I "5737339" I 
"20030164952" I "20050237581" I 
"20060020204" I "20060092133" I 
"20120179035" I "5131844" I 
"20070172112" I "20100009308" I 
"5181181" I "20070194214" I 
"4575805" I "4629324" I 
"20090322676" I "5269325").PN. 

5284 136 ("20060158665" I "20060212260" I U5-PGPUB; OR OFF 2021/05/17 
"4516231" I "4640620" I "4896015" I U5PAT; 17:32 
"5377011" I "5428450" I "7221332" I U5OCR; 
"20050283065" I "20070041729" I DERWENT 
"20070109559" I "20070171220" I 
"4291958" I "4349880" I "5615003" I 
"6227850" I "6645148" I "7813591" I 
"20100108873" I "4575805" I 
"20090167948" I "5722412" I 
"5737339" I "6592371" I "8903476" I 
"20030096210" I "20040080754" I 
"20070252074" I "20090279103" I 
"20100157086" I "5381236" I 
"7213214" I "9329675" I 
"20090103103" I "20100079581" I 
"5372502" I "6485413" I "7551353" I 
"20030164952" I "20050237581" I 
"20060020204" I "20060092133" I 
"20120179035" I "5131844" I 
"6697164" I "20070134615" I 
"20070172112" I "20090231649" I 
"20100009308" I "5181181" I 
"20060251408" I "20070194214" I 
"20090322676" I "4575805" I 
"4629324" I "5269325").PN. 

5285 1 (tim$4 same (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) same (illuminat$4 light$4) U5PAT; 18:03 
same pattern same (teeth tooth U5OCR; EPO; 
object)) and ("20060158665" I JPO; 
"4516231" I "4640620" I "4896015" I DERWENT; 
"20050283065" I "20060212260" I IBM_TDB 
"5377011" I "7221332" I 
"20050283065" I "20070109559" I 
"4291958" I "4349880" I "5615003" I 
"20090231649" I "20070171220" I 
"6227850" I "6645148" I "7813591" I 
"20090167948" I "20060251408" I 
"20070134615" I "5722412" I 
"6592371" I "8903476" I 
"20030096210" I "20040080754" I 
"20070252074" I "20090279103" I 
"20100157086" I "5381236" I 
"20070041729" I "7213214" I 
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"9329675" I "20090103103" I 
"20100079581" I "5372502" I 
"5428450" I "6485413" I "7551353" I 
"6697164" I "5737339" I 
"20030164952" I "20050237581" I 
"20060020204" I "20060092133" I 
"20120179035" I "5131844" I 
"20070172112" I "20100009308" I 
"5181181" I "20070194214" I 
"4575805" I "4629324" I 
"20090322676" I "5269325").PN. 

5286 1 (tim$4 same (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) same (illuminat$4 light$4) U5PAT; 18:03 
same pattern same (teeth tooth U5OCR; EPO; 
object)) and ("20060158665" I JPO; 
"4516231" I "4640620" I "4896015" I DERWENT; 
"20050283065" I "20060212260" I IBM_TDB 
"5377011" I "7221332" I 
"20050283065" I "20070109559" I 
"4291958" I "4349880" I "5615003" I 
"20090231649" I "20070171220" I 
"6227850" I "6645148" I "7813591" I 
"20090167948" I "20060251408" I 
"20070134615" I "5722412" I 
"6592371" I "8903476" I 
"20030096210" I "20040080754" I 
"20070252074" I "20090279103" I 
"20100157086" I "5381236" I 
"20070041729" I "7213214" I 
"9329675" I "20090103103" I 
"20100079581" I "5372502" I 
"5428450" I "6485413" I "7551353" I 
"6697164" I "5737339" I 
"20030164952" I "20050237581" I 
"20060020204" I "20060092133" I 
"20120179035" I "5131844" I 
"20070172112" I "20100009308" I 
"5181181" I "20070194214" I 
"4575805" I "4629324" I 
"20090322676" I "5269325").PN. 

5287 16 (tim$4 same (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) sames (illuminat$4 light$4) U5PAT; 18:03 
same2 pattern same2 (teeth tooth U5OCR; EPO; 
object)) and ("20060158665" I JPO; 
"4516231" I "4640620" I "4896015" I DERWENT; 
"20050283065" I "20060212260" I IBM_TDB 
"5377011" I "7221332" I 
"20050283065" I "20070109559" I 
"4291958" I "4349880" I "5615003" I 
"20090231649" I "20070171220" I 
"6227850" I "6645148" I "7813591" I 
"20090167948" I "20060251408" I 
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"20070134615" I "5722412" I 
"6592371" I "8903476" I 
"20030096210" I "20040080754" I 
"20070252074" I "20090279103" I 
"20100157086" I "5381236" I 
"20070041729" I "7213214" I 
"9329675" I "20090103103" I 
"20100079581" I "5372502" I 
"5428450" I "6485413" I "7551353" I 
"6697164" I "5737339" I 
"20030164952" I "20050237581" I 
"20060020204" I "20060092133" I 
"20120179035" I "5131844" I 
"20070172112" I "20100009308" I 
"5181181" I "20070194214" I 
"4575805" I "4629324" I 
"20090322676" I "5269325").PN. 

5288 16 (tim$4 same (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) sames (illuminat$4 light$4) U5PAT; 18:04 
same2 pattern same2 (teeth tooth U5OCR; EPO; 
object)) and ("20060158665" I JPO; 
"4516231" I "4640620" I "4896015" I DERWENT; 
"20050283065" I "20060212260" I IBM_TDB 
"5377011" I "7221332" I 
"20050283065" I "20070109559" I 
"4291958" I "4349880" I "5615003" I 
"20090231649" I "20070171220" I 
"6227850" I "6645148" I "7813591" I 
"20090167948" I "20060251408" I 
"20070134615" I "5722412" I 
"6592371" I "8903476" I 
"20030096210" I "20040080754" I 
"20070252074" I "20090279103" I 
"20100157086" I "5381236" I 
"20070041729" I "7213214" I 
"9329675" I "20090103103" I 
"20100079581" I "5372502" I 
"5428450" I "6485413" I "7551353" I 
"6697164" I "5737339" I 
"20030164952" I "20050237581" I 
"20060020204" I "20060092133" I 
"20120179035" I "5131844" I 
"20070172112" I "20100009308" I 
"5181181" I "20070194214" I 
"4575805" I "4629324" I 
"20090322676" I "5269325").PN. 

5289 16 (tim$4 same (var$4 chang$4 modif$4 U5-PGPUB; OR OFF 2021/05/17 
alter$4) sames (illuminat$4 light$4) U5PAT; 18:04 
same2 pattern same2 (teeth tooth U5OCR; EPO; 
object)) and ("20060158665" I JPO; 
"4516231" I "4640620" I "4896015" I DERWENT; 
"20050283065" I "20060212260" I IBM_TDB 
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"5377011" I "7221332" I 
"20050283065" I "20070109559" I 
"4291958" I "4349880" I "5615003" I 
"20090231649" I "20070171220" I 
"6227850" I "6645148" I "7813591" I 
"20090167948" I "20060251408" I 
"20070134615" I "5722412" I 
"6592371" I "8903476" I 
"20030096210" I "20040080754" I 
"20070252074" I "20090279103" I 
"20100157086" I "5381236" I 
"20070041729" I "7213214" I 
"9329675" I "20090103103" I 
"20100079581" I "5372502" I 
"5428450" I "6485413" I "7551353" I 
"6697164" I "5737339" I 
"20030164952" I "20050237581" I 
"20060020204" I "20060092133" I 
"20120179035" I "5131844" I 
"20070172112" I "20100009308" I 
"5181181" I "20070194214" I 
"4575805" I "4629324" I 
"20090322676" I "5269325").PN. 

5290 198 (fisker-rune).in. U5-PGPUB; OR OFF 2021/05/17 
U5PAT; 18:09 
U5OCR; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

5291 49 (ojelund-henrik).in. U5-PGPUB; OR OFF 2021/05/17 
U5PAT; 18:09 
U5OCR; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

5292 11 (kjaer-rasmus).in. U5-PGPUB; OR OFF 2021/05/17 
U5PAT; 18:09 
U5OCR; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

5293 55 (van-der-poel-mike).in. U5-PGPUB; OR OFF 2021/05/17 
U5PAT; 18:10 
U5OCR; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

5294 17 ( qazi-arish-a ). in. U5-PGPUB; OR OFF 2021/05/17 
U5PAT; 18:10 
U5OCR; EPO; 
JPO; 
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DERWENT; 
IBM_TDB 

5295 67 (hollenbeck-karl-josef).in. US-PGPUB; OR OFF 2021/05/17 
USPAT; 18:10 
USOCR; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

5/17/2021 6:19:03 PM 
C:\Users\jmesal\Documents\EAST\Workspaces\case number_17206581_A-Scanner-Determine-3D­
Geometry-AND-Color-Of-Surface-Of-Object-Array-Sensor-Elements.wsp 
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EAST Search History 

EAST Search History (Interference) 

Ref Hits Search Query DBs Default Plurals Time 
# Operator Stamp 

5308 9 (tim$4 near50 (var$4 chang$4 modif$4 us- OR OFF 2021/05/17 
alter$4) near50 (illuminat$4 light$4) PGPUB; 17:31 
near50 pattern near50 (teeth tooth)) USPAT 

5309 14 (tim$4 with (var$4 chang$4 modif$4 us- OR OFF 2021/05/17 
alter$4) with (illuminat$4 light$4) with PGPUB; 17:31 
pattern with (teeth tooth)) USPAT 

5310 4 (tim$4 with (var$4 chang$4 modif$4 us- OR OFF 2021/05/17 
alter$4) with (illuminat$4 light$4) with PGPUB; 17:31 
pattern with (teeth tooth object) with USPAT 
dimensions).clm. 

5311 4 (tim$4 with (var$4 chang$4 modif$4 us- OR OFF 2021/05/17 
alter$4) with (illuminat$4 light$4) with PGPUB; 17:31 
pattern with (teeth tooth object) with USPAT 
dimensions).clm. 

5312 20 (tim$4 same (var$4 chang$4 modif$4 us- OR OFF 2021/05/17 
alter$4) same (illuminat$4 light$4) same PGPUB; 17:31 
pattern same (teeth tooth) same USPAT 
dimensions) 

5313 9 (tim$4 near50 (var$4 chang$4 modif$4 us- OR OFF 2021/05/17 
alter$4) near50 (illuminat$4 light$4) PGPUB; 17:31 
near50 pattern near50 (teeth tooth)) USPAT 

5314 14 (tim$4 with (var$4 chang$4 modif$4 us- OR OFF 2021/05/17 
alter$4) with (illuminat$4 light$4) with PGPUB; 17:32 
pattern with (teeth tooth)) USPAT 

5315 188 (fisker-rune).in. us- OR OFF 2021/05/17 
PGPUB; 17:32 
USPAT 

5316 9 (kjaer-rasmus).in. us- OR OFF 2021/05/17 
PGPUB; 17:32 
USPAT 

5317 54 (van-der-poel-mike).in. us- OR OFF 2021/05/17 
PGPUB; 17:32 
USPAT 

5318 16 ( qazi-arish-a ). in. us- OR OFF 2021/05/17 
PGPUB; 17:32 
USPAT 

5319 64 (hollenbeck-karl-josef).in. us- OR OFF 2021/05/17 
PGPUB; 17:32 
USPAT 
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5/17/2021 6:20:38 PM 
C:\Users\jmesal\Documents\EAST\Workspaces\case number_17206581_A-Scanner-Determine-3D­
Geometry-AND-Color-Of-Surface-Of-Object-Array-Sensor-Elements.wsp 
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STATEMENT BY APPLICANT 

!Rune FISKER et al. (Not for submission under 37 CFR 1.99) First Named Inventor 

Art Unit 

Examiner Name I 
Attorney Docket Number 0079124-000337 

44 6904159 B2 2005-06-07 Porikli, Faith M 

45 6990228 B1 2006-01-24 Wiles, et al. 
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20 H06201337 JP A 1994-07-19 Hitachi Ltd. Abstract 

Submitted 

21 02076327 WO A1 2002-10-03 Decim AB 

English 
22 2009238245 JP A 2009-10-15 Namco Bandai Games Inc. Abstract 

Submitted 

23 2011047731 WO A1 2011-04-28 Tele Atlas B.V. 

24 2012115862 WO A2 2012-08-30 3M Innovative Properties 
Co 

25 1906678 CN A 2007-01-31 Matsushita Electric Ind Co w/English 
Ltd. Abstract 

26 1067573 CN A 1993-01-06 Phoenix Laser Systems w/English 
Inc. Abstract 

NON-PATENT LITERATURE DOCUMENTS 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, 

Initials* No 
magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or Ts 

country where published. 

1 Certified copy of Swiss Priority Document 01580/08, October 6, 2008, with English Translation. f""" 

2 
Petition for Inter Partes Review of U S. Patent No. 10,349,042, Case No. IPR2020-01087, Align , .......... 

Technology, Inc., Petitioner, v. 3Shape A/S, Patent Owner (89 pages). 
l 

3 
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13 
Align Technology, Inc., Petitioner v. 3Shape A/S Patent Owner, Case IPR2018-00197 - US Pat , .......... 
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ALIGN TECHNOLOGY, INC. Petitioner V., 3Shape A/S, Patent Owner, PETITION FOR INTER 
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Hajeer et al., Current Products and Practices Applications of 3D imaging in orthodontics: Part II, r----· 
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Vol. 205, No. 7, October 11, 2008, pages 387-392. 
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ALIGN TECHNOLOGY, INC. Petitioner, DECLARATION OF DR. CHANDRAJIT L. BAJAJ, 
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pages. 
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filed October 30, 2018, 318 pages. 
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pages. 

ALIGN TECHNOLOGY, INC. Petitioner, DECLARATION OF DR. CHANDRAJIT L. BAJAJ, 

31 
PH.D. IN SUPPORT OF INTER PARTES REVIEW OF U.S. PATENT NO. 9,962,244, Case , ....... 

Nos. IPR2019-00118, Patent 9,962,244, 3SHAPE A/S Patent Owner, filed November 5, 2018, 
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316 pages. 

ALIGN TECHNOLOGY, INC. Petitioner V., 3Shape A/S, Patent Owner, PATENT OWNER'S 

32 
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PRELIMINARY RESPONSE TO THE PETITION FOR INTER PARTES REVIEW OF U.S. f'-'-" 
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pages. 
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Case No. PGR2018-00103, Patent 9,962,244, filed February 19, 2019, 64 pages. 

ALIGN TECHNOLOGY, INC. Petitioner V., 3Shape A/S, Patent Owner, PATENT OWNER'S 

35 
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(Forms PCT/1 B/326 and PCT/IB/373) and the Written Opinion of the International Searching 
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41 in corresponding Japanese Patent Application No. 2014-234653 and English Translation 

, ....... 
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(2 pages). 
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Japanese Patent Application No. 2014-234653 and English translation (25 pages). 
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YOSHIZAWA, Toru, "Handbook of Optical Metrology Principles and Application," CRC Press, r----· 
pages 135-153 (February 25, 2009) (15 pages). 

44 Exhibit 2- 3D Imagery Handbookoh (Moria Ogami, First Edition, Feb. 20, 2006, pages 45-46 , ....... 

(4 pages). 
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45 Exhibit 6- Latest Optical 30 Measurementoh (Toru Yoshizawa, First Edition, Nov. 20, 2006, , ....... 

pages 45-48 (16 pages). 
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46 Notification of third party observations concerning JP 2014-234653 mailed October 27, 2015, f""" 
and translation of notification (31 pages). 

47 ELGAMMAL, "CS 534: Computer Vision Texture, "Department of Computer Science, Rutgers f" 
University, Spring 2003) (22 pages). 

48 NOGUCHI et al., "Microscopic Shape from Focus Using a Projected Illumination Pattern," , .......... 

Mathematical and Computer Modelling, (September 1996), Vol. 24, No. 5/6, pages 31-48. 
) 

49 SMITH, "Digital Signal Processing" A Practical Guide for Engineers and Scientists," r·· 
Demystifying Technology Series, pages 138, 262, 307-308 (1998). 

GUEHRING, "Dense 3D surface acquisition by structured light using off-the-shelf components," 
50 Proceedings of SPIE - The International Society for Optical Engineering, (December 22, 2000), f'-'-" 

Vol. 4309 (13 pages). 
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2017(41 pages). 
) 

53 Notice of Opposition issued in corresponding European Patent No. 2 442 720, dated f""" 
August 24, 2016 (6 pages). 

54 Notice of Opposition issued in corresponding European Patent No. 2 442 720, dated r----· 
August 24, 2016 (5 pages). 

55 Notice of Opposition issued in corresponding European Patent No. 2 442 720, dated May 24, , ....... 

2017 (23 pages). 
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56 Richard J. CHERRY "New Techniques of Optical Microscopy and Microspectroscopy", The r·· 
Macmillan Press Ltd., 1991 (3 pages). 

57 
Michael P. KEATING "Geometric, Physical, and Visual Optics", Butterworth Publishers, 1988 f'-'-" 
(3 pages). 

58 XIAO, et al., "Efficient Partial-Surface Registration for 3D Objects", Computer Vision and Image f" 
Understanding, Volume 98, Number 2, 2005, pp. 271-294. 

YAMANY, et al., "Free-Form Surface Registration Using Surface Signatures", The Proceedings 
59 of the Seventh IEEE International Conference on Computer Vision, September 20-27, 1999, 

, .......... 
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7 pages. 
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International Conference on Computer Vision (ICCV 2003) 2-Volume Set, 2003, 9 pages. 
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62 3Shape A/S v. Align Technology, Inc., Case No. 1 :18-886-LPS, Markman Hearing r···· 
Presentation", April 21, 2020, 104 pages. 
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393 pages. 
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Kobenhavn K, DENMARK 
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International Application Number: 
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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 
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National Stage of an International Agglication under 35 U.S.C. 371 
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New International Agglication Filed with the USPTO as a Receiving Office 
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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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Receipt date: 03/26/2021 17/206,581 - GAU: 2484 

Based on USPTO Form PTO/SB/08 

Application Number 17206581 

INFORMATION DISCLOSURE Filing Date 2021-03-19 
STATEMENT BY APPLICANT 

!Rune FISKER et al. (Not for submission under 37 CFR 1.99) First Named Inventor 

Art Unit 

Examiner Name I 
Attorney Docket Number 0079124-000337 

67 8547374 B1 2013-10-01 Sadjadi, et al. 

68 8564657 B2 2013-10-22 Michalke, et al. 

69 8743114 B2 2014-06-03 Kim, et al. 

70 8867820 B2 2014-10-21 Peeper, et al. 

71 3878905 B2 2014-11-04 Fisker, et al. 

72 8897526 B2 2014-11-25 Macleod, et al. 

73 9185388 B2 2015-11-10 Mcnamer, et al. 

74 9208612 B2 2015-12-08 Frahm, et al. 

75 9299192 B2 2016-03-29 Kopelman, Avi 

76 9322646 B2 2016-04-26 Pochiraju, et al. 

77 9629551 B2 2017-04-25 Fisker, et al. 

78 10064553 B2 2018-09-04 Fisker, et al. 

79 10349042 B1 2109-07-09 Fisker, et al. 

U.S.PA TENT APPLICATION PUBLICATIONS 

Examiner 
Initial* 

s I annlied Change( 

to docum e nt, 

./ /K.S.S 
6/28/20 ~ 1 

Pages, Columns, Lines, 
Cite Publication Number Kind Publication Name of Patentee or Applicant of cited Where Relevant 
No Code1 Date Document Passages or Relevant 

Figures Appear 

1 26§629¥561 A1 2005-10-27 Knighton et al. 200502375s1 

2 20060092133 A1 2006-05-04 Touma et al. 

3 20100009308 A1 2010-01-14 Wen et al. 

4 20030164952 A1 2003-09-04 Deichmann et al. 

5 ~QeQ~~E!E!eQ A1 2006-09-21 Kopelman et al. 20060212260 

6 20070172112 A1 2007-07-26 Paley et al. 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. ISSUE DATE 

17/206,581 07/27/2021 

21839 7590 07/07/2021 

BUCHANAN, INGERSOLL & ROONEY PC 
1737 KING STREET 
SUITE 500 
ALEXANDRIA, VA 22314-2727 

PATENT NO. 

11076146 

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

ATTORNEY DOCKET NO. 

0079124-000337-Tl 

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) 

CONFIRMATION NO. 

6170 

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): 

Rune FISKER, Virum, DENMARK; 
3SHAPE A/S, Copenhagen K, DENMARK 
Henrik OJELUND, Lyngby, DENMARK; 
Rasmus KJ£R, K0benhavn K, DENMARK; 
Mike van der POEL, R0dovre, DENMARK; 
Arish A. QAZI, Toronto, CANADA; 
Karl-Josef HOLLENBECK, Copenhagen 0, DENMARK; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
IR103 (Rev. 10/09) 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

17/206,581 03/19/2021 

21839 
BUCHANAN, INGERSOLL & ROONEY PC 
1737 KING STREET 
SUITE 500 
ALEXANDRIA, VA 22314-2727 

Title:FOCUS SCANNING APPARATUS 

Publication No.US-2021-0211638-A 1 
Publication Date:07 /08/2021 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. ~Sl1:fM[;3.~~CJ'JER FOR PATENTS 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

RuneFISKER 0079124-000337-Tl 
CONFIRMATION NO. 6170 

PUBLICATION NOTICE 

111111111111111111111111]~!1]i~1i~1uHn!i1u111111111111111111111111 

NOTICE OF PUBLICATION OF APPLICATION 

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

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

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

In addition, information on the status of the application, including the mailing date of Office actions and 
the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

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

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 

page 1 of 1 
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Case 6:21-cv-01110-ADA Document 2 Filed 10/27/21 Page 1 of 1 

AO 120 (Rev. 08/10) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court For The Western District of Texas, Waco Division on the following 

D Trademarks or [M'Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
6:21-cv-1110 10/26/2021 For The Western District of Texas, Waco Division 

PLAINTIFF DEFENDANT 

3SHAPEA/S CARESTREAM DENTAL, LLC 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 RE48,221 9/22/2020 3SHAPEA/S 

2 10,695,151 6/30/2020 3SHAPEA/S 

3 11,076,146 7/27/2021 3SHAPEA/S 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

D Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

IDECISION/ruDGEMENT 

I (BY) DEPUTY CLERK 

Copy 1-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 
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Case 6:22-cv-00443 Document 4 Filed 05/02/22 Page 1 of 1 

AO 120 (Rev. 08/10) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court for the Western District of Texas Waco Division on the following 

D Trademarks or [M'Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
5/2/2022 for the Western District of Texas Waco Division 

PLAINTIFF DEFENDANT 

3Shape A/S Medit Corp. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 11,076,146 7/27/2021 3Shape A/S 

2 9,629,551 4/25/2017 3Shape A/S 

3 10,064,553 9/4/2018 3Shape A/S 

4 10,695,151 6/30/2020 3Shape A/S 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

D Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

IDECISION/ruDGEMENT 

I (BY) DEPUTY CLERK 

Copy 1-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 
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