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DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 16526281 Document Date: 07/30/2019 

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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REISSUE PATENT APPLICATION TRANSMITTAL 
Attnrr.ey Or,r.ket Nri. 0079124-000266 

Henrik dj13,lund 

9,329,675 
Mail Stop Reissue 
Commissioner fur Patents 
P.O. Bol!.1450 
Alexandrla, VA 22313-1450 

Original Pat.mt !ssue Date 

(Month/0'-<\'/¥.,~r) 05/03/2016 
Expr<!,s M;iil Label No. 

APPLICATION FOR REISSUE Of; 
{ch,,.~k upp/ie<Jbie !><>xl 
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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 0079124-000266 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SYSTEM WITH 3D USER INTERFACE INTEGRATION 

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

City Eyngby l1country of Residence i l~K I 

Mailing Address of Inventor: 

Address 1 Kulsvierparken 55 

Address 2 

City I1--yngby I State/Province 11 

Postal Code I l□K-2800 I Countryi II°K 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El !Javid I t'ISCHER I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City Etenl0se IICountry of Residence i l~K I 

Mailing Address of Inventor: 

Address 1 Radyrleddet 16 

Address 2 

City I t,tenl0se I State/Province 11 
Postal Code I IDK-3660 I Countryi II°K 

Inventor b 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 0079124-000266 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SYSTEM WITH 3D USER INTERFACE INTEGRATION 

Prefix Given Name Middle Name Family Name Suffix 

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

City r0benhavn 0 IICountry of Residence i 11 I 

Mailing Address of Inventor: 

Address 1 Ribegade 12 3.th 

Address 2 

City I 1<0benhavn 0 I State/Province 11 

Postal Code I l□K-2100 I Countryi I l□K 
All Inventors Must Be Listed - Additional Inventor Information blocks may be I Add I generated within this form by selecting the Add button. 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number )1839 

Email Address I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention SYSTEM WITH 3D USER INTERFACE INTEGRATION 

Attorney Docket Number 0079124-000266 I Small Entity Status Claimed □ 
Application Type Non provisional T 

Subject Matter Utility T 

Total Number of Drawing Sheets (if any) I~ I Suggested Figure for Publication (if any) I ~a 

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 

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 0079124-000266 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SYSTEM WITH 3D USER INTERFACE INTEGRATION 

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 IO 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 !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

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

I reissued of I· 113991513 ~013-06-04 ~329675 ~016-05-03 

Prior Application Status !='ending . I Remove I 
Filing or 371 (c) Date 

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

~3991513 ~ 371 of international . PCT/DK2011/050461 ~011-12-05 

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

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

tcT/DK2011/050461 J:laims benefit of provisional . 61420138 ~010-12-06 

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

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 0079124-000266 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SYSTEM WITH 3D USER INTERFACE INTEGRATION 

Foreign Priority Information: 

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

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. 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) 

!='A 2010 01104 IJK J/010-12-06 

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. 

0079124-000266 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SYSTEM WITH 3D USER INTERFACE INTEGRATION 

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 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box Bin subsection 2 (opt-out of authorization) is checked, 
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
the instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 

EFS Web 2.2.13 
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PTO/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 0079124-000266 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SYSTEM WITH 3D USER INTERFACE INTEGRATION 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Tille 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 11 I Remove I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 

• Assignee 
I 

Legal Representative under 35 U.S.C. 117 
I 

Joint Inventor 

Person to whom the inventor is obligated to assign. 
I Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

1~1 
Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. ~ 
Organization Name I ~ShapeA/S 

Mailing Address Information For Applicant: 

Address 1 Holmens Kanai 7, 4. sal 

Address 2 

City :;openhagen K State/Province 

Country I !=>K Postal Code DK-1060 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. I Add I 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 

EFS Web 2.2.13 
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PTO/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 0079124-000266 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SYSTEM WITH 3D USER INTERFACE INTEGRATION 

Assignee 11 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. ~ 
Organization Name 

I ~ShapeA/S 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 Holmens Kanai 7, 4. sal 

Address 2 

City t;openhagen K I I State/Province 

Countryi I ~K Postal Code DK-1060 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
I Add I selecting the Add button. 

Signature: Remove 

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b ). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
power of attorney (e.g., see US PTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature VStephany G. Small/ Date (YYYY-MM-DD) ~019-07-30 

First Name ~tephany G. I Last Name I ~mall Registration Number 69,532 

Additional Signature may be generated within this form by selecting the Add button. I Add I 

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 0079124-000266 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SYSTEM WITH 3D USER INTERFACE INTEGRATION 

This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

EFS Web 2.2.13 
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Privacy Act Statement 

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

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

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 the Freedom of 
Information Act requires disclosure of these records. 

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 PatentCooperationTreaty. 

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 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. 

EFSWeb2.2.13 
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Patent 
Attorney Docket No. 0079124-000266 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of 

Henrik OJELUND, et al. 

) 
) 
) MAIL STOP: REISSUE 
) 

Reissue of U.S. Patent No. 9,329,675: ) 
) 

Issued: May 3, 2016 ) 

For: SYSTEM WITH 3D USER INTERFACE 
INTEGRATION 

) 
) 
) 

GENERAL AUTHORIZATION FOR PETITIONS 
FOR EXTENSIONS OF TIME AND PAYMENT OF FEES 

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

Sir: 

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. 

The Commissioner is hereby authorized to charge any appropriate fees under 37 C.F.R. 

§ 1.17 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. 

Date: July 30, 2019 

Customer No. 21839 
703 836 6620 

Respectfully submitted, 

BUCHANAN INGERSOLL & ROONEY PC 

By: /Stephany G. Small/ 
Stephany G. Small 
Registration No. 69,532 

Buchanan Ingersoll A\ Rooney PC 
Attt>tn~y~~ &. Gt)v~rr:-rn(:lnt Rf:!attt)r!$ Prt.tf{.l:•rsional·~ 
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liJ Paym;,r,t madii via EFS-Web. 
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US 9,329.675 B2 
1 

SYSTEM WITH 30 USER lN1'EREACE 
INTEGRATION 

FJELD OF THE ]NVENUON 

Thi.s invention ;;cnemUy rnlai:<::$ to a method mid a system 
c,,mpri;;ing a han.dheld. dcvict: am! ;iJ lca~t one display. 

2 
measuring and nmnip11lating, and fot rernntdy controlling the 
view oflfa! 3D envirmum:m on lhe display, 

Geometrically, a vie'>>' :i:; determined by the virt1ml observ­
c( ;,:,1c,miera's posHionand oricnlatfonrelativeto ,bi:- 3DeJwi­
mnme.rn or its ·visi.m! r-.:~pre,;t:ni.Jtion. ff !lie display is two­
dimensiornll, th1.:' vk"\Y ii> also dr;;tcnnined by th;: typ.e of 
prnjcl'.!i<)n. A view· may ah~, be determined. by a 1m1gnillcalion 
factor. 

BACKGROUND OF THE INVENTION 

3D visualir.ation fa impommt hun,my fidds ufimlustry and 
n,edicim.:\ vd1ere 3D inform.atirn1 is becoming lll(>,t: and more 
predominant. 

·n1e Yirmal ob:;crver's and the JD envimnmcnt\, position 
n und mfomation am always relative to cach oilier. In tcrrns of 

Displaying and inspecting 3D inibrn1,Hion is inht'reuily 
difiicuH. Ti.., folly ,mdi.orataml a 3D obicet ,__,r emire environ- 15 

ment o:u a scr~;i, the user should gcn~-;.,l!y be abk to nll.ate 
the o~je.ct or seen,), ~1.ich that many {lt prefr,r-e11tially all sur­
faces are displayed. 1l1is is trUi:' C\''en for 3D disrfays, i:\J:}.. 
S1CK"OSmpic or holographic. where from a given vk--wing 
position and ,,..·ith a given view'ingm1glc, th<:.~ userwill only ;;cc J~, 

s,)mc sud\1ce;; ofan arbitrary 3D environment. Oih,11, the user 
•wiH ,ihm wmit to zoom into d<.~t::tils or zrn::rn mu for an ,)vcr­
v,ew. 

user t'.Xpcrici1,;x~ in solt..vare systenH w:ith 3D inp,1t de,'irnt<, 
the U.8t~ rn.ay fod th.at for example, ht:/shc i;; m.cwing 1h.c 3D 
,::nvironment whil<:: .remaining siatiomiry hin1selfHicrs(M: but 
!111.:"lv is alwars ,m ;;--quivuknt mDVt'cl11ent of the vimial 
ob1>erve.rh.·amern tbw gives the san,e n,,;mli:s on !Im display, 
Ofkn, descripti,:,us of 31) sofrware systerns use tlie cx-pr<::s• 
sion "pan" to indi;,,ale an apparen1 irm1;;l11tional rnovt~:nent of 
the 3D m1vimamcnt, "rotate" t..-, indit,ak a roi,itional mos,'e-
nK"l.,I (lfthc 3Denvirnrummt. and "z.oom" lo illdic,1iea dwnge 
in msgnificatim1 factor. 

(frnphically, cl vk">v can reprl:-sent a 3D environment by 
means ofpbotogruphs (ir as iwmc k1nd of virtual rt,pr1:.'wuta­
tim1 suC:h a,; a .:om.puter gmphic, or simiktt, A -.x,n1p1.1tcr Viu:icms u•;,;.~ inkni.ctiGn <lc~·ic;;;,:; are in use fr-,r sGib.>,·ar;:- that 

displays 3D data; tlK.-:;e devices are: 3D mi,~;;.~ space bal:ls, and 
!ouc:h ~r;;;~ns, Thi:, ot)en,ti,)n of lhese currenl intenR~cirn1 
dcvit.<-c>.S requiR•s physi~ally tonching thi!UL 

Physically lnm.:hi11g a ns~r-intcrm::ti.on d<."··i,:e ,:an be a dis­
advamage in rnt:·dical appfa:mfons due 10 risks .:;f crnss-con­
wminalion bt,u;wen pal:i1;n1s nr btc1wce.E1 pmiem mid1_;pemtor, 
nr in ind1,is1rial <1pplicaJion~ in dir1y envirnnm.ent:;, 

15 graphic can ht: r(~1dered ibr exarnpk~ 1-~iHh tcxltw iUJd/or 
,;hadi,1g andfor virtual light sour-ces and/or light modids for 
,rnrfal .. --e pmpcriies. A .. computer gntrhic CM abo be a simpli­
tie-d repri,,sentatim, (if fuc 3D mwironmimt, for ;,;x,imple a 
mesh, ~m omlin;:, or an othcnvi:;;c simplified repr,;:scntation. 

x, All tir parts ofthe 3D envimnmcnt can aho be rendered wilh 
some degree (tf trm1,~pm'<'.tKY, .A viec,"' may represent -ihc 3D 
environment in total or only parts ther.1->of. 

:\JI <;f!he touch-Jess rrim .at'! ~ys1em:;: are 31) nser inierfa;..--e 

&•t'eml nm1-j:ouch user int0rfac1c,:; tiw 31) data vie,ving in 
n1edical appVic,1tions ~ave bt?ell described. in the li!ernmre. 
Vogl et al (2004} d~sctibe a ll:>uchless inH•ractiv;;:~ :;y;;tem i<ir 
iu-s:itu vis1.wlizatkm of 3D mt..•dic~l iuwgjng dam, The i1s1c"l.' 

frltt.,rfact~ is bas.,'>:! 011 trm:kin .. ~ of reikctive mt1rkt."l'S, where ~, 
camera is mom,ted {i!1 the physician' & head, C.i:raetzcl ct al 
(2004) d;;-,,cribe a tondllcss system that i:utcrpr~ts hand ge~­
tltres HS m,WS{! rn;tfo:us. It is based ou siei-eo ',ision and 
intt.11d.,>;,I for use in minimally invasive su!)scry. 

_15 dt.>vices m:dy. In n1any p.rio.r art applications, the t1pcrat(,r 
using mcb m;cr inierfoce J<:'vke will ais(1 hold ilnd WQrk ,vith 
annth~r ,kvicc ilmt re.ally is the central devic(: in the 1,vct.ill 
appii ... .,fam, e.g. a medical imtrnmcnt. 

Ii remains ~, problem to impmve systems that require ns1:·r 
ir1krl;;c~;; forvii:c\'>' i:m1tmL which for exam pie can heu,;ed ibr 
dinkal purpo~s. 

H is thus an advamage of lhe pre$CJII system thai !he 3D 
¥; us<::.,-inkdac{.: fonchonafoy is intcgm1ed in the central device, 

which is us1,.>d for P"-~rformiog some kind ofa;..,tfon. 

SUMl\:1ARY 

l)isdo~ed is a system comprising a lmndhdd device and ~Ii 
leas! one display, where tl.1e h.andhdd dt~·vice is adapk..:1 for 
perl'i:>rming at leas, one anion in 3 physil,al 3D envimnment, 
where the m leas! one display is mliipted for visually .repre- 5i! 

si:cnting 1he phy;;ical 3D envimmncrn, and vih(;-re the handl1dd 
devict~ is adapkd for rernotdy c()n!n:>!ling rhc \'iew ,viih 
which :;aid 3D t~nvirotmwm is mpresenwd on the dispfay. 

The sysiem mn:t be adapkxi for switching betv.:·een per­
forming the at km-ii one aclbn in the phy;;i..'.al 3D tm,,iJon- 55 
mei1t, ;md remotely cornmlling tht~ vie-,, ,vi1h whidi the 3D 
envimnment is represented 011 ihe display. 

The syst1.:'m & sdosed !wre performs the integration of 3D 
user interface fonctiomlily with ~my other handheld device 
wiih ,~tlwr opx>r-::rting n.mc1ionality, such 1hat tlK' opcmk~r idc- 6t, 
ally only Hmche.; this latter tkvi.v.:. !Mt is intend,;,'(} 10 be 
toudled, A particufor exftttlf)le of sud1 a handhdd (ie'vkc is 
one ,hat r1,.>cords smne 3D geometry, for example <l handhdd 
3Dscanner, 

The Imndhcld dcvic;;.~ is a nrnlii-purpose device,. imch as a {,5 

dual-:imrpos;;' or two-pu11wse dwice, i e. a d;,:'vice both i;x 
r~rlhrming a.ctirn1s i£1 lhe rhysica! 31) environment, such as 

In some en:ihcdimcms 1h€i handhdd device i,; mfapt;cd for 
n..'llmtdy controlling the magnification ,viih .vhkh the JD 
euviromnent is reprt.'Se.aied on the display, 

In secme crnhcdimem_,.; the handhdd device i,; adapted for 
changing ,he rendering of the 3D ,:.'nvimnmt'nt on ihc di~rlay, 

In son1,;: em bo-ilinwnts the vkw is ddined as viewing angle 
and/or viewing position, 

In some ernhodimem:; the al lewa ont~ a1..,t1on ,.,mripri~es one 
m more of the action;; of: 

rne;;suring., 
r(...;,,rdi11g, 
:.cmmi.ng, 
m;miputa1ing, 
modifying 
lE1 ~;ome cmhodimcms 1he 3D en•tiromnem comprl,;cs one 

or more 3D objc(:ts. 
In :;:om;: em bodi nwnts the h<mdl)dd dl:'vicc ls adapt;.'d to be 

held iu ,..,ne ha.nd by au operator. 
In sc,me emhc,dim;;cnts the display is a,.tl11t1.>d 10 1.,"_Pres,,11t 

1he 3D environment frnm nmhipk vk•ws, 
In ~c,me (.-tnbt,diine.nts the di;;play is adapted to 1\-'fHcsent 

the 3D environment frmn dfflt'rt-nt vie'l-ving m1..,~les an<l-\,r 
vk">Ying posit:i(lns, 

fo S(>mc embodiments t!K~ view Dfthc 3D cnvirnn.m<:ni in 
the eit least mw display is at lc,i:;1 partly dct;;nt1inc<l by the 
motion oftbe ope.mlo.r's hand holding said di:wice. 
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In sorr11.:· l.:'mbodknents the nrngnific<1tim1 reprcsent1,,.l in the 
at least one display is at least partly ddcrmincd by the motion 
of the operator's hand holding said d1:•vice. 

In sotw~ c.rnhodimcuts the handheld device i5 adapk,d m 
record rhe 3D g:,;.,:;mctry of the :\D envinmmenL 

Thus the handhdd device mav ht~ an inlrnoral dentaI scan­
ll<o"r, which wcm.:ls !be 31) geoni" .. ~ti-y of a ptni<.~lt';; kdtt Tht.' 
operator nwy move !he s,c;mncr .along the 1 .. -,,_~th ofthe patient 
for capturing the JD g~,metry of !he n:~fovam t~th, e.g. ::tll 
Wclh. Thie Si..,umcr n-wy compnse .motion. se.n,ors for J;3king n 
the mnvemen:t of the sc,m11er into account ,.\·hik creating the 
3D nmdd of !h~~ scmm,;.·•d kcth. 

]fo: 3D model ~,fthe l.:clhmay be ~h1)wt1 onadi,;play, and 
1he disphiy may for example be a PC scret.m and/or ih,:, like, 

15 'Jhc U:;{~r il1terfoce funcl.ionality may i.':ompri,.;c incorpt,rat-­
ing mollon sensors in ihe scmmer to pn.wi&:-, th.HI i11(i user cm1 
dek~tmine !he vk'>'-'' on ifa: screen by movin,.~ the ;;.c,mner. 
Pi)inth:ig the scanner dti'l-,11 can provide that the scm1nt.~ tccth 
are shown given ii dmvn-wrird viewing wgk, Holding Hie 
sca.;.111er in u h(>1in,11iaJ posit.ion can provide thai the viewing J~, 

angle is lik;;,vise horizontal. 
In ,;nn1e embodiments the handhdd device c-em:rp1iscs ai 

ka&t one mer-intcrfiice dem.:nt. A. m1:~·-intcrfocc demcut is 
an ck·ni;c~nt '1-v:hich the user may n:mnipulate in order to activ.\1,1:~ 
a fimciion rn1 the nst"r interface of the sotlwm-t:. Typically the 15 

use inte.dace J)> g1.,,phica1ly pre)>entcd on the display ,):f the 
system. 

lbe hmidhdd Jcvke m;;y forthermore h~ pn:ivided with an 
a.:tm1tor, ,,,hich switdi;:_~s th;:, ham1hdd dc,··i1.,e btc,n\·"t.-c.n per­
forming the at least one action and n::rnntdy controlling the x, 
view. By prnvidiug sud1 a mm1uai :\-'\,Yi!d1-ing frmclion that 
en.ahk~s the op~rutor to $Witch ht<1wee111--e.rforming the at fNt$f 
one m:lioa and remrnely crn11n:;lling !ht~ vie,,;v-, !ht! npcmtor 
may easily control what i,; perforn1,xl. 

Suclrnn acl11atorcanforexamplebein !hefr;rmof.i button, .15 

sv,dtch nr conw..:1 .. In oih,,r t.'-mbodiment" it could b1:.• a touch 
s·em:.itiv;;• &urface or element. 

4 
is adapted for remotely contrnning: the view '<'-'1th which the 
31) envirm1m,.;nt, s11d1 ;1;; sc:anm."d k,t~lh,. is rL'flrt!SeJllt.'>:I nn lhe 
display. \:Vhile holding the button pres.:s<:.-x{ th!:' sysiem ,viii use 
signals from n nx,tion sen;;or in the bandhdd dev1ee tl, deter­
mine h,Jw lo pr1:~sent the view of !he virtmil 3:0 cnvimn::nenL 
Tims, if the user turm orntho.:•nvise movi;;s the fomd that holds 
the handheld <l.evkc llw vie,v of the virtu;iJ 3D ('l.i:vin:mmc:m 
ou the dispfay will cfomge accordingly. 

·nrns. ilic dentist may me 11~ sami.:· hm1dhdd devk.c fbr 
both sc,,nnin.g an area mtd ;;uh:;equemly V{:tifying that ik 
scan has bei:':n OX<:.Xl:ted correctly ',vitlwut having; to move 
a-..vay frm:n lhe pmienl m: h.wd1ing any otlwr ic.'qUipmern than 
alresdy presc1.11 in his haEtds. 

1n 1..mc ;.mbodlment the 1JS1;'l·-in1erfoce ekment is tht.' ,mme 
m; !he acmator, c,r where several m;er~intc:rface dem(:nls are 
pn:se.tli. ~t least "1.11e Hl:m functions ,H an acttmto.r. 

The S?Stem may be t.>.quipped ,,;,-11h a hut1m1 as an a,kfoinrml 
demcn:t providing the uscr-inicrfoce ftmctional i1y. 

hi sn ,:•xmnple the handhdd. device is .a handhdd lntr.,f,ml 
scanner, nnd the display is a con:tputcr sc.rt.~R The opc.mtor or 
mennny be a dc·ntist, an a%istant an.ctfor 1he like, The opern­
tion frmc1ionality of the device may h"" ;o record some 
intrnoml 3D g;:'<->mctry, m1d the us.;.T iut<:.Tfoce functionality 
m.ay be w ml,He, pan, and zoom 1he ,cmmt~d dH!a on il:i<;.~ 

;.,nmpnk.r screen. 
In wme emlx,diments the at least ,me u1,er-intcrfa::e de­

menl is at least <me moifou wn,;or. 
·nrns tilt' integration or the llSer into.:--rfoce iimctionality in 

1h1:~ device may be provi<li:ld hy motion sem,.,,:.i, which "-In be 
m:cdernme'ten inside the scminer, wh,,se readings deEem1inc 
the orientation of the .:fopfoy on the s1..,rccn (>fthe 3D model of 
the twih at.-.1ufred hy the ;;:c,;m11:,r. Add!i.-im:i;ll fimclionafoy, 
e.g. to start/stop scanning., may be provided hy a lmttm1. The 
buttzm may bt.' located \\'here the 1..,peri1tor's or us.1:':f's imk,x 
fing~r can reach it c<mv@.-i.cn1ly. 

Prior m1 ini:rmmd ,.::armers u~-c a iouch scK'ell, a trac-klmll, 
or a moust, ln determine the vfo·w i:n !he disph,y. Tlles"' prior 

In anotb<.:"'J' emhodim,.mt the actuator L'i)l,ld bt~ i.l motion 
s1:"'l.1sor pttwk'kx1 in the hundbdd device ihat function as 1h1c~ 
a.;:t1mtor ,vben ii mgisters a spi.>cifk type of movement, for 
example if tl1e opemior i>hake:; the h::mdheld device. 
Examples of sud, motion sctisors will be; described herein 
,v:iih .resp;;.':C1 to the user-interface element, however, the pi:':r­
wn ,;killed in the art win !iascd nn the disdosme herd11 
ltnderst:rnd that such motion sens,)n n:wy abn he used as 
m.·iuatorn as ,._liscu8se..t 

¥; art user imt"rfoce devices can he inconvenient, a,vk\;.,·ard m,d 
difficult to use. and 1bey ._,an be labor- intensive, and ihus 
cnslly to sterilize ,:,r disinfoct. .\n inira-oml scmme.r should 
ahvays be disinfected between scanning dincrcnt p.i1ients, 
lwcaw,e the ;;,:ittmt~r is in and may cmn;c in ;..·,ontHC! wi,h the 

,h mouth or Nher part;; nf the patient being_ St.'.ilnnc<l. 

For example, the folndJ,dd device can iJ1 one embodirneni 
be an irnrn-o.,,ll 31) ;;c:mmer us;.:-,,:} by a ,fontisL The s~~mr1er is 
sea ! o be perforrning the action of '"'mning,1 dental area \>,·hen 
!he m.,trnHor i;; in mte position. When the acmalnr is swi:tdK:d 5i! 

ul!n a s1:x:1md position !ht~ handheld is sci lo cont.ml HK~ view 
with which the 30 ert"\'ironmem ili rt,pre~ntcd on the display. 
Thi-,could lbrnx.ampkbethm whenthedenti;;1 havt;s,;;1m1NI 
a part of 01· !he c,)_mpfote de;;cired art,a t•l'an de11wl ,m:h he cm1 
activaEeEhe-acnmh_;nvlikh thcuallo,vs the dentist lo re-moldy 55 
control tlm vie,v of the :ID represc.mali<m !}f!he ;;c;imwd m-ea 
on ,hedi;;play by using the hanclhdddevic1c. 

For ;:-~;.ample. the actuatm couM be a butimL \Vllen d11c, 
but.on is ptt:sse<l qwickly 1h1:: handhdd d1:•vice is prepaw:l for 
sca11.ning, L--~- it is set for P'2rformil1g a.t kmn ~1ne action. tilt~ 6t, 
;;cmming pro..:clurn, in the physical 3D e11virnnmcn1. The 
sc,inning is s1opped whc·n the button. is pressc-d quickly ,l 

s<.,,:;und ,ime. 

The op<.-rainr or user, e.g. den! i;;t, may use (Hle hand or bn!h 
hands t-0 hold th.: in1raornl !>Cmmer •Yhik s:cannii\~, and the 
,mu.mer may be liglit ,mo ugh and ;.·omforlable 10 k hdd wi!h 
just one hand for a l,mgertim.e while scanning. 

The devit.'t' can aho be held .. vilh one or two l::aml.,, while 
using !he dc.·vi;.-e m; remo1lc": comm) fore .g. dmnging the vie,Y 
in !lie display. lt is an advantage of ll1etouchk~s user iim,,rfa1...--e 
fonc1ionality that in dinkal sim,itions, 1he operntl1rcan main~ 
tain both hands deau, disinlb::ted, or even sterile. 

An adv,mt:agc of the syslcm i,. thm it al!Q,,<,'S an iterafrve 
process of ,vork-ing in a 3D environmem without r-ekasingthe 
lmn.dhel,i device during s.aid prnc;css For 1he above inmKir-,.d 
scmmit.g system example, the operator, e,g. dentist cnn 
r1:,c<...,rd som1:, kelh Slu-face g1:•nmciry wiih a handhcld device 
that is m1 intniornl s1.•a:m,<='r, hi..::;p~x·t cov~,rnge of the surfii,;.,e 
rt,c,,rding by using thm same handlleld devic,• 10 mnv,·, e.g, 
n:itatc, the rcc..:,nfod ;:;urface w1 the (fr:ipby, e.~. a t{Hnputer 
scn."Cn, dete;::t pos,ibk gap,.; or hoks in the coverage of the 
sc,umed teeth. and then for e1;.imple an:mige the scanner in the \\'1,ilt the scanning is performed a virtu:il 3D repm,enta• 

tion i~ vhually !:milt cm the display. 
The us"":!' can no,v pn:ss and 11,Ad !he blltlon. Thi1> ,;,ill pu! 

lhe hnndh;dd in a con1rn1 !er 11,0,k, where the handhekl device 

{,5 K~i(m ,,"h,,Tc ihc gaps .. vcre lm.·.atcd and 1-:ontinuc recording 
teeth wrfacl:' geomdry there. Owr lhls entire iterotive cycle, 
which can be repeated mo.re 1har1 nnce, s11ch as a,; many times 
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a:,; required tbr obtaining a ik:,;ired scan coverage of the teeth, 
the deutisi. docs nc,t have to Jay the hand.held intraon,1l sc~M1:'r 
out ofhh or her lw.uds. 

In some embodiments. the 3D m,cr· interface .fonctiona1 irv 
h exploikd in a sepamle locmkm ,han the c,ps:,ration fonctim{­
aiity. For !ht~ above intmornl scanning ;;y;;tem exan:1pk~, lhe 
s"'.an.niug operntion is pc.-rfrinncd in th;;., oral (.'avity pf the 
p,itient, whikI11c u:;.er interface foncfomalitY is rnon,· fkxiblv 
explnitcd when the ;;1..--ann~~r ig out;;;ide the· p:,tfonf s montti. 
'Ihc ki:y d1ara .. ,1eris1ic ;md adv:mwge oflk sy,;:tcm, again, is n 
ihHE tbc dcn.faE can cxpk,ii the dm1! and iirteg.rawd function­
<1ii1y, th,ii is opcmtirni ;md u~r inledhct\ of !he ;;cmmcr with~ 
out iayin_p h out of his or her hamk 

The above in1ruoral scmming system is an 1c'xarnpfo of ;m 
embodiment. Other exump!1,;--s fix opemtion limctionaiity or 15 
performing ,1cHom; could ~~ <..foHing, welding. grimhn..~, cut­
ting, soldt~ting, plm!ographing, -filming, mt:asming, t:xecut­
i11g some surg:kal procedure ctc. 

'I11t: display of the system can be a 2D compuk~r scixx'n, il 

31) di,,play that proj;,.x,ts sE;;,re<..,scopk image pairs, a volumct- J~, 

ric display creating a 3D em.-ct, such ~l'> a swepi-volume 
display, n staiic vdllnu.,· disphly, a pmnllax barrier display, a 
b,.:,fographic &,play etc. Even with a 3D dh;play, the crpen,tor 
has oniy one ,,iev,ing posiikm and vie'>ving m1gfo relative to 
1he 31) ,.mvimnment at a time, Th1:· operator can n1ove hfai'h'i:'r 15 

head t,, :Jss1m.1e another viewing p0:,iti,m and/or vk'\,,Jng 
angk phy;;ically, hut genernny, ii m;1y he more comienit~nt ;o 
us-..~ the h2ndheld device with its built-in m,l:'r imerfoet~ furn> 
lio.nality, ;e.g. 1l1e remote controlling, k> di@..._~e the viewing 
prn;ition ml<l/or viewing angk reprcsentl'U fo the dispfay. 

In some embodiments the sy:ili:lm corn:prises m11ltipk di~­
plHy;;. ;)r ,mt< nr more di,phys th,ll are divided inlo rt,gions. 
For example,. c;i;'.Vi;'.r.:t! suh-\v·indow;; on ;3 PC sc.r...>en cm1 repre­
Si:l!lt di!forent ,,iE.•ws or the 3D envimrnnc.ut. ]he handJ3dd 
devict~<:afl benst.j.to.change!hevi;_-w inallofthem, oronly .15 

some uf Eh;;'m. 
fa sm1.1e em bodimcuts the us1:.•r inkrfoce fum,tional ity com­

pri~es ihe \1S<.:': of gesmR:s. 

6 
In -s<,nK· ei:nbodiments the second display indicate, where 

the h .. ,ndhdd devke is positioned relative to the 3D ;;.·,nvir,m• 
menL 

fo some embndiments the first display and/or the second 
display pnn·id.;:'S instrm.,t:ions for the opcrat<,r. 

The 1fo,play(s) can hi:! arranged iE1 inllllipk~ v..-ays. Fm 
tc,xampk, they ,:,m be rnmintt'd on a ,v<lil, pb(.'t'<l ,m som;;., rnrt 
of stand or ,l earl, placed m1 a rnck nr di:.$k, mother. 

bl some cmboclin.wnt, al least one display is nwnnted on 
the ,levk~ itself II can be adv,mt;;igi..'HUS to have a display on 
!lK, .kvkc iisclfl1ccau:;e ',\'iih such ;m m-rn11gctnx~11, ,h~~ l)penle 
tor';; eyes £It"-~ not f.:,c:us aht~rnatir1gly ht~i'\vccn di:!foi-cni de1<• 
!<Hl<:CSa fo some cases, the<1pi::va1ing lim.ctionaliiy may require 
a dost: lnok <1l the devic:e and the vicinity ,}f the 3 [) rnvirm.1-
m1:,nt i1 op,,ruk-,s in, and Eh1 s may be <it a di!.>i,mc,, at 1110!.>i as for 
away a;; Eh.e opera.tor';; !wnd. Es1,x'<:iHlly in c.mw<l{.><! cnvinm-
m<.-.,nl;; such HS <lentii,t':; dinics, srn-gical ope·nition theatres, or 
ind:U.'>irial ••'l.>rkplat'es, it may h.:: ditlk,ih to pince an ex.tem,11 
dispby dosdy ln the devk,:?. 

In WnlC{.'tnbodinwnts visual inlbmmiinn i;; providedt,, the 
opemior on nm,' (~r more nK'm1s Q!llt'r iban the first di:.play, 

In St)rne enihodiments audible information to the operaim 
is provided Ii.:, the operat<,r. 

11rns :iu ,mmc <'.::rnbodimcnis, the syst<'.:m provides addi· 
tim1al information tc, the ,)pc.rnto.r. fa some embmfonents, the 
sysl:.:-m includes other visual clues s.lmwn ,)rt means other than 
the disp!ay(s), sm.:h as LED,; on the device. ln so.mi:! en.1bodi­
men!;;, the :;y-stem prnvidl:'s audible inJi:muat:ion tr, !he cpern• 
tor~ for ~x,n:nple by different sounds and/or by sp(;-cd1, 

S,iid i.ntbmmtirn1 pmvid1:.~ to the c,pi.:'1'<1tor can comprise 
instn.1cEk,ns 1hr nsi::\ w;;m~ings, and !he like. 

·n1e ir.formati<)fl cHn nid with improving the ,H.;!:i,Jn pt~lhr~ 
mani.~e or np.c:m1in11 :ftmciicrnali1y orthe devii..-e, for e1rnmple 
hy indit.1.Hing how \v-cll an action or opt~miion i, hcing per­
formed. and/or imarnC'.1io.t1s lo the opcxmrn 1iimed at impmv­
iug the east, <)f the action 0r-,peration <md/,)r !ht' qua! ity :., fihe 
action or opermion 's res,1ll,;, For example, a LED ,.,,m chang.: 
in colnr and/or fhishing frcqut"'!1cy. In a scam.,er, ilw infonn;,­
tinn can rd ate in h(-;o,v W<.:':ll ih,-., scanned 3D environment is in Ge,;tures made by"' ,g. the operntor can bt' tlS<..xl in chan.ge, 

shiH or toggle between sub-windows. and the user-interface 
fmi-,tional itv can he limited In m, active sub-windov,' or one of 
&<.">'crnl di:.1;iays:. 

fa some .:mbod.iments tl,e gestures are adapted to he 
dekctcd hv the ;,i least ,:,ne molion sensor, Gestures cm1 
sltcmat;vely rn:ui!or addiiio.nally be di.'kX'ted by range sensors 
or oiher 1>cmors that ft.'1..~,mi bodv motion. 

¥; focu,; and/or Eo S<-<lll quality undlor to scan ccwcrage. The 
informntinn ,'an mm prise ins1rn~•iions n.n how be8i i,) posi1ion 
th1:.~ s.ca1mer wcb ,1s to attain g,oorl $Can ,1tm!ity and/or scan 
cov.::rngc. The ifa,tmctions can be used for planning andfor 
p,:r:fmrning bnt<:kel placemmt, ]fa: instructions cw1 be in the 

,h fon:n nf a mcssenp,:c.r systern lo the operator, 
fo some crnhodimems, some 31) m;;.'r imerfoce :fimctiomil­

ity fa provided hy at lett5t one motion scu&or huHi into the 
devke. Examples of mmion ;;i.lfisrn:s are m:cderom(.'lcrs, 
gyros, and magnetome!ers and/or th<::, like, Tht~se ;;l:'nsors can 

·111c operator does not have t,,~ .:omtantly wt,tch the i1t k-asi 
one displiiy ofihe system" 1n ni;my appli..:.aiions, the operator 
will shin betwt:'CII viewing and pos~iblc m1i11ipnlating the 
,lisJilay and pcrfam1ing ,m.ntht,r operation witi1 the !Jandhdd 
devk:e. Ums El is an adv,1nt,1g;_~ !hat the opernlor does not have 

5i! sense rnlatinns,. lau~ral molion, amiior C'.ombinations thereof. 

!fl toudi Qther us,~r inh:.'tfacc dc,··ice..,. Ho,,··;;.,ycr, in sonit:~ rn;;es 
itn1<1y not be possible for ihcoperat(,rto li.l1ly ilV<)id irn.1ching 
o!he.t devices, and in t!Mse cases ii i:i an ;idvamagt' thHi J:hver 
tm1ches i1r<-' i-e,11-ured c,,mpared 1(1 a sysl1,..'U, where a hamlht.'ld 55 
devict~docs nc,1 prnvidc any userinlerforn fu.rtc:lionality al ail. 

111 some en1bodiments the m kast one dhplay is arranggd 
separate frnm the handhd<l &vice. 

lu some (.'J1l.bc,Jimcnts Ille aE kasl one display is defined as 
a first displtW, ;]nd wh~~l<! th~~ syswi:n fo11hs.~r comprises a 6t, 
;;ecnnd display. 

In somt cm lxxl irncnts the S(.>cond d:isphly is ammged ,)n the 
lmndhdd dcvice, 

In some cm boc!i1ncnl'> the S(.-cond display is <trranged on the 
hm,dhdd d,;.•vk-e in a position ,m1..~h that !he display is adapt<.x! {,5 

k, he viewed by the opernt.or, whik the operator is operating 
!he hamlhcld device. 

Other motion sen,;ors use infran~~ s.::nsing. For c:;.;mnpli:, at 
least one infrar«.-d s;;m.,-,ur .:an he rnmurtednn the device arnlm 
lcm;i mit~ infrart-x! emitier can b<i.· mmmBc':;J in the ;;tmm:mdings 
or ihe d<-"'-'it.~. Cmw,~r;;cly, H1e <"ft lem,1 one cmi1ler can he 
mounled on the <fovice, and th~, at kast Ollt' ~ensors in th<:., 
slirrc>tmdings, Yd mmthe, possibility is 10 use infrared r,c":t1t'C'.­
im(;;) on 1he ckvice and both sensous) and {m1ittcr(,;) on tht! 
surmtmding.:,, or again conv<..~rsely. 111u;; motion can bt' ;;ensed 
by a variNy of prindpks. 

111rough proper signal piuccssing. ;;c,m"' s-.,ns0<r, ca11 rs,c­
ognize ttddi1ionnl opermor ,tel inns: forexampk gesmres such 
w, taps, 1,vaving, or shaking of the handhdd dc•Ace, Thus, 
the& gestures can al:,;o be exploited in the 3D user interface 
ftm,._,fai nality. 

fo -:;ome emhodimcrits the handhdd device 1..-:0.rnprisc~ al 
least r-vo nwtinu ;.cu,;.u1'3 prnvfrling sensor fosion. Srnsor 
lilsion can be US<.Xl lo ad1it'vea hctlcnrmtion sigaal frorn for 
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exm:nple raw gyro, ,K·cdemrnci;;r, m1dfnr magnctm:neier &1ta. 
Scns(:,t fusion cm, he impkmcnt,xl in JCs such as the 
lnven!:kn,'>t' MPU 30{)(}, 

In some emhodin:1ents ihe handhdd device Ci).mprisL>s at 
least iKK' user-inie1:fat.-:e clement oilier than tlk~ at lca,;t one 
motim1 sem:or: 

In some embodiment!> !he at k':tl?i! one Piher- user-i:t.w:rfoc~ 
demt.'tl.i is ::1 trmch-scmitivc den.,cnL 

8 
In sm:nc t:1:nhodimcnt~ lhc vk"iv of the 3D envimnment 

c<@ptise::; a viewing ,1,.'lgk, a magnitkatkm factor, and/or n 
vi<_...,,.,.·ing position. 

h1 some embodirnenh the vie,,,,, of lhe 3D c1wiromncnt 
t,nmpri!-cs nmdcring of texture amiit).r sb,1dir1g. 

fo s:omc emhndiments 1he at leas! mit: display is divided 
into multi pk rngion:s, cad1 :sho,<, ing th,: 3D envimnmcnt with 
a diffr.,rcnt view. 

l1rn!i in some em.hndiments them.er interli1ce fonctioMlity Jn some cmhodiments ihe at laisi !)lle n1he.r tL'ler-jnterface 
dcmcr,! is B bu non. 

ln some ernbodim,mts 1he at km,1 ,me 01h~-:r 1.iser•iuwrfoce 
demen! is a s,~rnH-v,1hcd. 

h1 some emhodimen!!i, user interface l1.mc1ioiwlity i:; pm­
vided 1lmmgh addili,)t1Hl ,demen:ts on the devic{,. 'fhus these 
addifi,..,nal ekuK•nis crin frir eKample be buitons, scmll 
'>-'hei.:'h,, ionch-sensi'tive !ield1, proximity :;ensors andi1:ir the 
like. 

n C(H!lp.ris;;;.'!i c!:mngiag lhc view ,vith which !he 3D (,i1vircmm(:nl 
is dispfay;.'d. Cb.::1.nges in ·,,dew <;an comprise changt-;, in view­
ing ,mgle, ,tiev,;ing poshi,m, mapiifa:ation arnJ/or the l.ike. A 
ch,m.gc in vit-'Wing angle cm1namrnl!yhc em:ck'<l by rotating 
the d ... •vire. Rot,i!fon fa n;iturnlly sensed by ihe ;,id. of gyms 

The addi!ional us;:,r interface dements can he e:xploik'-d or 
uti !iz«\d in a workllow suitabk for the field of ::ip-plicution of 
the devic(:. The '-v,,rkfimv may be impiemc111ed in some user 
soflware application that imiy also control the display and 
thus 1he vi1:·w represented tl1crt-x)n .. A giv..:11 intcdi,cc,: clemcni 
can supply multiple ns~Yinput,; w lhe soih'l-·are. Jior e.xa1npfo, 

15 and/or rclatiw w gravi1y sensed by an ac.cekn1meti..>rc Zoom­
in .. i, i.e. a dt,mge in mag.nifi.cati1m, CHU for example be 
uchiev1:.x'! by pushing !ht: hurn:thdd devic1.:~ forward umi bHck­
ward. resp.,,cfrvdy. A tr::cimfatio.nal cb ... ,ng;.;' of the vk,wing 
position. i.e., panning, ctm fbr li..\Xmnplc be achieved by pu;;h-

J~, ing the handhdd dcvke upidi.,wn and/or siMways.. 
ln somet.'!nbodim1:'nls the user intcrfoct~ foncEionalilv com­

prises sek-cting <)t choosing items ,m a displily or any other 
fonctionality provided by grnphi,al 1.i:s1:.'l· interfaces. in CQm­
p1.1tern known in ihe art The opcrntor i:rwy perform the ~d-.x• 

15 tim1. The Lava C.O.S seamier marketed hy 3M ESPE lms 
addiiio.nal butions on the .hand.held device, bm it is not pos­
sihl<l !D nmnipulmt, the view by 1h<cse. Their onJy purpo:,e i;; 10 

ullow .mwigatim., through il menu s.y:stem., and in ;;wrt/s1np 

a bution,~an pmvi<le both a ;;ingl.., di,~kand a J,:,ubkdick. For 
example,., dotible dick c,m mean to mkance to a subsequent 
s1ep in a \\.',xktkm,. Fm: the <.:'Xmnpk of lntraoral scanning, 
!hrce st(!f-i- ,1,-ilhin !he -.vwkllm,v ,~an be to ~an !he lower 
111oufr1, !he upper momh, and the bite. A tm.1ch-sen;;itiv" fidd 
can prov id.: s!roktc,s in multiple dircctim.1s eadi ,,,ith ,; Jiffcr­
-ent dlcct, etc. Providing nmltipk user inpu1$ frmn a user :,;., 
iutcr:face dcr·mmts b adv,mtagt>tms ll;;:~ai1J,e !l1e number of 
ll'>er int011~icx~ x~lcmem~ on the devkt~ can tic 1<id nu~d relative 
10 a simation v,fo::re ~m:h nserimerl1ii.'e dem,:rn onty r,mvides 
om, w,er input 

scmming. 
In 1,mncemhodiments tht· m,erinterface frmcti,mality com-

prises 1mmipub1ing !he 3D crwimnm;_m1 displayed (>XI the 
t:crei.:'n. For {'.'l{ampk\ 1he t,pemtN 1m1y effo.ci dcfonmitfoni, or 
chm,g,e the pos.iiimi m rnientafrm of oh_i{x'.ts in tile 3D .envi­
mim1e.rH. Thus, in some (:mbodhmm,s !he rnmr interface fom:-

Tht~ motinn ,;ern,ors can also be c:-iploited in a -.votkflov,·. .15 tim1aH1y c1.1mp.ri;;e;; vir!mil user inlcrface fonction;:ifay, which 
can he thui the 3D daia m-e m;mipufaE;.>J., bui the physical 3D 
environment in vd1ich th1tdevice operates may not bi::'rn m1ipu­
lak-xl 

For exmnpk, liftillg the <l;;.'vice, which can be sens(:d by ,,n 
accdcn.,mekr, cRn represent sonw type of user input, for 
exanxp!e k1 ;;t;nt smne Hclion. In a tfovicc that is a '>(:ilnner, ii 
mny swrt scanning. Conv..~rsdy, placing the devic;;;' buck in 
some :mrtn:fholder, which can be sensed by anaccdcmmcter ¥; 
ai, no ac~x-leration occur ov;;;--r 5<:ime :reriod of time, ,:an stop 
&,(id action. 

If the ,1ction pcrfom11:'d by the device is some kind of 
rnc<)tdir1g, !hr example sc::irn1ing, for <CXampk 3D scanning, 
1hc .rc,mlts of the rt-cnrding can al:10 be eKploitcd as user ,h 

inprn.;;, possibiy along. \:\·:ith user inpm,; from mhcr user into:.T­
fa1.,c ckmcnis. For example, ·with a 3D ;;canner with a limited 
depth o flldd, it may he pos;;ihfo to deHo:c1 wht!!her any objects 
wi!hirt ,he 3D environments are pn.~L'tll in ,he volume ;;orre­
spomiing to fhi;; depth or field by dciecting wfo:ther ,my 3D 5i1 

points ;ire .r;.xx,nk:d. User ilipuls t.,m depend on such dt~lected 
presence. Fl)r C?emmpk, a bun on dick Oil an i.mraornl scanner 
;,_,,m pn.widt~ a difforem u~~r input d;;,pending on "vhetht~ the 
scanner is in !he monlh, where ttacEh m-e detocl;3h!e, or si.gnifi­
cantly away from and zmtside ,he mouth. Also the dlect o:f 55 
motim1 -;en,-s1.,r signals can be ink,rpre!~.l ,hffer~ntly foreither 
s\1rnHion. Fnr t!X,lmpie, !he ~c,nmt-:i- may only change !lie view 
represented on the dispfoy when it i;; outside ihe mml!h. 

lu ;mmt~ embodiments 1he kmdhdd device is adapk-.,,_i to 
changt~ a vi.m~·ing angle with ,.vhich the .'>D envir011.m;;'11t is 6t, 
n·r11·e%':llted on 1he at k.a!>I <)fie disp!ny. 

In some embodiments the h;1ndhdd device h adapted w 
change a m1c1g11rncatkm factor with which the 3D envimimit~nt 
is rt·pres..:-i:H.-:.·,d on the ;;H least one display: 

In some embodiment$ the handhdd device is adapkxt ,o {,5 

dmng1:~,, vk">ving rosition with which the 3D envin.,nment is 
rt~p.re;;1:,111s,d on the at least one display. 

111 ;;,:-,me cmlx,dim.:!.nL~ the handhdd di:'vice is an intmnral 
scmmcr and/or an ilHhe,{:ar scmmer. If the scanner comprises 
il tip, thi:1 tip may be exdianged 'Nh,:reby the scanner can 
b1.x,omc :suitable for scamiing in the mouth or in !he ear. Since 
the ;;,;r is .i smaller <..'.avity than tile mouth, the tip for fit!il\<l: 
into mi em· may be smalk.r than,~ tip for fating iri the mouth, 

In ~omc el:nbndlments th~ hm1dhdd device i:s a surgical 
:im,irumcnL In some ..:i:nbodimems, !he surgi,:al in:strurncni. 
comprises at kaz;t ,,ne motion ;;ens:or, -.vhich is: built-in in the 
iman.mienL 

In sm:ne criihodimcms ,he hamllldcl de-vice is a mcchmiicid 
tool. ln ;:ome cmhodimcms, the loo! has at least <mt, motion 
,;cn;;or built in. In olher embodirm::'!Jl'>, other user-interface 
clcmt~1ts are built in as \~'ell, :for example buttons, ~1.,mll 
wh;;x,ls. Eonch-sensitiw fields. ()r pmximitv sensnrs. 

hi ~Jme ◊mb,xlim,,m the 3iJ gt.~llnNry (l:f !he 3 D cnvimn­
mt'l,t is klKN'iU ,i-priori or a 3D repr~scutation of ihe t'lwin:.m­
menl is bmwn a priori, i.e. before !he m:,ions (<i) art: per­
lhnmx!. For example in 1.rnrgt•,y, a CT scan may lurvc !X'tcll 

taken before the swgkal pn.in-<lurt~ .. The hmidhdd dcvke in 
1his example could be a surgical imtnmK~lt that a physician 
n~ds to ,1pply in the pr~)pcr 3D poi;ition. To mak,1 Sutt' this 
pi-.:,per po1iti,m i,; macht~d, it could bt~ beneficial to \·it'\,' lhe 
3D cnvironm.cot :limn mu!tipk' pei-spcdive~ intemctivdy, i.c. 
without 1mving to release the surgical in:;;trm:nent 

An advantage of the ~ystem, also in die above surgciy 
example, i;; the ability of1he handhdd tk-vke In record the' 3D 
environment at least pa:ttially, typically in a 3D tfoki-of-vii..'w 
that is s:maHe.r 1hm1 tl1e volume tic~pre,;cm1c~d in thc a-priuri 
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data, The 3D danc1 1-ccm'ded by the handhdd dt·vice can he 
registered in n!al font: "vi1h !ht~ a-priori data, sudi thal !ht~ 
position and. <:irienwiion ofibe device can be deted~~.1. 

In ,;nme embodimeuts the 3D g:eomctry c.ompriscs a 3D 
surface of !ht~ envimnmcm. 

h1 ;;rnue embodimeJ1ts the 3D g,wmet1y Gm,prises a 3D 
voh:wietric reprcseniaii<>n o:fthe c-uvirom:mmL 

Vkw: 'Ille \Vay a 3D environment i'> rc1>resented on a dis­
play. Geomctrical!y, a viL">,' is ddennined by !he virtual 
ob5e!Ycr'~"camern's position and oricntation. lftl1cdisplay is 
1wo-d1menskmal, the vit..•w is also d~k~nnined by the 1ypc of 
projection.:\ viev.-· may al;;o be determined hy a nrngnificalion 
:foc1or. Graphically, a view cm1 ihnw the JD euvirm:imcnt by 
means of photQgraph!> or ,1~; $(m1e kind of vir!!ml .repre:-e111:;i­
tion sud1 a:s a comrmts.~:r graphic, or si.mHar. A l'>iJmputer 
gmphk can be rt~1,kred t1)r ex~m,pk ,viih tc)(i't.W nnd/or 

Thw; the JD cnvirnm.uent emi be dilmlav",1 as volm:ri.tuk 
dmn, <:ir a;; s,itfacc, or a cf,mhirni!ion th .. •~e;;f Volmlwtric d,iia 
arc typicaHy represent{:d by voxds, \.b:,;els .. ,m cornpri~e mul­
tiple sciibr values Surfaee data are typk,llly rcpn!St~1i~J as 
n,eshcd, sm.,h as triangulated mL~h~, or poini ,:kmd,;. 

The scm1ning may he per!bnned by me.ms of LED scan­
ning, la,;;er light scmm;ng, \Vhil:e fothl ;;.;mming, X-rnv scan-
ning, andior (~T scanning. ~ ~ · 

n sli.ading and/or virmal lighi soi,rc~~s mi.dfor li21it mo,iefa fr;t 
surfarn pmpenies. A comput0r graphk can also he a s1rnpli­
fotd rt:presentatbn (;f the 3D ;.,:nviro.nment, for exm:nple a 
mesh, un ouiline, or an otherwise .sirnplified r¢prnsentation. 
All or parts of the 3D e11viR'ltunem can also bt' rendered with 

The prc-scnt invention 1-elaii:.\'> w different <tSpects including 
the sysk~m ,fo:,cribed above and in the folh,:,\:\-'ing. ct11d corre­
sponding systems, meth(!d'l, devices, uses, ;sndfor product 
means, each yielding onc- or more of the l'>0ncfits and advrui­
tagcs des<Tib~':d in connection \.Viih the first mcnticuKd asp1.:,,t, 
imd ;;'ach imving one or more en1bodimems l'<.mesponding m 
lhe embodiments d;:,scribed in c<mnection \Vith th;;.~ f:kn mcn­
t1nn1.:~d <ispect and/or disclosed In the appendt~d claims. 

l 5 som1.:~ Q(..'gl'Ct of tnmsparc:.'tlcv, A view mav rcp.res;;'ut the 3D 
envirom~s:nt in tntiil or onl:/paits tliercof 

Functionality: A Puqwse or lntendt'd Use. 
Performing action(.s) <'ff Of!(:n:ltiug fonctionalily: Actions Qr 

fonctiom1lity tluit includes '>l)UW type ofi1)teracti.m with a 3D 
J~, environment, such as i:nernmring, modHying, manipubting, 

rtc':l'lsrding, touching, sensing, scmming., moving, rransK,mi­
hm, t.,nttina, w;.:,Jdin!l. dwm:kaliv trc;Hinll, cbmini,., etc. The 
te;111 ''opc;ating" is ·:tims not di~ctc<l to ;:;1rgical p~;Kedure;;, 

Iu nur,kuhtr, dis"'kwed h"~·dn is " method of int;cn1ctim1 
bctw"~n a hnmihdd de1ti('.e and at least one display, v>'lierc the 15 

method comprise;; ihe stl'Jlii of 
performing al kast mw m:tfon in a physical 3D i:nviron.­

ment by me.ms offtie harn.lheJJ d-.~vice; 
visnal!y rnpresenlin:_J; i:he physical 3D environment by the 

,H least one display: and 
remo1ely contmlling ilK~ \'iew orthe represe!lted 3D envi­

rnmnt'llt ,~n the display hy mt•an~ or 1he hamlhd<l device. 
Furlhermore, the invention relates to a co.mpnter program 

pmduct compdsiag pmgmm code means fo.t causing a d;iia 
proct'Ssing, syslt~m 10 p~~-fon11 tht~ mt·thod according to any of .15 
the embt•dilncnts., wh<..'l.1 said program t'ode me1ms at<:~ 
CX<.:'Cukd on the data proces:,;ing :;y:;,em, and a con:tpnkr pnl­
gmm prc,duct, comprising fl computer,rcudabk mtx1fo m hav, 
mg ;,aorc<l lhcr<c' on lhe program code means. 

According to another aspl'CI, dis.dost'<l is a ~yiitem com- ¥; 
prising ,, handhdd device:' frir operating in a 3D envirom:nent 
and at [ema one display for vfamdi:i.ing. ;;aid envimnment, 
wherc th1; dbpl;,y i,.; adainro io represent S<ild cnvirom:uent 
fmm multipk per,pt---ctiw~, 
wh,~rc said d<:'.vicc is ;,dapted to he held in one h,md by ,m ,h 

open,tor, and 'i\'here the perspt.<ctive represented in the at le,i;;1 

one display is ::it lcist partly determined by the motion 0Jtl1e 
opi!mtor's hmid:tmlding: smd device. 

Acc .. .,rding to another m,pt.~I, disdosi;.'<.i is a sy~tem com, 
p.fr,ing a hm1dhdd device for operaiing in a 3 D envimnrnenl 5i! 

and al least on<:' display for visnalizing i;.;iid ,::~1vircmrnen1, 
whcre the display it. adaplcd lo rc.-pr~~s,mt said cnvirom:nenl in 
n:mHipk views. 
wht:re said devi~'.e i~ 8dap1-."'110 be held in one hand by ,rn 
opern1or. ,vhere the vie",\' re11re1>ented in l1JJ:' al kast one di;,.;- 55 
play is ;.II lea::,t partly 1.'k•wm1ined by the moiion of tlIB 1.,pt.•rn-
1or';,.; hand holding said device, and ·where 1h1.:' device hrn; ;ll 
kasi 011:: touch-sensitive u,;er interface demenL 

The mmion of the on1cTutor' s hand is 1 .. ~.,kalh d;.;'krmined 
by a mr,tion sens,x arr~ng~,d in tbc haudll~l-1 ddv ice, 

DEflNlTlONS 

but Ppcrnting nu,y <..~m:ipii:;.c 5Utg.k-al prnc<..·~dms.~;;, 
Us;.:,r lnterfacc FttEICliomlli~,: Flli:;ct1on:,fav frH intc.rn1.,tion 

h1.~tvv1=~n a hum.m u;;er and a ~:mchinc with,; display. 
Han<lhdd device: Au nl'.icct that h;.is at !c,;st one fonctinn• 

nlity and 1hat fa held by a humim opcraior';,.; hand or rnJih 
hands while pcrfon.Tiing rlus at Jeasi omc flmclm1mh!y. 

3D s-.,mner: A device that analyzes a.re.al-world object or 
3D i:.llVironmt'll! k, ,_·,:iHect data nn its slmp~~ and po:;sibly its 
arpearanc;;;'c 

Cov1.:~agc ofarnn: The- (k~·ec to which a physical surface is 
represe:ntt-xl by .1>.,".'.mtkd data ,liter a scanning npt~.tation. 

Motion sensor: A s1o'11sor detc.'Ctin,;; mot inn. Motion <.~n be 
dd<:.'Ctcd by: sound (acoustic scnso~), npacity (optical and 
infrared sensnrs ~md video image rn::,cessors), gcomagn;.;'tism 
(magnetic sensor,;:, mag1l!:'t"t1m<.:~ter;; ). i-eHecHon o firnnsmitl.1:~d 
energy {infrared fos.e/radar, uHrnsonic se115ors, and micro• 
wave radar sensnr;:;t ekctrorm,gnetk im:l:uctio.t1 {i11dnct:ive­
loop dctCC!Brn), m1d vibnitim1 (tribock."l.,iTic, seim1ic, and 
incrti;i-s\viich ;;cnsors). ~,[EMS ac(:deronwters, gyro;;, and 
magncl\,mctcr,; arc .:.xmnpks of nmtions sensor,;, 

Worklfo,,,: a s;.-qucii..>c~):fhlsb irnplemi8nted in solhvare. 

BRJEF DESCRIPTION OF THE DRAV{INGS 

The ah!)Y{: mid.ior additi<}nal o!*"lCts, features and advan­
tage,; of the prcs,~u invention, ,\.'ill be nu1her ducidate.d hy 
ihe l<.,11!)\Yiug illustr;3tive :m.d nou-foniiin~; detailed de1>;.~rir­
tim1 of t~mb1xi.ime111s ofthc pm,;cm iiwenli<m, withi:'d<.-rence 
io the ,ippcmkd drnwing"S, wherein; 

FIG l shows an 1c:.xampkofiht, system comprising a tnmd­
hel<l devict, and a di:;play, 

FIG. 2 shows an example ofm;er ink,rfr:ce timctiona!i!y frl 
1he tbrm of remote con1rolling, using !hti handheid dt•i.'ice. 

FKL 3 .. hows an exam pk ttl' the h~mdhdd device. 
FIG. 4 ,;lwws an cxan1ple of <l t1ow-chan of a metl1<id d' 

inh?rnction kiwecn u handhdd device and. a display. 

DFl)\.ILED DESCRIPTION 

3D g1:·omc!rv: A consklbtion of matter or its virtual rep• 
resmt::;tkm sn; thrcc-<limensiomll space. 

ln the- fr,Unwiug dcs:aiption, rdi.."rel1cc l~ nmd1; to the 
a,-:companying figiin.>s, which slK,w hy way (,f illmtrntim1 

{,5 hm;; the invc11iion may ht~ prnciic(:d. 
3D cnvirnnmrnt: A co11;,1cllation of physical objects t'<1d1 

having a JD g;.~xne,ry in a tlIDc:-e-dimc.[1$iona1 spm.:e. 
FIG, 1 shmvs au 1c:.1-ampfo of the system comprising a haud­

hdd devic~ mid a display Ib.e !mndt1dd device .t 00 is in !his 
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exm:nplc an intrnor,il dental ;,;cmmer, which n:~'ords tht:' 3D 
gt.':OnWil'Y of the patient's wcth. '11w operator 102 m.ovt.,s the 
scanner along the teeth ofth.: ixitic11t 104 for capturing the 3D 
~t.'Dmetrv of the refovnnt ieeth, e.iL an teeth. The scanner 
~ornpri;;t'zi nwtio.n sen;,;m~ (not visible) fiw taken the .m,wc­
mellt of ilie s,~anmc'r inm ;1ccoum while creating the 3 D modd 
105 nft!K ;:;c-annedteE:'ih. The display lOl is inthi;; exampk~a 
PC screen displaying the dMa rt'rnrdtxl by the scanner. 

FICr. 2 sh(>W!i h!l example ofnserimerfiice fonctiomuity :in 
the form of rC111nt(: c,)nlrnlling u:;ing the haudhcld device. The n 
mmion :;,.m~,rs ( no1 :;bmv11) in ilk~ l1andhe!d <..fovice l 00, i.:~.g. 
scanner, prnv:ide llmi ih,~ us~~r .l {1'2 can deknn.i.ne lhe view 
slll)Wfl on !he display 101, e.g. screen. by moving the fomd­
hdd.dcvi,~e 1110, 

12 
In s1cp 102 ill;,:, physical 3D envi:ron.n,ent is vis1«illy t.:pre­

senEt!d hy the al least on<c: di:;play, Th.is may be the display of 
tile 3D model of the ;;canned 11.>eth :,s seen in FIG. L 

lu 1,wp 103 the view Hf the represented 3D environment 
,.;bown on !he dis11lay is remotdy conlm!led on the di~p!ay by 
n1c~ms of the h:rndhekl device. Thi,; .m,iy he fae rnntm! oft he 
vie'\-Yitrn: angk ,., r the 3:0 modd ;1s seen in F!G. 2. 

All tl,c s:t"ep~ of the me-tliod m.ay he ri;)peakxl one or more 
ihm.>s. Th<c' order b ,vhic:h the step;; m-e pcrfom:ied may lx~ 
dilforen! than the order descrihi.m above, which j,, indicritt.>i:I 
by the dulted line,, in the figure, If one or mon' ,)f!!w Sl>-''P" are 
pcdon:ue.d mort~ 1it11e:;, the order of the sk-pt; .may also he 
di!forent. 

Although s'-,me embodimems have beG11 de1>crib1;--d and 
FIG. 2a) shows th;;;t pointing the dcvi<..~' l 00 dm-vn ca11 

provide lhHi the 3D mod .. ~l 105 ofthe :il.1mne<l 1001h is sht:-wn 
J:'tom a dowm-,,ard viewing ungk. 

FIG. 2b) shows thHi: holding the scmmcr in. a horimntal 
position c:tin pmvitk that the vie>Ning angle i,; likc>Nis.e hori­
zoui.aUy from ihc !hmt, sixh that the 3D modcl 105 of the 
~canned tt:eth h; shown from tht.' fr\,nt 

l 5 shown in detait rhe invt.':ntion i;, not restri..:ted to them, but 
may als,) k C'mbodkd inoihcrw,1y;; wiihin the scope ofthe 
w~ject matter dcliued in ihe frilkiwlug claims, 1n partictiht, it 
is to be tmder:;iood tlwl other embodiments may be utilised 
and .sinicinml. imd ii.mctfonal 111t,dificmions mav l1-¢ nmde 

J~, without departing from th;: scope of the pr. .. ~ent i;wentkm ... 

FIG. 3 ,hows an G'Xample of il:ie handhcld ,foviCl:'. 
hl device claim, cmm1emting ;;cvcr:d means, seveml of 

rhese mt-;,-;n.s can he t·mbndied hv one and ,he saine ikm of 
hard\;<,'are. The mere fact that certain n:1c,1sm-es are recfred in 
1nuiually dilfort.,nt ,kpendcni ;,,,faim:; or dc-;.<ctibcd in d:iffor<:.~nt 

The han.dhdd device I 00 is in this cxmllpk an intra,,rnl 
'>'-<ln.ncr ;,vhll ,~ pist<.:il-g.rip. Jlw s,;;mmcr ..:m:npriscs a housing 
l06comprisingth;,:, pi:s!ol-gdppart 107,m,da lip108adapted 
for inseition in the rnouth nfthe patfonL ln this tc'\Xainpk the 
scanner al,;o is i-X)Uipped with a but!on 103 ·which is an addi­
tirnml dcmern providing n~l:'r-interface fi.u:u:tio.na!ity. 

15 emhodimc.ms d,il:'S not indicate 1hat ,1 combimition of thei,-e 

The exan:1plc sy:skrn as sho,,.,ll in FIG. l, FIG. 2 ,<nJ FIG, J 
cornpri1-t't. a dt-vice l 00 which is a .handhdd intrnornl 1>canner x, 
and a display 101 which is a compntcr st.:ree.n. The <.'•perator 
101 mav ~ a denti;;i_ an assislm:i:t m1dior th.::' lih•. In tt11 

t:Kamp!;, ,ht,aci.1,m periimnaa(x: oropc.rafam li:rnc1iom1lity of 
11,c device 100 is 10 ,;;,,'Co.rd some intniora} 3D ge<imetry, and 
!he nser in1erfact, fonctionalily 1s to mtate, pan, and zomn !he _15 
3D mod;,;_'] 105 of the $Canned daw on the compm;,;_'f' .scR,en 
Hl l "llle luk~miiou of the user interface foncticuality in tht., 
device 100 i, provided by n.iotion S<..'tl.:.OP> (m;t. visibk,), vdiich 
can l;e ~tecd"'r,_~mi.:'ters insid<c, ihe scanm.'t l 00, whos;;' reiidings 
determine the orientation, .as st.--en in FlGS, la m1rl 2b, of the ¥; 
di5:play M the ~e,1,:,,:-n tif the 3D model 105 of the tcc1h 
m.'quired by the scanner 100,Additional ftu1etionatity, e.g. to 
start/stop scam1ing, may be pn:,vide<l by the button 103 ,ls 
seen in FKt 3. In the example syste.m, the huU,,n 103 is 
focak':d \\'here the use.r's in<le;-. finger can reach ii conw• ,h 

niently, 

measur'ic;; l'mmol be used ,o advmitag,e. 
Jt should lx: cmpli.asiz,.x! t!ia1 ihe term "c(imp.tise;;/compri,­

ing'' when used in this spedlkatim1 i:; taken to sp1:."'ci!Y ihe 
pres.enc<..~ of:s!med fomurcs, integers, ;;H.:ps or cmnponent!' l:>m 
d()es Etot pu.>cludc the presence or addili<m of m1e or more 
o,her foalu:res, integers, sleps, c<.>mpo-mmts or group$ tht~rcof. 

'!11;:, features of th<.., mctlJ;,,d dt":-icribcd above and in ihe 
folk,\ving i:nay be imp fomented in software and cru·ri1.><l out ..._,n 
a dut;i prc,{.-cssirlg sys rem or oHi.er processing mealls ;;;m:K"ii by 
the eX.t"CUtimi <)f computer-executable instructions. The 
instmcticm;; may be program code memis loaded in<' 1Uf.:.'!l10t}\ 

such as a RA?,.,:t, frorn a storag,e me,li1rn1 nr fo:un another 
c.:m.1puter vfa ii computer ne,work. Altemativdy, the 
dcs1.-;ribed foat,m~s- may ht., impk,mmted by hurd\'-''lrcd cir­
cuitry instead t)fsoftwmx, or in cc,mhim,tfon with ,ioftware. 

!JTERA.TliRE 

C. Gradz.d, T. Fong, S. Grnnge,. and C. Baur,)\ Non-C(Hl!&ct 
M,)nse i.::1t Surg,,x>11~Compuier Intcrm:iiQtl.1i~hnology and 
Health Care, 12(3), 2004, 

\tigi S., Khmnen..: A, Niemann H., Sau~r F., An AR sy~tcm 
wilh in:tuitivc user ial;;lrfo-.ce for n1m1ipulmion m:i.d vi,;ual­
iz.ation t,1"31) medical data, Stud. l-fo<1ltli Tt~lmoL Itlfi:.,mL 
2004; 98, pp. 397-403. 

EMBODIMENTS 

fo PJG, l the d(.'11tist 102 uses two handii to hold the 
intmnrnl scmmer WO whikscmmit1g, hut ii is unders1ood that 
tl:tc scanner l 00 can also Ix, held \~ith nne hand whil;;;: scan­
nimc Tbe <kvice lttn ,_,an also be held with one or Nt'o hund-s, 5i! 

wliie dmng.ing 1he r~rspectlv~ of the 3D model .105 in the 
display l lH . The exau1pk sl1,,wn in FIG. l Hms illustrate;-; ihe 
.ad..,:.:tm.a,.w of 1he tom;hk:si; u;;.;,y inte.rfav..:- hmciionality. 
beams/in m;my dinic;il simations, the o,.x:raiot 102- i;h1.>'t1ld. 
maintain both h~nd:; demi. di:,il.-i.f~t<:.xi. m: cvei:1 :,feril<::'-

Thi;) foltov<'in.g cmbodimeuts rclstt.<s ;;:, nnc ,ispect ,)fthe 
55 ,;yswm as. di~closed by lhe description h<::'rein. 

Tht~ 31) user interfa('.e func1icnmlity nmy be e:<ploi1cd in a 
separate location th;.m th<::: operation Ji.mt,tionality. For the 
above intraoml ;,canning :sy:stern c11:ampk', ihe scmming 
operalfon is pt.'rf1..,n1wd in !lie ornl cavily of the peitknt sec 
FIG. 1, whil<.:, the us.:r ii1wrfocl' functionality is mor{'e flexibly 6t, 
expli:;it,x! when the scfillller is mrtside ih<c, pati,mt':; mouth, ;;.,!i~ 

.FIGS. 1 and 3. 

l, A syslen1 cm11pri$ing a hamlhckl device and a1 least one 
display, where the h;.'ll.1dhcld device is adapied forpc'1"fonning 
at kast c,ne action in a physical 3 D cnv inmmeui, ,,:here the at 
k,is1 one display is adapted for visually rcprcscnling ih{'e 
phys-k,al 3[) t.':nvir,\!1lll{'enl, and whew ,he handhdd d,'\.foe is 
ml.ap·ted tbt 1-cnwtdy comrnHin.g fuc view wi1h \Vhich the 3D 
envimnment is rcpre;:;entcd on the display, 

FIG. 4 shows an t'\Xample of a How-chart of <1 method of 
irth:,ractson hei,ve<.'Il a lmndhdd device and a display, 

In :.tep 1 Ol al least om,., a1.,ijon in a physical 3D environment 
is pt.,i'.!brmed by mcm1;; of the lmndhdd d(.·vice_ 1bi;; action 
nmy !he s;...uming oftec!h 3S slK>Wfl in FIG . .1. 

2. Tbe sysk'in accnrding io ;my one or more of the pre,;.scci­
ing ,:,:mbc,dimc.ot:,, wherein the vie,v is defa,cd as viL'Wing: 

{,5 ar;gk amJ/m vi.:wing position. 
3, The ;;ysil:-Ul a,;.,x,rding to any one or more of die pr,;:~~--d­

ing enibodim~~nts, v.·herein !he }i.andheld de,--ice is mfapt(:d lhr 
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remntdv Ct1.ntrol1ing the maw,ifkation ,vith ,vbich the 3D 
environ1n;;'nt is repr;sented o~ th;;' display. 

4. The system m:,;.,onHng to any one nr moreoftfo:: prccw­
ing cmhodiments, wherein the hnndhdd device is rn:krpted for 
d1cc111ging ,he remkring of1he 3D envirmu:r1ent (Jf! the display. 

5. TlK~ system ;ic1..~nrdir1g 10 any rn1e or more d'the preced­
i11g emhodimcnl,;, w·h<c.-rein iJ,c at k,rst one action com;pris<-~S 
one or more of: 

me.1snring:, 
i~cording, 
$Ca11uing:­
manip-ubiing, and/or 
m,xlH'ying:. 
6. 'I1lt, systtm:1 ;_iccm:ding Io any one or morx, ,_.., f the prnced­

ing eml>odiuwn1s, wh<,rdn the 3D envinmment c(mtprises 
one or more 3D obj;,.<eil>. 

7. The sy~tem according k, any one or more of the pr<.>ce{l­
i11g embodiments, ,,,herein dw ll,:llldhdd devke is adapted to 
be held in Ollt\ k:md by an np;:-,rator. 

8. TIK, ~ystem uc-cording 1<., any one or mors:.,ofthe prtoeoo­
i11g t..'tnbodimcnt'>, wbt..'fein the display i:> adapted to 1\.11resent 
the 3D environment from nmltipfo views, 

14 
tn change tt viewing angle wi1h w hiC:h the 3D envimnment is 
n.>pJ'l'!~'!.nlt":il on the al k~;1sl om:> di&play. 

23. '11ie :;ystem accnrding to ~my of the pr<:.~eding embndi­
m;;,n!=:;, wherein the llandhdd device is adapttxl to dwr,ge a 
magnifka1io.r1 fa{~tor with which the 31) enviro.rm11:~nt is rep-
1-i;sei1ted ,,n ;:he iit least one display. 

24. The syslem acco.rdirEg to ,my one or mor(, uflhe pre­
ceding cn:.bodimmls, wherein the hmidheld devke is adapt;;--J 
to change u viewing posiiiou with which ilw 3D .:..'Uviromncnt 

n is represented nn the a:t k1sE one display. 
25. The system according to any one or inure of the pre­

ceding en.1bodiments, wherein the vie<..o.: of ,he JD envimn­
ment comp.ci:-;es a vie,ving angle, a magnifo::aion factor, m1d/ 

15 or a viewing position. 
26. The syiaem according 10 any one or more of the pm~ 

c;.:-,,Jing embodin:1c11is, wherein the vie.v of the 31) .:·n1c·iron• 
men! crnnpri'5eS remk,ring oftexlure m1cl!or slmdi11g. 

27. The sys1en1 acco.rding to any o.ne or more nf the pr>i:­
J~, cedll1g emhot.'l.il1:1e11ts. ,vhercin the ;ii k•iist nn<c' di~play is 

divided inK• multiple regions, each showing the 3D <-1Wiron· 
me.ni 1vith ft diffi.:,1-cnl view. 

9. 'I1ie system according to any one (,r mm'<:: of the pl'<::Ce{l­
i11g embodim.::.·.n1s, ..,,ihr:rein th"· ·vi(.'W ofth;;~ 3D envln:,nmcni 
rei.;re,H,'n1ed in tht· at k>;:1:;t (>ne display i,- m least partly deter- 15 

i11ined by the motion of the opc.rntor's hand holdii1g S3:id 
dEvic1:~. 

2it 'fhe sysk'm ac~,ording to any mw or more of illt~ pre­
ceding. cmb(,dii:r1c11ts, ,vherc:in the 3D gcom,;.1:ty comptfacs a 
3D surfact~ of the ;;"11Yimnmtmt. 

29. The syiaem according to any one or more (lfthe prc­
c~'<Jing embodiments, wherein the 3D goometry cnmprises a 
3D volmnNric represc:1112tion cift!m envimn.mcnL 10. The ;;y;;1em m: .. ,;mJ.ing t<:i any one ('l" mcire of !he rre­

c:~<ling cmhodirncnts, wfa,,1e.i11 the .m.ngnific~cttEon .n,,pn,,~cm.;:.0. 
fo th.e at ka.,,;t m1c display is ,it least partly determii1ed by the 
mntinn oftb"~opemtor·s kmd holding ,;;,iid device. 

IL ]h(\ ;;y;;tmn m.:cnrdi11g k, any one or more ofthe pn.."­
(:,:ding "~.mbodimems, whernin tbc lmndhdd device .is ad.ap1e.i 
ti) r<..'C,)t,l tile JD genme1ry of 1h<c: 3 D envimtm1en1. 

12. Tilt~ system accc,rding lo any (l!lC o.r more of the pre­
-c;.'tling e.mb:.,dJments, wherdn the 3D g;.¾)111.etry of the 3D 
environment is known a-priori. 

13. '!fa., =,;y,aem accmxling to nny one or mom or the pre­
ctxling ,:,m bodimt~nt;;, .,,., hm'i'!in the himdbdd devic"' comprist,s 
at k'<,S! 011e u,;er-ink-rface ek.1.tK'nt 

14. 111c 1,y1,tern ,K'c,wding to any one or mcire of the pre­
ceding embodiments, wherein rile 2t least one uscr-intert)u::e 
element h-; at least one motion scn.sor. 

30. The system according 10 any one or more of ,he pre­
:,;., .;.;,.>,;ling embodiments, wherein the handhdd d;.wict' is unintm­

orn! 3D seamier. 
31, The system m ... ,,,rding to any one or more ,:,f 1lle pre­

ceding emb(idfruents, wherein !he fomdhdd devk-e is a siir­
_15 git-,al instrument. 

32. Th.e system according 10 any one or more ,_,fthc pr;;~ 
c<!1:ling e.mbodimen!s, ,.,,.·herein the handhdd devic(: i,~ a 
mechanical woL 

:n. The sys1cm according to a11y one or more nf the pre­
¥; ceding embodiments, wherein. the hmidhdd d,;.-vke is an in­

ear 3D scHnnei: 

15. The system according 10 m1y (!Ile m rrnm: nfthe pre­
..::cd.iug -embodiments, ,,:herein the handhdd devke com.prises ,h 

al least twn motion S.:.'nsm:< providing sensor :fm,ion. 

34. Tll£ srswm according!!) any one or morn <>fthe pm­
ceding embndiment~, wherdn the slt least m1e display is 
am1nged separHte from the handhdd devic<:.' . 

35. The system accordiug to any one or mun:: nf 1he prc­
c;.>dlng emhodiments. where-in the al least one di;;play is 
arranged on a cart. 16. 11w c,y?ltem ,K~cording t.-:1 any oi1c or nwre of the pre­

ceding c.rnbodimcms, wht~min the use.r intc.rface function.al i;y 
,.,ornpri:ic.'S the use of l:'('-'Sttm:,s. 

17. Thi:~ system accordi11g 10 any one. m more of the pre- 5i! 

ct-ding embodiments, wl:iert~irr ttie gc<il!lres ,ire deice, 1:-xi by the 
al kast one motion sewmr. 

18. 'Jh(i ;;y;;wm m.:mrding to ,my one or more or the pn.."­
ct.xlin.g <.'m bnditm~nl s, where-in the handhdd de.vice -.,n .. upriSt,s 
at least on-1;;' us,~r--iuterfoce clement t,lher !han the at foast one 55 
motim1 sensor: 

19. 'Jlx: sy;;tem according tn any one or more (if the pre­
cedirni embodimcms, \vherdn the at le<l:.t one other u;;er­
int<.'1'"1;~e ekm.:..>tfi is a· 1oucl1--sen.sitive ekmcnt 

Yi, The sysw·m according to any one or more .:if the pre­
<.'OOing t,n1b<)dimenis, wherdn ti~ at lmisl nnc display is 
ddh1t...:! as a Hrsl ,lisplay, ,md where the system for!hcr com­
pri;;.;;s H ~K~COtld di.;;p,laya 

37. The $y$tem m.:cordi.ng I!) any one or more of the pr-e­
cedhig embodiments, wllercin the ::;1;.--cond di.splay is mxan_ge-d 
on foti hand.held device. 

38. The :sy.steu:i according to any one or i:n.orc nf ,he pre­
C<!1:ling emhrn.liments, whe.reiu the se;,.·)ond display i;; ammged 
rn1 the haudhdd devic<": in<; positio.n such tbat the display i~ 
adap-.ed to be viewed by tht· opt·rntor, while the operator is 

2.0. ]lw i,y,:;t,~m ao,xwd.ing to .any one or mure of the prc-­
;.'.eding mnbodi.ments. '.vhert":itl !ht, i.lt foa$t one 01111:.-,r u;;;.~ .. 
hlkYface dcnK'lit is a hlitton. 

6r, operating the hrn1dhdd device. 

2L ·n1e sy:;,mn .u::cording to any one or more of the pre-.. 
cw-im, einbod:imcuts, 'wherdn the at least one other user­
int,:.,-f;~c ckm.;.--m is a scroll wh.:.'.,J. 

22. The sy?Jtem a<->,~ording to any oi1c or nwre of the pre­
ceding e.mbodlm(!nts, wherd11 tbc lmndhdd .dcvi(:(: is adapted 

39. The system according to m1y one or more nfthe pre­
ccdlng embQdiments, wherein th~ second di3pfay im.licaics 
whc:re the handhc!d device is positimn,-xi tdativc H) lhe 3D 
environment. 

40. The sy.stcm according to m1y one or more nf the pre­
ceding embodiment~, ""·herein the fo-s1 di?lplay am:.1/w the 
:SOC(>nd display pn)vid~~:i instmction..-, for th~~ operator, 
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41. 1l1e sy,,tern ,K·cm:ding to any one or nlC!re of the pre­
n'(!ing emo(;dlJncnt;;;, whcrdn vi'itlill infommtiou b provid<c--.d 
to ilw operator on one or nmre means oth;.;•r than the firs! 
display. 

42. 'l11e ;;ysu::,in ,K,c,mling to anv one or lllC!t'e of the (!!"e· 

cedillg emh~idirtk'tlts, ·whe;~!i.n .n{dihlc infomiatio11 to' ihe 
opcrntor :is prn,...idcd !G th<c.' Qpetatot. 

16 
5. The svsh:1-u acc-ordini,: w dai1n 4, wherein ihc view of the 

3D e,wiro;mient repre~c1rted in the ,;I least nne dispfay i;; ;'lt 

k.ast partly (Y.:'tt.,rmin..>d by jhc .11 kast on1:' motion sensor. 
!}. The system ,iccotdiEtg to daim 4, vd1t,rdn fw11..,tionality 

oftfo.: user fot.:.~·fa-.'e comnrises a use of!le.1>hm.::·s. · 
7. The syst<c.~11 according to daim 6, ,~:herein 1he gcsuires 

m.:: ,ktected hy the at it.'m,t one motion s.:·nsor, 
8. The system according tn daim 4, wl!cn:in the uscr­

inter.face is other limn the at kast one motion scn:,or, 
43. TIK system accmtling w any one ,,r more of the prt,­

ceding cmbNlinK•nts. V.'herein the sc,rnning i;; pcrii:imH..>J by 
meai,,; of LED scmming:, laser lighl ;;cmming, while light n 
;;cmming. X-ray ;;canning, aml/or CTscmmH1g, 

9. Th<.~ system ;ic<.~nrJir1g 10 daim 1, \Ylltc'l'ein the lmndhdd 
device i, .idapted to ch.ang .. , a vie\,dng angle with vdrid1 the 
3D "'nvimnmen:t i;; r..-pres"'ntt.tl,m the ~rt I.cast om~ Jispby. 

l.O, The sy:;;wm. aocnrding to claim l, ,therein th.c handhdd 
di:v ice is mlapkd tn d1;m.ge a magni fic.ition fact(ir \Yifo which 

15 1h1:., 3 D t!nvinm.rmml is represent._!J on ·them k-a;;t m1e di;;-play. 
l _1. Th<:., system according to daim l, when.>in ffa: l:mndhekl 

devic:{\ is an imrn-on1I 3D :;ca11ner. 

44. A rnethod o firn;;:,ntetion bc:!we;;:n a lrnndhe!d devi<.,;;:, and 
at kast one display. '-'>'ilern the method comprise;; the steps of: 

perJ\.'>rming ;11 k.1~1 ,.111e ac1inn in a phy;;ica! 31) envimn­
men1 hy meru1s of the handll1;.,ld ;.kvicc; 

\ 1is:ually rep~,;;cnli!\_:£. the physk'HI :,!) enviro11me111 hy 1h.e 
at leas! one display; and 

remotely 1.'ontrt,lling the vie,,' of the represented 3D t',lVi­
ronment on die display by me~ms of the hand.hdd (kvicc. 

45. A computer prugi:mn produc E comprh,ing program ,;,"tide J~, 

means 1,x cam,ing a dma processing sysll:.'ln to pertcnn the 
melhod of ,;ny one or more <.)f the pre'\:edirtg embodimo:.>r1ls, 
when said program code m;.;';;ms are e.1,;:ecut1;.'\l on tile da!a 
prt,cessing ~ystem. 

46. A com:rmter progrmn product according !o the previou~ 15 

embodiment, comprising a t.~)mpnte.r-readable medium lmv­
ing stored !here on 111,_~ pm gram code means, 

]he im·t.'Jltimi dnimt..•-d k 
1. A ;;cmmmg :;yslem for sc3nning a 3:0 e1wi.mm:11ent, ihe 

,mmn1ng sv,;tern mrnprbing: 
a handh~:ld devi.ce induding an opl1s:al ,;cmIDt:E\ wherein 

jl)e 31) e1wirom.11t..'lll 11..,be s1,·:mmed is s;:kck--.d by pointing 
tlw optical :scanner ut the 3D envir,snmeut and 

at !e .. ist one di;;;play remotely -.,mmeett~.i 10 1lw ham!hdd 
dcvkc, 

,vhcrcin the handhidd device is adapti..'<l for p<.c'!fonning at 
1ctist one scanning action in~! physical 3D env:imnmcnt, 
imd the at k,a,;;t one di,play i, miaptc<l for vi,;;nally rep­
resenting the physical 3D envirnmncut: m1d 

.15 

the handheld device includes a user inierface for remotelv ¥; 
controlling the di,c;pfoy to adjust th;;., vie'>Y with ,,-vhid.1 th~, 
3D enviromncrn is repn.-so:.'fllro mi the di:splay. 

2. A syskm according to chliJ:n l, whcrdrl the l:mndhcki 
d~,,ice i,- adapkd lo r~nrd the 3D gmrnetry of ,he 3D envi­
ronmt:ni. 

3. A ;;y:;iem. l<cco_rding to d:.,im l. wlie.rt:,in the user inkrface 
im:indcs means for manually S'l'Vi!ching between. performing 
!he ,3t !.:a:.! 1m(~ sc::-,11.t1ing m.:1i,.-in ,md remotely contro!ling !he 
view_ 

4. Th:: system accordiuii to dahn l, ·wherefr1 lhc hand.held 5i! 

devit.".: comprfaes aE least 1.~nt: m<itio.n :;;cn:.or, 

Lt The;;y:;iem accordingt{i daim l, wherr.>intheJmndhdd 
deviC{\ iuchkkc,;; a ;;uri):ical iusEnm:l<:.'.nL 

B. The sys1en:1 acc<.m:ling to daim l, w h.en~in the handhc kl 
dev:iCt: ind:m.k;; a 1iwc:hm1ica.l tcol. 

14, The system according to cfoim l, ,vherciu the handhdd 
devk'e is nn in-1:---ar 3D sc;mncr. 

15, ·n1c system ,,ccord:ing to claim L wherein the ai lc:ast 
Ollt' displily fa defined as a first display, m1d ,,1!mrt' tbe sy;aem 
furtht:.'r comprist.~ a s;;'Cond display, 

16, The sys1cm according tn claim 15, ·wll~Ycin the second 
display indit:·ates when:· the lmndhdd device is positioned 
relativ;.;, io the 3D envimnment. 

17, The sys:ten1 m:.::m-.:llng to duim 15, wherein ille first 
di,;play and/or tbe :;1:x.'>md di;;play pmvidtc~ instmc-iions fix 
,he Ojli:.~rn!nr. 

18. 'Ihe svstcm ,Kconiirrn !u claim 1, ,v:hcmin andibl"' 
information is pro\'ided w th',; opcrntm: 

19. A 1,-ystem comprisiag: 
a hamllidd d,'Vice m1d rn ka,,t on,:, di~phry: 
wht'rein the hmHlhdd devk,e is adapt:e,1 for :,wi!dling 

between performing at least one a,:tinn iu a r,hvsical 3D 
envirnmrn:m, .vlitc,reir1 the at least one displa)' i; adapli..-'d 
for visually repres@ting Ehe physic;il 30 eiwinmmern: 
and mmotdy c<mlmlling the di;;play Eo a<Unst the view 
with which the 3D environment i;; ri..>presen11,>J on the 
display; 

,,;'110r<.:,in the hHndhdd devic,~ i;; an intro-oral 3D scanner 
and the at k,1st on'c' action petfornwd in the physical 3D 
,;.1.1virm:m1ent i;; 5cmmfog and that !he vie,v is n.>motdv 
ci..,utrol1ed by at ka;;t one motion s,msor ammied in th; 
hamllicld d~vi"'""', and ,,,herein an actm;i,K pn;~id;~d on 
the handhdd (k.,vice ;;wi1dms henveen performing ihc ;:;t 
least one ac,"tim:t m1dr;cmo1dy o::ontmlling the view. 
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Doc Code: PA PTO/AIA/82A (07-12) 
Document Description: Power of Attorney Approved for use through 11/30/2014. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B or equivalent) to identify the 
application to which the Power of Attorney is directed, in accordance with 37 CFR 1.5. If the Power of Attorney by Applicant forrr 
is not accompanied by this transmittal form or an equivalent, the Power of Attorney will not be recognized in the application. 

Application Number Unassigned 

Filing Date July 30, 2019 

First Named Inventor Henrik OJELUND 

Title SYSTEM WITH 3D USER INTERFACE INTEGRATION 

Art Unit Unassigned 

Examiner Name Unassigned 

Attorney Docket Number 0079124-000266 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Stephany G. Small/ Date July 30, 2019 

Name Stephany G. Small Telephone 703-836-6620 

Registration Number 69,532 

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

D *Total of forms are submitted. 

This collection of information is required by 37 CFR 1.31, 1.32 and 1 .33. The information is required to obtain or retain a benefit by the public which is to file (and 
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes 
to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS 
TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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Doc Cooe: PA., 
;;.-·t0f.N.A..'S2B f~7---·lJ) 

AP$.~◊~· t~)f i~S<::·J~~'.-:~J~ ·j 1::"'3tl~t..$-. ($~~? ·~ i.-._00$:~ 
li. S: !"$<:0/l:'. s&'la Tm'1t-m~<k (m;-c,,;~ Lf. $. t:<El"AR:¼~W OF CO.\~MERCE 

::...::r:~~' ~h~ p~~t',,,.~,m'k Re<:t~d~:)."'} ~~ct~ 1~15-~ ~◊ ~~~$ ru,~ i'"~~t~ ~~ t'.¢~~ t◊ ~ ~~~o:r. ~ ~Nf.;>.~~~ ~i.~{?;~ it~~~'$, :s: t,~~k~ OMS ~{)t'~~~~ wmw 

Document Descriptscin: P'ov~'er of Attorney 

[_[ ______ P_O_W_E_R_--_O_F_A_T_T_O_R_N_E_Y_B_Y_A_P_P_L_IC_A_N_T_-_____ } 
I hereby revoke .:ti! t,revlot-iSc pow-et"S< of ~ttorney git•'e,1 !n the appi!ClE!tion ide,-<itified in ei~ the attached transmittal letter or 
the boxes below. 

□ 

I AwMoe NwnW l Fllfug ~ .1 

{Noi<:!: TM bo>:e$ atmv~ ma}' o~ !aft o!~rn;; if information is pmvil:lw on fo,n: P'i0lA!P<.l$:2A) 

I r.ereby ~:;:spoint me F>st~nt P,actitioriet{s) assaceiated with thl:l fallowing C~storn$, Numb~, ~s mylowr attorney(s) er agent(.s):, and 
to transact all business in the Unit<zd States- Patent and Tr~~tna:'k Offi~ con1,ecti:,ci th:erew1tr1 fonhe ap~i~~ti:on ref~r~m~""'{{ in 
:: attached tt&',smittal h~tte:- (fotm PT0/A!Al~2A) at' identffoa:cl atmve: 1

21839 
I 

! iwreby ~pf.----oint Pt..3ctifa,Ytsm),) flamisd ir: thl:'.l' . .irtaa;;h<Sttl :li$t tfom, ~1·0,r-,t<JNa2q as n,p'¢ur attomey{s_l :,;- ager1t(i>}. ~r:-iJ t~ tr~nis;act 
all o;;.rsln:'2'$-$ il-1 th{$ United St\St€s P~tent amJ T::-.3dernart< Offics coni-·iectw -therewith fat the patent appfo:::-.at;::m tMere11<:ed in th>~ 
atfactled transmittal lettl§r (k1;m PT0lA!Al$2A1 ::tt- kfe-ntlfied a!:Kw't,t (Note Com,cle:te fom1 ?TOli-\lP.iB1.C,) 

Please r-ecognize or change th~ correspondeni:e ath.ite$S for ~e appUcatioo identified in the atta~hed transmittal 
!~tier or the boxes above to:: r -_- I The a'l:!dress ;assix:iat~d ~~th tt-e ~-~nwmione~ C,a1:stomer Nm~-,-~,.-

City 

OR 

'The ru:Mre$S ~s:-t,oc:i~sti:;cl >..4~1h Ctish~m~, Ntimb..s-r: j 21 a 39 I 
OR '""'""'""""'"~-------------------------------·-----------------' 
Finn<1,· 
lndlitldti~l Nam$' 

! Emsil 

I 

·------········----··--··--····----·----·--·----------­

j3ShapeAIS >.. ••• ,._,_,,_ __ .,_;... _________________ _ 

□ 
--~-~-----~---' 

0 L~<ga! R~p,~sentative of a Deceased ~r l~sSll:t lncapadtata>1 frwento, {We r:oi req;.;;freo be!owJ 

[Z} ,Alss-lgn~e or P{$mon to V.'¾orn tne l:1vem¢i- is Under lln Cb!igati<m to ,<¼s-~gn fp,---cvi<1e ~ig~r's t~tle if applk:ant ,s a J~:i:stic l:'}ntlt{,: 

□ Pe,·si:m v--..,'ho Othtlr--w,_,re Shows &.lfa::;:;ent Pro!):ieta;y §r,te;est {~-9-, <i peMi(m m1<iw $7 CFR 1.4$(b}(2) 'h-as gran1M h'I. the 
aOS)l!c~tiPct :or ls wnwrt12>nt!v oBin:e;i 'filed with this dowmj;mt) lorovic~ 1,kmisl"s We ,f apolimr,t ,s a ,:_,,istic entitv} 

NOTE~ ~½)msh.m~ - il'li$ form Jlc'll,$l i:ie sig,wo bi the <'1Wll¢Bnl in acmr<fa!':c:~ wilh -S? CFR t .1Kt See: ?7 CFR i, 4 fur s\gnah.w~ tm:,:.;ir~ments 
<md cs:tsfle3iio,,<\S. !t mo,~ H,M ~~ ap~fa:~mt l.'$~ ,:m..iliip½ form$, 

:r~i~ f.{;$>)CiJ~t:: c-t :r,.~~~~~ ~~ t~~u:~~ ~ ~t_ C.F~. ~, ~:; 't ·~ .. ~i. ~aj -; .. i~: .. n-:~ :::-:~<:~m~:~~ ~~ ~~Wf~ t~ ~a;~ .zt t~J:"$:~1 ~- :::.~~~:t l~~ t~~ pt_;:~;c wh:Q':: ~s t~ ~~s, {~~ t~: the 
~.rs~:ro-:..,:- f$tt:~~~~:-;} ~~-~~}":-s~~'-1"~ c,~~1~~~~:i~· k~ ~~~i~a~~~ ~~ ~ l~~JS,-t~-. ·t<.z ~~ ~-r -Cf~=t i_. ~ -~ o:~~rl ~.-i4 .. -:r-~-s <~~:<>-::: i& ~St~l~'"&.~~ R:ct~~ 'l ~~"!tt~:s t~ tm.~~t~.­
~~:E.!tfa-:~ 4~~~~~~:~., ~:7~~":~1~)~ ~•~- s~~~~~~~~ ;.~' c~m~~t~ ~PPi~C.=&-~))~ t¢-t~~': }!~J !~~~ tJS:~TC.- ~~"! ~~~ ~"$.~-~~~~~ :..~~~_t® i~'-~~~ e~~~ .Atr~: O?:f1~~1~yS~~ ~~, th* ::sr~~:nt 
~ tir~~-}'°~.J r~~'f~ ~}) ~~~~~ ~~15S- ~~~n\;'$f)~'yr $~~~~~$ tor t~':tx.i~~ th~~ ~i:'~~:\ ~~~tt~ ~: ;~~t !St~~ c~~t ;s;i~s~~t~ oo~. _\.tS~ ?~~~i »:~ Tt~~n1-.~---k ~~>c iJ $. 
i)<;~p:~:~~~t ~~ c~~'.t'.!($?~. P-.V .. ~~ ': ~£:t ;:i;_.Ei;"!~~N-~:i*.•- '1'~- :?~~ 1 ~-~~S:~~ 00 NC1'" S!::NO ~E$S {}~ co~~~lffrEO ~t~iiS: TO 1}·HS .»OO&fSS~ $END 70~- (!{){n~N:E-$~~$?({f 
f,w ~~~- RQ, Sl>x 1~, Al<s~~~r,3, VA11~1:M4JSO. 

lfJl~J.:- n:~~iJ ~-S:sir~t~.~-c~~ .ff'l t;.i1tt"!f/•:~tit~r; t~~'. ~(;{}1~ .. c~H t,Bf~"?.,..~"'.}TO,gfg9 .._ .. u~-q _s~i:ect opti:~tt :t .. 
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PiOiAlN!:!fJ {06·12) 
f,pproved lor ,ise through 01/31/2013. OMS 065 l ·0031 

U.S. Pa,en! arn.i Trad;;maik Office. U S. DEPARTMENT OF CO!s,lls,IERCE 
Under ~h~· P, ri>i(H°k R~l.iLi~tfon Act of l~':f5: no rsons are m1: e.ilre,:f to respond to a collection oi :ntorrnatfon unless i;. dtsDla a valid 0MB control rn ... tmber. 

STATEMENT UNDER 37 CFR 3.73{cl 

Applicant/Patent Owner: .. ~~.~~~~ .. ~.~ ............................................................................................................................................................................. .. 
Application No./Palent No.: .. ~.:~.~.?.::~.?..?.......................................................... Filedllssue Date: .. ~~L~.:.~~~.? ................................................... .. 
Titled: SYSTEM WITH 30 USER INTERFACE INTEGRATION 

_ 3SHAPE A/S ............................................................................ · a .corporation ........................................................................................................................ .. 

states that, for the patent application/patent identified above, it is (choose .Q!J!: of options 1, 2, 3 or 4 below}: 

1. 0 The assignee of the entire right, title, and interest. 

2. D An assignee of !ess tt1an the entire rigM, title, and interest {d,eck applicable box): 

LJ The extent (by {)flrcentage} of its ownership interest is ~~~~--'Yo, Additional Staternent(s) by the owners 
holding the balance ol the interest must be submrtted to account for 1 OQ<;-;, of the ownership interest. 

C There are unspecified percentages of ownership. The other parties, including inventors, who t01;1ether own the en!lre 
right, !We and interest are· 

Addltiona! Statement(s} by thE! owner(s) holdln£1 the balance of the interest must be submitted to account tor U1e entire 
rlght title, and interest. 

3. C The assignee of an undivided interest in the entirety {a complete assignment from one of the joint inventors was made), 
The other parties. including inventors, who together own the entire right, title, and lnterest are: 

Additiona! Statement{s) by the owner(s) r1olding tt1e balance of the interest must be submitted to account !or the entire 
right, title,. and interest 

4. D The recipient, via a court proceeding or the like {e,g., bankruptcy, probate), of an undivlded interest in the entirety (a 
complete transfer ol oi.¥nership interest was made). The certified document(s} showing the trans!er is attached, 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either {choose~ of options A or B below): 

A. RJ An assignment from thE! inventor(s) of the pati~nt application/patent identified aoovEi. The assignmEmt ~vas recorded in 
ttie United Slates Patent and Trademark omce at Reel _:??_~~~11 , Frame -~~~'.'._·-----·------·-----·--' or for which a copy 
thereof is attached. 

B. C A chain of title from the inventor(s). of the patent application/patent ldentified above, to the current assignee as follows: 

1. From: 

The doctJmerit was recorded in the United States Patent and Trademark Office at 

Reel ................................ • Frame ................................ , or for which a copy thereof is attached. 
2. From: ___________________ To: __________________ _ 

The document was recorded in the United States Pater,t and Trademark Office at 

Reel ............................... , Frame ................................ , or for w!llc!l a copy thereof is attached. 

[Page 1 of 2] 
Tbis collection ot intormation is required oy 37 CFR ;J73{ti). Ttie mfom1a!ion ,;; r1zqwimd ;'", (lb!ain w retain a berieiit by Hie p,:b<k which is to me (and by ttm US PTO to 
process) zr. application. Conti<lenMlity- is governed by 35 U.S.C 122 and 37 CFB ·1.·1 ·; 1mo 1.14. This cnliectiori is !l!l:li,T,atect lo \a~e 12 minutes to cample1e, in:cl1idmg 
g,ittl()ting, preparing, and subrni\ting the ccmpteted appt!t,a!lori formic ti1e USPTO. Time ,\/41! varv ctepe:r,cting l1por, the !rictividual Cilse:. Any comments en !!1e amount 
t1f Um€: you rt""::c~ulrn ID compJ~f(:· tM!s torm tlnd/or st.:tggestit:1n~ t:or reducing tf-m~ bur-:fon. ~Mc•utd bt: &l:;nt to thr: Chtef inton1ratton OtticGr: U.S, Pl3~em and Trademark 
Offlc«. U,S. D&partmentf>f Gomm..-,.rf:,,. P 0, Bt)x l45ll .. Alexandria, \IA 22313,1451} DO NOT SEND FEES OH COMPLE:rED FORMS 'fO 'fH!S ADDRESS. SEND 
TO: Commissioner for Patents,. P.O. Box 1450, Alexandria, VA 22313-1450. 

{{you need asshtance in completing thefi:mn, call 1·800-PT0•9!99 and select option 2, 
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pt(l;AIA/96 (!)8-12l 
Approved lor rn:,.; thrn,;gh ()t,'3 i/2013. Ol\i18 OC--51-()()3·, 

U.S Patent and Traden1aik OW,;;;; U.S. DEP,<\RTME.NT OF COMMERCE 
Urn:itn t~1e P.aoerwork Red:t.Jction Act of i 995, no oer~ons are re~ ... ulred to res n.ct to a coHect.ion o:f lnforfnmion t .. miess tt dt~pL;i}lS a va.!ki 0MB ccmtro! nt:mbe-r, 

STATEMENT UNDER 37 CFR 3.73(c} 

3. From: To: 

The document was recorded in the United States Patent and Trademark Office at 

Reel _____ . Frame _______________________________ , or for whlch a copy thereol is attac~ied. 

4, From: _________________ To: 

The document was recorded in the United States Patent and Trademark Office at 

Reel _____ , Frame _____ , or for whlch a copy thereof is attached. 

5, From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel _____ , Frame _____ , or for whlch a copy thereof is attached. 

6. From: To: ------------------ ------------------
The document was recorded in the United States Patent and Trademark Office at 

Reel--------------------------------· Frame-------------------------------· or for w!llch a copy thereof is attacl,ed. 

[J Additional documents in the chaln of title are llsted on a supplemental sheet(s}. 

r,;;:-l As required by 37 CFR 3.73(c){1 ){l), the documentary evidence of the chain ol title from the original owner to the 
assignee was, or concurrently is being, submitted !or recordatlon pursuant to 37 CFR 3. i 1. 

[NOTE: A separate copy (i.e., a true copy ot the original assignment document{s)) rrn..is! be submitted to Asslgnment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of tile assignee. 

/Stephany G. Small/ 
Signature 

Stephany G. Small 
Printed or Typed Name 

[Page 2 of 2] 

July 30, 2019 
-----------------------------------
Date 

69,532 
Title or Registration Number 
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Privacy Act Statement 

The Privacy A.ct of 1974 (P.L. 93-579) requires that you be given certain information in connection wlth 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 !or tile coflection of this information ls 35 
U$C. 2(b)(2); (2) furnishir1g 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 SL1bmission related 
to a patent application or patent. If you do not furnish the requested information. the U-8, Patent and Trademark 
Office may not be able to process and/or examine your submission, whicl1 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 mutlne uses: 

1, The information on this form will be treated confidentially to the extent allowed under the Freedom ol 
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 tl1ese records is 
required by the Freedom of Information Act 

2, A record from tl1is system of records may be disclosed, as a routine use, in the course of presenting 
evidence to a court, magistrate, or administrative tribunal, inclL1ding disclosures to opposing counsel in the 
course of settlement negotiations, 

3. A record in this system of records may be disclosed, as a routlne 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 ol the Agency 
having need for the informatlon in order to perform a contract Recipients of lnlonnation shall be required 
to comply with the requfrerner1ts 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 l:ly 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 {Le., GSA m 
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 pub!lc after either 
publication o! 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 wl1ich 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, i! the USPTO becomes aware of a violation or potential violation of law or regulation, 
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DENTAL IMAGING

?·~·D~~~~'.'-2::S.:~ ir2~~> tr~ 
,.~f.,.t'(!)~~~ s::.x· {:•S~ ~ht!cX:.§:~ -...1~t.:1 >/;.:'i;;:~_ o~ .. ~} ~:::..:~;~~~·}13: 

H.i~. ~C::,:.{~¢~-~. ;~"};.i ··rr&~~~~~;;3,:~ ~::.•n~~~: ~}.tL tJfF~:~.JttM~=:Nr {)f (~'.()}.,f2·..-~~::·:·~-::~~::· 
!,J~:,i~~{' :fhe ;;:l~~:--~:,--.,,~~: R~~~itt~~ 1~..::t ~.:i~m~;, {~ $3:t~~').:':-S-!~!'.t~ ~~~~.:t~,'j i:."> -.:eslX~:&~i s.~ ~ :-(~~~~~-::~j,~~~1_i~~~;~1~)~}~'-~) ~~~~~*$)~ ~1~~~~=;~;~:~ ~ ~~{'.~ ◊~:~i}. ~'?,.·p:t:>~~~'-.7-} t~t~~-~R:~❖ 

RElSSUE APPUCATION: CONSENT OF ASmGNEE; 
s·r ATEME:Nr OF NON~ASSlGNMENT 

N~n-1~ of Patentee{s} 
:JSHAPfA/5 

Patent Nwr,her 
9~329_ .. 615 

Title of lnvedkm 
SYSTH>.:~ l<Vml :m USEKINTEfffACE lNTEGRATION 

D<)te Patent 1s~,,Jed 
May 3,2016 

One M lx:ixe'S 1 or 2 ,1tl,:>v"" rnust b{., <:h<:.»~l<ed. !f n-ii..i!th::i!e asskme€s. corm:>lete this form for each a.-ssii:inee. ff 
box 2 is d'ttK:k.~d, skip lht"' nE.;>::t ,,.;ntry an<:! 91.:1 din;cHt to 'Nani~ of Assignee." -

The 't,,rittan con-sentoLa!! as:sifJneeti and invt3i"1k~rs <,wrilng i,30 tmoivided inl~rnst in tt.~, origin~tl 
p.;_ite-nt is indtKled in this applicafa.m for reissue, 

The ,isslgnee{i;}.t)Wninq .,,n undivkk::d interest in said origlna! pa!enUs.!are_?_/'.>_-f-_-l_A_P_E_A_\_i-:>_'-___________ _ 
and tha i:1t,s-iw1,~t~{s} cons~,tifa lt:> U,e s:icc<}rnp.anyinf§ applk::.atkin fm rnisiwe. 

Nim1eof il-Ssigni~el1m,1:.mtor {if 11ot ass!w~ed) 

3.SNAf'E l•JS 

S:ignstttre .......... w"· -' ... --------·· ...... ---.. ::·:~~--::: .. , ...... , 

. .,..-- ·-~_; .. >"~~::·.::::;;~:iS~~f~~:~:::",~'.::~;~~~:~:~'.~~~;:~;"w· 

T~:-"S- t~~~~~~t'!-:.~'"~ ~f ~~t~?ni*~:-~;-:"} ~~ ~~::1~~:{{Xi t.~i-.: :rf :C~~H L ! '?2._ 1t~& ~.r:k~"?t~::s~k~1 ~~. f:t1-~:..:~;~~ t~ :_')~t~-:.:~ ~~ .. t~~:;~~~~ :S b"-::f~t~!~~ t~~•' ~~~'} s.~t:~: ,~~:<::! ~$. ~({ }!~~'} ~:s...::~ t:.t· ~i~ l~~~~•·ft) 
~::. .. i~·~:":'-~~::::} .:.,}} ~t;~:~.~~fa".$~ ~>~;.t~i~-::t~~:.se~~t:f i~ ~~:,-=~'!rt:e,~ ◊? ~t~ :trs.<.-:. ~;:-~: ::-:-.~z~ :;J CfR ·t. ~-:~. '-:'.t!~s ~~>c:~~-1~-x) ~s ·-s-❖;~'!:o::,~-~~ ~~ t:t~&: ~s. .~-:~;:~~lJ.s~ ~❖- {.-:-::,~~:>~~~~;- :rK;~~ili:-:.~ 
t~':::t&~·~:-~g. :}~f:t"-5~t:~~~?- 5.s.~d Xl~n~~t::SC:.;J ~b~ :i:.<~-~:!-{~*'!.·:..~"'1- ~~'i-:~:{-::3;::~!~": ?~~-=~:-:- ·::(,; ~>~ o:s.:::•·r~) .i:{l~ ...... i:~: ~~~)' ,~~~'!-!;,~ .. <:->J ~;:,~;~~~ 8-:;:-~ B-~~:~-:;~:!-~~ {'::~~:-:. ~~.:;,}· {X,••"fH'f:•~'::~i:~::f; {.).;"~ S-:~ 
~~~°j!m•~ :-;;~ !::}1-:~ )'{.~t; ti:--:.1::..~~-;s k"t (:.:...~~--;~-:;~~* t~~~~ fz.,ti11" ~~1~:--.--g· ~~~~,~::..~:k.~~$ f.:.i:: (~X':\;(~:'>9 ~:~:::~ l~,'t~t~~f~_. ~~N.':»~~ ~~ ~~~~i ~:;.~ t:~~~ ~-:;:::;*~ }r;::~:,::~1:~s:.:~~(:-: Z~~::<~:s~·. t} .tt :>:->?~:!~1~ .}~:;;:~ 
l~~.t~$~~~x::'$:;. ::*~~~ ... u. s.. :C~t~!x~'::t'!~~~ ~ -:::{~~t;"-~=-~s-te .. r JJ,. t3::>~ $~-t:o .. A~~:<:S:~t~:~1:. v~'. ~:tii~~. ~-:tr.◊. t~~) ~~tn"· s~~:~t:- ~~2t~ ~= f~ c.:.::-:~;.:~}t:t~ri~~"?:- .ro~~i~~:~~ re~ ·n-u::~. 
A~,~Vi,S:S Sf~DlO-. Commfa~fon.~r for Patm,w. P,0. B◊.>: 'f<lti!), Al*i.'fndfi~, VA 22~1~•i,H,O. 



0040
Exhibit 1002 page 40 of 1005 

DENTAL IMAGING

Th!~ Privacy Ad <lf 1974 {P.L. 93,519) rsqukfa~i th,lt y,::i{, ti~~ ni'·-tt,n c,~rt,~in ink,n-rn:l:tion in cmms<::kxi 
w~th your subff,isi,kw, of ih$ au.:,;,ch$-ct k:rm ml:,;,ted to a ;,~,t~mt apph~lt,or, or p;,t$r:t. f\tK;c.,rding!y, 
por~{-hant k1 !~tr~ {faqu~n~~tr~t~nts -Of {ht~ .-<\,~t~ ptr~<~J:~ bn :::ldV~ij$<.:S that (1) the g.erH:¥{3:t authotRy- for .the 
t8ne{:Jto:1 of t~1is inf{)tr~l~l!3◊n fs 35 tJ Jt·(~ .; 2{t~){2}'. {2} i~Jrn~r~hin.g of th~ jrlfblrn~tkJn f~~~Hc~ts~d ~~ v~)~Hrlt:~:t~y~ 
mx! {3} th~ principal ptirpose for svtiictl me inform,'ltion is used by th-e U.S. P,:ttent and Tn,denw,rt 
()!jict:· }£.: t!> p~·(}<:t~~>~ ~~_;1.(}f(}r ~~xarrsint~ }~G~J{ ~obn1~s~~k.:-n n~t~\f:~i le~~ i~ t~~~fenl app~ic~~tit}t~ .<:r ~~tent H you d◊ 
not farnish thz; WQU'<!Si'<'d infom,ation, th;,; U.S. Patent and Trndema:-k ornoe m;,av ,,ot b,; abl-e !<::> 
pr<}~>t~Eg .. ar1~::ffor ~~<<flrH~nn·:f'<)Ur zubn~~t:t~hJn. \~h:!{:h {H~:t~t resu~t in terctl~na~on·uf proi-E:::E.:~d~nfJS er 
abandomnen! of thic, ar,plk:atitm or expiratior1 oI me f'-'1tsnt 

·1. ~rhl~ inf<~rrn;:tt~t)t:i nn this_ r~~){n:~ ·~~-i~~ b-t~ h~~~:thtd confid(~ntiaH:{ to th~:.~ iJ .. ~tt~nt i~~k)".;-<tt3<J und{~r th~"=­
Freedom of !ninrmatio~ Act {5. U.S.C 552} and !he Priv~::c;q Act t'S U S.G 5f>2;:i}. H,~c:;)tds fo:::,n 
fh~s ~fStt~rn {)~ rt!{:;-<)rds n\ay bt~ dj:s-ckJZE~d i-:..1 the Det~J:'.'!rne~nt -c~r ... iostit"t~ ts> d~:!-{~~rn1in£: vthc~th!~r 
{fo,dosu,e of thesfil r~conJs ls r~quir-e<l t)J' ux~ Fr~,~t:in, d !l,bnm,tkm Act 

2 A n;;conj from tni,, system of ro<::onH, mat be disdosed. as a routine l!Se., ii, the <::owrsa 01 
pr~ls~f~t~==-t9 l1\,?3d-i~t;~)~~ !z.J ,:). <>:/'..~tt ~7f~O~i~t~tt{~te.: t)r a<.~!r~k~~str<~fr¥{~ tr~bt::r~f3L }n{·.kuJ::nt;: dhs:.(:k>z~3re·s to· 
opposing rotu1s.$i ~n t:he ~cH .. n-s:e: of s~tl{$:trient negot~atiu~1t~-

:J _;;.\ n:~c<~rd Sn this sys!t~n~ of r~~c0rtis rnt.~)" be d-ls<;~;;.is€'d._ ~)ij. a n)oUn~~ tt$6~ to ,a i\_:{6~rnber ·(.l 
(~OnQf$$~~ -subrnifting a ff:::t:}!J~~~t ~:r~vnl~lu~~ <~n i:rK~~,~idt.s~~t tn \\•t:~;:rn U1f~ t(~c9rd 1)~7:-tt~~ins __ ~l.:t~t.~n lht~ 
indlv!dtJ'ct1 has r~quett$d ~ssl.star."".:e 1r-:-1m tne Memt~e, YiHh r~sp$d i<.) the ~Ui}j$Sct matter nf g,e 
n~::t_)r{i. 

4., ;.\ re.ccfd ·~n th~s -sys!,:~fn cf' r:ecofd~; iYtS\t b~ ,:-:fi-s~~~~.)s·~d, 6%. a fOUt~r~~: us%~ to-:~ ·c-:)ntt~lct,')r <if th~i 
;.\gt1:ncy- hi~Y~n~§ nef~d 'fnr ih:e3- ~nf<)nn~~i~:(~n in onJer to perfD~rft i3 <,:cntra~::.t. R.~-ejp-~:tJnt$ t~f 
ink1rw:~~-iion ~~ha!! t;.~ r~~quirf.Kj tn cnrnply with H)i,, rf.~quir~,ments of th{? Prh,;1<.:y At,t t.'>f "ltf74, ,,Is 
an-set1:d~d-= purs-v~nt to 5 li.S,C. 552.a{~1}, 

5. f\ record -ratat-~.Q to :an §n{:en~-at~ona~ i,\p~}t;<:~~t<:H) filed ~ .. fn . ..::'er the P~t!>~nt c~t1troerat~on ·rf~atv ~n 
th-is "Syst~n-s of recc\rds-nt~}~ he di:s.eJoS6d> ~s. ~ rt::.otine u~~a.:· to thi~ h1i*rr~at~CJ~<1} (--lut€:~tJ <~f th~ 
V\lmld kitell~d:.u~! Pr>)p,;.,tty Or9m,kation, purstmnl to l:"l<=, P~ikm.t Coopem!:on 1r,:Nt!y. 

ti ;.\. n~c~rd~ in th3s- .sy~te~1) o!: n:cord~ rn~~:i. __ t)£~ {f~~c~?~~;~~~ ~ a~ ... ~\:{1}!~ft? us-~:;!' .. ~ t~) <){)~)th~~-r- ie<tt~n1i 
a9ency for purposes. of N:..~itona~ 5~cunt'l r~v;~¥"i" .. { ... ~<:.'> ,J.~~l.. .... 'a{ti.lJ:and for nJY::e\\~ purs-v~~nt !b 
g~H ,..<\t{)~r~ic (~nt~rt))~ t~t~t (42 tJ.S. {). 2·1$(c)}. 

l ;.\ r~cor<l. fro-tn this s,yste·ITT of r-e:~or,is rnay b~ d~s.cto~.:ed. ss a r.r1Htin$ tit;f-?..; to l½~e >i\drrHn~'!:Jratt>r~ 
(;ent~nll ~'it~t\~t:.{~S, nr httit~t~r d~~si9n~~t~, dtHit)!J t3n 3nf~f}~~~~iktn <if HSCt:-rds i>::>ndHt:te<l t)v t3S;\ as 
p~ut -cd that ngency~~s resroni~-it:-mt~l to f€:t~:rrn~1-tHt{i knpt\}\(etnent~~ ~n r~~~)t;l~~- tnar1~)9~~n1~~t~t 
pra~kc~s .~-n<f progJ{;3n1.s .. ond~·r ~3tJlhar~tf cl 4-4 lJ. S .. C. 2904 ~~ncl ·2900,.. St~t.h ({~:s<:Jos;}re shaji 
bi~ rn~:!d~~ ~n ~lCC.t):-~tanc.~~ .\¢,.;;~th th~~ {~f~A n~f}t_.:=:fa~!i<in$ 9(Rt~~rr':~i~~i ~f)~:f::¼;1(~iJ<.~~i of ~t:~(:(}rd~ iQr tfis. 
purp-os•~, and any <:-ihe, rel~vant (i.,} .. GSt\ or Commen::~} <liro;::Jiv-e Such disc,kmun~ sh~,!! ,Y)~ 
l)i:: 31!:.~~~d t<.~ n~~ak{~ dt~tt~rn~~n~:df~)ns <"3bout indhikJu.:a~s 

8. A r~cord -f~t)ITT th~s s~(:stern of te(:-orqs. nt~l/ be dfscto$-e-d"' $$: ~ R?~ttn:e= usft to lhe :P:Uh~i:c aft€t 
~t~!h~~r J)ubHc~s:t~on ~)f th~~ app;k::~~ik.1t1: pt~n;::..i.fani: to ·35 ·tl s·. (!. 122{b} or -~sBUBrg::.-E~ ~Jf ~ ?>::-::ti$"nt 
putsu~lrH to 3(5 ttS .. l~- lfi·1:._ f-:l~tther. a re~orti n~~~-t t,;i?. dis.ck)S~:r:( 1vbje-ct to th~=· iin":Ji<~-tf{}flS {)f :..~7 
CH<: Ll-4, .~s a fvullne u~e, to the ;.::~hlic if lhe rncofd v-.,as fil""d ifl im ~,pplk-atlo,nvhich 
t>~1c~1rn-~- ~~t~·an~J<"J::1:i~d nr in ;,.~ ... -t1ic~:: U:.B pn)C~!:HdintfS ~S'1~n:: t~::rrrd~~.:lti~<l .:ir::d \~ .. .tfrch <~J?Pf~}::.~iE~)n ~~ 
referet:-c~d by ~fther ~~ p~.Jb~~sfH~d .~ppHt~~\~i)ft ~n appnc~ion vp~'-1- b::- pub~~c insp~c~i5:;n or ~n 
iss.u~~d pi~tent 

9. l.).~ r~H::.-Grd frorn th=;'% sysb$n~ of B.$C~>tds nt~~y ~>t:· d~s~tos::::·ct, as ~l rt~::..}tfr~i~ tH~t~:- to a F:e:Sli~fi~~-: Stat~-: 
<~r to,~~t~ b~s.:v· ~~nfon:~~rn(~nt <lfSt~nf::~t. ~f th~ lltsr~·r() b-E.:c~)H~{:~ ~~¥,~r~ t)f ;J \{~ol::~UiJB ,~r p~)t~nti-f~~ 
v~ofation of ta,it or f$"9liiat(.~n 
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p=r()i;,,\~i,~~ r-.:;-~. ~".:J 
~~i,--}.'.~~:.::-:-x.':: k~ t~'$.~1 ~~~~:_:~~~ {Hl~.~3'~:t;~~~. GM·~~ t::{;:;. ~.·{~~=~ 

3} t~. f:~t<-=-:~. ;$~1:~ Ir~~~*:~~v.,$)({~~t-.-:~!-~ .. u.~t nr:P·ftJftt..~~r:Nr (3:~ {:~{)t~M:::;=~c~:=~ 
U: .,:.~ ... ,.• -<-:,.._ ... ~>:u.::::, ... -:r'\~ .. -e:_.· P·".'•:~ .. ·-·---;::> ,:, •·-< ~,-r .~:-~"f>\ .... ; ... '.t'-.':•:-..:.:c··>- l~"'"- ;:':t;>-·-··• ... ~·-:A {-;) , ....... ${":(:•'?} $:t;;: &·,::t=•:~x:~::: .... , :, .. ~'"l":'"''~."..:'~:•! \""'"❖·¢~: ;~ .j'.ii-s,"'.S:•$ « ;;..~.:,.~-~ f:}L~~ ,>~':r"·--:.:-, ~r .. r•r·t-~f 

REISSUE APPt.lCATlON OECLARAJlON BY THE ASSIGNEE 

I rmmb)' ~~~da~~ that 

1hr:> msid>:>l':C,::, m~<l rmsilin~1 ,3.,idrmrs of th;,, inv.s:nt<::r or }<;slnt inv,;:,ni<i.rs t,,~ ist~!,~d t~in'<,.'. 

i f~~n aillh~:rfa:~d to <~Ct i:)ri b{th;§~f -o{ Ht~~: ~~~s~gnee Of ~.h~~ <~-S~~ign-t~~ i~i a f l.H~·s:tic ~~ni~ty}. 

·ri~~3 ~ttih1~ t::tt~!· t(~ lh~~ P<li~~nt ki~~ntHl~~i b~~h)~~~ ~~~ :~~~st~<i ~r~ fu~~d .%.tiiigr~~e ;, :er· ~f th~==--e ~l{fi {~)U{~~ph~~ a:S~ifgn~~~S.!(t ... ~-=f~'t~~~:- ~:n: 

.~'.~~:~~:~~~~~~~:~~-~~~:.:~~~~~~~:.~--~-~~~~~~~-:~~~~o{i~~~~~n.O~~l~~a'.i~~. t~, ~~~-~~~~~-~~~ .. ~~~~.~~~'.:~.'.~~:~•._o_f_t~_-.~-~-t-·>_«.t_~_-=--_l'l_t_i-a_\_':?-_n_ti_=~~-\:-?d_. ____ .l 

Kult,ViN}}<~f~(m 55· 

!~:,t,., .................................................. J S~Rt~~ ......................................... l~~~.;:M,.l ...................................... 1~::imtiy.. . . . . . . . .. . . . . . .............. . 
___ -~~~1 _ _ _ i\d~X;t~{:!~~~~\!~~"':~,?~-!'?:='~ _ -~r~:} Bi~~~:t2~d- ?~ ~-t:f}~tat~~~:'{ nt.:Jnhi:rt~~i s;;h~~i·:t~; ::~fttet~h-~d hHr~_:: ~-'"'-· _________________ ___, 

.~~(~~~~ .. ~~~~~~~~,.~~ .~?~9_,~!~ . . . . . . . . . . . . . . . .. . . . J F'at~Bt !S$WOr,ts . .. M<sy ,> .. 20-w ................................................ . 
l beE~ve $atd ~nv~ntQr{t) tt) b~ t~e ortgh'1&~t ~n);J~nl~t ~:t ~:igfrt:~~ _{ojnt if~\~n:tors of th~ s.ub)e<-~t m&tt~f """"hk~h is d~S{~r:t:~?d ~3nd 
cJa§n1~J in s.aid JJ~tent:. ftff ~~tiich ~ r~~sso~ p~t~rH ~s $:Ought on fh$ jnverl~it::n "tiff~d: 

SYSTEM VVffH 30 USER lNTEHF,<\CE lNTECRAT!ON 

i h~r~::b)" i~t.knO'il:<.::~1~1i~ that ~i1y \~:~Uf::J! fft~$~: state-n~~)nt tn~:rk. in.this d~J~r~tio::1 ts ptJn~S:Mat:~e ~.}:1dt1r ·~fJ ti.s.c;_ -~t)n··i hi fi~~ 
Of h~1~Hist~n~Yl~nf cl no~ Jl10f$· Ut~n fh~ { SJ j$·-~ts., or i>ott: 

l bi~t~~1,_.-:t3: ~h~ {~dgin~~j pHiBn-~ t.:2 b~~ '8t~~ny ::-:,;r Pk1!Ut kuspi~f~~ii~~t ·{'!::· ~nv~~}it:(.. t~)! t~H~ [~~.~~{}~::$ :d~f~~crft~~~l ~::{~}~)--. 
{Ch~f::k «U t~{)Jti~~ t h~H >~PP~¥.) 

[] 
w~~w 1oi;n 

1~:.s ,.f:-:~~=--::tk-:~::: -~r ~~-::-!:,,·:--:-:-~~::-:ts.-:.~1 ~$ ?¢;:;Y~i~:.t b-:· s-.r (~t:H -s. ~?t;. n~-!-: ~-:;~iX~~~~~?; ~s. ~:e~~:::t-.s:.i ~t~•o-i~-~.:..:::~~ !':.~::· 1~t~~ ... ~ .:$: ~~=-~~-:--~t:~ l::~.: tht i~,.::i~:k~ ,~'hx·~ ::.st~~ tt~ ~}:.:-::{~ 'i..:t/ t:-:{;~- t)~:;=•}'!) 
~t- p:"::.X:Z::*S} ::1•~ a~-..::::.-~~:~~tR~--::_ ,:~::J~-1~}~-t:~~~w ~~.~::);:¢~::":~it~~.~~~ {,.}.:$,C. 11l _;;>t~::.i :>? {;f«: 1.1 ~ $::"!ti 1.t4, -3~;s o::~:¢{;~~:s--:~ ~$. ~~fa"!":*~~~ ~~y ~-~ks:.:~:£_! :t~'.,,'.~~~,}l-:='S k~ {):"..:t~t:X:!(~. 
~-.,,.>,:~:-:.% :;.:l~~t◊:·:...~~.- ~}.~>-•~;$:>~~- ... ~ .... ,~ ,_.-._.{.W.<,f,-.:sf (~~:.::,';.-:.": ·~--&':;/;.·,~ .:~;~-:~:.,.~~~:. ·- L:•,'ffi .. .:.,,'!- ~~ ... * ,.-.(}? }~..:. ... ·c,:..-:« -;,.<;.: '* .$- .:..-• :p-,.-:-x; ... ~-l ,:.},::x, ~-.,v i:~..i~ ... ::,i,:,.x., ,-.-i .. _'-* A .... i s.,: .. :.._,· .. y:.:~s.. {},:. 
~:;'}. >"<.?\, -·~- \,_~·r~h* ~~-} ,• .• )~•:-~:.~ --'.:.1·-. .. :.,\ ,"_~,<_.; )~>~\ r"'.-~~~ *-~3..:-:. .. :- .;;:fJ-$:~+· XS L:: ~.:.,:J.L--~.~ ~~::-s_ t'Jo. <t.<"'>, ::-;.·~;.,,/:-:< ~ >$ .• h'J- ~•":· ft: _•_:--j::.z: \:\ ... >f .:,._;:.x .. -t:'J:kr ·" t<~. } ... i:,._. __ .r~.- ~~~~­
·n:❖-:.k-!f:-..~~:;:. t~!tk:*:. -u.-3. n:-7.:=.:~«~t~~;,.;f:;,;~ ◊:'~'.?;,~>:(:t[~:~ft.;~~ .. P.(t ~{)X ~-:~~~ .. ~~~~X~:".:-~i:f'~a .• '::,,/x-_ :.:-:~3-~.:.~-~c;~~t. t~) N~)l $£}it~: ft~~~:S {)~ C◊M:S.:t~r~~{> f{~;~~,lS- Ti) :~~t~~ 
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3~·lQ/._..;\~R~O-S {~~?., 1 ·n: 
:t,r,p:)">~·~~ ~~:-:· ~-..:~~ ~ii~i~~s~ .. x:.~ .. ::.s ~~: .... ~~.,":: fHt~~ {~~fr~-<~i~~ 

H.:s t·.;.:.::~-:[.}t~~~ ·n~:4:>,:,~"f::t:::'K n~"3"::::~'::-:. t~·.s. m=:.p-...::;.f-::rtt~Nr tif: cc~~t<\~F::.ci· 

REJSSUE .APPUCATlON DECLARATtoN BY THE ASSlGNE£ 

A.t ~:::~~~*" on~ i~rH.~r s.::~){)H ~"'t~icl~ ntfs~itse is bi~:S~i is .($~~:crit~~~d ·n~jtoV·l .. U n~e .. r~~~-s:St.;e is a broac~~rfrni~ 
t~fa-~~u~i .. >=~ cta~rr~ ihii~ th~ ~PP~~=s.)~S:fr~n s~~~~s t~ i>ti')t~d,es1 rnt.fS•t b~ id~nt~f:'.$-d ar~d ~1e §.;;o~t oot,:::):V n1ust be (;*~i~C~e-Ct 

A c!afrn ls be,ing ;Btdd€t.i to t...,::.,,red an i:.mt-ir wh~r>t1in t~-11l0nt (lWrl1'ff fa~i!i~d t,> pr~vitiiJ~,ly {>n.,,s~,nl ,,i r:<£li'rov,,•fti' clain1 
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The Prlvcacey Act of '1974 {P,L 93¥579) reqtil,t~-s: tl"i=<lt y<:,H {)<:, f!iw~n certI,,in ksh:,rrnllii,-::,f~ in <::orm~ction 
with y,:,ur stihmf~mk,n <)f th~, ;;,it<~,:Jt;~d farm rn!,~teti to a pstefl! app!!~alic,n or paitmt A<::~\.:'f{jin1;11y 
ptmmant to the requ!r;;;menh,. d Uw A;t p!(;~=::'&~~ b~ -,id,ii-&{~d ttm.t P) !ht':< g't:,n~it<l! r,utfK;rJy for the 
r:,Q}~~~,tiQn nf th:ftt ~ni-Dtf:1f3tion i:s 3'5 lJ·?3.(~. 2{bf{2}; {2} futni~ihh1!1 c~f ttie inforrnidion ~()}t:cil~~d ~z: 1...i<~h1::iarf.: 
;;1n(j (:>) thi;, principal purp,)se ior -.vhk:fi the infon,iation i;,. usezi by ttu~ ltS P,~ltmi :;md Tr:.,~{!ern,;1rk 
omc~~ is to pmces::. and/or cexamin,t: y<mr :wbrni$t,km r<:,latEstl k, ,':\ p::,h:int ,~pph'"":Htic~n or patent lt ¥'0U do 
not hHn~t~h tt1i~ rt~i}l.:~~~5h:~d t=ntt~rrn~~}on .. ·~he tJ .. B .. F-'atent and Tr-a:dstn%r:k ()ffi{:~~ H)l~Y r~t}t b~} ~=~bi~~ t(i 
pn;:s,__--::ess smlk,r eKi:mi/!"le vour si,ibmh,sion, 'Nhk::h m,,1t n~~Hit !ti t"'mii-i~itkm '-')f pnx.~~ed/ngs or 
,.~tt,Jntk.,nm~H'l\ nf m"' .~pplk.;,,Jion \'.)f explratior, ofthe pat~mt 

i, The infor11"wUon ,in thk, form ,,,_,m tilz tr..~,;,ti;,id C~)niid,~r:{1,;1!!y k, u"" e;-,.:hmt alli:W<'erl tinder the 
FHi,~d{:,rn '-jf lnfom,aUon !-\Ct {fi U.$.C $$1} snd !he Pfr:..-~c,y Ad {5 USC 552,:i). Ri:it:;)Ul$ fa)ffl 

this svst:em of m<::on:is mt~¥ iH.t disd,:;:_<,i;,fj t~:, the 0,';}P<'H1,ni:,nt of ,.kmtk,s t(i dtHern1ine \Vt,eUwr 
d~~~ck):stirt~ <11 tht~s~~ ·ti~cor~1t. is requ~r~·.n ·b~t ·the- Freedon1 ~ .. r inforrn£~!k.{n i\ct 

2. l\ re<~{)fd fr\~tn thiS systern of: r~:·c0:r·ds ttla}~ be di~~jtis~d~ ;:is.~~ f(>al~r1i~ ust?-.. in ·th{:~ (:{1>-JtS{~: of 
pt:es~~-~Hng 0\.1:d~~nt.:e to .::s <~ourt fnH{§~s~r~ih~ .. ~?r <~dn1~nistraUve tr~bun.a1~ ~:ntlt,Kt~ng d~sc},:js~s~ .. ~:-s to 
<;pp;)t;inn <X~Wh",i~! in th1o1 ~x,,ffsi, of ssmsrn£lnt negok%om,, 

~t A ti:cnn:.! in U,is wstem or ~tx:o,t~'$ m,:_ly be disdrns.{~d, ,,is xi n,,1Ww us£-, to a t.,-1en1t.,er of 
C<m<ires,;, suhmittin<~ ;;, reqo€st irr,r~,Mr;-o an in,:Hvh:luat to \\.'t,om the rst-ord p-eft~iins, ,<.·'hen the 
irnii'iidv,;.!nm, n:,qu;stl:ld assistan~~ iron, tt,e Mi:~-rnbsr With msp-~ct b the $t~1:\;~:{ rrnitter of !hs 
f$C◊f:(j. 

4. 1...\ f~~~}:-.d ~n ·th:i~~ Byst~~fn o·f re;;:~~~r-d.s n1ay h€ dtstJosed-: as a rowt~n~ tiSe-: t,~ a {~<::.;n'tn~et.~r Gf the 
Aganc}~- havinc need f~r the ink.1rrtl~1Hon h°-} -::~:rder to i~~rl<~:trn <~, C{1rrtratJ .. f{~*ciptent$ c~f 
inf..:Jra1~~ti~]n s§;<~H ti~ f~H~tJ3tt~d t(l ~(itnpiy \~ith the- teqtJifernants ,~r H1e f3r~va:cy ;\ct <~f 1974 .. i:~s 
~;~rr~~tn~i~d,; pun~Ha·r~t to 5 lJ.S~C. ~)~?2a{rrf~. 

5~ A .. rec.iJrrl =:~iatad- to -an tnternH!i(sn:a~ 1\ppH(~1ti~->rt Jl~~~'l unfl~~r ·th~! i"--1i~t~nt c:t::opetath,n '"freat~l in 
thfi; $ySt{,m nf r~~,:oi-d::. may h<:l disdas~d, as a mvtfrm use, to th-,s lntems~ti(mal Bureau {)f llw 
1t4mld lf!{l;j!ledtml Pmt,ti\rty Orf}cani<:;;,fa)r\ pur-::;w,H1t k, th~~ P;;~li,ttl Go,)pemticn TrMty. 

z1. J\ r~~l;~)td St~ {his :s:·rstt~,~l ~>f n~cC}fi'.iS, rnay b$: dhscto~${l:_ ~s a rcuOne tHi~= to _:;n1ottH~t fednril~ 
a.{J~ncy f'3r p,irposes ~~t National Sec,u:~ty- re\.4e~~-: {3-5 tJ~ S .. -c~~- iili} {~nd t:::~r t~\--i~,-..~\-= pHrSHBnt t<) 
the ;\tornic En~r~J}1 i\c!. f~t2 lJ.({,{). 2·1a{c}}. 

~:.. 1\J€~;,)r~i frt:-.rtl th~:t< sy~ten1 o.f records n1,~lY be {Hs<:lO$~:·tt as a ~ ... <}l.Jl~t1~.:: usf~-: t<J tnt~ f\d{n~n~str:ctti)!".. 
t.1en~ta~ Sen,:i{:6%~ t.1r fih;ih~~r d~~s~gn~~t~.- si't~rinft .an tnspez;:{~f}H t~f fi~Ci'}tds cond~Jci~d O:t GSA a.s. 
i>::~rt ~if th~}~ f~ij€:f~C.V .. %· r~sponsH.:4fri\t to rec::nnn1t~nd ~tnpro\:~~nen!s- 1n ~~~:CtJft~S: rn,a_rt~3:<l!S:[Ht~nt 
i)nltJk:~s anti pro9riH~)S~. ondsr atithorRy of 44 tt S .C. 2i)04 ;~n<S 2t~06. :S~Jch dhtciO~urB shaU 
t;:, mHde in ;;si;<::ur(kW:.<:~'::- with !h,'::- GS,<\ rn9utafo.:,ns 9n\.:e,,,in9 insi)action of rn<::<:mfa kV th!.,s. 
p-urptl$S .. antf~ni oth~r ~~~?Yant {{~3~, G&A ,Qf Corinnerclf~ ·~iiret~tiv~~- Such dr~~c~oi~o,e shaH not 
be US¾d fr> rm*~~ <&"'t(~nnin,,,fo)ns- ;~t,-:x,t individim!s. · 

t) Pt re~<~fd fn)n) this syster{l of re(:,1f4s• may b~ dk~:ck .. "!,se-d-) ~ui a rt>:.ftir~z~ '-35:.(~-= tq:~h~f put~~~c >:~n:~~r 
eithe:r pub!ic~t:;vn Cf the appH~~~Hti(tn ptu~~u~:~trt t<} 35 lJ. s. (: .. i :.?2(~} .or ~.sst~~Hlc~~ Qf .a patent· 
pHtsuant t~) :'i5.tJ.S.~c; .. "'l5·L. F-"urther~ a record ~n~lY t~ <frs<;fos~tt t;ub}~~t~t ft.--:- {ht=:: htn3t~1I~t)n~ of:~? 
CFH ·t ·14, t,.!~ t, routim~ mm, b thept,blk: H th~, rect,rd '>','iol~, iili::d in itm ispphc,~tior: v-A1ich 
bit.--..~1n)~J _;;::bt~nd~Jn~id or h1 ) ... ~hit:h th~~ prec{~~trl~ng~~ ·~'¥{;~.re terrr:rnated ~~ncl \-'ih~<::h appUc .. ~.tion ~s 
r0f~?.rented by e~t~)ar a pitb~~sh~ti ~l~-:§-~:catk3n~ <:u1 ~1pJji<~~~tiqn .. i_3pt::n tn iH.J:bE~:: ins:P~<~gon or i~n 
i~sued pal(m.t 

~). ,~ n~(:t~rd f~{.~tr~ thi.!S. systern of tlH~~r<ls rn~y b~ d~;~c}{)S.tx-t ilS- H rt)ub:n:~~ u:st~~ tt>a F~~d~~t~~§, ~)~,:i~:€~: 

Of k;~~~ ta~¥~ enf{n·cernt~n, .~Jt}tHlt~t '. =rf 1ht~ tJSf>·r () b:c:_~ctln1e:s ;;~~\~1f't~ of~ ·vh:~~anvn or po{:~ nt~~ll 
v~o~::~:H-Gn_ nf fa}~'>,r or n~~r-=t~~tk1?1 
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PTO.IAIA.110 (CS-,2l 
Ap,proved fur u:se through iJ1lJ1"/2Gl4 .. or ... ~S 065i•C1032 

U.S. Pe,tt,.,·,t ,mrJ Trademark Oillw: U.S DEPARTMENT OF COMMERCE 
Un(Jer U;~ P;..:to-e,nv~wk Radut~~Jr;n AGt ~Ji 1995, nt) ~}e~A)ns. ~re f~tJqfratf t.-.J rest.rrJ:ld k.1 '---l l.'tJIIBdion of tnk,rrn~tlot) tmles$ lt GfJntaSns a Wl!iki OtviS c,·mtrot nurnb.er. 

I 
. .. .. ... . ... . .. . . S .... e· ... ... .. . . . C . ... .. O. j ADDITIONAL INVENTOR(S) 

SUPPLEMENTAL HE T FOR DE LARATI N i Supplemental Sheet (for PTO/AlA!OS,09} thne 3 
of 

3 

Legal Name of Additional Joint Inventor, if any: 
(Eg., Given Name (first and midd}e (if any)) and Family Name or Surname) 

David FISCHER 

In11entors 
Si.gnature Date {Optional) 

Stenl0se DK 
Residence City State Country 

Radyrleddet 16 

Mailing Address 

Stenl0se DK-3660 DK 
Citv Staie Zip Country 

Legal Name of Additional Joint Inventor, if any: 

(Eg., Given Name (first and middle {If ar,y)) and Family Name or Sc1mame} 

Karl-Josef HOLLENBECK 

Inventor's 
Si.gna.ture Date {Optional) 

K0benhavn 0 DK 
Residence City State Country 

Ribegade 12 3.th 
Mailing Address 

K0benhavn 0 DK-2100 DK 
City State Zip c,,:,unt;y 

Legal Name of Additional Joint Inventor, if any: 

(Eg,, Given Name (first and middle (if any)) and Family Name or Surname) 

Inventor's 
Signature Date {Optional\ 

Residence: Ci!.y State Country 

Mailinl'.l Address 

City State Zip Country 
. . .. - -- .. ,, •. 

T~):s cr,lh,1c:t:o:n ot inforrnatton :s requ:;ed ny J5 U.S,C. ·] ·JS and Jt CFR i.63. The mfcrrnauon ir:i: :equiroo to ootain or r,t:tt~Ht a bt~r~~ltt by the pubhc vthtr::h is ~o tih-:e 
(and by the US PTO ~1> prucBss) an appl~c~.:tti(~rL Conr.def;tia!ity i5 gu1.<sn:-1ad by 3.5 U.S C. i 22 and 27 C~R i. i 1 and 1. i 4. This t ... oHectk;n ~& es,fa11..--lt~d to ta:k~ 2.-i 
mint1tes to complete, including gathering. preparing, and submitting ti1e ccmpleled application !om, tc, tr,e US.PTO. Tim,;, will vary ct,;,p,;,nding upoo th" individual 
t'~ase. Any cornrnents. on the am-c.nJnt of tlffi.e yr.ii~ rBqukB tr; {XJrnp!etf!! th~s. ft1rrn an,,,-iior suggf!1si;on~ fc,r f{j.<lucin-i] ih;s burden, s.h.cns!d be ~ent u., the Chief ink)m:«tkm 
Oiikm, U.S, Paterit ::md Tra,1emark Offfoe, U.S, Dep:,Jtm,mt d CQrnmerr:e, P.O. Box 1450, A!ec~;,nd1ia, VA 22313-1450, DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS, SENO TO: Commissioner for Pa.tents, P.O. Box 1450, Alexandria, VA 22313-1450 .. 

If you need assistaru,-e in completing the form, call 1-800-PT0-9199 (1-800-786-9199.i and select op/ion 2. 
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Patent 
Attorney Docket No. 0079124-000266 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of ) 
) 

Henrik OJELUND et al. ) MAIL STOP: REISSUE 

) 
Reissue of U.S. Patent No. 9,329,675 ) 

Issued: May 3, 2016 ~ 
For: SYSTEM WITH 3D USER INTERFACE )) 

INTEGRATION ) 

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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AMENDMENTS TO THE CLAIMS: 

The following listing of claims will replace all prior versions and listings of claims 

in this application. 

LISTING OF CLAIMS: 

1. (amended) A scanning system for scanning a 3D environment, the scanning 

system comprising: 

a handheld device including an optical scanner, wherein the 3D environment to 

be scanned is selected by pointing the optical scanner at the 3D 

environment; and 

at least one display remotely connected to the handheld device, 

wherein the hand held device is adapted for performing at least one 

scanning action in a physical 3D environment, and the at least one display is 

adapted for visually representing the physical 3D environment; and 

the handheld device includes a 3D user interface for remotely controlling the 

display to adjust the view with which the 3D environment is represented on the 

display.,_ 

wherein the handheld device comprises at least one motion sensor, and 

wherein the at least one motion sensor is a sensor that directly detects motion. 

2. (amended) [A] The scanning system according to claim 1, wherein the handheld 

device is adapted to record the 3D geometry of the 3D environment. 
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3. (amended) [A] The scanning system according to claim 1, wherein the handheld 

device includes an actuator [means] for manually switching between performing 

the at least one scanning action and remotely controlling the view. 

Please cancel Claim 4. 

5. (amended) The scanning system according to claim [4] 1, wherein the view of 

the 3D environment represented in the at least one display is at least partly 

determined by the at least one motion sensor. 

6. (amended) The scanning system according to claim [4] 1, wherein functionality 

of the 3D user interface comprises a use of gestures. 

7. (amended) The scanning system according to claim 6, wherein the gestures are 

detected by the at least one motion sensor. 

8. (amended) The scanning system according to claim [4] 1, wherein the [user­

interface is other than the at least one motion sensor] handheld device further 

comprises at least one of an infrared sensor, a range sensor, or a proximity 

sensor. 
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9. (amended) The scanning system according to claim 1, wherein the handheld 

device is adapted to change a viewing angle with which the 3D environment is 

represented on the at least one display. 

10. (amended) The scanning system according to claim 1, wherein the handheld 

device is adapted to change a magnification factor with which the 3D 

environment is represented on the at least one display. 

11. (amended) The scanning system according to claim 1, wherein the handheld 

device is an intra-oral 3D scanner. 

12. (amended) The scanning system according to claim 1, wherein the handheld 

device includes a surgical instrument. 

13. (amended) The scanning system according to claim 1, wherein the handheld 

device includes a mechanical tool. 

14. (amended) The scanning system according to claim 1, wherein the handheld 

device is an in-ear 3D scanner. 

15. (amended) The scanning system according to claim 1, wherein the at least one 

display is defined as a first display, and where the system further comprises a 

second display. 
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16. (amended) The scanning system according to claim 15, wherein the second 

display indicates where the handheld device is positioned relative to the 3D 

environment. 

17. (amended) The scanning system according to claim 15, wherein the first display 

and/or the second display provides instructions for the operator. 

18. (amended) The scanning system according to claim 1, wherein audible 

information is provided to the operator. 

19. (amended) A system comprising: 

a handheld device and at least one display; 

wherein the handheld device is adapted for switching between performing at 

least one action in a physical 3D environment, wherein the at least one 

display is adapted for visually representing the physical 3D environment; and 

remotely controlling the display to adjust the view with which the 3D 

environment is represented on the display; 

wherein the handheld device is an intra-oral 3D scanner and the at least one 

action performed in the physical 3D environment is scanning and that the 

view is remotely controlled by at least one motion sensor arranged in the 

handheld device, and wherein an actuator provided on the handheld device 

switches between performing the at least one action and remotely controlling 
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20. 

21. 

22. 

23. 

24. 

the view, and wherein the at least one motion sensor is a sensor that directly 

detects motion. 

(new) The scanning system according to claim 1, wherein the at least one motion 

sensor is an accelerometer, gyro, or magnetometer. 

(new) The scanning system according to claim 1, wherein the at least one motion 

sensor is adapted for taking the movement of the scanner into account while 

performing the scanning. 

(new) The scanning system according to claim 1, wherein the system comprises 

at least two motion sensors and wherein the at least two motion sensors provide 

sensor fusion. 

(new) The scanning system according to claim 1, wherein the at least one 

motion sensor is the 3D user interface for remotely controlling the display, 

wherein the view on the display is determined by moving the handheld scanner. 

(new) The scanning system according to claim 23, wherein moving the handheld 

scanner to point down causes the view on the display to be a downward viewing 

angle. 
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25. 

26. 

27. 

28. 

29. 

30. 

31. 

(new) The scanning system according to claim 1, wherein the handheld device 

further comprises a user-interface element 

(new) The scanning system according to claim 25, wherein the user-interface 

element comprises a touch-sensitive element, a button, a scroll-wheel, or a 

proximity sensor. 

(new) The scanning system according to claim 25, wherein the user-interface 

element provides more than one user input. 

(new) The scanning system according to claim 25, wherein the at least one 

motion sensor and/or the user-interface element are utilized in a workflow. 

(new) The system according to claim 19, wherein the handheld device is 

adapted to change a magnification factor of the view represented on the at least 

one display which is determined by the motion of the operator's hand holding the 

handheld device, through the use of the at least one motion sensor. 

(new) The scanning system according to claim 1, wherein the at least one display 

is arranged on a cart. 

(new) The scanning system according to claim 1, wherein the at least one 

display is divided into multiple regions. 
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32. 

33. 

(new) The system according to claim 19, wherein the handheld device further 

comprises a user interface element, 

wherein switching to remotely controlling the view puts the handheld device into 

a controller mode, 

wherein holding the user interface element and/or the actuator on the handheld 

device in conjunction with moving the handheld device determines the view of 

the 3D environment on the display in accordance with signals from the motion 

sensor. 

(new) A scanning system for scanning a 3D environment, the scanning system 

comprising: 

a handheld device including an optical scanner, wherein the 3D environment to 

be scanned is selected by pointing the optical scanner at the 3D 

environment; and 

at least one display remotely connected to the handheld device, 

wherein the hand held device is adapted for performing at least one 

scanning action in a physical 3D environment, and the at least one display is 

adapted for visually representing the physical 3D environment; and 

wherein the handheld device includes at least one motion sensor for 

remotely controlling the display to adjust the view with which the 3D environment 

is represented on the display; and 

wherein the at least one motion sensor is an accelerometer, gyro, or 

magnetometer. 
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34. 

35. 

36. 

37. 

38. 

(new) The scanning system according to claim 33, wherein the handheld device 

further comprises at least two user interface elements. 

(new) The scanning system according to claim 34, wherein the at least two user 

interface elements comprises at least one button and a touch-sensitive element, 

and wherein the display is on a cart. 

(new) The scanning system according to claim 35, wherein the at least one 

button and the touch-sensitive element provides more than one user input. 

(new) The scanning system according to claim 36, wherein at least one of the 

user input provides for manually switching between performing the at least one 

scanning action and remotely controlling the view. 

(new) The scanning system according to claim 37, wherein switching to remotely 

controlling the view puts the handheld device into a controller mode, wherein 

holding at least one user interface element on the handheld device in conjunction 

with moving the handheld device determines the view of the 3D environment on 

the display in accordance with signals from the motion sensor. 
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39. (new) The scanning system according to claim 37, wherein switching to remotely 

controlling the view puts the handheld device into a controller mode and wherein 

when in controller mode, moving the handheld device down results in showing 

the view of the 3D environment from a downward viewing angle on the display. 
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REMARKS 

This communication is submitted in accordance with 37 C.F.R. § 1.173. 

Status of Claims and Support for Claim Changes 

This application for a narrowing reissue is being filed with original patent Claims 

1-19, of which Claims 1-3, 5-19 are amended and Claim 4 is canceled herein, and new 

Claims 20-39 are added. 

As of the filing of this reissue application, Claims 1-3, 5-39 are pending. 

The following table lists the status of the claims as well as non-limiting, 

exemplary support for the claim amendments and the new claims. 

1 

2 

3 

4 
5 

6 

7 

8 

9 

10 

11 

12 

Pending and Amended. Non-limiting, exemplary support found at original 
Claims 1 and 4; col. 1, lines 58-60; col. 6, lines 46-50; col. 9, lines 59-60; 
and col. 10, line 35. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1; and col. 3, lines 28-31. 
Canceled. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claims 1 and 4; col. 1, lines 58-60; and col. 5, lines 37-38 and 43-46. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claims 1 and 4; col. 5, lines 43-46; col. 6, lines 51-58; and col. 7, lines 14-
17. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
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13 Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 

14 Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 

15 Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 

16 Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 

17 Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 

18 Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 

19 Pending and Amended. Non-limiting, exemplary support found at col. 6, 
lines 46-50; col. 9, lines 59-60; and col. 10, line 35. 

20 Pending and New. Non-limiting, exemplary support found at col. 6, lines 46-
50. 

21 Pending and New. Non-limiting, exemplary support found at col. 3, lines 10-
12. 

22 Pending and New. Non-limiting, exemplary support found at col. 6, line 65-
col. 7, line 3. 

23 Pending and New. Non-limiting, exemplary support found at original Claim 
19; col. 3, lines 15-17; and col. 4, lines 6-8. 

24 Pending and New. Non-limiting, exemplary support found at Fig. 2a; col. 3, 
lines 18-19; and col. 11, lines 9-17. 

25 Pending and New. Non-limiting, exemplary support found at col. 7, lines 4-
17. 

26 Pending and New. Non-limiting, exemplary support found at col. 7, lines 4-
17. 

27 Pending and New. Non-limiting, exemplary support found at col. 7, lines 22-
34. 

28 Pending and New. Non-limiting, exemplary support found at col. 7, lines 18-
34. 

29 Pending and New. Non-limiting, exemplary support found at original Claim 
1 0; col. 9, lines 45-60; and col. 13, lines 28-31. 

30 Pending and New. Non-limiting, exemplary support found at col. 14, lines 
45-47. 

31 Pending and New. Non-limiting, exemplary support found at col. 14, lines 
19-21. 

32 Pending and New. Non-limiting, exemplary support found at original Claim 
19; col. 3, line 66-col. 4, line 8; and col. 7, lines 4-17. 

33 Pending and New. Non-limiting, exemplary support found at original Claims 
1, 4, 19; col. 6, lines 46-50. 

34 Pending and New. Non-limiting, exemplary support found at col. 7, lines 4-
34. 

35 Pending and New. Non-limiting, exemplary support found at col. 7, lines 4-
34; and col. 14, lines 45-47. 
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36 Pending and New. Non-limiting, exemplary support found at col. 7, lines 22-
34. 

37 Pending and New. Non-limiting, exemplary support found at original Claims 
3 and 19; and col. 3, lines 28-37. 

38 Pending and New. Non-limiting, exemplary support found at col. 3, lines 15-
17; and col. 3, line 66-col. 4, line 8. 

39 Pending and New. Non-limiting, exemplary support found at Fig. 2a; col. 3, 
lines 15-19; col. 3, line 66-col. 4, line 8; and col. 11, lines 9-17. 

Early and favorable action concerning this application is respectfully requested. 

If there are any questions concerning this Preliminary Amendment Pursuant To 

37 C.F.R. § 1.173, or the reissue application in general, the Examiner is respectfully 

requested to telephone the undersigned attorney so that prosecution of the application 

may be expedited. 

The Director is hereby authorized to charge any appropriate fees under 37 

C.F.R. §§ 1.16, 1.17 and 1.20(d) and 1.21 that may be required by this paper, and to 

credit any overpayment, to Deposit Account No. 02-4800. 

Favorable consideration of the application in view of the foregoing amendments 

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 July 30, 2019 

Customer No. 21839 
703 836 6620 

Respectfully submitted, 

BUCHANAN INGERSOLL & ROONEY PC 

By: /Stephany G. Small/ 
Stephany G. Small, Ph.D. 
Registration No. 69,532 
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Electronic Patent Application Fee Transmittal 

Application Number: 

Filing Date: 

Title of Invention: SYSTEM WITH 3D USER INTERFACE INTEGRATION 

First Named Inventor/Applicant Name: Henrik OJELUND 

Filer: Stephany Gale Small/Sarah Noel 

Attorney Docket Number: 0079124-000266 

Filed as Large Entity 

Filing Fees for Reissue (Utility) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

UTILITY REISSUE BASIC 1014 1 300 300 

REISSUE OR REISSUE DESIGN CPA SEARCH FEE 1114 1 660 660 

REISSUE OR REISSUE DESIGN CPA EXAM. FEE 1314 1 2200 2200 

Pages: 

Claims: 

REISSUE CLAIMS IN EXCESS OF 20 1205 18 100 1800 

Miscellaneous-Filing: 

Petition: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 4960 
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Electronic Acknowledgement Receipt 

EFSID: 36730210 

Application Number: 16526281 

International Application Number: 

Confirmation Number: 9657 

Title of Invention: SYSTEM WITH 3D USER INTERFACE INTEGRATION 

First Named Inventor/Applicant Name: Henrik OJELUND 

Customer Number: 21839 

Filer: Stephany Gale Small/Sarah Noel 

Filer Authorized By: Stephany Gale Small 

Attorney Docket Number: 0079124-000266 

Receipt Date: 30-JUL-2019 

Filing Date: 

Time Stamp: 15:24:14 

Application Type: Reissue (Utility) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $4960 

RAM confirmation Number E20197TF24585385 

Deposit Account 024800 

Authorized User Sarah Noel 

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

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

37 CFR 1.17 (Patent application and reexamination processing fees) 



0061
Exhibit 1002 page 61 of 1005 

DENTAL IMAGING

37 CFR 1.19 (Document supply fees) 

37 CFR 1.20 (Post Issuance fees) 

37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

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

506624 

1 Transmittal Reissue Application Transmittal_NewApp.pdf no 1 
e62003Se4f07dc050cdf8be7117a57cf9691 

2b9f 

Warnings: 

Information: 

1822876 

2 Application Data Sheet ADS.pdf no 9 
c9ab8d609240dea77ad3fba0f4af33a89c46 

8f3b 

Warnings: 

Information: 

5728314 

3 Specification US9329675B2.pdf no 15 
fS 1402e521 0c9c996e4c6390181 cd4024e3 

7cf7f 

Warnings: 

Information: 

2163940 

4 
Drawings-only black and white line 

Figures.pdf no 5 
drawings 

cf1 663a22Sf3b8Sd464cd7da28e559d421 d 
d0c9c 

Warnings: 

Information: 

93782 

5 
Authorization for Extension ofTime all 

Authorization.pdf 1 
replies 

no 
946a663 68c01 c202c35 2 4d 200cf03 6b05 ae 

26445 

Warnings: 

Information: 

509522 

6 Fee Worksheet (SB06) Fee_ Transmittal.pdf no 1 
1be4efeaed6ed09ebb8bbe46cc8ea471 aa2 

f16c4 

Warnings: 

Information: 
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560039 

7 Power of Attorney POA.pdf no 2 
a4bb7027969bb 1 c77137f1 06ec8c258e 14a 

090d2 

Warnings: 

Information: 

1538154 

8 
Assignee showing of ownership per 37 

373c_Statement.pdf no 3 
CFR 3.73 

c7930b7b99f8a5d071 58a4e974c8e2c1 a52 
54e17 

Warnings: 

Information: 

505763 

9 
Consent of Assignee accompanying the 

Consent_Assignee.pdf no 2 
declaration 

003a3b71 5341 0d 149e837ea949456079bc5 
Sb170 

Warnings: 

Information: 

1278463 

10 
Reissue dee filed in accordance with 

Declaration.pdf 4 no 
MPEP 1414 

db 714 9cd dfaS 548ca8d 7 3e b53 8c788f98fbc 
e7d3 

Warnings: 

Information: 

121821 

11 Prelim.pdf yes 13 
c4be3a0f590a5624928d868f252fe0ee51 a 1 

8326 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Preliminary Amendment 1 1 

Claims 2 10 

Applicant Arguments/Remarks Made in an Amendment 11 13 

Warnings: 

Information: 

37132 

12 Fee Worksheet (5B06) fee-info.pdf no 2 
d81 b8ddc98e2064f1 Sbefa3c7ee0d2e0135 

Sd142 

Warnings: 
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Information: 

Total Files Size (in bytes)~ 14866430 

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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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/526,281 

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 300 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 660 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 2200 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 38 minus 20= 18 (37 CFR 1.16(i)) 
OR X 100 = 1800 

INDEPENDENT CLAIMS 3 minus 3 = X 460 = 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 4960 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

16/526,281 07/30/2019 2621 4960 0079124-000266 38 3 

21839 

CONFIRMATION NO. 9657 
FILING RECEIPT 

BUCHANAN, INGERSOLL & ROONEY PC 
POST OFFICE BOX 1404 1111111111111111111111 m~mll!~~ ~1~11~,111111111111111111111111 

ALEXANDRIA, VA 22313-1404 

Date Mailed: 08/15/2019 

Receipt is acknowledged of this reissue 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) 

Applicant( s) 

Henrik OJELUND, Lyngby, DENMARK; 
David FISCHER, Stenl0se, DENMARK; 
Karl-Josef HOLLENBECK, K0benhavn 0, DENMARK; 

3Shape NS, Residence Not Provided, Assignee (with 37 CFR 1.172 Interest); 
Assignment For Published Patent Application 

3Shape NS, Copenhagen K, DK 

Power of Attorney: The patent practitioners associated with Customer Number 21839 

Domestic Priority data as claimed by applicant 
This application is a REI of 13/991,513 06/04/2013 PAT 9329675 
which is a 371 of PCT/DK2011/050461 12/05/2011 
which claims benefit of 61/420, 138 12/06/2010 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
DENMARK PA 2010 01104 12/06/2010 No Access Code Provided 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 08/14/2019 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/526,281 

Projected Publication Date: None, application is not eligible for pre-grant publication 

Non-Publication Request: No 

Early Publication Request: No 
Title 

SYSTEM WITH 3D USER INTERFACE INTEGRATION 

Preliminary Class 

345 

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

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
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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). 

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 
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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Attorney Docket No. 0079124-000266 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of ) 
) 

Henrik OJELUND et al. ) Group Art Unit: 3992 
) 

Reissue Application Serial No.: 16/526,281 ) Examiner: Peng KE 
) 

Filed: July 30, 2019 ) Confirmation No.: 9657 

) 
For: SYSTEM WITH 3D USER INTERFACE ) 

INTEGRATION ) 

SECOND PRELIMINARY AMENDMENT 

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

Commissioner: 

Prior to examination of the above-captioned patent application, kindly amend the 

application as follows: 
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Application No. 16/526,281 
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The following listing of claims will replace all prior versions and listings of claims 

in this application. 

LISTING OF CLAIMS: 

1. (amended) A scanning system for scanning a 3D environment, the scanning 

system comprising: 

a handheld device including an optical scanner, wherein the 3D environment to 

be scanned is selected by pointing the optical scanner at the 3D 

environment; and 

at least one display remotely connected to the handheld device, 

wherein the hand held device is adapted for performing at least one 

scanning action in a physical 3D environment, and the at least one display is 

adapted for visually representing the physical 3D environment; and 

the handheld device includes a 3D user interface for remotely controlling the 

display to adjust the view with which the 3D environment is represented on the 

display.,_ 

wherein the handheld device comprises at least one motion sensor, and 

wherein the at least one motion sensor is a sensor that directly detects motion. 

2. (amended) [A] The scanning system according to claim 1, wherein the handheld 

device is adapted to record the 3D geometry of the 3D environment. 
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3. (amended) [A] The scanning system according to claim 1, wherein the handheld 

device includes an actuator [means] for manually switching between performing 

the at least one scanning action and remotely controlling the view. 

Please cancel Claim 4. 

5. (amended) The scanning system according to claim [4] 1, wherein the view of 

the 3D environment represented in the at least one display is at least partly 

determined by the at least one motion sensor. 

6. (amended) The scanning system according to claim [4] 1, wherein functionality 

of the 3D user interface comprises a use of gestures. 

7. (amended) The scanning system according to claim 6, wherein the gestures are 

detected by the at least one motion sensor. 

8. (amended) The scanning system according to claim [4] 1, wherein the [user-

interface is other than the at least one motion sensor] handheld device further 

comprises at least one of an infrared sensor, a range sensor, or a proximity 

sensor. 
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9. (amended) The scanning system according to claim 1, wherein the handheld 

device is adapted to change a viewing angle with which the 3D environment is 

represented on the at least one display. 

10. (amended) The scanning system according to claim 1, wherein the handheld 

device is adapted to change a magnification factor with which the 3D 

environment is represented on the at least one display. 

11. (amended) The scanning system according to claim 1, wherein the handheld 

device is an intra-oral 3D scanner. 

12. (amended) The scanning system according to claim 1, wherein the handheld 

device includes a surgical instrument. 

13. (amended) The scanning system according to claim 1, wherein the handheld 

device includes a mechanical tool. 

14. (amended) The scanning system according to claim 1, wherein the handheld 

device is an in-ear 3D scanner. 



0078
Exhibit 1002 page 78 of 1005 

DENTAL IMAGING

Application No. 16/526,281 
Attorney Docket No. 0079124-000266 

Page 5 

15. (amended) The scanning system according to claim 1, wherein the at least one 

display is defined as a first display, and where the system further comprises a 

second display. 

16. (amended) The scanning system according to claim 15, wherein the second 

display indicates where the handheld device is positioned relative to the 3D 

environment. 

17. (amended) The scanning system according to claim 15, wherein the first display 

and/or the second display provides instructions for the operator. 

18. (amended) The scanning system according to claim 1, wherein audible 

information is provided to the operator. 

19. (amended) A system comprising: 

a handheld device and at least one display; 

wherein the handheld device is adapted for switching between performing at 

least one action in a physical 3D environment, wherein the at least one 

display is adapted for visually representing the physical 3D environment; and 

remotely controlling the display to adjust the view with which the 3D 

environment is represented on the display; 
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20. 

21. 

22. 

23. 

Application No. 16/526,281 
Attorney Docket No. 0079124-000266 

Page 6 

wherein the handheld device is an intra-oral 3D scanner and the at least one 

action performed in the physical 3D environment is scanning and that the 

view is remotely controlled by at least one motion sensor arranged in the 

handheld device, and wherein an actuator provided on the handheld device 

switches between performing the at least one action and remotely controlling 

the view, and wherein the at least one motion sensor is a sensor that directly 

detects motion. 

(new) The scanning system according to claim 1, wherein the at least one motion 

sensor is an accelerometer, gyro, or magnetometer. 

(new) The scanning system according to claim 1, wherein the at least one motion 

sensor is adapted for taking the movement of the scanner into account while 

performing the scanning. 

(new) The scanning system according to claim 1, wherein the system comprises 

at least two motion sensors and wherein the at least two motion sensors provide 

sensor fusion. 

(new) The scanning system according to claim 1, wherein the at least one 

motion sensor is the 3D user interface for remotely controlling the display, 

wherein the view on the display is determined by moving the handheld scanner. 
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24. (new) The scanning system according to claim 23, wherein moving the handheld 

scanner to point down causes the view on the display to be a downward viewing 

angle. 

25. (new) The scanning system according to claim 1, wherein the handheld device 

further comprises a user-interface element 

26. (new) The scanning system according to claim 25, wherein the user-interface 

element comprises a touch-sensitive element, a button, a scroll-wheel, or a 

proximity sensor. 

27. (new) The scanning system according to claim 25, wherein the user-interface 

element provides more than one user input. 

28. (new) The scanning system according to claim 25, wherein the at least one 

motion sensor and/or the user-interface element are utilized in a workflow. 

29. (new) The system according to claim 19, wherein the handheld device is 

adapted to change a magnification factor of the view represented on the at least 

one display which is determined by the motion of the operator's hand holding the 

handheld device, through the use of the at least one motion sensor. 



0081
Exhibit 1002 page 81 of 1005 

DENTAL IMAGING

Application No. 16/526,281 
Attorney Docket No. 0079124-000266 

Page 8 

30. (new) The scanning system according to claim 1, wherein the at least one display 

is arranged on a cart. 

31. (new) The scanning system according to claim 1, wherein the at least one 

display is divided into multiple regions. 

32. (new) The system according to claim 19, wherein the handheld device further 

comprises a user interface element, 

wherein switching to remotely controlling the view puts the handheld device into 

a controller mode, 

wherein holding the user interface element and/or the actuator on the handheld 

device in conjunction with moving the handheld device determines the view of 

the 3D environment on the display in accordance with signals from the motion 

sensor. 

33. (new) A scanning system for scanning a 3D environment, the scanning system 

comprising: 

a handheld device including an optical scanner, wherein the 3D environment to 

be scanned is selected by pointing the optical scanner at the 3D 

environment; and 

at least one display remotely connected to the handheld device, 
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34. 

35. 

36. 

37. 
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wherein the hand held device is adapted for performing at least one 

scanning action in a physical 3D environment, and the at least one display is 

adapted for visually representing the physical 3D environment; and 

wherein the handheld device includes at least one motion sensor for 

remotely controlling the display to adjust the view with which the 3D environment 

is represented on the display; and 

wherein the at least one motion sensor is an accelerometer, gyro, or 

magnetometer. 

(new) The scanning system according to claim 33, wherein the handheld device 

further comprises at least two user interface elements. 

(new) The scanning system according to claim 34, wherein the at least two user 

interface elements comprises at least one button and a touch-sensitive element, 

and wherein the display is on a cart. 

(new) The scanning system according to claim 35, wherein the at least one 

button and the touch-sensitive element provides more than one user input. 

(new) The scanning system according to claim 36, wherein at least one of the 

user input provides for manually switching between performing the at least one 

scanning action and remotely controlling the view. 
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38. (new) The scanning system according to claim 37, wherein switching to remotely 

controlling the view puts the handheld device into a controller mode, wherein 

holding at least one user interface element on the handheld device in conjunction 

with moving the handheld device determines the view of the 3D environment on 

the display in accordance with signals from the motion sensor. 

39. (new) The scanning system according to claim 37, wherein switching to remotely 

controlling the view puts the handheld device into a controller mode and wherein 

when in controller mode, moving the handheld device down results in showing 

the view of the 3D environment from a downward viewing angle on the display. 

40. (new) The scanning system according to claim 1, wherein the at least one 

display is a 3D display, whereby a 3D representation of the 3D environment is 

displayed on the 3D display; and wherein the handheld device is an intra-oral 3D 

scanner or an in-ear 3D scanner. 

41. (new) The scanning system according to claim 40, wherein the 3D display is 

configured to project stereoscopic image pairs of the 3D representation. 
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42. (new) The scanning system according to claim 40, wherein the 3D display is 

volumetric display configured to create a 3D effect of the 3D representation. 

43. (new) The system according to claim 19, wherein the at least one display is a 3D 

display, whereby a 3D representation of the 3D environment is displayed on the 

3D display; and wherein the 3D display is configured to project stereoscopic 

image pairs of the 3D representation. 

44. (new) The scanning system according to claim 33, wherein the at least one 

display is a 3D display, whereby a 3D representation of the 3D environment is 

displayed on the 3D display; wherein the handheld device is an intra-oral 3D 

scanner or an in-ear 3D scanner; and wherein the 3D display is configured to 

project stereoscopic image pairs of the 3D representation. 
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REMARKS 
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This communication is submitted in accordance with 37 C.F.R. § 1.173. 

Status of Claims and Support for Claim Changes 

This application for a narrowing reissue is being filed with original patent Claims 

1-19, of which Claims 1-3, 5-19 are amended and Claim 4 is canceled, and new Claims 

20-44 are added. 

As of the filing of this second preliminary amendment, Claims 1-3, 5-44 are 

pending. 

The following table lists the status of the claims as well as non-limiting, 

exemplary support for the claim amendments and the new claims. 

1 

2 

3 

4 
5 

6 

7 

8 

9 

10 

Pending and Amended. Non-limiting, exemplary support found at original 
Claims 1 and 4; col. 1, lines 58-60; col. 6, lines 46-50; col. 9, lines 59-60; 
and col. 10, line 35. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1; and col. 3, lines 28-31. 
Canceled. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claims 1 and 4; col. 1, lines 58-60; and col. 5, lines 37-38 and 43-46. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claims 1 and 4; col. 5, lines 43-46; col. 6, lines 51-58; and col. 7, lines 14-
17. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
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11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Application No. 16/526,281 
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Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at original 
Claim 1. 
Pending and Amended. Non-limiting, exemplary support found at col. 6, 
lines 46-50; col. 9, lines 59-60; and col. 10, line 35. 
Pending and New. Non-limiting, exemplary support found at col. 6, lines 46-
50. 
Pending and New. Non-limiting, exemplary support found at col. 3, lines 10-
12. 
Pending and New. Non-limiting, exemplary support found at col. 6, line 65-
col. 7, line 3. 
Pending and New. Non-limiting, exemplary support found at original Claim 
19; col. 3, lines 15-17; and col. 4, lines 6-8. 
Pending and New. Non-limiting, exemplary support found at Fig. 2a; col. 3, 
lines 18-19; and col. 11, lines 9-17. 
Pending and New. Non-limiting, exemplary support found at col. 7, lines 4-
17. 
Pending and New. Non-limiting, exemplary support found at col. 7, lines 4-
17. 
Pending and New. Non-limiting, exemplary support found at col. 7, lines 22-
34. 
Pending and New. Non-limiting, exemplary support found at col. 7, lines 18-
34. 
Pending and New. Non-limiting, exemplary support found at original Claim 
1 0; col. 9, lines 45-60; and col. 13, lines 28-31. 
Pending and New. Non-limiting, exemplary support found at col. 14, lines 
45-47. 
Pending and New. Non-limiting, exemplary support found at col. 14, lines 
19-21. 
Pending and New. Non-limiting, exemplary support found at original Claim 



0087
Exhibit 1002 page 87 of 1005 

DENTAL IMAGING

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

Application No. 16/526,281 
Attorney Docket No. 0079124-000266 

Page 14 

19; col. 3, line 66-col. 4, line 8; and col. 7, lines 4-17. 
Pending and New. Non-limiting, exemplary support found at original Claims 
1, 4, 19; col. 6, lines 46-50. 
Pending and New. Non-limiting, exemplary support found at col. 7, lines 4-
34. 
Pending and New. Non-limiting, exemplary support found at col. 7, lines 4-
34; and col. 14, lines 45-47. 
Pending and New. Non-limiting, exemplary support found at col. 7, lines 22-
34. 
Pending and New. Non-limiting, exemplary support found at original Claims 
3 and 19; and col. 3, lines 28-37. 
Pending and New. Non-limiting, exemplary support found at col. 3, lines 15-
17; and col. 3, line 66-col. 4, line 8. 
Pending and New. Non-limiting, exemplary support found at Fig. 2a; col. 3, 
lines 15-19; col. 3, line 66-col. 4, line 8; and col. 11, lines 9-17. 
Pending and New. Non-limiting, exemplary support found at Fig. 1; col. 5, 
lines 19-30; col. 3, lines 6-12 and 47-48; col. 4, lines 47-48; col. 5, lines 14-
15; and col. 8, lines 39-40. 
Pending and New. Non-limiting, exemplary support found at col. 5, lines 19-
30. 
Pending and New. Non-limiting, exemplary support found at col. 5, lines 19-
30. 
Pending and New. Non-limiting, exemplary support found at col. 5, lines 19-
30. 
Pending and New. Non-limiting, exemplary support found at Fig. 1; col. 5, 
lines 19-30; col. 3, lines 6-12 and 47-48; col. 4, lines 47-48; col. 5, lines 14-
15; and col. 8, lines 39-40. 

Early and favorable action concerning this application is respectfully requested. 

If there are any questions concerning this Second Preliminary Amendment 

Pursuant To 37 C.F.R. § 1.173, or the reissue application in general, the Examiner is 

respectfully requested to telephone the undersigned representative so that prosecution 

of the application may be expedited. 

The Director is hereby authorized to charge any appropriate fees under 37 

C.F.R. §§ 1.16, 1.17 and 1.20(d) and 1.21 that may be required by this paper, and to 

credit any overpayment, to Deposit Account No. 02-4800. 
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Favorable consideration of the application in view of the foregoing amendments 

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 October 28, 2019 

Customer No. 21839 
703 836 6620 

Respectfully submitted, 

BUCHANAN INGERSOLL & ROONEY PC 

By: /Stephany G. Small/ 
Stephany G. Small, Ph.D. 
Registration No. 69,532 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of ) 
) Group Art Unit: 3992 

Henrik OJELUND et al. ) 
) Examiner: Peng KE 

Reissue Application Serial No.: 16/526,281 ) 
) Confirmation No.: 9657 

Filed: July 30, 2019 ) 
) 

For: SYSTEM WITH 3D USER INTERFACE ) 
INTEGRATION ) 

FIRST INFORMATION DISCLOSURE STATEMENT 

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

Commissioner: 

In accordance with the duty of disclosure as set forth in 37 C. F. R. § 1.56, the 

accompanying information is being submitted in accordance with 37 C.F.R. §§ 1.97 

and 1.98. 

To assist the Examiner, the documents are listed on the attached substitute for 

forms PTO/SB/08a and PTO/SB/08b. It is respectfully requested that an Examiner­

initialed copy of this form be returned to the undersigned. 

The documents are being submitted within three (3) months of the filing or 

entry of the national stage of this application or before the first Office Action on the 

merits, whichever is later. Because these documents are being filed within the time 

period set forth in 37 C.F.R. § 1.97(b), no fee or statement is required. 

The Director is hereby authorized to charge any appropriate fees under 37 

C.F.R. §§ 1.16, 1.17, and 1.21 that may be required by this paper, and to credit any 

overpayment, to Deposit Account No. 02-4800. 

Dated: October 28, 2019 

Customer No. 21839 
BUCHANAN INGERSOLL & ROONEY PC 
1737 King Street, Suite 500 
Alexandria, Virginia 22314 
(703) 836-6620 

Respectfully submitted, 
BUCHANAN INGERSOLL & ROONEY PC 

By: /Stephany G. Small/ 
Stephany G. Small, Ph.D. 
Registration No. 69,532 
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(57) Abstract: An ultrasound assembly 
comprises a module having an input side 
and an output side; an ultrasound trans­
ducer comprising a micro-beamformer 
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ULTRASOUND ASSEMBLY AND SYSTEM COMPRISING 

INTERCHANGABLE TRANSDUCERS AND DISPLAYS 

BACKGROUND AND SUMMARY 

Acoustic waves (including, specifically, ultrasound 

many scientific or technical fields, waves) are useful in 

such as in medical diagnosis and medical procedures, non-

destructive control of mechanical parts and underwater 

15 imaging, etc. Acoustic waves allow diagnoses and 

visualizations which are complementary to optical 

observations, because acoustic waves can travel in media 

that are not transparent to electromagnetic waves. 

In one application, acoustic waves are employed by a 

20 medical practitioner in the course of performing a medical 

procedure or to provide images of a particular anatomical 

region of a body. Often, an acoustic imaging apparatus is 

employed to provide images of an area of interest to the 

medical prac-:::.i tioner to facilitate successful performance 

25 of the medical procedure. 

As should be appreciated by one having ordinary skill 

in the art, the acoustic imaging apparatus comprises an 

ultrasound transducer and signal processing electronics 

that capture the electrical signal from the acoustic 

30 transd-c1cer and process the signal for display on one -:::.ype 

of monitor or another. The monitor may then be viewed by 

the medical practitioner real-time, or may be 

stored/reproduced for later review, or both. 

1 
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As is known, there are various types of transducers 

that can be used to capture ultrasonic images. For 

example, there are linear, curved linear and phased array 

whic~7. may be used transducers, 

transducers may have elements 

fashion, or a two-dimensional 

in ultrasound. These 

arranged 

which can 

in a one-dimensional 

enable the 

capturing of either a narrow slice of echo data, multiple 

narrow slices of echo data in different orientations with 

respect to each other, or a full volume set of echo data. 

Each type of array has advantages, and depending on the 

15 medical anatomy being imaged (due to different target 

depths or imaging window accessibility) , a medical 

prac-=.itioner 

another. As 

may select one type of transducer over 

should be appreciated, in known systems this 

results in duplicative transducer electronics, transducer 

20 housings, and cables, and thus increases the overall 

capital expenditure for the medical facility. 

25 

30 

Furthermore, the arrangement of the medical equipment 

in the imaging room can be challenging due to the placement 

of the 

needs 

ultrasound system 

to look at during 

and 

the 

its display, whicri the user 

scanning session. Storing and 

using multiple transducer probes in the imaging 

the patient 

room 

exacerbates the problem of crowding area with 

cables and equipmen-=.. 

In addition, in 

ultrasound system and 

for placement, since 

relatively immobile. 

such known systems, the main 

its display are similarly problematic 

they are typically bulky and 

Traditional ultrasound scanners are 

large, weighing 

integrated with 

up to several 

wheeled carts. 

hundred po\.:mds, and are 

Even newer "comp ace:." 

2 



0098
Exhibit 1002 page 98 of 1005 

DENTAL IMAGING

WO 2010/064156 PCT/IB2009/054999 

5 ultrasound display systems, typically mounted semi­

permanently on sma-'-_1_er, lighter carts, must be transported 

to a practical location such that the display is visible to 

10 

the sonographer but the 

of the medical procedure. 

achieve, and often leads 

motions such as 

to 

leaning 

view the 

cart is sufficiently out of the way 

This is a difficult compromise to 

to awkward viewing angles or 

across the patient by the medical 

display. practitioner 

What is needed, therefore, is an ultrasound assembly 

and system that overcomes at least the shortcomings of the 

15 known assemblies and systems described above. 

In accordance with a representative embodiment, an 

ultrasound assembly comprises a module having an input side 

and an output side; an ultrasound transducer comprising a 

micro-beam£ ormer configured for attachment and detachment 

20 from the input side of the module; and a display attached 

to the output side of the module. 

In accordance with another representative embodiment, 

a system for ultrasound imaging comprises an ultrasound 

assembly. The ultrasound assembly comprises: a module 

25 having an input side and an output side; a ultrasound 

transducer comprising a micro-beam£ ormer configured for 

attachment and detachment from the input side of the 

module; and a display attached to the output side of the 

module . 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present teachings are best understood from the 

following detailed description when read with the 

accompanying drawing figures. The features are not 

3 
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necessarily drawn to scale. Wherever practical, like 

reference numerals refer to ::...ike features. 

Fig. 1 is a perspective view of an ultrasound assembly 

in accordance with a representative embodiment. 

Fig. 2 is a simplified schematic diagram of an 

10 ultrasound assembly in accordance with a representative 

embodiment . 

15 

Fig. 

ultrasound 

3 is a simplified block 

imaging in accordance 

embodiment . 

diagram of a system 

with a representative 

DEFINED TERMINOLOGY 

for 

As used herein, the terms 1\. • or Aan' , as used herein 

are defined as one or more than orc.e. 

In addition to their ordinary meanings, the terms 

20 "substantial' or "substantially' mean to with acceptable 

limits or degree to one having ordinary skill in the art. 

In addition to their ordinary meanings, the term 

"approximately' mean to within an acceptable limit or 

amount to one having ordinary skill in the art. For 

25 example, "approximately the same' means that one of 

ordinary skill in the art would consider the i terns being 

compared to be the same. 

30 

DETAILED DESCRIPTION 

In the £allowing detailed description, for purposes of 

explanation and not 

disclosing specific 

provide a thorough 

limitation, 

details are 

understanding 

representative embodiments 

set £orth in order to 

of the present teachings. 
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of known devices, materials and manufacturing 

be omitted so as to avoid obscuring the 

of the example embodiments. Nonetheless, such 

devices, materials and methods that are within the purview 

of one of ordinary skill in the art may be used in 

10 accordance with the representative embodiments. 

15 

20 

Fig. 1 is a perspective view of an ultrasound assembly 

100 in accordance with a representative embodiment. The 

assembly comprises a phased array transducer 102 having 

transducer elements 101 in a forward portion thereof. The 

transducer elements 101 are shown in a two-dimensional 

array in the representative embodiment. As will become 

clearer as the present description continues, the 

transducer elements may be arranged in a linear array, or 

in a curved linear 

within the purview 

It is noted that a 

array, or other transducer arrangement 

of one having ordinary skill in the art. 

lens covering the elements 101 is 

normally included; but is not shown in the various Figs. 

The transducer 102 is connected to an ultrasound (US) 

module 103 in a detachable manner. The module 103 

25 illustratively comprises a display 104 configured to 

provide an ultrasound image {not shown) garnered from the 

transducer 102. The display 104 is illustratively a small 

form-factor liquid crystal display (LCD) device but may be 

30 

a display based on other techt10logies. 

display 104 may be a small form-factor 

For example, the 

organic light 

err,itting diode (OLEO) device to name only one alternative 

to the LCD. Other types of displays based on known 

technologies are contemplated. 

5 



0101
Exhibit 1002 page 101 of 1005 

DENTAL IMAGING

WO 2010/064156 PCT/IB2009/054999 

5 Notably, because the assembly 100 is designed and 

intended for hand-held use by a medical practitioner, the 

display 104 is beneficially of a comparatively small form-

factor as mentioned above. ::: t is contemplated that the 

display 104 may be the only display of an ultrasound 

10 system; or an auxiliary display used by the medical 

practitioner during a medical procedure or test. As should 

be appreciated by one having ordinary skill in the art, the 

locating of the display 104 fosters simplicity and accc1racy 

during certain procedc1res and testing. Beneficially, 

15 beca\.1se the display 104 is on the module, the medical 

practitioner can look to the location where he/ she is 

physically scanning and view tne resc1ltant image on the 

display 104 wi tnout looking away at a remote display. For 

instance, the display 104 could be attached to the back of 

20 a transducer in a manner that it can be easily rotated and 

tilted or can be located on the side of the modc1le 103 in a 

so-called "flip-oc1t" style configc1ration (similar to a 

consc1mer video camera) 

Moreover, the display 104 may be detachable so as to 

25 be positioned in a desired location separate from the body 

of the transd-c1cer and module. Among other benefits, this 

is useful in cases where another action is being effected 

simultaneously, such as placement of a needle for a biopsy, 

or insertion of a catheter in the body. The medical 

30 practitioner would be able to hold the assembly 100 in one 

hand, and guide the needle/catheter witn the other using 

the image on the display 104 to facilitate the process and 

without having to look away to a remote monitor (not 

shown) 

6 
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The module 103 may be connected to a system (not 

shown) via connection 105. 

the connection 105 may be 

to operate under one of a 

=n representative embodiments, 

a wireless connection configured 

variety of wireless protocols 

provided under standards. Such protocols are known to one 

10 having ordinary skill in the art and thus are not detailed 

in order to avoid obscuring the description of the 

representative embodiments. Notably, however, due to 

issues of confidentiality related to medical information, 

the selected protocol will likely have a competent level of 

15 security to ensure compliance with medical information 

confidentiality. 

20 

25 

Alternatively, the 

wired connection and may 

connection 105 

be compatible 

Illustratively, 

is shown 

with one 

to be a 

of a 

the connection may be variety of standards. 

a single differential serial pair such as universal serial 

bus (USB) or 

However, it 

low-voltage differential 

is contemplated that other 

signaling 

types of 

(LVDS) 

connections 

may be used. 

As alluded to above, the transducer 

mounted to the module 103. As described 

102 is detachably 

more fully herein, 

by providing for selective attachment and detachment 

transducer 102, a medical practitioner is accorded 

ability to select a different transducer type based 

of the 

the 

on the 

particular test/measurement undertaken; and without having 

30 to select and stock an entirely different assembly. As 

should be appreciated, this option beneficially allows the 

medical facility to reduce its capital expenditure by 

stocking one module for multiple types of transducers, 

7 
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5 rather than having to stock a complete ultrasound assembly 

for each type of transducer. 

Similarly, the display 104 is illustratively 

detachably mounted to module 103. As mentioned above, the 

display 104 may be detached for optimal placement ir" the 

10 field of view of the sonographer during the imaging 

session. The data connection between the display 104 and 

the module 103 may be wired, as with USB or similar high-

speed serial interface, or wireless, as with an ultra-

wideband (UWB) protocol promoted by the WiMedia Alliance. 

15 If wireless, the display 104 should include a provision to 

provide power, 

an AC adapter. 

such as a battery or DC input connector for 

Taking advantage of the detachable feature of the 

display 104, the medical facility is afforded the ability 

20 to reduce their overall capital investment or increase 

25 

their aggregate ultrasound scanner reliability, or "up 

time", by separately stocking detachable display units. The 

display units may then be combined at will with one or rr,ore 

ultrasound transducers and modules as the patient workload 

changes, or as display units occasionally fail. 

In representative embodiments, the transducer 102 is 

magnetically connected to the module 103. Alternatively, 

the transducer 102 may be mechanically connected to the 

module 103, such as by latching mechanisms (not shown) or 

30 friction-fit (i.e., 'snap-on') mechanisms. As described 

more fully below, the transducer 102 is connected 

electrically to the module by an interface (not shown in 

Fig. 1), which 

the transducer 

is operative to provide electrical power to 

102 and to pass electrical signals from the 

8 
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5 transducer 102. Illustratively, the electrical-mechanical 

connection may comprise tabs (not shovm) comprising copper 

with gold coating on a lower end (not shown) of the 

transducer 102 that mate to the electrical tabs (not shown) 

on the module 103 end. A skirt may be located around 

10 either the transducer 102 or module 103 sides that align 

the module to the opposite end. The connected structure is 

sealed such that it is resistant to fluid ingress. For 

example, the electrical-mechanical connection of the 

transducer 102 to the module 103 can be made similarly as 

15 described in US Patent 6,635,019, the disclosure of which 

is specifically incorporated herein by reference. 

Notably however, and as described below, beca--.1se of 

the microbeamf ormer placed in the transducer 102, the 

electrical connections needed to mate are much rect-Jced 

20 since less analogue signals are required thus allowing for 

simpler mechanical connections such as "snap-on" mechanism 

where the mechanical tolerance required is much less. The 

is much more practically achievable allowing for easy 

connect /disconnect modules where the wear and tear over 

25 time would still allow a robust electrical connection. 

30 

Fig. 2 is a simplified schematic diagram of an 

ultrasound assembly 200 in accordance with a representative 

embodiment. The assembly 200 includes many common features 

to the assembly 100 described in connection with Fig. 

Such common features are often not duplicatively described, 

but may be further 

The transducer 

elaborated upoYi. 

as noted above. The 

102 comprises transducer 

transducer elements 101 

elements 102 

may be linear 

array or a phased array, or a combination thereof, such as 

9 



0105
Exhibit 1002 page 105 of 1005 

DENTAL IMAGING

5 

WO 2010/064156 PCT/IB2009/054999 

described in U.S. Patent 6,436,048. The beam from the 

transducer elements 101 may also be steered as described in 

U.S. 

101 

Patent 

may be 

7,037,264. As noted, 

a curved linear (ID) 

the 

array 

transducer 

(CLA) , such 

elements 

as 

described in US Patent 6,540,682. These patents are 

10 assigned to the present assignee and are all specifically 

15 

incorporated herein by reference. 

The transducer 102 also comprises a microbeamformer 

201. The microbeamformer 201 may be as described in U.S. 

Patent 6,436,048. Echoes by the elements 101 of the 

transducer 

beamformer 

beamformer 

102 are partially beamformed by a micro-

201. 

201 

In a representative embodiment, 

contains circuitry which controls 

the 

the 

micro-

signals applied to groups of elements ("patches") of the 

transducer elements 101 and effects some processing of the 

20 echo signals received by elements of each group. Micro-

25 

30 

beamforming in the transducer 102 beneficially reduces the 

number of conductors in the connection 105 between the 

assembly 

Additional 

100 and the ultrasound system (not 

details of the benefits derived 

shown) 

from 

microbeamf orming may 

Pat. No. 5,997,479, 

incorporated herein 

be found in corrJrconly assigned U.S. 

the disclosure of which is specifically 

by reference and in the Ao4s patent. 

In addition to the benefits derived frorr, dividing the 

with a microbeamformer, the representative beamforming 

errcbodiment s foster additional benefits because the 

microbeamformer 201 is co-located with the transducer 

elements 101 within the transducer 102. For example, 

superior electrical performance is realized because the 

electronics of the microbeamformer 201 are proximal to the 

10 
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5 elements 101, eliminating the need for complex 

interconnects, cabling, and the attendant signal 

distortions and power losses of long electrical 

connections 

10 

15 

20 

Moreover, microbeamf orming may be specifically ma::.ched 

with the type of array of transducer elements 101, since 

the microbeamf orming is physically combined with the 

elements 101. Moreover, because of the matching of the 

microbeamf ormer 201 to the par::.icular type of sensor array 

different:. versions of the microbeamformer 2 01 can be 

optimized for different sensor classes (e.g., sector, 

linear, CLA) and for different frequencies/impedances. 

Thus, rather than a generic microbeamformer that is 

configured to work acceptably with each of a number of 

transducer types, the present teachings allow for an 

improved if not optimal match of microbeamformer to the 

type of transducer array of each individual transducer 102. 

Illustratively, the microbeamformer 201 may be matched 

in dimensions to the layout of the aco-c1stic elements of 

sensor array 101 and then may be mounted directly to the 

25 sensor itself, saving space, simplifying the 

interconnection scheme between the microbeamformer 201 and 

the sensor, and reducing electrical noise and signal loss 

by minimizing signal trace lengths. 

In addition, the microbeamformer 201 may be optimized 

30 to respond to the resonant frequency range of the acoustic 

sensor elements and to apply beamforming delays that match 

said frequency range with sufficient resolution for high 

quality imaging, but not so much resolution as to was::.e 

circuit componen::.s. Similarly, the microbeamformer 

11 
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5 circuitry may be optimized to match the characteristic 

impedance of the sensor elemen-=.s l O l. 

10 

15 

As described above, the transducer 102 is connected to 

the module 103 via an interface 202; and the interface 202 

comprises both a mechanical 

connection. The mechanical 

connection and an electrical 

connection enables attaching 

and detac~7.ing of the transducer 102 to the module 103 as 

described above. The elec-=.rical connection 

to the transducer 102, in particular to its 

provides power 

integrated 

microbeamf ormer; and signals 

to the module 103 for further 

from the microbeamf ormer 201 

processing. The electrical 

mechanical connection can be made using a standard USB type 

latching connector or a custom mechanical latch type, snap 

£it, or magnetic type connection, such as described in co­

pending US Patent Application Serial No. 60/941, 427 

20 entitled Wireless Ultrasound Probe Cable and filed on June 

25 

2007. The disclosure of this application is 

specifically incorporated herein by reference. 

The mod-c1le 103 comprises a scan controller 203 and a 

main beamformer 2 04, such as described in U.S. Patent 

6,436,048 or in. U.S. Patent 7,037,264 for example. The 

module 103 may also comprise DSP circuitry 205 for the 

signal detection path in. multiple modes (e.g., Greyscale, 

Flow, PW, CW) . In addition, the module 103 comprises a 

power supply 206 for powering the mod-c1le 103, the 

30 transducer 102 and the display component 104. It also 

comprises a memory 207 for storing acquired images user 

preset.s scan control and beamforming coefficients user 

programs 

12 
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5 The power supply 206 may be an AC/DC converter 

10 

operative to provide a desired DC voltage. Alternatively, 

the power supply 20 6 may be a known type of battery. The 

implementation of the latter provides certain benefits over 

known devices. First, because no cable is needed for 

power, the 

according 

assembly 100 

to a wireless 

may be 

protocol 

readily implemented 

providing ease of 

portability and use. Moreover, a battery, which can be 

rechargeable, can be recharged simultaneously with data 

transfer over the same (wired) connection 105. For 

15 example, a USB connection may be used to realize both data 

and power for recharging. 

20 

25 

The 

powering 

display 

have its 

compact 

external 

use 

the 

104 

of a battery also accords the 

display 104 in a local manner. 

does not require a remote power 

benefit of 

Thus, the 

supply, and 

own battery. As such, the display 104 can be 

and light. By contrast, a separate monitor or 

display such as on a personal digital assistant 

may 

(PDA) will 

unit (CPU) , 

reduce the 

require a power source and central processing 

which add to the corrplexity of the system and 

ergonomic benefits derived from the self-

contained assembly 100. 

Furthermore, the rendering and formatting of images 

may be effected in the module 103, thus minimizing the need 

for processing at the display 104. This reduces not only 

30 the size and weight of the system, but also the cost of the 

di splay 10 4. The display 104 is easily connected or 

disconnected to the module 103 thus allowing for 

flexibility in positioning for the user. Due to the few 

electrical signals required, the mechanical electrical 

13 
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5 connect.ion can be made to be simple since the alignment and 

tolerance of the electrical tabs easily achievable. The 

electrical tabs of the mod-Jle (described above) can mate to 

the electrical tabs of the display 104, such as by a 

magnetic connect.ion, a friction fit or some other type of 

10 latching connection. This mechanical connect.ion can allow 

for rotation and tilting of the display. 

Fig. 3 is a simplified block diagram of a system 300 

for ultrasound imaging in accordance with a representative 

embodiment. The syst.em 300 comprises the assembly 100 and 

15 a syst.em monitor 301 connected by connection 105 as shown. 

The system 300 includes many common features and details to 

those described in connect.ion with the representative 

embodiments of Figs . 1 and 2 . 

The system monitor 301 may be a stand-alone monitor 

20 used by the medical practitioner using the assembly 100 and 

may be in lieu of or in addition to the display 104. 

25 

30 

Alternatively, 

(e.g., 

to the 

Again, 

a server) 

the system monitor 300 may be a central unit 

of a medical facility that provides access 

assembly in real-time or via memory. images from the 

the link between the assembly 100 and the monitor 

301 may be wired or wireless, as may the link from the 

monitor to other devices of a network connected thereto. 

In view of this disclosure it is noted that the 

various ultrasound assemblies and systems ultrasound 

imaging may comprise a variety of devices, 

soft.ware, hardware and firmware. Moreover, 

ot.ner than medical imaging may benefit from 

components, 

applications 

the present 

teachings. Further, the various devices, components, 

soft.ware, hardware, firmware and parameters are included by 

14 
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5 way of example only and not in any limiting sense. In view 

of thi.s disclosure, those skilled in the art can implement 

the present teachings in determining their own applications 

and needed devices, components, software, hardware and 

firmware to implement these applications, while remaining 

10 within the scope of the appended claims. 

15 
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5 Claims 

An ultrasound assembly, comprising: 

a module having an input side and an output side; 

a ultrasound transducer comprising a micro-beamf onrer 

10 configured for attachment and detachment from the input 

side of the module; and 

a display attached to the output side of the module. 

2 . An ultrasound assembly as claimed in claim 1, wherein 

15 the ultrasound transducer comprises a linear transducer 

array and ::.he module is configured to receive input signals 

from the linear transducer array and to provide output 

signals to the display. 

20 

25 

3 An ultrasound assembly as claimed in claim 1, wherein 

the ultrasound transducer comprises a phased array 

transducer array and the module is configured to receive 

input signals from the phased array transducer array and to 

provide output signals to the display. 

4 . An ultrasound assembly as claimed in claim 1, wherein 

the ultrasound transducer comprises a curved transducer 

array and ::.he module is configured to receive input signals 

from the curved transducer array and to provide output 

30 signals to the display. 

s. An ultrasound assembly as claimed in claim 1, wherein 

the module comprises a microcontroller and a memory and the 

16 
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5 microcontroller is configured to acquire a transducer 

parameter from the memory. 

6. An ultrasound assembly as claimed 

the microcontroller is configured to 

in claim s, 

receive data 

wherein 

from the 

10 transducer array after acquiring the transducer parameter. 

7 An ultrasound assembly as claimed in claim 5, wherein 

the microcontroller is configured to optimize calculating 

configuration and scanning coefficients of the ultrasound 

15 transducer. 

20 

25 

30 

s An ultrasound assembly as claimed in claim 1, wherein 

the display is disposed over the module. 

9. An ultrasound assembly as 

the module and the transducer 

mechanically attach and detach 

claimed in claim 1, 

are configured to 

from one another. 

wherein 

10. 

the 

An ultrasound assembly 

display is electrically 

wired manner. 

as claimed in claim 1, wherein 

connected to the assembly in a 

11. An ultrasound 

the module and the 

attach and detach 

assembly as 

display are 

claimed in claim 1, wherein 

configured to magnetically 

12. 

the 

from one another. 

An ultrasound assembly 

display is electrically 

as claimed in claim 1, wherein 

connected to the assembly in a 

17 
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5 wireless manner. 

10 

13. A system for ultrasound imaging, comprising: 

an ultrasound asseITcbly, comprising: a module having an 

input side and an output side; an ultrasound transducer 

comprising a 1ricro-bea1Tcf armer configured for 

detachment from the input side of the module; 

attached to the output side of the module. 

attachment and 

and a display 

14. A system as claimed in claim 13, wherein the 

15 ultrasound transducer comprises a linear transducer array 

and -che module is configured to receive input signals from 

the linear transducer array and to provide output signals 

to the display. 

20 

25 

15. A system as claimed in claim 13, wherein the 

ultrasound transducer 

array and the module 

from the phased array 

output signals to the 

comprises a phased array transducer 

is configured to receive input signals 

transducer array and to provide 

display. 

16. A system as claimed in claim 13, wherein the 

ultrasound transducer comprises a curved transducer array 

and -che module is configured to receive input signals from 

the curved transducer array and to provide output signals 

30 to the display. 

17. A system as claimed in claim 13, wherein the 

ultrasound transducer comprises a memory and the module 

18 
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5 comprises a microcontroller configured to acquire a 

transducer parameter from the memory. 

18. A system as claimed in claim 1 7, wherein the 

microcontroller is configured to receive data from the 

10 transducer array after acquiring the transducer parameter., 

19. A system as claimed in claim 13, wherein the 

microcontroller is configured to optimize calculating 

configuration and scanning coefficients of the ultrasound 

15 transducer. 

20. A system as claimed in claim 13, wherein the 

is disposed over the module. 

20 21. A system as claimed in claim 13, wherein the 

and the transducer are configured to mechanically 

and detach from one another. 

23. A system as claimed in claim 13, wherein the 

25 mechanical attachment is by friction-fit. 

display 

module 

attach 

23. A system as claimed in claim 13, further comprising 

another display remote to the ultrasound assembly. 

19 
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(54) Autostereoscopic display 

(57) An autostereoscopic display (1 ), in particular an 
autostereoscopic head-up display, is disclosed, compris­
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missive and a light source (3) for generation of an image 
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each pixel (5,5a,5b) a left/right light beam (6a,6b) is guid­
ed from the light source (3) to the left/right eye of the 
viewer via the pane (2). According to the invention, said 
guiding of the light beams (6a,6b) to the eyes is achieved 
only by pure reflection at said pane (2) (ie. there is no 
diffraction). 
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Description 

Technical Field 

[0001] The invention relates to an autostereoscopic 
display. A autostereoscopic display is a device for dis­
playing three-dimensional pictures without the need of 
additional equipment for the viewer, i.e. 3D-glasses such 
as anaglyphs, LCD-shutter glasses (LCD= Liquid Crystal 
Display), polarized glasses or prismatic glasses for ex­
ample. In particular, the invention relates to head-up dis­
plays (HUD). A head-up display is any transparent dis­
play that presents data without requiring the user to look 
away from his or her usual viewpoint. Although they were 
initially developed for military aviation, HUDs are now 
used in commercial aircraft, automobiles, and other ap­
plications as well. 

Prior Art 

[0002] DE 101 35 342 C1 discloses a projection device 
having a projection unit and a relatively spaced projection 
surface, e.g. incorporated in the automobile dashboard, 
onto which an image is projected using a light beam for 
each image point. The projection surface has a beam 
widening device in front of a mirror reflecting the incident 
light beams to provide reflected beams converging in a 
planar viewing field in front of the automobile driver. 
[0003] DE 101 31 720 Al discloses a head-up display 
system for presentation of an object outside the vehicle 
to a person in the vehicle, comprising means for deter­
mination of the position of vehicle occupants and means 
for location corrected display of the object relative to the 
position. 
[0004] Furthermore, US 5, 198,895Adisclosesa head­
up display used in a cockpit with a space for the pilot 
having two subspaces where the pilot's eyes will be lo­
cated during flight. The head-up display includes a video 
display device for emitting light representative of a pre­
determined image, located in the cockpit and a second 
video display for emitting light representative of the pre­
determined image located in the cockpit. An angularly 
selective holographic optic element diffraction grating is 
provided for reflecting light emitted from the first video 
display into the first subspace, but not into the second 
subspace. Light emitted from second video display de­
vice is reflected into the second subspace but not into 
the first subspace. 
[0005] In addition, US 5,973,727 A discloses a refrac­
tive index modulator consisting of a liquid crystal layer, 
which is arranged near a glass plate so that the liquid 
crystal molecules are arranged to have a refractive index 
that is either less than or greater than that of the glass 
plate to produce either a total internal reflection of a beam 
at the glass plate or to transmit a light beam through the 
glass plate. 
[0006] Furthermore, US 2004/0239835 A1 discloses 
a three-dimension display apparatus which includes a 

liquid crystal display, a first polarizer on the rear surface 
of the liquid crystal display, a second polarizer on the 
front surface of the liquid crystal display, a liquid crystal 
polymer being on the second polarizer and including a 

5 chiral dopant and liquid crystal molecules. The liquid 
crystal polymer is divided into first regions through which 
incident light is not polarized and second regions through 
which the incident light is polarized at 90 degrees. A third 
polarizer on the liquid crystal polymer selectively trans-

10 mits the incident light from the liquid crystal polymer. 
[0007] Finally, EP 1 739 978 A2 discloses a three di­
mensional display device including an image display unit, 
which unit includes pixels having first sub-pixels corre­
sponding to a left-eye image and second sub-pixels cor-

15 responding to a right-eye image. The three dimensional 
display device also includes a parallax barrier which is 
located proximately to the image display unit. The paral­
lax barrier includes light interception portions and light 
transmission portions alternately and repeatedly ar-

20 ranged in a direction and also color filters arranged be­
tween the light interception portions and the light trans­
mission portions, wherein the color filters control paths 
of lights from the pixels. 

25 Object of the Invention 

[0008] It is an object of the invention to provide an auto­
stereoscopic display which is less complex and can be 
implemented with less technical effort. In particular, the 

30 object of the invention is to provide a head-up display 
which allows for a spatial impression. 

Summary of the Invention 

35 [0009] The object of the invention is achieved by ad is­
play according to claim 1, that is an autostereoscopic 
display, comprising 

a pane which is partly reflective and partly transmis-
40 sive and 

a light source for generation of an image consisting 
of a plurality of pixels, wherein for each pixel a lefU 
right light beam is guided from the light source to the 
left/right eye of the viewer via said pane, 

45 - wherein said guiding of the light beams to the eyes 
is achieved only by pure reflection at said pane. 

[001 0] Advantageously, the guiding of the light beams 
at the pane (particularly a windscreen) is achieved only 

50 by pure reflection. That does not mean that there may 
be no transmissive part, that is to say parts of the light 
beams which cross the pane and do not reach the view­
er's eyes. It means that the part, which reaches the view­
er, is just reflected at the pane and not diffracted as it is 

55 the case in some prior art solutions, which use a diffrac­
tion grating in the windscreen. 

2 

[0011] A diffraction grating is an optical component 
with a regular pattern, which splits (diffracts) light into 
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several beams travelling in different directions. The di­
rections of these beams depend on the spacing of the 
grating and the wavelength of the light so that the grating 
acts as a dispersive element. 
[0012] As one can imagine, the use of such a grating, 
especially in a relatively large pane such as a windscreen 
which in addition often have complex shapes, requires 
complex machinery to produce the same. By contrast, 
the inventive display does not need additional diffractive 
means in the pane. Accordingly, such a display can be 
produced with less technical effort. 
[0013] It is beneficial if the light beams are reflected at 
a surface being inclined in relation to the pane. For ex­
ample, this embodiment can be used for cars, in which 
a light source is installed on the roof of the car which 
emits light beams to the viewer's eyes via the surface 
and the pane. Mounting the light source on the roof re­
quires less space in the region of the dashboard of a car. 
Just the space for a reflecting surface, basically a small 
mirror, is needed there. 
[0014] It is advantageous if the light source is designed 
as one out of the group: LED-display (Light Emitting Di­
ode), LCD-display (Liquid Crystal Display) or OLEO-dis­
play (Organic Light Emitting Diode). Such displays are 
easy available, reliable and low priced. They can be used 
for generation of pictures by definition. To provide a spa­
tial impression of the picture, parallax barriers, which are 
known per se, have to be provided. Examples are micro 
lenses and transmissive slits separated by opaque bar­
rier regions. 
[0015] In an advantageous embodiment of the inven­
tion, the light source is designed as a single laser light 
source for both light beams. Lasers are suitable means 
for generating pictures as known from laser shows for 
example. In this embodiment, both eyes have to share 
one light source. This is cost saving but may lead to lim­
itations in brightness of the image and the frame rate. 
The latter is particularly important for animated pictures 
or videos. 
[0016] It is also advantageous if the light source is de­
signed as one laser light source for each light beam. Here 
the left channel and the right channel are drawn by a left 
and a right laser. Using two lasers is more expensive but 
provides for brighter images and an increased frame rate. 
The latter is important for the generation of less 'nervous' 
pictures or videos. 
[0017] In a further advantageous embodiment, the pix­
els are generated by modulation of a movable laser 
beam. Often so-called 'scanners' are used for the gen­
eration of laser based pictures. Scanners comprise two 
galvanometers, i.e. two mirrors perpendicular to each 
other and electromagnetically actuated. The first mirror 
deflects the laser beam in horizontal direction, and the 
second mirror deflects it in vertical direction. By blanking 
and mixing colors in combination with said deflection, 
single pixels on a surface can be illuminated in a desired 
color and a desired brightness. If just one laser or scanner 
is used, it generates the pictures for the left and the right 

eye semi-parallel, wherein the projection of the image 
may be achieved interlaced, i.e. drawing the odd lines 
for the left eye and the even lines for the right eye and 
then vice versa, or picture by picture, i.e. drawing the 

5 complete picture for the left and the right eye in an alter­
nating manner. If two lasers or scanners are used, the 
images are generated fully parallel. Using two lasers pro­
vides for an increased frame rate and thus for generation 
of less 'nervous' pictures. 

10 [0018] In yet another preferred embodiment of the in­
vention, the pixels are generated by modulation of a re­
flection of a laser beam. Here a laser beam, which may 
also stand still, is modulated by a reflective surface com­
prising pixels, whose reflective factor can be influenced. 

15 An example are very small mirrors, each representing 
one pixel and being electrically actuated, which can de­
flect the assigned part of the light beam past the viewer's 
eye so that the pixels appears dark. This provides just 
for black and white images but also more sophisticated 

20 modulations are imaginable. 
[0019] It is beneficial if the reflection modulation is 
done at the pane. In this embodiment, the reflection mod­
ulator is attached to or part of the pane. Here, the light 
source may directly shine on the pane respectively wind-

25 screen, but one has to take care that said means (e.g. 
usually thin foils) do not influence the viewers perception 
of the world outside the car. 
[0020] Furthermore, it is advantageous if the reflection 
modulation is done at said inclined surface. Here the 

30 problem of influencing the viewers perception (even 

when the display is switched off) is circumvented as the 
reflection modulator is attached to or built into said sur­
face. Usually, the reflection modulator is mounted on a 
car's dashboard in this embodiment. 

35 [0021] Furthermore, it is advantageous if a LCD-matrix 
is provided as reflection modulator. Such matrices are 
easy available, reliable and low priced. Basically, an 
LCD-matrix is a LCD-display without backlight. By con­
trast, the light for illuminating the pixels is generated in 

40 front of the matrix and a mirror is arranged behind the 
matrix. By darkening a LCD-pixel as known per se, light 
is no longer reflected. By means of an LCD-matrix also 
grayscale images can be generated quite easily. In the 
case of laser light being used, dedicated parallax barriers 

45 may be omitted as the laser beams for the left and the 
right channel can be guided to the viewer's eyes with 
high precession. However, one has to take care that the 
laser beam is widened a bit so that not a singular light 
point reaches the viewer's eyes but a beam having the 

50 size of, let us say the size of spectacles glass. In this 
sense, virtual glasses may be provided. 
[0022] Finally, the display comprises means for detect­
ing a position of the viewer, means for determining a de­
sired position for the lefUright light beam according to 

55 said position of the viewer and, means for adapting the 
lefUright light beam to said desired position in a preferred 
embodiment. It may happen that the driver considerably 
moves his head in the line of sight and/or in a plane per-

3 
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pendicular to said line of sight during driving a car. An­
other reason for changing eye-positions are different us­
ers using the car. If the eyes of the viewer move out of 
the associated projecting areas, then the projecting areas 
are adapted to the current eye-position of the user in this 
embodiment. In this way, the viewer can see the project­
ed image in any position and keeps on his 'virtual glasses' 
in this sense. 
These and other aspects of the invention are apparent 
from and will be elucidated with reference to the embod­
iments described and shown in the schematic Figures 
hereinafter. 

Brief Description of the Drawings 

[0023] 

Figure 1 shows a first embodiment of the invention 
with an active display on a surface on a car's dash­
board; 
Figure 2 shows a second embodiment with a laser 
scanner projecting the image directly via the wind­
screen of a car; 
Figure 3 shows a third embodiment with a laser scan­
ner projecting an image via a surface on a car's dash­
board; 
Figure 4 shows a fourth embodiment with a reflection 
modulator in the windscreen of a car. 

Description of Embodiments 

[0024] In the Figs. the same elements and elements 
with the same function are referenced with the same ref­
erence sign if not stated otherwise. 
[0025] Fig. 1 depicts a first embodiment of the inven­
tion and shows an autostereoscopic display 1, compris­
ing a pane 2, which is a windscreen of a car in this case, 
a light source 3 being arranged on a surface 4, which 
surface 4 is inclined in relation to the pane 2. For the sake 
of brevity just one pixel 5 of the light source 3 is shown, 
which pixel 5 consists of a left pixel 5a and a right pixel 
5b. In addition, a left and a right light beam 6a and 6b is 
shown being emitted by the pixels 5a and 5b. Finally, Fig. 
1 shows a driver's head 7. 
[0026] The function of the display 1 as shown in Fig. 
1 is as follows: 
[0027] The left pixel 5a and the right pixel 5b are illu­
minated with a particular color and a particular brightness 
as the image to be projected requires. Thus, a left and a 
right light beam 6a and 6b are emitted, reflected at the 
pane 2 and finally reach the driver's head 7. The driver 
receives the left pixel 5a with the left eye and the right 
pixel 5b with right eye and thus gets the impression of a 
pixel 5 hovering in front or behind the pane 2. As can be 
seen, the angle of radiation for the beams 6a and 6b are 
chosen in such a way that the left and the right pixel 5a 
and 5b are visible in a particular left and right projecting 
areas Sa and Sb. Thus, small movements of the driver's 

head do not influence his spatial impression ofthe image. 
However, if he moves out of the target area, the spatial 
impression of the image is lost. This behavior of the light 
beams 6a and 6b can be seen as a provision of 'virtual 

5 glasses'. 
[0028] The light source 3 may be an (active, meaning 
back lighted) LCD-display, a LED display or an OLEO 
display. The way how pixels are activated is known per 
se for these devices and not explained any further. Said 

10 displays, however, need parallax barriers, which are 
known per se. Examples are micro lenses and transmis­
sive slits separated by opaque barrier regions 
[0029] Fig. 2 is quite similar to Fig. 1, the only difference 
is that the light source 3 is designed as a laser scanner. 

15 In this embodiment one single laser is used for the image 
generation, however, also two lasers can be used as the 
case may be. Furthermore, it is assumed that the images 
for the left and the right eye are sequentially generated, 
that means one by one. First, the laser generates the left 

20 light beam 6a and draws the image pixel by pixel and line 
by line quite similar as the cathode ray tubes do. After 
the left image has been completed, the laser generates 
the right light beam 6b and draws the right image in a 
similar way. Usually, 25 frames per second are chosen 

25 to project flowing pictures. Accordingly, the single laser 
should be capable of providing 50 frames per second so 
that flowing pictures for both the left and the right eye 
can be generated. If the contents of the pictures does 
not change very fast, also considerably lower frame rates 

30 may be applicable. An example is the speedometer which 
owing to the physics of a car cannot change very fast. 
As a laser beam can be guided or directed very precisely 
and as such may act as a parallax barrier, a further par­
allax barrier is not required. However, as laser light is so 

35 directional, means for widening the beams 6a and 6b a 
bit should be provided so that the pixels 5a and 5b are 
not just visible in a singular position of the driver's head 
but in a particular projecting area Sa and Sb as has been 
explained for the embodiment of Fig. 1 already. Addition-

40 ally, a variable step width for the vertical scanning lines 
can compensate the double image introduced by a wind­
screen. According to prior art, a windscreen with 'wedged 
PVB' (Polyvinylbutyral) is used for this reason, which is 
a special windscreen providing for ghost-free automotive 

45 head-up displays. However, by employing variable step 
widths for the scanning lines also a 'normal' windscreen 
can be used. 
[0030] Fig. 3 shows a modification of the embodiment 
shown in Fig. 2. Here the light source 3, again a laser 

50 scanner, is arranged on the roof of the car and emits the 
light beams 6a and 6b downwards to a reflecting surface 
4 arranged inclined to the pane 1. However, the principle 
is the same as the one of Fig. 2. There is just another 
reflecting plane. The reflecting surface 4 may be a simple 

55 mirror in this embodiment, why the pixels 5a and 5b have 
a rather symbolical meaning. This variant of the invention 
is advantageous if there is just limited space on the dash­
board. 

4 
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[0031] A next embodiment is a variation of the embod­
iments shown in the Figs. 1 and 3. Here again, a light 
source 3 is arranged on the roof of the car, but is a fixed 
laser source in this case. In addition, the surface 4 com­
prises a reflection modulator, e.g. a LCD-matrix which is 
arranged right above the reflective surface 4. In this ex­
ample, a left and a right light beam 6a and 6b are emitted 
by two lasers and reach two separated areas on the re­
flecting surface 4. As known per se, the LCD-matrix pro­
vides for darkening dedicated pixels and thus for the gen­
eration of grayscale images. By contrast to the last ex­
amples, the pixels 5a and 5b are 'real' here. The light 
beams 6a and 6b, which are already modulated now, 
propagate to the pane 2 and are deflected to the viewer's 
eyes there as has already been explained herein before. 
Alternatively, a single laser beam can be emitted by the 
light source 3 which is then separated in a left and a right 
light beam 6a and 6b at the reflective surface 4. 
[0032] In a fourth embodiment as shown in Fig. 4, the 
reflection modulator, e.g. a LCD-matrix again, is ar­
ranged on or in the pane 2. In principle, this arrangement 
would also work without external light- provided the LCD­
matrix comprises a parallax barrier- butto provide proper 
function also in twilight or during night, the matrix is again 
illuminated as has been explained hereinbefore. The light 
source 3, which may be a fixed laser again, can bear­
ranged on the roof if there is a reflective surface 4 (e.g. 
a mirror) on the dashboard or directly on the dashboard. 
In case of illuminating the LCD matrix with a laser, a par­
allax barrier may be omitted, but if the LCD-matrix is il­
luminated by 'normal' light, it has to be provided with a 
parallax barrier. 
[0033] As one can imagine, the 'virtual glasses', i.e. 
the projecting areas 8a and 8b, have to move with the 
driver's head 7. Otherwise it can happen that the left eye 
receives the image for the right eye whereas the right 
eye receives no image at all and vice versa. In a worst 
case the driver's head 7 completely moves out of the 
reception area, in other words the projecting areas 8a 
and 8b and his eyes do not coincide. Accordingly, means 
for detecting the position of the driver's head or his eyes 
are provided in a preferred embodiment. Several possi­
bilities are imaginable. First of all, the position detection 
may be achieved by visual detection, i.e. by means of a 
camera, which can operate in the visible light spectrum 
or in the infrared spectrum. Here the algorithms for 'face 
detection', which have been incorporated in recent digital 
consumer cameras, can be used. Another possibility is 
to use a number of weight sensors in the driver's seat so 
as to detect the position of the center of gravity of his 
body. As the driver normally seats upright or slightly in­
clined, the position of the eyes can easily be determined. 
In this context it should also be mentioned, that the pro­
jecting areas 8a and 8b are not necessarily square­
shaped but may also be in the form of narrow upright 
rectangles so that it does not matter if the driver moves 
his head in vertical direction. Finally, distance sensors 
may be used, e.g. ultrasonic distance sensors, passive 

infrared sensors and so on. As these sensors are known 
per se, they are not explained in detail here. 
[0034] Detecting the position of the driver's head 7 or 
his eyes is one part of the story. Advantageously, the 

5 inventive autostereoscopic display 1 comprises also 
means to shift the 'virtual glasses', i.e. the projecting ar­
eas Ba and 8b according to the detected position. If nar­
row, sufficiently high and upright rectangular projecting 
areas 8a and 8b are provided, a shift in the horizontal 

10 direction may be sufficient to follow the driver's eyes. If 
the vertical dimension is limited, i.e. does not cover the 
full vertical range of the eye's positions, then also a ver­
tical shift of the projecting areas Ba and 8b may be em­
ployed. In case of a laser scanner, shifting of the project-

15 ing areas 8a and 8b is relatively simple as the image in 
principle can be projected at any desired position. In case 
of an active pixel matrix or a reflection modulator is used, 
things are more complicated. 
[0035] If a reflection modulator in combination with a 

20 laser beam is employed, both the beam and the position 
on the modulator, where the image is generated, have 
to move. If an active pixel matrix is used, the position of 
the image generation has to move as well. Alternatively 
or in addition, a parallax barrier may move so that the 

25 position, from where the right and the left image can be 
viewed, varies. If the parallax barrier is formed by device, 
which allows for easy change of a 'picture', such as a 
LCD-matrix, the parallax barrier can easily be adapted 
to the detected position of the drive's head 7. In case of 

30 just a horizontal shift is needed, vertical stripes, whose 

transmission rate can individually be controlled, are prop­
er means to adapt the projecting areas Ba and 8b to the 
actual eye-position. However, besides electronic shifting 
of the parallax barrier also mechanical shifting is imagi-

35 nable. Here a predetermined structure, i.e. a sequence 
of transmissive parts and non-transmissive parts, is 
moved by a motor, usually a linear motor. The movement 
may be based on electromagnetic or piezoelectric effects 
for example. 

40 [0036] So far, just movements of the driver's head 7 in 
a plane more or less perpendicular to the line of sight 
have been discussed. However, though it is less fre­
quent, the head 7 may also move in direction of the line 
of sight and thus reduce or increase the distance between 

45 the eyes and the imaging device. Hand in hand with this 
movement the angle between the light beams generating 
the projecting areas Ba and 8b has to be adapted. If the 
distance is increased, the angle is decreased and vice 
versa. In case of a laser beam is used, the direction of 

50 the beam can be varied as discussed above. If systems 
are used, which need a dedicated parallax barrier, the 
parallax barrier has to be varied according to the distance 
between imaging system and driver. 
[0037] It should be noted that all steps which are taken 

55 to detect the position of the driver's head 7 and to move 
the projecting areas Ba and Bb to said detected position 
may be performed once, on demand, or ongoing for ex­
ample. Quite often, cars are used by just one user, who 

5 
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rarely changes his position once he has found a comfort­
able position. In this case, it may be sufficient to run the 
adaptation sequence just initially, when the car is used 

tion, and that those skilled in the art will be capable of 
designing many alternative embodiments without depart­
ing from the scope of the invention as defined by the 
appended claims. In the claims, any reference signs first or on demand if, for example, a dedicated function 

is chosen. On the other hand, there are cars, whose users 
change very often, for example rental cars. In this case 
or if the driver is rather nervous and changes its position 
very often also during driving the car, a continuous ad­
aptation ofthe projecting areas Sa and Sb might be useful. 
[0038] It should also be noted that, cars and their driv­
ers are subject to strongly varying light conditions, like 
night, bright sunlight and also front lights of opposing 
traffic. Without further measures the projected image can 

5 placed in parentheses shall not be construed as limiting 
the claims. The verb 'comprise' and its conjugations do 
not exclude the presence of elements or steps other than 
those listed in any claim or the specification as a whole. 
The singular reference of an element does not exclude 

10 the plural reference of such elements and vice-versa. In 

get badly visible or even invisible. Accordingly, measures 
are taken in a preferred embodiment to reduce or even 15 

avoid the influence of disturbing light sources and in par­
ticular stray light from these light sources. Proper means 
range from simple covers and black, matt coatings to 
block light from undesired directions over semi-reflective 
layers to electrochromic layers and light diffusers. 20 

[0039] Said semi-reflective layers can increase the 
fraction of the light beams 6a and 6b, which is reflected, 
and at the same time increase the fraction of reflected 
light coming from outside the car. In this way the influence 
of disturbing light sources can substantially be de- 25 

creased. Such layers can, for example, be arranged in 
the region, where the light beams 6a and 6b are reflected 
on the pane 2. A further possibility to reduce the influence 
of external light is to arrange electrochromic layers in 
said region. If disturbing light sources, e.g. blinding lights 30 

from opposing traffic, shine through said region, the layer 
is darkened by applying a voltage as it is known per se. 
In this way, the fraction of light which gets into the car 
can be dramatically decreased. It is understood that also 
the driver cannot look outside the pane in this region. 
However, it is better to keep, for example, a speedometer 
visible than blinding lights. In a preferred embodiment, 
the darkening effect gradually disappears in the border 
region so that no ugly, dark rectangular is produced on 
the pane 2. Yet another possibility is to arrange diffusers 
in the region where the light beams 6a and 6b are reflect­
ed on the pane 2. In this way, in particular the influence 
of dot-shaped light sources, e.g. again blinding lights, is 
decreased as they are 'blurred' over a particular region. 
It should be understood, that only a small number of pos­
sibilities for reducing the influence of disturbing light 
sources can be presented here. However, one skilled in 
the art will easily choose the best solution or combination 
of solutions out of the possibilities presented here and 
other possibilities, which are known per se, when he im­
plements an inventive autostereoscopic display 1. 
[0040] Furthermore, it should be noted that the inven­
tion does not apply to head-up displays for cars only. It 
also applies to head-up displays for vehicles in general 
and also to autostereoscopic displays in general, mean­
ing also to stationary devices. 
[0041] Finally, it should be noted that the above-men­
tioned embodiments illustrate rather than limit the inven-

35 

40 

45 

50 

55 

6 

a device claim enumerating several means, several of 
these means may be embodied by one and the same 
item of software or hardware. The mere fact that certain 
measures are recited in mutually different dependent 
claims does not indicate that a combination of these 
measures cannot be used to advantage. 

Claims 

1. Autostereoscopic dis play ( 1 ), comprising 

2. 

3. 

4. 

5. 

6. 

7. 

- a pane (2) which is partly reflective and partly 
transmissive and 
- a light source (3) for generation of an image 
consisting of a plurality of pixels (5, 5a, 5b), 
wherein for each pixel (5, 5a, 5b) a left/right light 
beam (6a, 6b) is guided from the light source {3) 
to the left/right eye of the viewer via said pane 
(2), 
- wherein said guiding of the light beams (6a, 
6b) to the eyes is achieved only by pure reflec­
tion at said pane (2). 

Display (1) according to claim 1, wherein the light 
beams (6a, 6b) are reflected at a surface (4) being 
inclined in relation to the pane (2). 

Display (1) according to any one of the claims 1 or 
2, wherein the light source (3) is designed as one 
outofthegroup: LED-display, LCD-displayorOLED-
display. 

Display (1) according to any one of the claims 1 or 
2, wherein the light source {3) is designed as a single 
laser light source for both light beams {6a, 6b). 

Display (1) according to any one of the claims 1 or 
2, wherein the light source (3) is designed as one 
laser light source for each light beam (6a, 6b). 

Display (1) according to any one of the claims 4 or 
5, wherein the pixels {5, 5a, 5b) are generated by 
modulation of a movable laser beam. 

Display (1) according to any one of the claims 4 or 
5, wherein the pixels (5, 5a, 5b) are generated by 
modulation of a reflection of a laser beam. 
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8. Display (1) according to claim 7, wherein the reflec-
tion modulation is done at the pane (2). 

9. Display (1) according to the claims 2 and 7, wherein 
the reflection modulation is done at said inclined sur- 5 

face (4). 

10. Display (1) according to any one of the claims 7 to 
9, wherein a LCD-matrix is provided as reflection 
modulator. 10 

11. Display (1) according to any one of the preceding 
claims, comprising means for detecting a position of 
the viewer, means for determining a desired position 
for the left/right light beam (6a, 6b) according to said 15 

position of the viewer and, means for adapting the 
left/right light beam (6a, 6b) to said desired position. 

20 
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Determining smface topology of a portion (26) of a three-dimensional structure is provided. An array of incident light beams (36) 

passing through a focusing optics ( 42) and a probing face is shone on said portion. The focusing optics defines one or more focal planes 

forward the probing face in a position which can be changed (72) by the focusing optics. The beams generate illuminated spots (52) on the 

structure and the intensity of returning light rays propagating in an optical path opposite to that of the incident light rays is measured (60) 

at various positions of the focal plane(s). By determining spot-specific positions yielding a maximum intensity of the returned light beams, 

data is generated which is representative of said topology. Measurement of teeth. Light beams by grating of matrix of pinholes, micro lens 

array. Simultaneous imaging from three angles. Quicker with three different light components. 
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IMAGING A THREE-DIMENSIONAL STRUCTURE BY CONFOCAL FOCUSSING AN 
ARRAY OF LIGHT BEAMS 

FIELD OF THE INVENTION 

This invention in the field of imaging techniques and relates to a 

method and an apparatus for non-contact imaging of three-dimensional 

structures, particularly useful for direct surveying of teeth. 

5 BACKGROUND OF THE INVENTION 

A great variety of methods and systems have been developed for direct 

optical measurement of teeth and the subsequent automatic manufacture of 

dentures. The term "direct optical measurement" signifies surveying of teeth 

in the oral cavity of a patient. This facilitates the obtainment of digital 

10 constructional data necessary for the computer-assisted design (CAD) or 

computer-assisted manufacture (CAJ\.1) of tooth replacements without having 

to make any cast impressions of the teeth. Such systems typically includes an 

optical probe coupled to an optical pick-up or receiver such as charge coupled 

device (CCD) and a processor implementing a suitable image processing 

15 technique to design and fabricate virtually the desired product. 

One conventional technique of the kind specified is based on a 

laser-triangulation method for measurement of the distance between the 

surface of the tooth and the optical distance probe, which is inserted into the 
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oral cavity of the patient. The main drawback of this technique consists of the 

following. It is assumed that the surface of the tooth reflects optimally, e.g. 

Lambert's reflection. Unfortunately, this is not the case in practice and often 

the data that is obtained is not accurate. 

5 Other techniques, which are embodied in CEREC-1 and CEREC-2 

systems commercially available from Siemens GmbH or Sirona Dental 

Systems, utilize the light-section method and phase-shift method, respectively. 

Both systems employ a specially designed hand-held probe to measure the 

three-dimensional coordinates of a prepared tooth. However, the methods 

10 require a specific coating (i.e. measurement powder and white-pigments 

suspension, respectively) to be deposited to the tooth. The thickness of the 

coating layer should meet specific, difficult to control requirements, which 

leads to inaccuracies in the measurement data. 

By yet another technique, mapping of teeth surface is based on 

15 physical scanning of the surface by a probe and by determining the probe's 

position, e.g. by optical or other remote sensing means, the surface may be 

imaged. 

U.S. Patent No. 5,372,502 discloses an optical probe for 

three-dimensional surveying. The operation of the probe is based on the 

20 following. Various patterns are projected onto the tooth or teeth to be 

measured and corresponding plurality of distorted patterns are captured by the 

probe. Each interaction provides refinement of the topography. 

SUMMARY OF THE INVENTION 

The present invention is directed to a method and apparatus for 

25 imaging three-dimensional structures. A preferred, non-limiting embodiment, 

is concerned with the imaging of a three-dimensional topology of a teeth 

segment, particularly such where one or more teeth are missing. This may 

allow the generation of data for subsequent use in design and manufacture of, 
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for example, prosthesis of one or more teeth for incorporation into said teeth 

segment. Particular examples are the manufacture of crowns or bridges. 

The present invention provides, by a first of its aspects, a method for 

determining surface topology of a portion of a three-dimensional structure, 

5 comprising: 

10 

(a) providing an array of incident light beams propagating in an 

optical path leading through a focusing optics and a probing face; 

the focusing optics defining one or more focal planes forward said 

probing face in a position changeable by said optics, each light 

beam having its focus on one of said one or more focal plane; the 

beams generating a plurality of illuminated spots on the structure; 

(b) detecting intensity of returned light beams propagating from each 

of these spots along an optical path opposite to that of the incident 

light; 

15 (c) repeating steps (a) and (b) a plurality of times, each time changing 

20 

position of the focal plane relative to the structure; and 

(d) for each of the illuminated spots, determining a spot-specific 

position, being the position of the respective focal plane, yielding a 

maximum measured intensity of a respective returned light beam; 

and 

( e) based on the determined spot-specific positions, generating data 

representative of the topology of said portion. 

By a further of its aspects, the present invention provides an 

apparatus for determining surface topology of a portion of a 

25 three-dimensional structure, comprising: 

- a probing member with a sensing face; 

- an illumination unit for providing an array of incident light beams 

transmitted towards the structure along an optical path through said 

probing unit to generate illuminated spots on said portion; 
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- a light focusing optics defining one or more focal planes forward said 

probing face at a position changeable by said optics, each light beam 

having its· focus on one of said one or more focal plane ; 

- a translation mechanism coupled to said focusing optics for displacing said 

5 focal plane relative to the structure along an axis defined by the 

propagation of the incident light beams; 

- a detector having an array of sensing elements for measuring intensity of 

each of a plurality of light beams returning from said spots propagating 

through an optical path opposite to that of the incident light beams; 

10 - a processor coupled to said detector for determining for each light beam a 

spot-specific position, being the position of the respective focal plane of 

said one or more focal planes yielding maximum measured intensity of the 

returned light beam, and based on the determined spot-specific positions, 

generating data representative of the topology of said portion. 

15 The probing member, the illumination unit and the focusing optics 

and the translation mechanism are preferably included together in one device, 

typically a hand-held device. The device preferably includes also the detector. 

The determination of the spot-specific positions in fact amounts to 

determination of the in-focus distance. The determination of the spot-specific 

20 position may be by measuring the intensity per se, or typically is performed 

by measuring the displacement (S) derivative of the intensity (I) curve (dI/dS) 

and determining the relative position in which this derivative function 

indicates a maximum maximum intensity. The term "spot-specific position 

(SSP) " will be used to denote the relative in-focus position regardless of the 

25 manner in which it is determined. It should be understood that the SSP is 

always a relative position as the absolute position depends on the position of 

the sensing face. However the generation of the surface topology does not 

require knowledge of the absolute position, as all dimensions in the cubic 

field of view are absolute. 
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The SSP for each illuminated spot will be different for different spots. 

The position of each spot in an X-Y frame of reference is known and by 

knowing the relative positions of the focal plane needed in order to obtain 

maximum intensity (namely by determining the SSP) , the Z or depth 

5 coordinate can be associated with each spot and thus by knowing the X-Y-Z 

coordinates of each spot the surface topology can be generated. 

In accordance with one embodiment, in order to determine the Z 

coordinate (namely the SSP) of each illuminated spot the position of the focal 

plane is scanned over the entire range of depth or Z component possible for 

10 the measured surface portion. In accordance with another embodiment the 

beams have components which each has a different focal plane. Thus, in 

accordance with this latter embodiment by independent determination of SSP 

for the different light components, e.g. 2 or 3 with respective corresponding 2 

or 3 focal planes, the position of the focal planes may be changed by the 

15 focusing optics to scan only part of the possible depth range, with all focal 

planes together covering the expected depth range. In accordance with yet 

another embodiment, the determination of the SSP involves a focal plane scan 

of only part of the potential depth range and for illuminated spots where a 

maximum illuminated intensity was not reached, the SSP is determined by 

20 extrapolation from the measured values or other mathematical signal 

processing methods. 

The method and apparatus of the invention are suitable for determining 

a surface topology of a wide variety of three-dimensional structures. A 

preferred implementation of method and apparatus of the invention are in 

25 determining surface topology of a teeth section. 

In accordance with one embodiment of the invention, the method and 

apparatus are used to construct an object to be fitted within said structure. In 

accordance with the above preferred embodiment, such an object is at least 

one tooth or a portion of a tooth missing in the teeth section. Specific 
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examples include a crown to be fitted on a tooth stump or a bridge to be fitted 

within teeth. 

By one embodiment of the invention, the plurality of incident light 

beams are produced by splitting a parent beam. Alternatively, each incident 

5 light beam or a group of incident light beams may be emitted by a different 

light emitter. In accordance with a preferred embodiment, light emitted from a 

light emitter passes through a diffraction or refraction optics to obtain the 

array of light beams. 

In accordance with one embodiment, the parent light beam is light 

10 emitted from a single light emitter. In accordance with another embodiment, 

the parent light beam is composed of different light components, generated by 

different light emitters, the different light components differing from one 

another by at least one detectable parameter. Such a detectable parameter may, 

for example be wavelength, phase, different duration or pulse pattern, etc. 

15 Typically, each of said light components has its focus in a plane differently 

distanced from the structure than other light components. In such a case, when 

the focal plane of the optics is changed, simultaneously the different ranges of 

depth (or Z component) will be scanned. Thus, in such a case, for each 

illuminated spot there will be at least one light component which will yield a 

20 maximum intensity, and the focal distance associated with this light 

component will then define the Z component of the specific spot. 

In accordance with an embodiment of the invention the incident light 

beams are polarized. In accordance with this embodiment, typically the 

apparatus comprises a polarization filter for filtering out, from the returned 

25 light beams, light components having the polarization of the incident light, 

whereby light which is detected is that which has an opposite polarization to 

that of the incident light. 

The data representative of said topology may be used for virtual 

reconstruction of said surface topology, namely for reconstruction within the 
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computer environment. The reconstructed topology may be represented on a 

screen, may be printed, etc., as generally known per se. Furthermore, the data 

representative of said topology may also be used for visual or physical 

construction of an object to be fitted within said structure. In the case of the 

5 preferred embodiment noted above, where said structure is a teeth section 

with at least one missing tooth or tooth portion, said object is a prosthesis of 

one or more tooth, e.g. a crown or a bridge. 

By determining surface topologies of adjacent portions, at times from 

two or more different angular locations relative to the structure, and then 

10 combining such surface topologies, e.g in a manner known per se, a complete 

three-dimensional representation of the entire structure may be obtained. Data 

representative of such a representation may, for example, be used for virtual 

or physical reconstruction of the structure, may be transmitted to another 

apparatus or system for such reconstruction, e.g. to a CAD/CAM apparatus. 

15 Typically, but not exclusively, the apparatus of the invention comprises a 

communication port for connection to a communication network which may 

be a computer network, a telephone network, a wireless communication 

network, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 In order to understand the invention and to see how it may be carried 

out in practice, a preferred embodiment will now be described, by way of 

non-limiting example only, with reference to the accompanying drawings, in 

which: 

Figs. IA and lB are a schematic illustration by way of a block diagram 

25 of an apparatus in accordance with an embodiment of the invention (Fig. 1B 

is a continuation of Fig. IA); 

Fig. 2A is a top view of a probing member in accordance with an 

embodiment of the invention; 
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Fig. 2B is a longitudinal cross-section through line II-II in Fig. 2A, 

depicting also some exemplary rays passing therethrough; 

Fig. 3· is a schematic illustration of another embodiment of a probing 

member; and 

5 Fig. 4 is a schematic illustration of an embodiment where the parent 

light beam, and thus each of the incident light beams, is composed of several 

light components, each originating from a different light emitter. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

10 Reference is first being made to Figs. IA and IB illustrating, by way 

of a block diagram an apparatus generally designated 20, consisting of an 

optical device 22 coupled to a processor 24. The embodiment illustrated in 

Fig. 1 is particularly useful for determining the three-dimensional structure of 

a teeth segment 26, particularly a teeth segment where at least one tooth or 

15 portion of tooth is missing for the purpose of generating data of such a 

segment for subsequent use in design or manufacture of a prosthesis of the 

missing at least one tooth or portion, e.g. a crown or a bridge. It should 

however be noted, that the invention is not limited to this embodiment, and 

applies, mutatis mutandis, also to a variety of other applications of imaging of 

20 three-dimensional structure of objects, e.g. for the recordal or archeological 

objects, for imaging of a three-dimensional structure of any of a variety of 

biological tissues, etc. 

Optical device 22 comprises, in this specific embodiment, a 

semiconductor laser unit 28 emitting a laser light, as represented by arrow 30. 

25 The light passes through a polarizer 32 which gives rise to a certain 

polarization of the light passing through polarizer 32. The light then enters 

into an optic expander 34 which improves the numerical aperture of the light 

beam 30. The light beam 30 then passes through a module 38, which may, for 

example, be a grating or a micro lens array which splits the parent beam 30 
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into a plurality of incident light beams 36, represented here, for ease of 

illustration, by a single line. The operation principles of module 38 are known 

per se and the art and these principles will thus not be elaborated herein. 

The light unit 22 further comprises a partially transparent mirror 40 

5 having a small central aperture. It allows transfer oflight from the laser source 

through the downstream optics, but reflects light travelling in the opposite 

direction. It should be noted that in principle, rather than a partially 

transparent mirror other optical components with a similar function may also 

be used, e.g. a beam splitter. The aperture in the mirror 40 improves the 

10 measurement accuracy of the apparatus. As a result of this mirror structure the 

light beams will yield a light annulus on the illuminated area of the imaged 

object as long as the area is not in focus; and the annulus will turn into a 

completely illuminated spot once in focus. This will ensure that a difference 

between the measured intensity when out-of- and in-focus will be larger. 

15 Another advantage of a mirror of this kind, as opposed to a beam splitter, is 

that in the case of the mirror internal reflections which occur in a beam splitter 

are avoided, and hence the signal-to-noise ratio improves. 

The unit further comprises a confocal optics 42, typically operating 

in a telecentric mode, a relay optics 44, and an endoscopic probing member 

20 46. Elements 42, 44 and 46 are generally as known per se. It should 

however be noted that telecentric confocal optics avoids 

distance-introduced magnification changes and maintains the same 

magnification of the image over a wide range of distances in the Z direction 

(the Z direction being the direction of beam propagation). The relay optics 

25 enables to maintain a certain numerical aperture of the beam's propagation. 

The endoscopic probing member typically comprises a rigid, 

light-transmitting medium, which may be a hollow object defining within it 

a light transmission path or an object made of a light transmitting material, 

e.g. a glass body or tube. At its end, the endoscopic probe typically 
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comprises a mirror of the kind ensuring a total internal reflection and which 

thus directs the incident light beams towards the teeth segment 26. The 

endoscope 46 thus emits a plurality of incident light beams 48 impinging on 

to the surface of the teeth section. 

5 Incident light beams 48 form an array of light beams arranged in an 

X-Y plane, in the Cartasian frame 50, propagating along the Z axis. As the 

surface on which the incident light beams hits is an uneven surface, the 

illuminated spots 52 are displaced from one another along the Z axis, at 

different (Xi, Y1) locations. Thus, while a spot at one location may be in 

10 focus of the optical element 42, spots at other locations may be 

out-of-focus. Therefore, the light intensity of the returned light beams (see 

below) of the focused spots will be at its peak, while the light intensity at 

other spots will be off peak. Thus, for each illuminated spot, a plurality of 

measurements of light intensity are made at different positions along the 

15 Z-axis and for each of such (Xi,YD location, typically the derivative of the 

intensity over distance (Z) will be made, the Zi yielding maximum 

derivative, Zo, will be the in-focus distance. As pointed out above, where, as 

a result of use of the punctured mirror 40, the incident light forms a light 

disk on the surface when out of focus and a complete light spot only when 

20 in focus, the distance derivative will be larger when approaching in-focus 

position thus increasing accuracy of the measurement. 

The light scattered from each of the light spots includes a beam 

travelling initially in the Z axis along the opposite direction of the optical 

path traveled by the incident light beams. Each returned light beam 54 

25 corresponds to one of the incident light beams 36. Given the unsymmetrical 

properties of mirror 40, the returned light beams are reflected in the 

direction of the detection optics generally designated 60. The detection 

optics comprises a polarizer 62 that has a plane of preferred polarization 

oriented normal to the plane polarization of polarizer 32. The returned 
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polarized light beam 54 pass through an imaging optic 64, typically a lens 

or a plurality of lenses, and then through a matrix 66 comprising an array of 

pinholes. CCD camera has a matrix or sensing elements each representing a 

pixel of the image and each one corresponding to one pinhole in the array 

5 66. 

The CCD camera is connected to the image-capturing module 80 of 

processor unit 24. Thus, each light intensity measured in each of the sensing 

elements of the CCD camera, is then grabbed and analyzed, in a manner to 

be described below, by processor 24. 

10 Unit 22 further comprises a control module 70 connected to a 

controlling operation of both semi-conducting laser 28 and a motor 72. 

Motor 72 is linked to telecentric confocal optics 42 for changing the relative 

location of the focal plane of the optics 42 along the Z-axis. In a single 

sequence of operation, control unit 70 induces motor 72 to displace the 

15 optical element 42 to change the focal plane location and then, after receipt 

of a feedback that the location has changed, control module 70 will induce 

laser 28 to generate a light pulse. At the same time it will synchronize 

image-capturing module 80 to grab data representative of the light intensity 

from each of the sensing elements. Then in subsequent sequences the focal 

20 plane will change in the same manner and the data capturing will continue 

over a wide focal range of optics 44, 44. 

Image capturing module 80 is connected to a CPU 82 which then 

determines the relative intensity in each pixel over the entire range of focal 

planes of optics 42, 44. As explained above, once a certain light spot is in 

25 focus, the measured intensity will be maximal. Thus, by determining the Zi 

corresponding to the maximal light intensity or by determining the 

maximum displacement derivative of the light intensity, for each pixel, , the 

relative position of each light spot along the Z axis can be determined. 

Thus, data representative of the three-dimensional pattern of a surface in the 
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teeth segment, can be obtained. This three-dimensional representation may 

be displayed on a display 84 and manipulated for viewing, e.g. viewing 

from different angles, zooming-in or out, by the user control module 86 

(typically a computer keyboard). In addition, the data representative of the 

5 surface topology may be transmitted through an appropriate data port, e.g. a 

modem 88, through any communication network, e.g. telephone line 90, to 

a recipient (not shown) e.g. to an off-site CAD/CAM apparatus (not 

shown). 

By capturing, in this manner, an image from two or more angular 

10 locations around the structure, e.g. in the case of a teeth segment from the 

buccal direction, from the lingal direction and optionally from above the 

teeth, an accurate three-dimensional representation of the teeth segment 

may be reconstructed. This may allow a virtual reconstruction of the three­

dimensional structure in a computerized environment or a physical 

15 reconstruction in a CAD/CAM apparatus. 

As already pointed out above, a particular and preferred application 

is imaging of a segment of teeth having at least one missing tooth or a 

portion of a tooth, and the image can then be used for the design and 

subsequent manufacture of a crown or any other prosthesis to be fitted into 

20 this segment. 

Reference is now being made to Figs. 2A AND 2B illustrating a 

probing member 90 in accordance with one, currently preferred, 

embodiment of the invention. The probing member 90 is made of a light 

transmissive material, typically glass and is composed of an anterior 

25 segment 91 and a posterior segment 92, tightly glued together in an 

optically transmissive manner at 93. Slanted face 94 is covered by a totally 

reflective mirror layer 95. Glass disk 96 defining a sensing surface 97 is 

disposed at the bottom in a manner leaving an air gap 98. The disk is fixed 

in position by a holding structure which is not shown. Three light rays are 
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99 are represented schematically. As can be seen, they bounce at the walls 

of the probing member at an angle in which the walls are totally reflective 

and finally bounce on mirror 94 and reflected from there out through the 

sensing face 97. The light rays focus on focusing plane 100, the position of 

5 which can be changed by the focusing optics (not shown in this figure). 

Reference is now being made to Fig. 3, which is a schematic 

illustration of an endoscopic probe in accordance with an embodiment of 

the invention. The endoscopic probe, generally designated 101, has a 

stem 102 defining a light transmission path (e.g., containing a void 

10 elongated space, being made of or having an interior made of a light 

transmitting material. Probe 102 has a trough-like probe end 104 with two 

lateral probe members 106 and 108 and a top probe member 110. The 

optical fibers have light emitting ends in members 106, 108 and 110 

whereby the light is emitted in a direction normal to the planes defined by 

15 these members towards the interior of the trough-like structure 104. The 

probe is placed over a teeth segment 120, which in the illustrated case 

consists of two teeth 122 and 124, and a stamp 126 of a tooth for placement 

of a crown thereon. Such a probe will allow the simultaneous imaging of 

the surface topology of the teeth segment from three angles and 

20 subsequently the generation of a three-dimensional structure of this 

segment. 

Reference is now being made to Fig. 4. In this figure, a number of 

components of an apparatus generally designated 150 in accordance with 

another embodiment are shown. Other components, not shown, may be 

25 similar to those of the embodiment shown in Fig. 1. In this apparatus a 

parent light beam 152 is a combination of light emitted by a number of laser 

light emitters 154A, 154B and 154C. Optic expander unit 156 then expands 

the single parent beam into an array of incident light beams 158. Incident 
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light beams pass through unidirectional mirror 160, then through optic 

unit 162 towards object 164. 

The different light components composing parent beam 152 may for 

example be different wavelengths, a different one transmitted from each of 

5 laser emitters 154A-C. Thus, parent light beam 152 and each of incident 

light beams 158 will be composed of three different light components. The 

image of the optics, or an optical arrangement associated with each of light 

emitters may be arranged such that each light component focuses on a 

different plane, PA, PB and Pc, respectively. Thus in the position shown in 

10 Fig. 3, incident light beam 158A bounces on the surface at spot 170A which 

in the specific optical arrangement of optics 162 is in the focal point for 

light component A (emitted by light emitter 154A). Thus, the returned light 

beam 172A, passing through detection optics 174 yield maximum measured 

intensity of light component A measured by two-dimensional array of 

15 spectrophotometers 176, e.g. a 3 CHIP CCD camera. Similarly, different 

maximal intensity will be reached for spots 170B and 170C for light 

components B and C, respectively. 

Thus, by using different light components each one focused 

simultaneously at a different plane, the time measurement can be reduced as 

20 different focal plane ranges can simultaneously be measured. 
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CLAIMS: 

1. A method for determining surface topology of a portion of a 

three-dimensional structure, comprising: 

(a) providing an array of incident light beams propagating in an 

5 optical path leading through a focusing optics and through a 

probing face; the focusing optics defining one or more focal planes 

forward said probing face in a position changeable by said optics, 

each light beam having its focus on one of said one or more focal 

plane; the beams generating a plurality of illuminated spots on the 

structure; 

(b) detecting intensity of returned light beams propagating from each 

of these spots along an optical path opposite to that of the incident 

light; 

(c) repeating steps (a) and (b) a plurality ohimes, each time changing 

15 position of the focal plane relative to the structure; 

20 

2. 

( d) for each of the illuminated spots, determining a spot-specific 

position, being the position of the respective focal plane yielding a 

maximum measured intensity of a respective returned light beam; 

and 

( e) generating data representative of the topology of said portion. 

The method according to Claim 1, wherein the plurality of incident 

light beams are produced by splitting a single parent beam. 

3. The method according to Claim 1, wherein step (a) comprises 

polarizing the incident light beams. 

25 4. The method according to Claim 3, wherein step (b) comprises 

filtering light having polarization same as the incident light and measuring 

light of opposite polarization. 
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5. The method according to any one of Claims 1-4! wherein each of said 

beams is composed of at least two light components different in at least one 

parameter. 

6. The method according to Claim 5, wherein said at least one 

5 parameter is selected from the group consisting of wavelength, phase, light 

pulse duration and pattern. 

7. The method according to Claim 5, comprising. m step (b), 

determining intensity independently for each of said at least two light 

components in the return light beams. 

10 8. The method according to Claim 7, wherein each of said at least two 

light components focuses in a plane differently distanced from the sensing 

surface. 

9. The method according to any one of Claims 1-8, wherein the data 

representative of said topology is used for constructing an object to be fitted 

15 within said structure. 

10. The method according to any one of Claims 1-9, wherein the data 

representative of said topology is converted into a form transmissible through 

a communication medium to recipient. 

11. The method according to any one of the preceding claims, wherein 

20 said structure is a teeth segment. 

12. The method according to Claim 12, wherein said structure is a teeth 

segment with at least one missing tooth or a portion of a tooth and said object 

is said at least one missing tooth or the portion of the tooth. 

13. A method for reconstruction of topology of a three-dimensional 

25 structure comprising: 

(i) determining surface topologies from at least two different 

positions or angular locations relative to the structure, by the 

method defined in any one of Claims 1-12; 
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(ii) combining the surface topologies to obtain data representative 

of said structure. 

14. The method according to Claim 13, for reconstruction of topology of 

a teeth portion, comprising: 

5 - determining surface topologies of at least a buccal surface and a lingual 

surface of the teeth portion; 

- combining the surface topologies to obtain data representative of a 

three-dimensional structure of said teeth portion. 

15. The method according to Claim 14, for obtaining data representative 

10 of a three-dimensional structure of a teeth portion with at least one missing 

tooth or a portion of a tooth. 

16. The method according to Claim 15, wherein said data is used in a 

process of designing or manufacturing of a prostheses of said at least one 

missing tooth or a portion of a tooth. 

15 17. The method according to Claim 16, wherein said prostheses is a 

crown or a bridge. 

18. An apparatus for determining surface topology of a portion of a 

three-dimensional structure, comprising: 

- a probing member with a sensing face; 

20 - an illumination unit for providing an array of incident light beams 

transmitted towards the structure along an optical path through said 

probing unit to generate illuminated spots on said portion ; 

- a light focusing optics defining one or more focal planes forward said 

probing face at a position changeable by said optics, each light beam 

25 having its focus on one of said one or more focal plane; 

- a translation mechanism for displacing said focal plane relative to the 

structure along an axis defined by the propagation of the incident light 

beams; 
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- a detector having an array of sensing elements for measuring intensity of 

each of a plurality of light beamsretuming from said spots propagating 

through an optical path opposite to that of the incident light beams; 

- a processor coupled to said detector for determining for each light beam a 

5 spot-specific position, being the position of the respective focal plane of 

said one or more focal planes yielding maximum measured intensity of the 

returned light beam, and based on the determined spot-specific positions, 

generating data representative of the topology of portion. 

19. The apparatus according to Claim 18, wherein said illumination unit 

10 comprises a source emitting a parent light beam and a beam splitter for 

splitting the parent beam into said array of incident light beams. 

20. The apparatus according to Claim 19, wherein said illumination unit 

comprises a grating or microlens array. 

21. The apparatus according to any one of Claims 18-20, comprising a 

15 polarizer for polarizing said incident light beams are polarized. 

22. The apparatus according to Claim 21, comprising a polarization filter 

for filtering out from the returned light beams light components having the 

polarization of the incident light beams. 

23. The apparatus according to any one of Claim 18-22, wherein the 

20 illumination unit comprises at least two light sources and each of said incident 

beams is composed of light components from the at least two light sources. 

24. The apparatus according to Claim 23, wherein the at least two light 

sources emit each a light component of different wavelength. 

25. The apparatus according to Claim 24, wherein said light directing 

25 optics defines a different focal plane for each light component and the 

detector independently detects intensity of each light components. 

26. The apparatus according to Claim 23, wherein the at least two light 

sources are located so as to define optical paths of different lengths for the 

incident light beams emitted by each of the at least two light sources. 
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27. The apparatus according to any one of Claims 18-26, wherein said 

focusing optics operates in a telecentric confocal mode. 

28. The apparatus according to any one of Claims 18-27, wherein said 

light directing optics comprises optical fibers. 

5 29. The apparatus according to any one of Claims 18-28, wherein said 

sensing elements are an array of charge coupled devices (CCD). 

30. The apparatus according to Claim 29, wherein, said detector unit 

comprises a pinhole array, each pinhole corresponding to one of the CCDs in 

the CCD array. 

IO 31. The apparatus according to any one of Claims 18-30, comprising a 

unit for generating data for transmission to CAD/CAlvf device. 

32. The apparatus according to Claim 31, comprising a communication 

port of a communication medium. 

33. The apparatus according to any one of Claims 18-32, for determining 

15 surface topology of a teeth portion, comprising an optical probing memeber 

for placing proximal to the teeth. 
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Focus scanning apparatus 

The present invention relates to an apparatus and a method for optical 3 O scanning of 

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

5 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 

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

use within scanning of the 3D 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 3 D scanning of moving industrial parts. 

15 

Background of the invention 

The invention relates to three dimensional (3D) scanning of the surface geometry of 

objects. Scanning an object surface in 3 dimensions is a well known field of study and 

20 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. 

25 

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. 

30 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 30 imaging requires raster 

scanning in a range of focus planes. 

35 
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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 

1 O 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. 

15 US2007/01 09559 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 invention 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. 

20 

In WO 2008/1 25605, 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 

25 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. 

30 

Summary of the invention 

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

manageable housing, such as a handheld housing. Further objects of the invention are: 

discriminate out-of-focus information and provide a fast scanning time. 
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This is achieved by a method and a scanner for obtaining and/or measuring the 3 D 

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: 

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 3 D real world coordinates. 

The method and apparatus described in this invention is for providing a 3D surface 

30 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 invention provides for a variation of the focus plane of the pattern over a 

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

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 

10 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. 

15 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 

20 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. 

25 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 

30 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 

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

5 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 3 D surface information, on an individual pixel basis. 

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

10 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 

15 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 

20 focus. By using knowledge of the optical system used, it is possible to transform the 

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

individual pixel group basis. 

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

25 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 3 D surface structure of the probed object can be determined 

30 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 

35 with the surface of the object being scanned. 
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The present invention distinguishes itself from WO 2008/1 25605, 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 

5 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 

10 being reflective. WO 2008/1 25605 thus has the advantage of using no moving parts, 

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

invention 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. 

15 

Definitions 

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

20 May also be termed "illumination pattern". 

25 

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 

30 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. 

35 
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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. 

5 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. 

10 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 

15 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. 

20 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. 

25 

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 

30 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) 

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

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

10 

15 

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

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

Correlation measure: A measure of the degree of correlation between a reference 

20 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. 

25 Image: An image can be viewed as a 2 D 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. 

30 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. 

35 
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Mathematical notation 

A 

f 

n 

H 

w 

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. 

Reference signal. May also be called weight value. 

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

sensors that are used to compute a correlation measure. 

Image height in number of pixels 

Image width in number of pixels 

Symbols are also explained as needed in the text. 



0171
Exhibit 1002 page 171 of 1005 

DENTAL IMAGING

WO 2010/145669 PCT/DK2010/050148 

10 

Detailed description of the invention 

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 

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

10 

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 20 images to 30 images. Thus, in a preferred embodiment of the invention 

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

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

Varying focus 

A pivotal point of the invention 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 

20 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 3 O 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 

25 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. 

30 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. 

35 



0172
Exhibit 1002 page 172 of 1005 

DENTAL IMAGING

WO 2010/145669 PCT/DK2010/050148 

11 

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 

5 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 

10 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 

15 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 

20 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 

25 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 

30 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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1 o, such as between 2 and 8, such as between 3 and 6, such as least 1 o, such as at 

least 20. 

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

5 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 

10 increase the frame rate the scanner according to the invention may comprise a high­

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

4, 8 or 16 AID converters per line of pixels. 

Pattern 

15 Another central element of the invention 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 

20 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. 

25 

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 

30 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 
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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 

5 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 

10 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 

15 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 invention is to provide short scan time and real time processing, e.g. 

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

arch. However, real time high resolution 3 D 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 

25 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 

30 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 

35 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 

5 processing to avoid wireless transmission of raw 3 D 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. 

10 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 

15 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= (Ii, ... ,/J, with n > 

20 1 elements representing sensor signals and a reference vector, f = ('1, ... , fJ, oi same 

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

given by 
n 

A = f . I = L fi Ii 
i=1 

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 

25 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 

30 measure, i.e., when the reference vector elements sums to zero (I,f=ifi = 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 

10 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. 

15 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 invention is inspired by the principle of a lock-in 

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

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

Temporal correlation 

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

25 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 

30 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. 

5 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. 

10 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 

15 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 

20 different sensing elements and pattern registration and/or monitoring during the 30 

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 

25 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 

30 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 

35 least one oscillation period). The number of images recorded during one oscillation 



0178
Exhibit 1002 page 178 of 1005 

DENTAL IMAGING

WO 2010/145669 PCT/DK2010/050148 

17 

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 

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

element are denoted /11 , ... , ln 1 • The correlation measure of that element, AP may be 

expressed as 
n 

Aj = I fi,j Ii,j 

i=l 

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

pattern configuration. /has two indices ij. The variation of /with the first index is 

1 0 derived from the knowledge of the pattern position during each image recording. The 

variation of /with the second index is derived from the knowledge of the pattern 

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

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

15 for all ywe have 
n 

""'f =0 L l,J 
i=l 

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 

20 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 

25 invention 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 

30 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 

5 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 

10 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. 

15 

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 

20 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 

25 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: 

30 

35 

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. 

5 This may also be expressed as 

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

sampling, fis the periodic function, p, is the angular position/ phase of the illumination 

pattern for sampling /and 1. is the signal of the light sensitive element for sampling /. 

10 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 

15 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 /may be expressed as 

A1 = I:J(01 + P, )1,,1 , 

20 where 0, is the constant offset for light sensitive element j. 

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 

25 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 3 D 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 

30 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 Ranchi 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 DLP based projector. 

1 O 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 

15 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 

20 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 

25 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 

30 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 

35 constant speed. We define the oscillation period as 2Tdro. 
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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 6twith 

5 label j, 11 is given by 

t+ot 

h=Kj 7i (t'); (t')df 
t 

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

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

element imaged onto the/th light sensing element, and s, is the time-varying light 

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

10 element. In the described embodiment T, is the the step function substantially defined 

by 7i{t) = 0 for sin(ai+~) > 0 and 7i{t) = 1 elsewhere. <p
5

is a phase dependent on the 

position of the/th imaging sensor. 

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

15 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 

20 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 

25 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 

30 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. 

5 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. 

10 

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

number Mof the pattern oscillation period, i.e. of= 2nMI ro. 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 

15 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. of» 2r:cM I ro. Many times the pattern 

oscillation time would here mean e.g. camera integration time at least 1 o times the 

20 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. 

25 

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 

30 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 

5 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 

10 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 

15 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 

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

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

measured 3 D 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 

25 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 

30 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. 

35 
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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 

5 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 

1 O 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 

15 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, 10x1 O or more pixels on the camera. 

20 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. 

25 

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 

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

In a further embodiment of the invention the correlation measure, A 1 within a group of 

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

Aj = LAA,j 
i=l 
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Where n is the number of sensor elements in a group of sensors, t, = (f1 J, ... f ,i is the 

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

(?ii,, ... lnJ is input signal vector. For the case of sensors grouped in square regions with 

Nsensors as square length then n = l\f. 

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

zero over space, i.e. for all /we have 
n 'f =0 L l,J 

i=l 

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 

1 0 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 

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

1Ox10, a natural choice of the reference vector /would 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. 

20 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 

25 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 

30 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 /may 

be expressed as 

n 

Al = L, f{i, j)l,. J, 

l=l 

5 where n is the number of sensor elements in group j, l
1
J is the signal from the Fth sensor 

element in group /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 

10 obtained prior to the 3 D 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 3 D scanning of objects in motion with little motion blur. It also 

15 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. 

20 Transforming correlation measure extrema to 30 world coordinates 

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

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. 

25 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 

30 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. 

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

tracing technique to estimate the 2D -> 3D 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, 

1 0 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 3 D coordinate of where a 2 D 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 3 D coordinates. 

15 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 

20 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 

25 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 

30 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 

35 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, 

5 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 

10 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 

15 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) 

20 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 

25 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 

30 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 

5 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. 

10 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 

15 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 

20 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 

25 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 

30 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 

35 mirror) at the end of the scan tip, i.e. further down the optical axis. During scanning the 
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focus position is moved such that the light from the first light source is used to project 

an image of the pattern to a position below the first optical device while second light 

source is switched off. The 3 D 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 

5 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. 

10 

15 

20 

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. 

25 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 

30 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 

35 adapted to obtain the color of the surface being scanned, i.e. capable of registering the 
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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 

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 

15 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 

20 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. 

25 

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 

30 the case of waveguide light sources, the merging may be provided by a waveguide 

element. 

35 

To handle the different colors of the probe light the optical system is preferably 

substantially achromatic. 
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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 

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 

5 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 

10 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 

15 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. 

20 

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 

25 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 Nfocus positions; 

30 while one color is selected for determination of the amplitude at all focus positions . .Nis 

a number which could be e.g. 3, 5, or 1 o. 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. 

35 
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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 

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. 

1 O 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 

15 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. 

20 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 

25 impression of the ear is taken first and the impression is subsequently scanned using 

an external scanner in a second step. 

30 

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 

35 returned from the scanned object is located on said probe. The optical system in the 
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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 

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 

5 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 

10 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 

15 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 

20 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 

25 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. 

30 

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 

35 axis, preferably in a direction perpendicular to the optical axis. Applying to the 
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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 

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 

5 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 

10 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 

15 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 

20 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 

25 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, 

30 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 
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interior and exterior part of the ear provided, thereby providing a full 30 model of a 

human ear. 

For handheld embodiments of this invention, a pistol-like design is ergonomic because 

5 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 

10 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. 

15 

Use of motion, gravity, and magnetic sensors 

Handheld embodiments of the invention preferably include motion sensors such as 

accelerometers and/or gyros .. Preferably, these motion sensors are small like 

20 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: 

25 

30 

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 
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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 

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 

15 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 

20 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. 

25 In particular, disclosed herein is a method for obtaining and/or measuring the 30 

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

steps of: 

30 

35 

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, 



0199
Exhibit 1002 page 199 of 1005 

DENTAL IMAGING

WO 2010/145669 

5 

10 

PCT/DK2010/050148 

38 

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 

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 3 D real world coordinates. 

15 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 

20 medium having stored there on the program code means. 

25 

30 

35 

Another aspect of the invention relates to a scanner for obtaining and/or measuring the 

3 D 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 
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each of a plurality of groups of the sensor elements for a 

range of focus plane positions, and 

b) transforming in-focus data into 3D real world coordinates; 

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 3 D 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 3 D 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 3 D 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. 
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Fig. 2: A schematic presentation of a second example embodiment of the device 

according to the invention (optical correlation). 

Fig. 3: Schematic presentations of example embodiments of patterns according to the 

invention. 

5 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: - deleted --] 

Fig. 6: A schematic presentation of a third example embodiment of a flat scan tip with a 

large scan length, using a curved mirror. 

10 Fig. 7: A schematic presentation of a fourth example embodiment of a flat scan tip with 

large scan length, using a diffractive grating. 

Fig. 8: A schematic presentation of an example embodiment of a mass-balanced focus 

lens scanner. 

Fig. 9: A schematic presentation of an example embodiment of a device for 

15 simultaneous scanning of a surface shape and color. 

Fig. 12: 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 a 

human ear. 

Fig. 13 (a) and (b): Schematics showing how a scanner embodiment can be used to 

20 both scan the outer and inner ear, respectively. 

Fig. 14: Schematic of a scanner probe embodiment used to scan a narrow body cavity, 

such as a human ear. 

Fig. 15: Examples of mirror configurations to be used with a scanner probe. 

Fig. 16: A schematic representation of the reference signal values / weight values per 

25 pixel for a checkerboard pattern in an idealized optical system. 

Fig. 17: Illustration of the process of generating a fused rererence signal, visualized as 

images. 

Fig 18: 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 

30 framed in the top part of the figure. 

Fig. 19: Example fused correlation measure image of an intraoral scene. 

Fig. 20: Example of a handheld intraoral scanner with a pistol-like grip and a removable 

tip. 
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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 

5 bundles passing through various optical components, not withstanding any variations in 

number, direction, shape, position or size thereof, except as expressly indicated in the 

following detailed description of the exemplary embodiments illustrated in the drawings. 

10 

15 

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. 

20 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 

25 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 

30 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 

35 lens system. As a whole, the optical system provides an imaging of the pattern onto the 
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object being probed and from the object being probed to the camera. One application 

of the device could be for determining the 3 D 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. 

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 11 O to the object 220 and back to the camera 180. The 

10 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 

15 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 3D surface structure of the probed object is determined by 

finding the plane corresponding to an extremum in the correlation measure for each 

20 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. 

25 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 

30 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 

35 light source 135, preferably a segmented LED. In this embodiment the LED surface is 
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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 

5 and a separate light source is not necessary. 

10 

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 

15 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 

20 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, 
11 

A - ~ ii T 
J - L l,J 'IIJJ 

1=1 

25 Here .4.J is the estimated correlation measure of sensing element j, 111 , ... 1n1 are the n 

recorded signals from sensing element j, u.,, .. . fni are the n reference signal values 

obtained from the knowledge of the pattern configuration for each image recording. f 

has two indices i,j. The variation of /with the first index is derived from the knowledge 

of the pattern position during each image recording. The variation of /with the second 

30 index is derived from the knowledge of the pattern geometry which may be determined 

prior to the 3D scanning. 
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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 

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 

10 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 to n = 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 

15 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 = Ax A= 16. For a sensor with W x H = I 024 x s 1 2 pixels, this would 

correspond to obtaining 256 x 128 correlation measure points from one image. 

Extraction of the correlation measure A 1within an N x N group of pixels with label / is 

20 given by 
1t 

A-=~F..f.. ] L ll,J l,J 

'i=I 

where t, = (U 1, ••• fnj) is the reference signal vector obtained from knowledge of the 

pattern configuration, and I; = (/1 ,,,... l,,J is input signal vector. 

To suppress any DC part in the light we prefer that for all /that 
n 

o = Iti,j 
·•'=! 

25 For the situation depicted in fig. 16 for instance, (1 = -1 for the pixels corresponding to 

the dark parts of the pattern, and t = + 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 t would assume values between - 1 and + 1 for some /. A 

detailed description of how to determine the reference function is given later. 

30 
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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 

5 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 

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 

10 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 

15 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 

20 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 fis described for a 

25 spatial correlation embodiment of this invention, and depicted in a stylized way in 

Figure 17. 

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 

30 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 

35 surface will be in focus in different images. Examples of three such images are shown 



0207
Exhibit 1002 page 207 of 1005 

DENTAL IMAGING

5 

WO 2010/145669 PCT/DK2010/050148 

46 

in Figs 17a - 17c, 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. 

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 

10 regions of the pattern, and it must be the same for all images in the series. 

Finally, a "fused image" (Fig 17d) is generated by combining all the in-focus regions of 

the series ( 1 ?a - 17c). Note that in real applications, the fused image will generally not 

be a perfect checkerboard of black and white, but rather include intermediate gray 

15 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 17e. 

The pixel intensities within this image can be interpreted as a "weight image" with same 

20 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 f
5
= 

(f1 i, ... fn) for the n pixels in the pixel group with index j can be found from the pixel 

values. 

25 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 

30 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 

35 algorithm can be used for compression. 
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The "correlation image" 

An "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 

5 checkerboard pattern, recall that within-group correlation measure is 

A·· - L~]'Jx,N ~-1 T . 
J - l=l Jl H,]' 

10 where f5 = (U 1, ••• f nj) are values from the fused image, and ~ = (/11 , ... 1,-,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 

15 visualized as an image. 

Fig. 18 (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 

20 sweep of the focusing element is shown in the chart in the bottom section of Fig 18 

(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 

25 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 18 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 

30 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 

35 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 
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fused correlation image of some teeth and gingiva is shown in Figure 19. As can be 

seen, it is useful for visualization purposes. 

Increasing field of view 

5 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 

10 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 

15 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 

20 the end of the scan tip 172. During scanning the focus position is moved such that the 

light from 11 0 is used to project an image of the pattern to a position below 171 while 

1 1 1 is switched off. The 3 D 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 11 1 is used to project an image of the pattern to a position below 

25 172. The 3 D surface of the object in the region below 172 is recorded. The region 

covered with the light from 11 0 and 1 1 1 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. 

30 6. 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 

35 (denoted bin the figure) than the scan length (denoted a in the figure) is shown in fig. 
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7. 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 11 0 needs to be 

monochromatic or semi-monochromatic in this embodiment. 

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 

1 0 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. 

15 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 

20 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 

25 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 

30 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 

35 enters into the object and is reflected by one or more scattering events becomes 
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depolarized and one half of this light will be directed towards the image sensor 181 by 

the beam splitter 140. 

Another kind of difficult object is an object with a shiny or metallic-looking surface. This 

5 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 

10 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 

15 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 

20 provided by a focusing element 151 in the optical system 150. Fig. 8 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 

25 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 

30 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 
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An embodiment of a color 3D scanner is shown in fig. 9. 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 

5 from 110 and reflects the light from 111. Plate 114 transmits the light from 110 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 

10 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 

15 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. P is a number which could be e.g. 3, 5, or 1 o. This 

20 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 

25 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) 

30 tissue. 

Ear scanner embodiment 

Figs. 12-1 5 schematically illustrate an embodiment of a time-varying structured light 

illumination-based scanner for direct scanning of human ears by scanning both the 

35 exterior (outer) and interior (inner) part of a human ear by use of a common scanner 
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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 

essential parts of the scanner, such as the scanner camera, light source, electronics 

5 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 

10 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 

15 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 

20 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. 

25 

The following is not restricted to ear scanning but can be used to scan any small bodily 

cavity. Fig. 12 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 1 002. The 

scanner exterior may be used without the probe to obtain a larger field-of-view needed 

30 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 1202 to the scanner exterior 1201 , the combined scanner allows for 

scanning of small and bent cavity surfaces, such as the interior part of an ear 1203. In 



0214
Exhibit 1002 page 214 of 1005 

DENTAL IMAGING

WO 2010/145669 PCT/DK2010/050148 

53 

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. 

In fig. 12 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 

5 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 3 D information is obtained from the 2 D images by 

10 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 

15 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 

20 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 

25 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. 13a. In another 

embodiment, the scanner exterior is supplied with a wide-angle objective designed with 

30 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 

35 diameter to fit into the canal of a human ear. These optical systems may consist of both 
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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 

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 

5 projection of the fringe pattern onto the scan object. Telecentric projection can 

significantly ease the data mapping of acquired 2 D images to 3 D 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 

10 

zero, as shown in fig. 13a. 

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 2 D images at different positions 

of the focus plane and at different positions of the fringe pattern, as previously 

15 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 

20 is possible to transform the contrast information vs. position of the focus plane into 3 D 

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 

25 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. 15a - 15d. 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 

30 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 

35 arrangement may be rotated using a motor 1013. In one embodiment, the mirror 
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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 

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 

5 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. 15b and 

10 15d). 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 

15 double mirrors may therefore provide 360 degrees coverage in less time than single 

mirror configurations. 

"Pistol-like "grip 

Fig. 20 shows an embodiment of the scanner with a pistol-like grip 2001 . This form is 

20 particularly ergonomic. The scanner in Fig. 20 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 20) and looking up. Therefore, scanning the 

upper and the lower mouth of a patient is equally comfortable for the operator. Note 

25 that the scanner shown in Fig. 20 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 

30 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. 

35 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 
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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. 

It should be emphasized that the term "comprises/comprising" when used in this 

5 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 

10 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 

15 software. 
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Claims 

1. A scanner for obtaining and/or measuring the 3 D 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: 

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 3 D real world coordinates. 

2. A scanner according to claim 1, wherein the light returned from the object to the 

camera is light that is reflected and/or scattered and/or fluorescence light and/or 

phosphorescence light. 
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3. A scanner according to claims 1 or 2, wherein the means for evaluating a 

correlation measure is a data processing means. 

4. A scanner according to claims 1 or 2, wherein the means for evaluating a 

correlation measure is an optical means. 

5. A scanner according to any of the preceding claims, wherein the correlation 

measure is found mathematically substantially as an at least local extremum 

position of an optionally smoothed series of dot products computed for a plurality 

of said focus plane positions. 

6. A scanner according to the previous claim, wherein each dot product is computed 

from a signal vector with more than one element representing sensor signals and 

a weight vector of same length as said signal vector of weights. 

7. A scanner according to any of the preceding claims, wherein the pattern is varying 

in time. 

8. A scanner according to the previous claim, wherein the time varying pattern is 

periodically varying in time. 

9. A scanner according to any of the preceding claims, wherein the pattern is static. 

1 o. A scanner according to any of the preceding claims, wherein the means for 

transmitting light returned from the object to the camera comprises means for 

imaging onto the camera said illuminated part of the object with said pattern. 

1 1 . A scanner according to any of the preceding claims, wherein the means for 

transmitting light returned from the object to the camera comprises means for 

imaging onto the camera the pattern itself and a superposition of light returned from 

the object to the camera such that the image on the camera substantially is a 

multiplication of said illuminated part of the object with said pattern and the pattern 

itself. 
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12. A scanner according to any of the preceding claims, wherein the embedded 

spatial structure of said pattern is varying in time. 

5 13. A scanner according to any of the preceding claims, comprising at least one light 

10 

15 

source and pattern generation means. 

14. A scanner according to the previous claim, wherein light from said probe light 

generating means is transmitted through said pattern generation means thereby 

generating the pattern. 

15. A scanner according to any of claims 13 or 14, wherein said pattern generation 

means comprises a mask of transparent and opaque parts. 

16. A scanner according to the previous claim, wherein said opaque parts absorb 

incident light. 

17. A scanner according to any of the preceding claims, wherein said pattern possess 

20 translational and/or rotational periodicity. 

18. A scanner according to any of the preceding claims, wherein said pattern 

illuminating the object is varying in time by translating and/or rotating said pattern. 

25 19. A scanner according to any of claims 13-1 8, wherein light returned from the object 

30 

is retransmitted through said pattern generating means before being imaged on 

said camera, preferably retransmitted in the opposite direction as the probe light. 

20. A scanner according to any of the preceding claims, wherein the image of the 

pattern illuminating the object is coinciding with an image of the pattern itself. 

2 1 . A scanner according to any of the preceding claims, further comprising means for 

synchronizing exposure time of said sensor elements with pattern oscillation time. 
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22. A scanner according to any of the preceding claims, wherein exposure time of 

said sensor elements is an integer number of light oscillation cycles. 

23. A scanner according to any of the preceding claims, wherein exposure time of 

said sensor elements is a large number of light oscillation cycles, such as at least 

1 o times the light oscillation cycle, such as at least 100 times the light oscillation 

cycle. 

24. A scanner according to any of claims 13-23, wherein light from the light source is 

transmitted through the pattern generation means thereby generating the pattern. 

25. A scanner according to any of the preceding claims, wherein the focus plane of 

the camera is adapted to be moved synchronously with the focus plane of the 

pattern. 

26. A scanner according to any of the preceding claims, wherein the object is an 

anatomical object, such as an ear canal, or a dental object, such as teeth. 

27. A scanner according to any of the preceding claims, comprising an optical system 

20 for transmitting the probe light towards the object and/or for imaging light returned 

from the object to the camera. 

25 

28. A scanner according to any of the preceding claims, further comprising at least 

one beam splitter located in the optical path. 

29. A scanner according to any of the preceding claims, wherein an image of the 

object is formed in the camera by means of at least one beam splitter. 

30. A scanner according to any of the preceding claims, wherein the pattern is 

30 transmitted towards the object along the same optical axis as reflected light 

transmitted from the object to the camera. 

35 

3 1 . A scanner according to any of the preceding claims, wherein the optical system 

comprises a lens system. 
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32. A scanner according to any of the preceding claims, wherein one lens system 

transmits the pattern towards the object and images light returned from the object 

to the camera. 

5 33. A scanner according to any of the preceding claims, wherein one lens system 

10 

transmits the pattern towards the object and images the light returned from the 

object to the pattern generating means. 

34. A scanner according to claims 31-33, wherein the lens system is telecentric or 

near telecentric. 

35. A scanner according to any of the preceding claims, wherein the pattern is 

transmitted in the opposite direction of light imaged from the object to the camera. 

15 36. A scanner according to any of the preceding claims, wherein the pattern is 

transmitted in the opposite direction of light imaged from the object to the pattern 

generating means. 

20 37. A scanner according to any of the preceding claims, wherein the sensor signal is 

25 

an integrated light intensity substantially reflected from the surface of the object. 

38. A scanner according to any of the preceding claims, wherein the focus plane 

position is periodically varied with a predefined frequency. 

39. A scanner according to the previous claim, wherein said frequency is at least 1 

Hz, such as at least 2 Hz, 3, 4, 5, 6, 7, 8, 9 or at least 1 o Hz, such as at least 20, 

40, 60, 80 or at least 100 Hz. 

30 40. A scanner according to any of the preceding claims, further comprising at least 

35 

one focus element. 

4 1 . A scanner according to the previous claim, wherein the focus element is part of 

the lens system. 
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42. A scanner according to any of claims 40-41 further comprising means for 

adjusting and controlling the focus element. 

43. A scanner according to any of claims 40-42, wherein the focus element is a single 

lens. 

44. A scanner according to any of claims 40-43, further comprising a translation stage 

for adjusting the position of the focus element. 

1 0 45. A scanner according to any of claims 40-44, wherein the focus element is 

15 

20 

25 

30 

translated back and forth along the optical axis. 

46. A scanner according to any of claims 3 1 -45, wherein the lens system is telecentric 

or near telecentric for all focus plane positions. 

47. A scanner according to any of claims 40-46, further comprising focus gearing. 

48. A scanner according to the previous claim, wherein the focus gearing is between 

0.1 and 100, such as between 0.1 and 1, such as between 1 and 1 o, such as 

between 2 and 8, such as between 3 and 6, such as least 10, such as at least 20. 

49. A scanner according to any of claims 40-48, further comprising means for 

reducing and/or eliminating the vibration and/or shaking from the focus element 

adjustment system, thereby increasing the stability of the scanner. 

50. A scanner according to any of claims 40-49, further comprising means for fixing 

and/or maintaining the centre of mass of the focus element adjustment system. 

5 1 . A scanner according to any of claims 40-50, further comprising 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. 
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52 .. A scanner according to any of the preceding claims, further comprising a 

counter-weight to substantially counter-balance movement of the focus element. 

53. A scanner according to the previous claim, further comprising means for 

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

54. A scanner according to claims 52 or 53, wherein the counter-weight and the focus 

element are connected and driven by the same translation means. 

10 55. A scanner according to any of claims 40-54, wherein the focus element is a liquid 

15 

lens. 

56. A scanner according to any of claims 13-55, wherein the pattern generation 

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

an opaque mask. 

57. A scanner according to any of the preceding claims, wherein the pattern is a static 

line pattern or a static checkerboard pattern. 

20 58. A scanner according to claims 56 or 57, further comprising means for rotating 

25 

and/or translating the pattern element. 

59. A scanner according to any of claims 56-58, wherein said pattern element is a 

wheel. 

60. A scanner according to any of claims 56-59, wherein said mask possesses 

rotational and/or translational periodicity. 

6 1 . A scanner according to any of claims 56-60, wherein said mask comprises a 

30 plurality of radial spokes, preferably arranged in a symmetrical order. 

62. A scanner according to any of claims 56-61 , wherein the pattern element is 

located in the optical path. 
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63. A scanner according to any of claims 56-62, wherein light is transmitted through 

the pattern element, preferably transmitted transversely through the pattern 

element. 

5 64. A scanner according to any of claims 56-63, wherein the time varying pattern is 

10 

generated by rotating and/or translating the pattern element. 

65. A scanner according to any of the preceding claims, comprising at least one 

segmented light source, such as a segmented LED. 

66. A scanner according to the previous claim, wherein the pattern is generated by 

means of said segmented light source(s). 

67. A scanner according to any of claims 65 or 66, wherein the time varying pattern is 

15 generated by switching on and off individual segments of the segmented light 

source(s). 

20 

25 

68. A scanner according to any of the claims 7 to 67, further comprising means for 

synchronizing the time varying pattern oscillation with the integration time of a 

sensor element. 

69. A scanner according to any of the claims 13 to 68, further comprising means for 

registering and/or monitoring the phase and/or the position and/or the angular 

position of the time varying pattern and/or the pattern generation means. 

70. A scanner according to any of the claims 56 to 69, wherein the phase and/or the 

position and/or the angular position of the time varying pattern and/or the pattern 

element is registered by means of a position encoder on the pattern element. 

30 7 1 . A scanner according to any of the claims 7 to 70, further comprising 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 correlation measure using the formula, 
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n 

AJ=Itl]hi 
i=1 

where n is the number of times sampled, A; is the estimated correlation measure of 

sensing element j, f 1,j, ... ,f nj are the values of the weight function based on 

information of the configuration of the spatial pattern at each of the times sampled, 

and / t<1, ... , I nj are the recorded sensor signals at each of the times sampled. 

72. A scanner according to any of the preceding claims, wherein at least a part of the 

object surface is imaged in the camera. 

1 O 73. A scanner according to any of the preceding claims, wherein a superposition of 

15 

20 

25 

30 

the pattern with at least a part of the object surface is imaged in the camera. 

74. A scanner according to any of the claims 13 to 73, wherein light reflected from the 

object is retransmitted through the pattern generating means before entering the 

camera, preferably retransmitted in the opposite direction. 

75. A scanner according to any of the claims 7 to 74, further comprising means for 

recording each of a plurality of the sensor elements over a plurality of pattern 

oscillation periods, such as up to 2, 5, 1 a, 20, 50, 100, 250, 500, 1000, 5000 or up 

to 10000 pattern oscillation periods. 

76. A scanner according to the previous claim, further comprising means for 

determining the maximum signal value of each of a plurality of the sensor 

elements over a range of focus plane positions. 

77. A scanner according to any of the preceding claims, wherein the resolution of the 

measured 3 D geometry is equal to the resolution of the camera. 

78. A scanner according to any of the preceding claims, wherein 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. 
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79. A scanner according to any of the preceding claims, wherein the sensor element 

array is divided into groups of sensor elements, preferably rectangular groups, 

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

5 80. A scanner according to any of the preceding claims, wherein the image of the 

10 

15 

20 

pattern, such as a line pattern or a checkerboard pattern, is aligned with the rows 

and/or the columns of the array of sensor elements. 

8 1 . A scanner according to any of the preceding claims, wherein at least one spatial 

period of the pattern corresponds to a group of sensor elements. 

82. A scanner according to any of the preceding claims, wherein one or more edges 

of the pattern is aligned with and/or coincide with one or more edges of the array 

of sensor elements. 

83. A scanner according to any of the preceding claims, wherein the correlation 

measure within a group of sensor elements is determined by means of the 

following formula: A; = 1::t= 1 f tJ I tJ , where A1 is the correlation measure of the 

group of sensor elements with label j, n is the number of sensor elements in the 

group, hJ, ... ,f nJ are the values of the weight function based on information of the 

configuration of the spatial pattern, and I .,J, ... , I nJ are the recorded sensor signals 

at each of the sensor elements in the group. 

25 84. A scanner according to the previous claim, wherein integration of the weight 

function over a group of sensor elements is zero, i.e. 0 = If =1 f 1,1 , for the group 

with label j, thereby suppressing the DC part of the correlation measure. 

85. A scanner according to any of the preceding claims, further comprising means for 

30 selective imaging of specularly and/or diffusively reflected light. 

86. A scanner according to any of the preceding claims, further comprising means for 

polarizing the probe light, such as a polarizing element. 
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87. A scanner according to any of the preceding claims, further comprising at least 

one polarizing beam splitter. 

88. A scanner according to any of the preceding claims, wherein an image of the 

object is formed in the camera by means of at least one polarizing beam splitter. 

89. A scanner according to any of the preceding claims, further comprising means for 

changing the polarization state of the probe light and/or the light reflected from the 

object. 

90. A scanner according to any of the preceding claims, further comprising a 

retardation plate and a linearly polarizing element, located in the optical path, a 

retardation plate such as a quarter wave retardation plate. 

9 1 . A scanner according to any of the preceding claims, further comprising at least 

one light reflecting 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, a light reflecting element such as a mirror. 

92. A scanner according to the previous claim, further comprising means for 

increasing the extension of the scanned surface in the direction of the optical axis. 

25 93. A scanner according to any of the preceding claims, comprising at least two light 

sources, such as light sources with different wavelengths and/or different 

polarization. 

94. A scanner according to the previous claim, further comprising control means for 

30 controlling said at least two light sources. 

35 

95. A scanner according to any of claims 93 or 94, further comprising means for 

combining and/or merging light from the at least two light sources, such as light 

sources with different wavelengths and/or different polarization states. 
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96. A scanner according to any of claims 93 to 95, further comprising means for 

separating light from at least two light sources, such as light sources with different 

wavelengths and/or different polarization states. 

5 97. A scanner according to any of the preceding claims, further comprising 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. 

10 98. A scanner according to the previous claim, comprising at least two of said optical 

15 

20 

25 

30 

devices, said optical devices preferably displaced along the optical axis. 

99. A scanner according to claim 97 or 98, wherein at least one of said optical devices 

transmits light at certain wavelengths and/or polarizations and reflects light at 

other wavelengths and/or polarizations. 

100. A scanner according to any of claims 97 to 99, comprising at least a first 

and a second light source, said light sources having different wavelength and/or 

polarization, and wherein 

a first optical device located along the optical path 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 located further down the optical path reflects light from 

said second light source in a direction different from the optical axis. 

1 o 1 . A scanner according to the previous claim, wherein 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. 

102. A scanner according to the previous claim, wherein said different parts of 

the object surface are at least partially overlapping. 
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103. A scanner according to any of claims 93 to 102, comprising control 

means for providing a coordination of the light sources and the focus element. 

104. A scanner according to any of the preceding claims, further comprising at 

least one curved fold mirror for directing the probe light and/or imaging an object 

in a direction different from the optical axis, such as in a direction perpendicular to 

the optical axis. 

105. A scanner according to the previous claim, further comprising one or 

more optical elements, such as lenses, with surfaces that may be aspherical to 

provide corrected optical imaging. 

106. A scanner according to any of the preceding claims, further comprising at 

least one grating for directing the probe light and/or imaging an object in a 

direction different from the optical axis, such as in a direction perpendicular to the 

optical axis. 

107. A scanner according to the previous claim, wherein the grating provides 

anamorphic magnification, whereby the image of the pattern on the object being 

scanned is stretched. 

108. A scanner according to claims 106 or 107, wherein the grating is blazed. 

109. A scanner according to any of the preceding claims, wherein the point of 

emission of probe light and the point of accumulation of reflected light being 

located on a probe, said probe being adapted to be entered into a cavity, such as 

a body cavity. 

11 o. A scanner according to the previous claim, wherein the probe is adapted 

to scan one or more objects in a cavity, such as teeth in a mouth. 

111. A scanner according to claim 109, wherein the probe is adapted to scan 

at least a part of the surface of a cavity, such as an ear canal. 

112. A scanner according to any of the preceding claims, comprising: 
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a) a housing accommodating the camera, pattern generation means, focus 

varying means and data processing means, and 

b) at least one probe accommodating a first optical system. 

A scanner according to the previous claim, wherein the housing 

comprises a second optical system. 

114. A scanner according to any of claims 112 or 113, wherein the probe is 

endoscopic. 

115. A scanner according to any of claims 112 to 114, wherein the probe 

comprises at least one optical fibre and/or a fibre bundle for transmitting the probe 

light and/or the reflected light from the object surface. 

15 116. A scanner according to any of claims 112 to 115, wherein the probe is 

20 

detachable from the housing. 

117. A scanner according to any of claims 112 to 116, wherein the probe is 

rigid or flexible. 

118. A scanner according to any of claims 112 to 117, wherein the point of 

emission of probe light and the point of accumulation of reflected light is located 

on the probe. 

25 119. A scanner according to any of claims 112 to 118, wherein 

30 

a first point of emission of probe light and a first point of accumulation of reflected 

light is located on the probe, and 

a second point of emission of probe light and a second point of accumulation of 

reflected light is located on the housing. 

120. A scanner according to any of claims 112 to 119, wherein 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. 



0232
Exhibit 1002 page 232 of 1005 

DENTAL IMAGING

5 

WO 2010/145669 PCT/DK2010/050148 

71 

121. A scanner according to any of claims 112 to 120, wherein the probe 

comprises a posterior reflective element, such as a mirror, or prism, for directing 

the probe light in a direction different from the optical axis, preferably in a direction 

perpendicular to the probe axis. 

122. A scanner according to the previous claim, further comprising means for 

rotating the reflective element, preferably around an axis substantially parallel with 

the optical axis. 

10 123. A scanner according to any of claims 112 to 122, wherein the probe is 

15 

20 

25 

30 

adapted to provide scan 360° around the optical axis and/or the longitudinal axis 

of the probe, preferably without rotation of probe and/or scanner. 

124. A scanner according to any of claims 112 to 123, wherein a plurality of 

different probes matches the housing. 

125. A scanner according to any of claims 112 to 124, comprising 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. 

126. A scanner according to any of claims 112 to 125, wherein the housing is 

adapted to perform a 30 surface scan. 

127. A scanner according to any of claims 112 to 126, wherein the housing 

with the probe attached is adapted to scan the interior part of a human ear and 

the housing with the probe detached is adapted to scan the exterior part of said 

human ear. 

128. A scanner according to any of claims 112 to 127, further comprising 

means for merging and/or combining 3 D data for the interior and exterior part of 

the ear, thereby providing a full 3 D model of a human ear. 

129. A scanner according to any of the preceding claims, being adapted to 

impression scanning, such as scanning of dental impressions and/or ear channel 
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impressions. 

130. A scanner according to any of the preceding claims, being adapted to 

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

oral cavity. 

13 1. A scanner according to any of the preceding claims, being adapted for 

dental applications, such as scanning of dental impressions, gypsum models, wax 

bites, dental prosthetics and abutments. 

132. A scanner according to any of the preceding claims, being adapted to 

scanning of the 3 D structure of skin in dermatological or cosmetological 

applications. 

133. A scanner according to any of the preceding claims, being adapted to 

scanning of jewelry or wax models of whole jewelry or part of jewelry. 

134. A scanner according to any of the preceding claims, being adapted to 

scanning and/or quality control of industrial parts 

135. A scanner according to any of the preceding claims, being adapted to 

provide time resolved 3 D scanning, such as time resolved 3 D scanning of moving 

industrial parts. 

136. A scanner according to any of the preceding claims, wherein the scanner 

is adapted to be handheld, and where the scanner comprises one or more built-in 

motion sensors that yield data for combining at least two partial scans to a 3 D 

model of the surface of an object, where the motion sensor data potentially is 

used as a first guess for an optimal combination found by software. 

137. A scanner according to any of the preceding claims, wherein the scanner 

is adapted to be handheld and where the scanner comprises one or more built-in 

motion sensors which yield data for interacting with the user interface of some 

software related to the scanning process. 
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138. 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 

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 3 D real world coordinates. 

139. A computer program product comprising program code means for 

causing a data processing system to perform the method of the preceding claim, 

when said program code means are executed on the data processing system. 
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140. A computer program product according to the previous claim, comprising 

a computer-readable medium having stored thereon the program code means. 

141 . A scanner for obtaining and/or measuring the 3 D 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 3D real world coordinates; 

wherein the scanner further comprises counter-weight means for counter­

balancing the means for varying the position of the focus plane. 

25 142. A method for obtaining and/or measuring the 3D geometry of at least a 

30 

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: 



0236
Exhibit 1002 page 236 of 1005 

DENTAL IMAGING

5 

WO 2010/145669 PCT/DK2010/050148 

75 

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 3 D real world coordinates; 

wherein the method further comprises counter-balancing the means for varying 

the position of the focus plane. 

143. A handheld 3D scanner with a grip at an angle of more than 30 degrees from the 

1 O scanner's main optical axis, for use in intraoral or in-ear scanning. 
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Scanning of cavities with restricted accessibility 

The invention relates to the creation of high precision three-dimensional 

5 replicas of real objects. The invention specifically concerns the three­

dimensional scanning of interior surfaces or cavities of limited dimensions or 

with restricted accessibility. Furthermore, the invention relates in particular to 

scanning the human ear and ear canal. 

10 Systems for three-dimensional optical scanning are well known in the prior 

art. They typically comprise one or more light sources projecting a structured 

light pattern on the object to be scanned, one or more cameras and data 

processing equipment to convert the recorded image coordinates to three 

dimensional coordinates using state of the art software. Usually, only a part 

15 of the object is scanned in a single scan. To create a full scan the object, 

camera and light source need to be move relative to each other. 

Accuracy and precision are of utmost importance in many applications, e.g. 

when the scan data is used to model an object that must fit precisely into 

20 another part. Such applications are e.g. devices for the ear canal such as 

hearing aids, dental implants and other prostheses for the body. For hearing 

aid shells, sub-millimeter precision is required lest the shell cause irritation, 

acoustic feedback and possibly infection to the epidermis of the ear canal. 

For dental implants the precision requirement is even greater, since a human 

25 being can detect differences less than 1/10 of a millimeter when biting. 

Therefore systematic or random errors in the calibration and/or performance 

of scanners for these uses can be serious. This has hitherto limited the use 

of scanning in the modeling of such implants and shells. 
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Disclosed is a method for scanning interior surfaces, where the method 

comprises: 

- providing a probe shaped scanner having an axis, where the probe shaped 

scanner comprises: 

5 • at least one light source configured to create and project structured 

light, and 

• at least one camera configured to record 2D images; 

- entering said probe shaped scanner into a cavity of an object, where said 

cavity is bounded by an interior surface of the object; 

10 - creating and projecting structured light from said light source of the probe 

producing a pattern on the interior surface of the object; 

- recording a series of 2D images of the reflection of the pattern from the 

interior surface using said camera; 

- combining said series of 2D images to obtain 3D real world coordinates of 

15 the interior surface; and 

- providing data and processing said data such that surface information for 

areas of the surface, where image scanning is not complete, is created. 

20 The method may in particular be suitable for scanning partly obstructed 

interior surfaces, where visual access to part of the interior surface is blocked 

due to e.g. impurities and/or due to the geometrical form of the interior 

surface where e.g. bends may prevent visual access to a part of the interior 

surface. 

25 

The method may also be applicable to the scanning of interior surfaces 

where visual access is provided over the entire scanned surface. 
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In some embodiments, the method comprises: 

- providing that the camera comprises a plurality of sensor elements or a 

plurality of groups of sensor elements; 

- varying the focus plane of the pattern over a range of focus plane positions 

5 while maintaining a substantially fixed spatial relation of the camera and said 

interior surface, 

where the combining of 2D images comprises determining by analysis of said 

2D images the in-focus position(s) of the focus plane for: 

a) each of a plurality of sensor elements in the camera for said range of 

1 0 focus plane positions, or 

15 

b) each of a plurality of groups of the sensor elements in the camera for 

said range of focus planes, 

and where said 3D real world coordinates are from said in-focus positions. 

Disclosed is a scanner system for three-dimensional scanning of interior 

surfaces, said scanner comprising: 

- a probe shape scanner configured to be entered into a cavity, said probe 

shaped scanner comprising 

20 • at least one light source adapted to create and project structured light 

producing a pattern on the interior surface of an object, where said light 

source emits light from a point of emission; and 

• at least one camera, adapted to record 2D images of the pattern, 

where the camera accumulates light at a point of accumulation; 

25 - a data conversion device adapted to convert 2D images into 3D real world 

coordinates, 

- a data processing device configured to create surface information for areas 

of the surface, where image scanning is not complete. 
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Disclosed is a method for scanning interior surfaces comprising the 

- entering a probe shaped scanner having an axis into a cavity, 

- creating and projecting structured light from a light source on the probe 

producing a pattern on an interior surface of an object, and at a camera of 

5 the probe, recording 20 images of the pattern reflected from the interior 

surface, thereby performing a scan around the axis of the probe, 

- determining 20 coordinates of the images of the pattern, 

- combining a series of images to obtain 30 real world coordinates of the 

interior surface, and 

1 0 - processing data such that surface information from areas of the surface, 

where image scanning is not complete, is created. 

Consequently, it is an advantage that surface information can be obtained for 

e.g. areas where there are no 20 images recorded, due to e.g. holes of 

15 surface information, by e.g. using kinds of data other than image data. 

In some embodiments, the data that are provided and processed to create 

surface information, are obtained from the recorded 20 images. 

20 In some embodiments, the probe shaped scanner has an axis and where a 

scan around the axis is performed. 

In the context of the present invention, the phrase "hole in the surface 

information" may relate to a part of the surface where data is lacking. Such a 

25 lack of data may e.g. occur when visual access to the interior surface is 

blocked. The holes may also be referred to as occluded holes when caused 

by an object that blocks the visual access to the interior surface of the object 

Furthermore it is an advantage that surface information can be obtained even 

30 if the surface in e.g. the ear is not clean, such that 20 images do not correctly 

show the recorded surface, e.g., if there are foreign objects, such as ear wax 
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in the ear covering parts of the surface, or if there are other foreign objects 

such as hair, scars or animals in the ear diminishing the quality of the 

scanning. Thus foreign object may be hair, ear wax, small animals such as 

insects, eggs from insects, pearls, sand, dirt, pimples, scars etc. 

Consequently, it may be an advantage that prior to scanning, the patient's 

ear need not be rinsed to remove foreign objects such as cerumen or ear 

wax. Hereby the patient does not need to visit a doctor to have his/her ear 

rinsed. In some cases it may be advantageous to apply a diffusively reflecting 

10 material to the surface of the ear canal if the appearance is too glossy. 

15 

Both the ear canal and the external part of the ear, called the pinna, may be 

scanned. 

It is an advantage that one scan can be performed in less than 1 minute. 

The axis of the scanner may be the longitudinal axis of the scanner and/or 

the optical axis of the scanner. The optical axis of the scanner may be 

defined by the optical axis of the camera or the optical axis of the light source 

20 It is an advantage to scan the ear and the ear canal directly with a scanner, 

instead of providing an impression of the ear canal, and then scanning the 

impression. The silicone used when making an impression expands the ear 

and may thus not give a correct impression. 

25 It is a further advantage with regard to ear scanning that the improved fit of 

the hearing aid shells according to the present invention compared to prior 

art hearing aid shells means that the frequent problem of acoustic feedback 

in hearing aids is minimized. 

30 Furthermore it is an advantage that the direct scanning of the ear significantly 

reduces the production cost of hearing aids, since the impressions used 
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today are rendered superfluous. Obviating the impression removes the 

handling and mailing cost and cuts down the production time and improves 

flexibility. 

5 Thus it is an advantage that the method allows for easy scanning of interior 

surfaces of objects which cannot be scanned with high precision using prior 

art scanning methods. 

Preferably the method is carried out with a scanner according to the 

10 invention. 

According to one aspect the invention relates to a method for 3D modeling 

and production comprising obtaining 3D real world coordinates of an interior 

surface of a cavity provided using the method according to the invention, and 

15 creating a piece adapted to fit into the cavity. 

Thereby, the steps for manufacturing the piece are reduced to the absolute 

minimum and an essentially perfect fit of the piece can be obtained. The 

interior surface may be scanned a number of times, such as under different 

conditions affecting the geometry of the interior surface. Thereby the 

20 variations in the dimensions of the interior surface can be recorded. This is 

very cumbersome using the prior art techniques. 

Once the data are recorded the piece may be manufactured using any 

automatic manufacturing technique such as milling. More preferably the 

25 modeling technique comprises 3Dimensional printing, stereo lithography, 

selective laser sintering, laminated object modeling, inkjet modeling, fused 

deposition modeling, or nano-printing. A common feature of these techniques 

is that only the required amount of material is used and that it is easier to 

produce complex models such as devices for the ear and/or ear canal and/or 

30 dental implants. 
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The devices for the ear may comprise a hearing aid, a mobile phone, a loud 

speaker, noise protection, a microphone, communication devices, a tinnitus 

masker or a tinnitus masking device such as the ones described in US 

5,325,872 and WO 91/17638. 

In some embodiments holes in the surface information are registered. 

When holes in the surface information of the physical object are registered, 

other ways of determining the surface or the contour of the surface at these 

areas can be applied such that all areas will be covered, imaged, detected, or 

10 interpolated in one way or the other for acquiring surface information. 

In some embodiments holes in the surface information are closed by fitting to 

higher-order mathematical surfaces, such as second-order, third--order, 

fourth-order etc. 

15 The information from neighbour areas etc can be used to infer the contour at 

holes. Thus the artificial hole closing may be performed by fitting parametric 

surface such as spline surface or higher-order mathematical surfaces. 

In some embodiments holes in the surface information are closed by using 

20 information about where there exists no surface. 

If complete image data are missing from a region of the ear canal, then 

knowledge about the ear anatomy indicating that there exists no surface in 

said particular part of the region can be used to determine where the surface 

then should be arranged or interpolated. Thus the surface should not be in an 

25 area where it is positively detected that there is no surface. Thus it is an 

advantage to exclude a volume from scans or 20 images where it is certain 

that there exists no surface. 

In some embodiments holes in the surface information are closed by 

30 combing image data with data other than image data. 
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It is an advantage to combine image data with other types of data, e.g. data 

from other sources or sensors than the image sensor or camera, such as 

data from a touch sensor, such that the image data can be verified, assisted 

or supported by the other data. 

In some embodiments holes in the surface information are closed by using 

other data than image data. 

It is an advantage to use data from other sources or sensors than the camera 

providing the image data, if there exist no image data covering an area of the 

10 surface. 

15 

In some embodiments the surface model obtained from the scan is 

processed, for example smoothed. Processing can remove noise and outliers 

in the raw scan data. 

In some embodiments other data than image data comprises color, 

interference, angle of reflected light, and/or data from one or more other 

sensors than the camera. 

20 In some embodiments the one or more other sensors comprise touch sensor, 

contact sensor, sonic sensor, and/or temperature sensor. 

In some embodiments a part of the data of surface information of the left ear 

is used as a part of the data of surface information for the right ear, if there 

25 are parts of the right ear where surface information has not been acquired, 

and vice versa. 

It is an advantage to use corresponding scan data from one ear to the other 

ear, because of symmetry between a person's two ears. 
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A part of the data of surface information of the left ear may be used for 

verifying data obtained from one the right ear even though no data are 

missing for that ear, and vice versa. 

5 In some embodiments holes or missing areas in a scan are inferred or 

interpolated based on previous scans of the person's ear. It is an advantage 

because especially children with hearing loss require refitted hearing aids 

frequently as they grow, but the shape of their ear canal may not change as 

rapidly as its size. 

10 

In some embodiments foreign objects in the ear canal are identified. 

In some embodiments identifying foreign objects comprises detecting 

reflections from the foreign object. 

15 It is an advantage because foreign objects such as hair may reflect light very 

well, and thus the reflections from hair and other foreign objects may be 

distinct from reflections from skin in the ear. 

In some embodiments a foreign object is identified by analyzing the 

20 difference in the reflected light from the skin and the foreign object, 

respectively. 

The difference in the reflected light may be the difference in contrast of the 

reflected light. 

25 In some embodiments a foreign object is identified if it has an overall higher 

or lower reflectivity than the skin. 

30 

In some embodiments the foreign object is identified if there is a sudden 

change in reflectivity at the boundary between the foreign object and the skin. 
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In some embodiments the foreign object is identified by means of a 

combination of its overall higher or lower reflectivity than the skin and the 

sudden change in reflectivity at the boundary between the foreign object and 

the skin. 

It is an advantage to detect the foreign object by its different reflectivity, 

because it allows monochromatic or near-monochromatic light to be used. 

Thus detection of the contrast is better according to the present method than 

described in prior art US7529577B, which discloses "analyzing the output 

1 0 with respect to spectral composition of the light received at the light sensitive 

element and identifying foreign object based on the spectral composition of 

the received light", see claim 1. According to the present method a 

monochromatic or near-monochromatic light may be used. 

15 In some embodiments the method comprises using monochromatic light to 

illuminate the surface for analyzing reflected light. 

The light or illumination may alternatively be semi-monochromatic or light 

having more wavelengths. 

20 In some embodiments the method comprises identifying foreign objects by 

correlating surface data with the 3D position of the specific data. 

It is an advantage because the places in the ear where hair and ear wax are 

typically present may be known in advance. Likewise the places in the ear 

where hair or ear wax seldom or never are present may also be known in 

25 advance. Thus by correlating the predefined knowledge about typical places 

for hair and ear wax, respectively, with the actual scan, it is possible to either 

rule out that a foreign object can be hair or ear wax, or possible to determine 

with a high probability that a detected foreign object is hair or ear wax. 

30 In some embodiments detecting hair comprises having predefined 

information in the system about where hair normally is arranged in the ear. 



0269
Exhibit 1002 page 269 of 1005 

DENTAL IMAGING

WO 2011/120526 PCT/DK2011/050103 

11 

It is an advantage because if inconclusive data is obtained from a place in 

the ear, and this place typically contains hair, then the inconclusive data is 

likely to stem from hair. 

5 In some embodiments foreign objects in the ear are filtered out from the 

images of the ear. 

10 

It is an advantage that the ear shall not be cleansed and rinsed before 

scanning the ear, because foreign object such as ear wax is filtered out from 

the images. 

In some embodiments foreign objects are presented to the operator on a 

display. 

In some embodiments the operator can assist in detecting foreign objects by 

15 reacting to the data presented on the display. This may be by pointing toward 

foreign objects or by pointing toward borders between the foreign objects and 

the skin. 

In some embodiments the foreign objects are colored in a different color on 

20 the display than the rest of the surface on the image. 

In some embodiments detecting hair comprises detecting and deleting single 

points on the images. 

It is an advantage because hair may appear as single points on the images, 

25 because a hair is normally not thick enough to provide a real image of it. 

In some embodiments detecting hair comprises detecting the root of the hair 

in the skin. 

It is an advantage to detect the root of a hair, because it ends in an 

30 enlargement, the hair bulb, which is whiter in color and softer in texture than 

the shaft, and is lodged in a follicular involution called the hair follicle in the 
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epidermis layer of the skin, and therefore it may be easier to detect the root 

of a hair than the hair itself, because the skin is different at the point where a 

hair is growing out. 

5 In some embodiments detecting hair comprises detecting the thickness of the 

hair. 

10 

It is an advantage because hereby it can be determined whether a hair is so 

thick that it may influence the measurements or whether the hair is thin 

enough to be disregarded. 

In some embodiments detecting hair comprises detecting the movement of 

hair when the probe touches the hair. 

In some embodiments the method comprises determining whether scar 

15 tissue is fresh or old, when detecting a foreign object in the form of scar 

tissue, 

It is an advantage because if the scar is fresh, the scar should heal before 

the ear scanned and a hearing device is applied in the ear. 

On the other hand if the scar is old, then a hearing device can be fitted by 

20 avoiding that the hearing device applies pressure on the scar, which will be 

uncomfortable for the user. 

25 

30 

The light source may be configured to create and project structured light such 

that a pattern is produced on a surface exposed to light from the light source. 

In some embodiments color filters are applied to the light source. 

It is an advantage to use color filters such as red, green and blue, since 

hereby different colors to be emitted to the surface can be produced using 

only a single light source. 

In some embodiments the light source is adapted to emit different colors. 
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It is an advantage since the different colors can be used to detect different 

objects or features of the surface. The wavelengths of the different colors 

may be close to each other to obtain a good result. 

5 In some embodiments the light source emits multi-colored light. 

It is an advantage to use multi-colored light in combination with the patterned 

light, e.g. chessboard pattern, because each period or region in the pattern 

can be analysed for each different color. 

1 0 Furthermore, it is an advantage to use multi-colored light in combination with 

a pattern with differently colored periods or regions because each period or 

region in the pattern can be analyzed for each different color without 

analyzing the spectral composition of the light reflected from the surface. 

15 In some embodiments the light source emits monochromatic or near­

monochromatic light but switches between different colors in time. It is an 

advantage to use light varying in color over a period of time because the 

pattern can be analyzed for each different color without analyzing the 

spectral composition of the light reflected from the surface. 

20 

In some embodiments the size of regions of the emitted light pattern is 20x20 

mm. 

In some embodiments the size of the regions of the emitted light pattern is 

25 10x10 mm. 

30 

It is an advantage to use a pattern which is two times smaller, since hereby 

there are four squares within one area instead of one square within the same 

area, and hereby a better resolution can be achieved. 
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In some embodiments light with different polarisation is used, such that light 

with different polarisations is projected onto the interior surface of the object. 

In some embodiments the polarization state of the emitted and/or the 

5 detected light is controlled. 

It is an advantage to control the polarization because hereby skin and in 

particular hair, which has a high degree of specular reflection, can be 

distinguished from surfaces with a low degree of specular reflection. Surfaces 

with a high degree of specular reflection reflect light with a specific 

10 relationship between the polarization of the incident and reflected light. In this 

way surfaces with high degree of specular reflection may be distinguished 

from surfaces with low degree of specular reflection. 

The polarization of reflected light may be controlled by means of e.g. a linear 

15 polarization filter or quarter wave plate or filter, which can be added and/or 

removed from the light path and/or rotated in the light path. 

20 

In some embodiments the light source is a laser and light from said laser is 

guided to impinge on the surface in a small spot. 

In some embodiments there is more than one light source in the probe 

shaped scanner and the different light sources are alternately turned on and 

turned off. 

25 In some embodiments the light source emits infrared light. 

It is an advantage because it may be possible to see right through hair using 

infrared light. 

30 In some embodiments the optical resolution of the scanner is 100 µm. 
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It is an advantage to have such a high resolution since hereby as many 

details of the surface as possible can be resolved. Alternatively, the 

resolution of the scanner may be 200 µm. 

5 In some embodiments the method comprises detecting the hardness under 

the skin in different parts of the ear canal. 

It is an advantage because a soft part of the ear canal is likely to be tissue, 

and a hard part of the ear canal is likely to be bone, and if the hearing device 

has a very tight fit in the ear canal where there is bone, it may be very 

1 0 unpleasant for the user. On the other hand, the hearing device can have a 

tight fit where there is soft tissue under the skin in the ear canal. So by 

detecting where there is soft tissue and hard bone in the ear canal, the 

hearing device can be made to fit very comfortably in the user's ear. 

15 In some embodiments light with different wavelengths is used to detect the 

hardness under the skin in the ear canal. 

20 

It is an advantage because the different layers of skin, bone, tissue etc has 

different properties regarding absorption and/or scattering for different light 

wavelengths. 

In some embodiments the light used for scanning comprises one or more 

narrow laser beams co-propagating with a broader light beam. The co­

propagating laser beams may be light that is reflected and/or refracted from a 

prism or a beam-combining element. It is an advantage because the narrow 

25 laser beams may be of a different color than the broader light beam. The light 

from the narrow laser beams reflected from the surface may be used to 

determine the amount of absorption and/or scattering in the tissue in the 

regions where the narrow beams impinge. A region of large absorption may 

result in reflection of a small amount of light compared to a region of small 

30 absorption. A region of large scattering may result in reflection of a 

considerably broadened beam compared to a region of small sub-surface 
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scattering. Soft or hard tissue in the ear may differ in the amount of light 

absorption and/or scattering. Thus this may be used to identify soft or hard 

regions in the ear. 

5 In some embodiments the hardness under the skin is evaluated by detecting 

the reflected pattern of light, calculating the size of the regions of the pattern, 

and comparing this size with the regular or emitted size of the regions of the 

pattern. 

10 In some embodiments the scanner comprises guide means adapted to assist 

the operator in holding the scanner in the correct distance and/or position 

relative to the ear. 

15 

20 

The distance may be relative to an external part of the ear, the pinna, or 

relative to a part of the ear canal. 

In some embodiments the guide means comprises two laser beams, and 

when the two laser beams are crossing each other at a point on the ear, the 

distance between scanner and ear is correct for scanning. 

The point on the ear may a point on the external part of the ear. 

In some embodiments the guide means comprises a first and a second set of 

two laser beams, and when the first set of laser beams are crossing each 

other at a first point on the ear, the distance between scanner and ear is 

correct for scanning of a first region of the ear, and when the second set of 

25 laser beams are crossing each other at a second point on the ear the 

distance between the scanner and ear is correct for scanning of a second 

region of the ear. 

The points on the ear may be one point or two different points on the external 

part of the ear. The first and the second point may indicate the distance the 

30 scanner probe should be moved in/out of the ear. 
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The two sets of two laser beams may be of different color. 

In some embodiments the ear is scanned in a first configuration where the 

mouth is closed, and in a second configuration, where the mouth is open. 

5 It is an advantage because then the two extreme configurations of the jaw 

and mouth and thereby the ear are recorded. 

Thus with regard to ear scanning it is possible to record a number of scans of 

one ear, and ask the patient to deliberately vary the size of the ear canal by 

swallowing, yawning, chewing, and drinking. In this way a series of scans of 

1 0 the ear canal can be recorded and the magnitude of the variation of the 

patient's ear canal can be detected. 

In some embodiments the image data of the first and the second 

configurations are merged into one image by means of CAD. 

15 Thus it is possible to superimpose the scans on one another to create a 

combined image or model, which will fit the patient's ear under all conditions. 

Such a model is naturally made as a combination of or a compromise 

between the different sizes of the ear canal. 

20 In some embodiments a touch sensor is arranged in connection with the 

scanner, such that the touch sensor is adapted to register contact with the 

skin. 

In some embodiments the touch sensor comprises a tactile component at the 

25 probe tip. 

It is an advantage to also perform a touch or contact measurement to thereby 

obtain a double check of the real time image detection, and to acquire further 

data which can be used to obtain a complete scan of the ear canal. 

30 In some embodiments the touch sensor is a capacitive sensor. 
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In some embodiments the direction of the ear canal towards the ear drum is 

determined by means of image data and/or one or more other data. 

It is an advantage because when the direction of the ear canal towards the 

ear drum is known, the speaker or transceiver in a hearing aid can be 

5 arranged such that it points directly towards the ear drum, whereby the user 

of the hearing aid will receive the sounds directly at the ear drum, whereby 

the sound quality is improved for the user. 

In some embodiments a motion sensor is arranged in connection with the 

1 0 scanner, such that the motion sensor is adapted to perform a motion 

measurement of the scanner. 

It is an advantage also to perform motion measurement, since this can be 

used in registration. 

15 In some embodiments an orientation sensor is arranged in connection with 

the scanner, such that the orientation sensor is adapted to perform an 

orientation measurement of the scanner. 

In some embodiments the scanner comprises a number of marks in its cover, 

20 such that an operator can visually determine how far the scanner must be 

moved into the ear canal. 

It is an advantage because when the scanner is moved into an ear canal, the 

operator may not be able to see the tip of the scanner. When the operator 

can see the marks of the scanner cover, he thereby has a guide to how far 

25 the scanner is moved into the ear, and when it should not be moved any 

further into the ear, in order not to be touching the ear drum. The marks may 

e.g. be three lines arranged with a distance from each other on the scanner 

cover. 

30 In some embodiments a user interface of the scanner is adapted to direct the 

operator to insert the probe a certain distance into the ear canal. 
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It is an advantage since it may be used in registration. 

In some embodiments a user interface of the scanner is adapted to direct the 

operator to move the probe a certain distance in any three-dimensional 

5 direction. 

It is an advantage since it may be used in registration. 

In some embodiments the shape of the probe prevents it from reaching the 

ear drum. It is an advantage because the ear drum or tympanic membrane is 

10 very sensitive. For example, the probe can have a conical longitudinal cross 

section, or a bulge. 

In some embodiments a camera, such as a second camera or a video 

camera, is arranged in relation to the scanner such that it is configured to 

15 record images, from where the position of the scanner relative to the ear is 

adapted to be determined. 

It is an advantage to record the scanner position relative to the ear by means 

of a regular camera capturing photographs or by means of a video camera. 

20 In some embodiments the method comprises the steps of: 

- varying the focus plane of the pattern over a range of focus plane positions 

while maintaining a fixed spatial relation of the camera and the surface, 

- determining the in-focus position(s) of: 

a) each of a plurality of sensor elements in the camera for said range of focus 

25 plane positions, or 

30 

b) each of a plurality of groups of the sensor elements in the camera for said 

range of focus planes, and 

transforming in-focus data into 3D real world coordinates. 
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One object of the invention is to provide a scanner which may be integrated 

in a manageable housing, such as a handheld housing. One object of the 

invention is to discriminate out-of-focus information. One object of the 

invention is to provide a fast scanning time. 

The focus scanning may be achieved by a scanner for obtaining and/or 

measuring the 3D geometry of at least a part of the surface of an object, said 

scanner comprising: 

means for generating a probe light incorporating a pattern, 

10 at least one camera accommodating an array of sensor elements, 

means for transmitting the probe light towards the object thereby 

illuminating at least a part of the object with said pattern, 

means for imaging light reflected from the object to the camera, 

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

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

object, and 

20 

25 

data processing 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 3D real world coordinates. 

The method and apparatus relating to focus scanning is for providing a 3D 

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 

30 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. 
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Focus scanning 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 

5 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 focus scanning. 

Some embodiments comprises a first optical system, such as an 

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

a second optical system for imaging light reflected from the object to the 

camera. In some embodiments 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, e.g. along the same optical axis, however along opposite optical 

15 paths. 

In some embodiments an optical system provides a confocal imaging of the 

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

camera. The focus plane may be adjusted in such a way that the image of 

20 the pattern on the probed object is shifted along the optical axis, e.g. in equal 

steps from one end of the scanning region to the other. The probe light 

incorporating the 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 

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

contrast in the light oscillations. 

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 

30 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 
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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 

5 possible to transform the contrast information vs. position of the focus plane 

into 30 surface information, on an individual pixel basis. 

Thus, in one embodiment the focus position is calculated by determining the 

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

1 0 range of focus planes. 

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

of 20 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 

15 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 

20 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 30 

surface information, on an individual pixel group basis. 

Thus, in one embodiment the focus position is calculated by determining the 

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

elements for a range of focus planes. 

The 20 to 30 conversion of the image data can be performed in a number of 

ways known in the art. I.e. the 30 surface structure of the probed object can 

30 be determined by finding the plane corresponding to the maximum light 

oscillation amplitude for each sensor element, or for each group of sensor 
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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 

5 the surface of the object being scanned. 

Handheld embodiments of the invention preferably include motion sensors 

such as accelerometers and/or gyros. Preferably, these micro electro 

mechanical systems (MEMS) should measure all motion in 3D, i.e., both 

1 0 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 

15 stabilization techniques. 

20 

25 

30 

B) Motion sensors can help with stitching/ 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 visualize the acquired scan. With the scanner device 

now acting as a remote control, the user can, for example, rotate 
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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). 

The present invention relates to different aspects including the method 

1 0 described above and in the following, and corresponding apparatus, 

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 

15 disclosed in the appended claims. 

In particular, disclosed herein is a scanner for three-dimensional scanning of 

interior surfaces, comprising: 

- at least one light source adapted to create and project structured light 

20 producing a pattern on the interior surface of an object, 

- at least one camera, adapted to record 2D images of the pattern, 

- data processing means adapted to convert 2D image information into 3D 

real world coordinates, 

- the point of emission of light as well as the point of accumulation of 

25 reflected light for the camera being located on a probe having an axis, 

- the at least one light source and the at least one camera being adapted to 

perform a scan around the axis, 

- the probe being adapted to be entered into a cavity, and 

wherein the scanner comprises: 
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- means for processing data such that surface information from areas of the 

surface, where image scanning is not complete, is created. 

The probe of the scanner may be either rigid of flexible. 

5 This scanner has the advantage that it may be able to cover the whole 

circumference without moving the scanner thus being able to scan the whole 

inner surface of an object. With this layout it is possible to scan interior 

surfaces such as the ear canal, tubes, pipes and bores with non-contact 

scanning and obtain high precision scan data of the whole interior surface of 

1 O the object. 

Furthermore, the dimensions of the scanner can be very small thus allowing 

scanning and 3D mapping of interior surfaces with small cross section, which 

are inaccessible to prior art scanners. 

It is an advantage that the scanner is equipped with a position sensor, which 

15 allows the relative position and orientation of the scanner and the object to be 

determined for successive scans. This greatly facilitates the combination of 

data from successive scans and makes it possible to combine these with 

much higher precision irrespective of the position and orientation of the 

scanner during scanning. 

20 The compact layout of the scanner allows for easy scanning of interior 

surfaces of objects of extremely small size. The ease of operation of the 

scanners according to the invention means that practitioners without 

experience in scanning can easily perform the scanning operations, which is 

required especially in the case of scanning of body cavities and scanning for 

25 archaeological purposes. 
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In some embodiments, the probe shaped scanner has an axis and the at 

least one light source and the at least one camera are adapted to perform a 

scan around the axis 

5 In some embodiments, the data conversion device and said probe shaped 

scanner are integrated in one device. 

In some embodiments, the data conversion device is part of a separate unit, 

such as part of a personal computer connected to the probe shaped scanner. 

10 In some embodiments, the said data processing device and said probe 

shaped scanner are integrated in one device. 

15 

20 

25 

30 

In some embodiments, the data processing device is part of a separate unit, 

such as part of a personal computer connected to said probe shaped 

scanner. 

In some embodiments, the data processing device and said data conversion 

device are comprised in one integrated conversion and processing device. 

The integrated conversion and processing device and the probe shaped 

scanner may be integrated in one device 

In some embodiments, the scanner system comprises a nontransitory 

computer readable medium having one or more computer instructions stored 

thereon, where said computer instructions comprises instructions for 

conversion of 2D images and/or for processing data. 

Disclosed is a hearing aid device obtained by from a 3D model of the interior 

surface of an ear, where said 3D model is obtained by the method according 

to the invention and/or by the scanner according to the invention. 
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Disclosed is a nontransitory computer readable medium storing thereon a 

computer program, where said computer program is configured for causing 

computer-assisted scanning of partly obstructed interior surfaces. 

5 Disclosed is a computer program product comprising program code means 

for causing a data processing system to perform the method described above 

when said program code means are executed on the data processing 

system, and a computer program product comprising a computer-readable 

medium having stored there on the program code means. 

10 

Brief description of the drawings 

The above and/or additional objects, features and advantages of the present 

15 invention, will be further elucidated by the following illustrative and non­

limiting detailed description of embodiments of the present invention, with 

reference to the appended drawings, wherein: 

Figure 1 illustrates an embodiment of the interior surface scanner according 

20 to the invention. 

Figure 2 shows a cross section of an embodiment of the interior surface 

scanner according to the invention. 

25 Figure 3 illustrates another embodiment of the interior surface scanner with a 

mirror in front of the camera. 

30 

Figure 4 shows a cross section of another embodiment of the interior surface 

scanner with a mirror in front of the camera. 
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Figure 5 shows how a structured light pattern is projected onto the interior 

surface. In this case the pattern is a single cone. This pattern is then 

reflected from the surface into the camera. 

5 Figure 6 illustrates an example of the use of mirrors and/or prisms. A 

structured light pattern is reflected in a mirror before being projected onto the 

interior surface. In this case the pattern is a single cone. This pattern is then 

reflected from the surface into a mirror that reflects the pattern into the 

camera. 

10 

Figure 7 shows a cross section of a model of the interior surface scanner 

according to the invention. Note that the camera has been moved out of the 

probe and a lens system is used to guide the image to the camera. 

15 Figure 8 shows a cross section of a model of the interior surface scanner 

according to the invention. Note that the camera has been moved out of the 

probe and optical fibres are used to guide the image to the camera. 

Figure 9 illustrates different positions sensors, which can be applied within 

20 the invention. 

25 

Figure 1 0 shows an embodiment of a hollow calibration object used for 

calibration of the camera and light sources. Note the symmetric 3D object 

feature curves on the object, which are utilised in the calibration. 

Figure 11 shows a schematic sketch of a scanner according to the invention 

adapted for scanning of the ear and ear canal. 

Figure 12 shows a schematic sketch of another embodiment of the scanner 

30 for the ear and ear canal. 



0287
Exhibit 1002 page 287 of 1005 

DENTAL IMAGING

WO 2011/120526 PCT/DK2011/050103 

29 

Figure 13 shows a scan of an ear and an ear canal seen from two different 

views. 

Figure 14 illustrates an embodiment of the scanner being able to scan the 

5 surface lying behind the end of the probe. 

10 

Fig. 15 shows an example of a scanner with a probe in an ear. 

Fig. 16 shows an example of scanner with an extra camera mounted. 

Fig. 17 shows examples of laser beams for guiding the position and 

orientation of the scanner. 

15 In the following description, reference is made to the accompanying figures, 

which show by way of illustration how the invention may be practiced. 

Figure 1 to Figure 4 illustrates two embodiments of the invention. The first 

part 101 of the scanner is the probe, which is inserted into the cavity. The 

20 second part 102 is a handle. The scanner in Figure 1 and Figure 2 comprises 

a cover 103, a scan button 104, a disposable cover 105, light guides 201, a 

light source 202, a position sensor 203, optics and mirrors and/or prisms 204, 

a camera 205 and a protector/collision detector 206. A rotating mirror and/or 

prism with a micro motor 301 is also added to the component list in the 

25 embodiment shown in Figure 3 and Figure 4. As illustrated in Figure 5, the 

scanner works by projecting a structured light pattern 501 onto the interior 

surface of the object 502. The camera 503 acquires images of the reflection 

504 of the light pattern from the surface. By locating the light pattern in the 

images, the corresponding 3D surface positions can be reconstructed 

30 applying well-known projective geometry. The scanner only scans limited 



0288
Exhibit 1002 page 288 of 1005 

DENTAL IMAGING

WO 2011/120526 PCT/DK2011/050103 

30 

parts of the surface at each position and usually it has to be moved around 

handheld or automatically to scan the full interior surface. 

The light is generated by one or more light sources such as lasers, variable 

5 output-powered laser, light emitting diodes (LED), halogen spots or other 

spotlights and travels through the light guides such as optical fibers. In some 

applications it might be relevant to use monochromatic, coherent or polarized 

light. At the end of the light guides optics and mirrors and/or prisms may 

create the desired pattern. Examples of optics are filters, lenses or prisms. 

10 An alternative to the use of light guides is to place the light source near the 

tip of the scanner. Note that the projection of light, even lasers, onto the 

surface does not damage the surface. 

The light sources for some applications preferably are as small as possible to 

minimize the dimensions of the scanner. It is thus contemplated that the light 

15 source may have a cross section perpendicular to the direction of emitted 

light of less than 5 mm2
, preferably less than 4 mm2

, for example less than 3 

mm2
, such as less than 2 mm2

, for example less than 1 mm2
, such as less 

than 0.5 mm2
, for example less than 0.25 mm2

. 

The scanner may work with only one light source, but for many purposes it is 

20 advantageous to have several such as at least two light sources, such as at 

least three light sources, for example at least four light sources, such as at 

least five light sources, such as at least six light sources, for example at least 

seven light sources, such as at least eight light sources, for example at least 

ten light sources, such as at least twelve light sources, for example at least 

25 sixteen light sources, such as at least twenty light sources. 

Depending on the desired pattern one, two, three or more optics and one, 

two, three, four or more mirror and/or prisms are required. The structured 

light pattern may be a number of rays forming a grid of spots on the surface 
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consisting of one, two, three, four or more rows of points, one, two, three or 

more cones of light forming contours on the surface, one, two, three of more 

planes of light forming contours on the surface, one, two, three of more thick 

planes of light forming thick contours on the surface, a number of rectangular 

5 shaped rays forming a distorted checker board pattern on the surface or 

more complex shapes. 

Thus, when projecting a pattern of rays, pattern may comprise at least 10 

rays, such as at least 25 rays, for example at least 100 rays, such as at least 

1000 rays, for example at least 10,000 rays, such as at least 100,000 rays, 

10 for example at least 1,000,000 rays. 

Figure 5 illustrates how a single light cone 501 is projected onto the object 

surface 502 using optics 503. Figure 6 shows how the emission angle of the 

light cone can be increased significantly by reflecting the emitted light 601 

into a cone mirror and/or prism 602 after the optics 603. Any type of mirrors 

15 such as coplanar mirrors and cone mirrors can be used to reflect the light. 

Applying mirrors and/or prisms make it possible to change the emission 

direction invariant of the orientation of the light guides. The light pattern can 

also be moved over the surface without moving the actual scanner by 

rotating and/or tilting the mirrors and/or prisms. The rotation and/or tilting of 

20 the mirrors and/or prisms may be carried out by a motor. 

Preferably the location of the point of emission of light and the point of 

recording reflected light as well as the angle of emission and recording with 

respect to the axis of the probe are chosen to give an angle between incident 

light on the object and light reflected from the object of approximately 20-30 

25 degrees. An example of this embodiment is illustrated in figure 6. 

Occlusion effects represent a problem for some types of scanning of interior 

surfaces. Some of these can be overcome by selecting a direction of 

emission and recording of light with respect to the axis of the scanner, which 
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ensures that light is projected on and recorded from all parts of the interior 

surfaces. One embodiment of the scanner is designed, wherein the location 

of the point of emission of light and the point of recording reflected light as 

well as the angle of emission and recording with respect to the axis of the 

5 probe are chosen to give a scan of the surface lying ahead of the end of the 

probe. An example of such a scanner is shown in Figure 5. Alternatively the 

location of the point of emission of light and the point of recording reflected 

light as well as the angle of emission and recording with respect to the axis of 

the probe may be chosen to give a scan of the surface lying approximately 

1 0 around the end of the probe. An example of this is shown in figure 6. 

Alternatively, the location of the point of emission of light and the point of 

recording reflected light as well as the angle of emission and recording with 

respect to the axis of the probe may be chosen to give a scan of the surface 

lying behind the end of the probe. Figure 14 illustrates an example of such a 

15 scanner. These alternative embodiments may be obtained with one scanner 

by tilting mirrors and/or prisms. 

The light source intensities are preferably varied depending on the surface 

and color of the object to be scanned. Preferably the intensity should be 

determined automatically using automatic light source intensity calibration. 

20 The intensity calibration may be performed by inserting the scanner into the 

object and calculate a number of histograms from the acquired images. First 

a histogram is calculated with the light source turned off. A second histogram 

is the calculated when the light source is turned on with an arbitrary intensity. 

The first histogram is then subtracted from the second to remove the 

25 background intensity. The intensity is then adjusted until the requested 

quantile corresponds to a predefined intensity. The background could also be 

removed by subtracting the image corresponding to the light source turned 

off from the image with light. The histogram used to determine the intensity 

could then be calculated from this difference image. 
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The images are acquired by the one or more cameras. Preferably the 

cameras comprise a lens and a sensor array such as a CCD or CMOS chip. 

Usually the camera also comprises a filter placed in front of the sensor array. 

The effect of the filter is that only light with approximately the desired 

5 wavelength passes the filter. This makes it feasible to separate different light 

sources in the scanner and remove most of the background light. 

Alternatively, the camera may be color sensitive. 

The scanner may comprise just one camera or comprise several such as at 

least 2 cameras, such as at least 3 cameras, for example at least 4 cameras, 

1 0 such as at least 6 cameras, for example at least 7 cameras, such as at least 

8 cameras, for example at least 10 cameras, such as at least 12 cameras, for 

example at least 16 cameras, such as at least 20 cameras. 

Preferably the cameras are arranged such that reflected light is recorded 

from different directions covering the 360 degrees around the probe, as seen 

15 in Figures 11 and 12, right side. 

Preferably the camera part of the scanner is as small as possible. The size of 

commercially available cameras is reduced almost every year, and it is 

estimated that the lower limit for camera size and pixel size have not been 

reached at all yet. Irrespective of the future development within this area, any 

20 camera smaller than the cameras presently available will be suitable for use 

in the present invention. Therefore the light detecting component of the 

camera may have a cross section in a direction perpendicular to the direction 

of incident light of less than 10 mm 2
, such as less than 9 mm2

, for example 

less than 8 mm2
, such as less than 7 mm2

, for example less than 6 mm2
, 

25 such as less than 5 mm2
, for example less than 4 mm2

, such as less than 3 

mm2
, for example less than 1 mm2

, such as less than 0.5 mm2
, for example 

less than 0.25 mm2
, such as less than 0.1 mm2

, for example less than 0.01 

mm2
. 
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The number of pixels of the camera is a question of the size of the camera, 

depending on the size of the pixels, the computing power used for processing 

the results of the scans and the cost of the camera. No upper limit for the 

number of pixels can be set, since precision is increased whenever the 

5 number of pixels is increased. Accordingly, the camera may comprise an 

array of at least 125x125 pixels, more preferably at least 250x250 pixels, 

more preferably more than 500x500 pixels, more preferably more than 

1000x1 000 pixels, such as more than 2000x2000 pixels, for example more 

than 4000x4000 pixels, such as more than 8000x8000 pixels, for example 

1 0 more than 10,000x10,000 pixels, such as more than 25,000x25,000 pixels, 

for example more than 50,000x50,000 pixels, such as more than 

100,000x100,000 pixels, for example more than 250,000x250,000 pixels, 

such as more than 500,000x500,000 pixels, for example more than 

1,000,000x1 ,000,000 pixels. Similarly, the pixel size may be the smallest 

15 

20 

available on the market, for example wherein a cross section of a pixel is less 

than 100 micrometres, such as less than 50 micrometres, for example less 

than 25 micrometres, such as less than 20 micrometres, for example less 

than 15 micrometres, such as less than 10 micrometres, for example less 

than 7.5 micro metres, such as less than 5 micrometres, for example less 

than 2.5 micro metres, such as less than 2 micrometres, for example less 

than 1.5 micro metres, such as less than 1 micrometres, for example less 

than 0.5 µ, such as less than 0.25 micrometres, for example less than 0.1 

micrometres, such as less than 0.01 micrometres. 

The light pattern may be reflected from the surface directly into the camera or 

25 into one or more light reflecting means such as mirrors or prisms before 

ending up in the camera. In the embodiment of the scanner in Figure 1 no 

mirrors are applied, since the scanner only needs to "look" forward with 

respect to the camera, i.e. the direction of the view is always parallel with the 

optical axis of the camera. Figure 5 illustrates the simple emission of the light 

30 pattern 501 and its reflections 504 from the object surface 502 into the 
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camera 505 without the use of mirrors. Figure 5 is a simplified illustration of 

the principle used in the scanner in Figure 1 . 

Applying one or more mirrors and/or prisms for reflecting the light into the 

camera gives full freedom to select the direction of the view invariant of the 

5 orientation of the camera. Figure 6 illustrates how the emitted light pattern 

601 is reflected using a cone mirror and/or prism 602 before it hits the object 

surface 605. The reflected light 604 is likewise reflected into a mirror and/or 

prism 606 before entering the camera 607. Figure 6 is a simplified illustration 

of the principle used in the scanner in Figure 3. Static mirrors such as 

10 coplanar or cone mirrors can be applied directly in the invention. Static 

mirrors have the advantage of being simple and mechanically stable. 

In the embodiment of the scanner shown in Figure 3 the mirror and/or prism 

in front of the camera is coplanar, circular and able to rotate. The advantage 

of a rotating mirror and/or prism compared to a static mirror and/or prism, 

15 such as a cone mirror and/or prism, is that the image resolution and the field 

of view of the camera are significantly increased. Indeed resolution and field 

of view are seriously limited due to the small dimensions of the scanner, 

which directly affect the accuracy and flexibility. Tilting the mirror and/or 

prism further increases the accuracy and flexibility. In practice, the same 

20 mirror and/or prism can be used to generate the light pattern and reflecting 

the light into the camera. However, applying different mirrors and/or prisms 

for light and cameras, as presented in Figure 3, increase the flexibility of the 

scanner especially with respect to direction of view, depth of field and point 

reconstruction quality. 

25 In the case of very small dimensions of the cavity and/or high requirements 

for accuracy it is infeasible to place the camera on the head of the scanner. 

The problem is solved by moving the cameras out of the probe. The 

image/light is then directed into the cameras by the use of light guides such 

as a lens system or optical fibres. An embodiment of the invention where a 
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lens system 701 and optical fibres 801 are used as light guides are illustrated 

in Figure 7 and Figure 8, respectively. The lens system might be similar to 

the lens systems used in periscopes and endoscopes. At the moment the 

lens system is superior to optical fibres with respect to smallest dimensions 

5 and image quality. The disadvantage of the lens system is that it requires the 

probe be rigid, whereas the optical fibres are fully flexible, i.e. the probe can 

be flexible. 

The objective of the position sensor is to determine the relative position and 

orientation of the probe head with respect to the object to be scanned. 

1 0 Knowing this position is extremely advantageous in combining the individual 

scans when the scanner or object is moved. Errors in the position measures 

will directly affect the quality of the scan. In the case of non-fixed objects 

such as the ear canal of humans are scanned, it is extremely advantageous 

to measure the position with respect to the object, e.g. the ear canal, and not 

15 to a fixed coordinate system, since the object might move during the 

scanning. 

The position sensor is only used to combine the individual scans. The 

position sensor can be rendered superfluous by a registration of the 

individual scans. The output of the registration is the relative position of the 

20 scans. Knowing the relative positions of the scans makes it straightforward to 

combine the scans. For the registration to be successful the interior surface 

needs to contain a proper number of distinct features, which is not always the 

case. 

The position sensor can be a magnetic sensor as shown in Figure 9, where 

25 the receiver 902 usually is in the scanner and the transmitter 903 is secured 

to the object 901, e.g. the head of a human. Magnetic sensors have the 

advantage of not suffering for occlusion problems. Alternative sensors might 

be optical or sonic sensors. Figure 9 illustrates an optical sensor where 

markers 904 are placed on the object and a sensor 905 on the scanner. 
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Likewise Figure 9 illustrates a sonic sensor, where an emitter 906 is placed 

on the object and a detector 907 is placed on the scanner. Both optical and 

sonic sensors suffer from occlusion problems, but their cost is often lower 

and the precision superior to those of magnetic sensors. In the case of a 

5 fixed object or an object, which can be fixed, a mechanical position sensor 

becomes attractive. As illustrated in Figure 9 these sensors usually consist of 

a number of joints 908 connected by encoders. Many mechanical sensors 

are highly accurate, but they tend to be bulky or cumbersome to use. 

In general, the position needs to be determined with respect to the head of 

10 the scanner. More precisely, the position of the focal point of the camera has 

to be determined when the camera is placed on the probe head. In the case 

where light guides are used in front of the camera, the position should 

correspond to the tip of the guides. With a rigid design of the scanner cover 

as in Figure 1 to Figure 4 the position sensor can be placed anywhere on the 

15 scanner, since the relative distance between the scan head and the position 

sensor is constant. With a flexible design of the probe the position sensor 

needs to be placed on the scan head, e.g. at the front as on the scanner in 

Figure 11 and Figure 12. 

In the design of the scanner show in Figure 1 and Figure 3 only the probe 

20 101 is supposed to move into the cavity. The main objective of the design 

has been to minimize the width of this part, since it determines the minimal 

size of the cavity, which can be scanned. In general the width of the probe 

can be varied freely down to approximately 0.1 mm, e.g. the width can be 30, 

20, 15, 10, 8, 6, 5, 4, 3, 2, 1 or 0.1 mm. However the final design is a trade-

25 off between size, accuracy and mechanical stability. In general the 

application determines the desirable design. 

In the case of scanning the human ear canal the width of the part is 

requested to be below 4 mm. Figure 3 shows a scanner designed for 

scanning ear canals, where the width of the probe is 3.5 mm. The length of 
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the probe can also be varied freely down to approximately 5 mm, e.g. the 

length can be 20, 35, 50, 100, 200, 300 or 500 mm. The length of the probe 

shown in Figure 1 and Figure 3 is 55 mm. 

The rest of the scanner's cover is basically a handle. For optimal handling 

5 this part should preferably be 10-30 mm width and 1 00-150 mm long. The 

dimension can however be varied freely. As in Figure 1 and Figure 3 the 

width of the handle may be extended to make room for the components, e.g. 

the position sensor. The dimensions of this extension should however be 

minimized if the objective is to create the smallest and lightest scanner. The 

1 0 width and length of the extension shown in Figure 1 and Figure 3 is 40 mm 

and 30 mm, respectively. Note that larger light sources such as halogen 

spots may be moved to the extension. 

In another embodiment of the scanner it is possible to rotate the probe 

around its axis. The advantage of this design compared to only rotating the 

15 mirrors and/or prisms as in Figure 3 is that the motor can be placed in the 

handle. Likewise another embodiment comprises a linear drive, which is able 

to translate the probe along its axis. The scanner can also be mounted on a 

robot, or another device, which is able to position the scanner with any 

orientation and position within its workspace. 

20 The choice of material for the cover depends on the actual application, 

especially whether the probe needs to be rigid or flexible. Preferably the 

cover should be produced in stainless steel or from a material selected from 

a group consisting of alloy, aluminum, a plastic polymer, Kevlar (R), ceramics 

or carbon. 

25 In some application it might be necessary to protect the components such as 

cameras, mirrors and/or prisms and lenses against dust and other dirt. In 

practice this is done by inserting a window of transparent material such as 

glass or a plastic polymer in the holes in front of the relevant components. 
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Other features in the preferred embodiment are a protector/collision detector, 

a scan button, and a disposable scanner cover. The protector consists of soft 

material such as rubber, silicone or a plastic polymer and ensures that the tip 

of the probe and the surface are not damaged in the case of a collision. In 

5 the case of scanning an ear canal it is crucial that the scanner does not 

damage the eardrum. In the case of very fragile surfaces, a collision detector 

adapted to measure the distance from the tip of the scanner to the bottom of 

the interior surface is added to the protector. When surfaces are scanned for 

which the scanner is subject to hygiene requirements, a disposable cover is 

10 desirable to minimize the need for cleaning. The disposable cover will usually 

only cover the probe or parts of it, but can be fit to the specific requirements. 

The scan button is used to start and stop the scan operation. 

The acquired images may be analyzed real-time in a digital signal processor 

or microprocessor, which is placed in the scanner handle or in a separate 

15 processing box. The first step in the analysis of an image may be to detect 

the light pattern in the image using a standard tracking algorithm. When the 

light pattern is known, potentially with sub-pixel precision, the corresponding 

30 coordinates can be reconstructed using well-known projective geometry. 

A precise reconstruction of the 30 coordinates requires a very high quality of 

20 the camera and light calibration. The next step may be to combine the 30 

coordinates from different images acquired at the same or at different 

positions. The merging may simply be performed by combining the individual 

points sets positioned with respect to their relative position. Finally the points 

may be triangulated using a standard triangulation algorithm to form the final 

25 surface of the 30 model. The 30 model may then be transferred over a 

network to the destination for further use. 

The scanner according to the invention is especially adapted for scanning 

interior surfaces, such as body cavities and other interior surfaces with 

narrow openings, into which light from an external scanner cannot enter due 

30 to occlusion effects. 
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It is thus envisaged that the scanner is advantageous for scanning body 

cavities such as the internal surfaces of the ear, nose, mouth, teeth, 

stomach, lungs, alveoli, throat, rectum, vagina, veins, blood vessels, urinary 

tract. Scanning of teeth can be used in connection with correction of teeth 

5 and manufacture of dental implants. Scanning the blood vessels may be 

useful in connection with surgery. Scanning the vagina can be used in 

connection with pregnancy and delivery and also for measuring and modeling 

an individually adapted diaphragm. Figure 13 shows a scan of the interior 

surface of an ear and an ear canal 1301. 

1 0 The scanner can also be used for industrial purposes such as for scanning 

internal surfaces of engines, fuel canals, bore, internal thread, pipes, tubes 

and containers. In this way the exact dimensions, such as volume and/or 

cross section and/or location of features, of the devices can be measured. 

When using a scanner with a position sensor, this can be done more 

15 precisely than with any of the known scanners. Furthermore, the present 

scanners are not sensitive to small deviations in the orientation of the axis of 

the scanner with respect to the axis of the object being scanned. 

Another use is for archaeological purposes such as for scanning internal 

surfaces of jars, skulls and other archaeological items. 

20 Furthermore, the scanners are very useful in industrial design especially in 

connection with computer assisted 3D modeling. 

A possibility according to the invention is to scan the ear canal directly. This 

can be done by building the components of the scanner into an apparatus, 

which can be inserted into the ear of the patient. Embodiments of this 

25 scanner are shown in Figure 11. Preferably, the light source, e.g. the laser, 

and the camera are located outside the ear. The laser light can be carried 

into the scanner by light guides 201, and similarly, the reflected signals can 

be carried to a camera by another light guide 801 . The scanner also consists 
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of a position sensor 203, which measures the relative position of the scanner 

with respect to the object. During the scan, the scanner preferably rests on 

the edge of the ear canal, most preferably in those places where bones are 

closest to the skin surface. This is in order to obtain the highest stability and 

5 is very important, since the scanner itself works with an accuracy of less than 

0.05 mm. The length of the ear canal can be scanned by moving the scanner 

in or out and record a series of overlapping images of the ear canal. The 

scanner may comprise only one laser source and one camera as the one 

shown in the left of Figure 11. In that case the scanner has to rotate while the 

10 camera records images. The scanner may comprise multiple laser sources 

such as four as shown in the scanner in the right part of Figure 11. The 

presence of multiple laser sources and cameras removes the need for 

rotation of the scanner in the ear canal. In the laser scanner disclosed in 

Figure 11, the laser source or sources project a ray of laser light on the 

1 5 surface of the ear canal. 

Another type of ear canal laser scanner is shown in Figure 12. Here the laser 

light is projected as laser sheets producing a laser contour on the surface of 

the ear canal. Thereby, more rapid scanning can be performed compared to 

the above laser scanner. In the scanner shown in the right part of Figure 12, 

20 four laser sheets and four cameras are present. Thereby the laser sheets 

cover the whole circumference and rotation of the scanner is not required. 

The same types of variation of the ear canal scanner can be used as in other 

cases of three-dimensional scanners according to this invention. Thus, the 

scanner may comprise at least two cameras, such as 4 cameras, such as for 

25 example 6 cameras. Likewise, there may be several laser sources such as 

for example 2 lasers creating laser sheets with an offset of 180 degrees, 

such as 3 laser sheets with an offset of 1 20 degrees, or 4 laser sheets with 

an offset of 90 degrees. 
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Currently hearing aids are created in a silicon mould, made with an ear 

impression. 

It is possible to scan and create very detailed and accurate copies of ear 

impressions with the developed system as described in 3Shape's prior art 

5 document "Method for modeling customized earpieces" with publication 

number WO02071794 published in 2002. 

Apart from hearing aids, other devices could also be inserted into a shell 

made to fit the ear canal of an individual. Such devices that could 

advantageously be incorporated into a shell manufactured according to the 

10 disclosed method include mobile phones, communication devices, loud 

speakers, tinnitus masking devices, or devices recording vibrations in the 

skull and transforming these into an audio signal. 

Devices that may be incorporated into a shell in the ear also comprise 

devices related to Man Machine Interface (MMI) products, such as custom 

15 made ear microphone or receivers that enable reliable and clear 

communication even in the noisiest environments, or products related to 

wireless internet applications. 

Speech not only creates sound waves, it also generates vibrations within the 

skull of the speaker. These vibrations can be picked up in the ear, but they 

20 may be picked up other places too, but by far the most convenient method is 

to do it in the ear. In one piece, a device thus may comprise a microphone to 

pick up the speech of the person wearing it, and a loudspeaker to transmit 

the speech of the communication partner. It is important that such devices 

are made to fit the ear. 

25 Devices based on detection of vibration instead of sound can be used in the 

noisiest environments, since they only pick up the speech of the wearer and 

they allow for quiet communication, since the speaker can speak with a low 
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voice when needed. The devices allow for completely hand-free 

communication. 

Such a device is naturally also devoid of any kind of acoustic feedback if 

manufactured using the present invention. 

5 The precision of the light sources and cameras is very high today and so is 

that of the software developed to detect the intersection of the light sheet with 

the object and to convert the two-dimensional data to three-dimensional 

coordinates. Therefore differences in precision and hence improvement of 

the precision primarily resides in the calibration of the systems. Recall that 

10 precision is of utmost importance in many applications. 

To obtain the highest precision both the light pattern and the camera need to 

be calibrated. Preferably the calibration should be performed using a 

calibration object with symmetrical 3D object feature curves and the 

corresponding methods as described below and in 3Shape's prior art 

15 document "Method for modeling customized earpieces" with publication 

number WO02071794 published in 2002. The main advantage of this type of 

calibration objects is that the light pattern can be calibrated independently of 

the calibration of the camera. An embodiment of the hollow calibration object 

used for calibration of the scanner is shown in Figure 10. Note the symmetric 

20 3D object feature curves 1001 on the calibration object, which are utilized in 

the calibration. 

Preferably, a light pattern is projected onto the calibration object to produce 

2D image feature curves in the acquired images. 

When preferred, the image feature curves may be determined using the 

25 Hough transformation, filter search, max intensity, threshold, center of 

gravity, derivatives or other procedures. 
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The image feature coordinates are found as the intersection between image 

feature curves. These intersections could be seen in the images as corners 

or sharp edges of the image feature curves. The image feature coordinates 

may be found as the intersection between the image feature curves such as 

5 the intersection between two nth order curves, as the intersection between 

two first order curves, as the intersection between two second order curves, 

as the intersection between two third order curves, as the intersection 

between a fist order curve and a second order curve, as the intersection 

between a first order curve and a third order curve, or as the intersection 

1 0 between a second order curve and a third order curve or as the intersection 

between any other possible combination of curves. 

Preferably, the calibration method comprises plotting of a mathematical 

combination of image feature points or features derived from these points 

against the angle of rotation or the translation of the calibration object. By 

15 plotting this function and optionally estimating a mathematical function 

describing the relationship between the function of an image coordinate and 

the angle of rotation or the translation, estimation of the light parameters and 

angle or rotation and/or translation becomes especially precise. The method 

may comprise determination of the mean plane of symmetry in the plot. 

20 The mean plane of symmetry can be determined by calculating the mean 

angle of rotation / mean translation for pairs of image feature points having 

the same value in the mathematical combination. Doing this produces 

multiple estimates for the encoder offset and light pattern displacement 

allowing also for the estimate of the laser sheet angle. 

25 Light pattern calibration may also comprise selecting symmetric points, 

plotting of the rotation angle and/or the translation for the first point against 

the difference in the rotation angle and/or the translation between the two 

symmetric points, deriving a mathematical formula for the plotted lines and 

estimating the light pattern parameters. 



0303
Exhibit 1002 page 303 of 1005 

DENTAL IMAGING

WO 2011/120526 PCT/DK2011/050103 

45 

Alternatively, mathematical formulas can be derived for the curves that 

appear in some of the plots of the mathematical combination as a function of 

the angle of rotation or the translation. Given these curves and the 

corresponding formulas, the encoder offset, the light pattern displacement, 

5 and the light pattern angle can be estimated. 

Preferably, light pattern coordinates of the 3D object feature curves are 

estimated corresponding to a discrete number of values of angle of rotation 

and/or translations. These values should preferably cover the whole 

circumference and/or length of the calibration object. 

10 2D coordinates of the 3D object feature curves corresponding to a discrete 

number of values of angle or rotation and/or translation may be calculated 

from mathematical functions determining the 3D object feature curves. In 

order to determine the calibration parameters such as camera position, 

camera orientation, and camera optic parameters, pairs of 2D light pattern 

15 coordinates are compared to calculated 2D coordinates for a discrete number 

of values of angle or rotation and/or translation. This comparison preferably 

comprises using the Tsai or the Heikkilae algorithm. The advantage of the 

Tsai and the Heikkilae algorithms in this context is that they provide rapid and 

precise estimation of the calibration parameters such as radial lens distortion. 

20 Alternative methods for calibration comprise direct linear transformation and 

direct non-linear matrix transformation optionally in combination with an 

optimization procedure such as least squares to minimize the error. In these 

cases initial calibration parameters may be estimated to facilitate the 

convergence of the parameters during optimization. 

25 To improve calibration, precision outliers may be excluded from the 

calibration. Outliers can e.g. be identified in the plot of the mathematical 

combination of image feature coordinates against the angle of rotation / the 

translation or by back projection of coordinates after an initial calibration. 
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Two percent of the feature points deviating most from the back-projected 20 

image feature curves may be excluded from the calibration or at least 3 

percent, such as at least 5 percent, for example at least 1 0 percent, for 

example at least 12 percent, such as at least 15 percent for example at least 

5 20, preferably at least 25 percent, for example at least 30 percent, more 

preferably at least 33 percent may be excluded to improve calibration 

precision. 

In order to cover the whole circumference of the calibration object the 

discrete number of values for angle of rotation / translation may be at least 

10 100, preferably at least 240, for example at least 500, such as at least 750, 

for example at least 1000, such as at least 1200, for example at least 1500, 

such as at least 1800, for example at least 2000, such as at least 2400, for 

example at least 3000, for example at least 3600, such as at least 4200. The 

higher the discrete number of values of angle of rotation / translation, the 

15 higher the calibration precision. 

The highest calibration precision is obtained when using a rigid setup, which 

comprises mounting the calibration object onto mounting means. 

Fig. 15 shows an example of a scanner with a probe in an ear. 

20 The scanner 1201 comprises a probe 1202, where the tip of the probe 1202 

is shown to be partly inserted in the ear canal of a patient. Light 1203 is 

emitted from the probe tip of the scanner 1201 in order to scan the ear and/or 

the ear canal. 

25 Fig. 16 shows an example of scanner with an extra camera mounted. 

The scanner 1601 is arranged such that the ear 1604 and/or ear canal of a 

patient can be scanned. The scanner 1601 comprises a probe 1602, which 
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comprises a probe tip 1605 from where light 1603 is emitted from the 

scanner. 

The scanner 1601 is shown with a cut-off section such that the components 

inside the scanner 1601 can be viewed. The scanner comprises a light 

5 source 1606 which emits light 1603, a pattern 1607 which produces 

structured light from the light source 1606, a beam splitter (not shown), 

optical lenses 1608, and a camera or image sensor 1609 for capturing optical 

images. On the external portion of the scanner 1601 a camera 1610 is 

arranged, which is adapted to record images, for example as still 

10 photographs or video. The field of view 1611 of the camera 1610 is shown to 

be in the direction of the probe tip, such that the camera 1610 records 

images of, for example, the external part of the ear 1604. These recordings 

may be used as reference images for detecting the position and/or 

orientation of the scanner for example for coupling the scanned 2D images to 

15 a 3D position, and from this the position of the scanner 1601 relative to the 

ear 1604 is adapted to be determined. 

Fig. 17 shows examples of laser beams for guiding the position and 

orientation of the scanner. 

20 Both fig. 17a) and fig. 17b) shows the scanner 1601 and the ear 1604. 

In fig. 17a) two laser beams 1613 from two light sources 1612 arranged on 

the external part of the scanner 1601 guide the scanner operator (not shown) 

to hold the scanner 1601 in the correct distance from the ear 1604 for 

scanning. The laser beams 1613 cross each other at a point 1614, and for 

25 example when this point 1614 is at the external surface of the ear, then the 

scanner 1601 is in the correct distance from the ear 1604. 

In fig. 17b) two sets of two laser beams 1613, 1616 from two sets of light 

sources 1612, 1615, respectively, guide the scanner operator (not shown) to 

30 hold the scanner 1601 in the correct distance from the ear 1604 for scanning. 

The two sets of light sources 1612, 1615 are arranged on the external part of 
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the scanner 1601. The two laser beams 1613 cross each other at a first point 

1614, and the two other laser beams 1616 cross each other at a second 

point 1617. When for example the first point 1614 is at the external surface of 

the ear, then the scanner 1601 is in a correct first distance from the ear 1604, 

5 and when for example the second point 1617 is at the external surface of the 

ear, then the scanner 1601 is in a correct second distance from the ear 1604. 

The first distance may be the distance in which a first set of scanning images 

are made, and afterwards the scanner 1601 may be moved into the ear to 

the second distance to capture a second set of scanning images or vice 

10 versa such that the scanner 1601 is first arranged at the second distance to 

capture images and then the scanner is moved out of the ear to the first 

distance to capture images there. 

15 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 

20 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 

25 different embodiments does not indicate that a combination of these 

measures cannot be used to advantage. 

It should be emphasized that the term "comprises/comprising" when used in 

this specification is taken to specify the presence of stated features, integers, 

30 steps or components but does not preclude the presence or addition of one 

or more other features, integers, steps, components or groups thereof. 
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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 

5 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. 

10 

15 
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Claims: 

1. A method for scanning partly obstructed interior surfaces, where the 

method comprises: 

- providing a probe shaped scanner having an axis, where the probe shaped 

5 scanner comprises: 

• at least one light source configured to create and project structured 

light, and 

• at least one camera configured to record 2D images; 

- entering said probe shaped scanner into a cavity of an object, where said 

1 0 cavity is bounded by an interior surface of the object; 

- creating and projecting structured light from said light source of the probe 

producing a pattern on the interior surface of the object; 

- recording a series of 2D images of the reflection of the pattern from the 

interior surface using said camera; 

15 - combining said series of 2D images to obtain 3D real world coordinates of 

the interior surface; and 

20 

25 

- providing data and processing said data such that surface information for 

areas of the surface, where image scanning is not complete, is created. 

2. The method for scanning according to the preceding claim, wherein the 

method comprises: 

- providing that the camera comprises a plurality of sensor elements or a 

plurality of groups of sensor elements; 
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- varying the focus plane of the pattern over a range of focus plane positions 

while maintaining a substantially fixed spatial relation of the camera and said 

interior surface, 

where the combining of 2D images comprises determining by analysis of said 

5 2D images the in-focus position(s) of the focus plane for: 

a) each of a plurality of sensor elements in the camera for said range of 

focus plane positions, or 

b) each of a plurality of groups of the sensor elements in the camera for 

said range of focus planes, 

10 and where said 3D real world coordinates are from said in-focus positions. 

15 

3. The method for scanning according to any of the preceding claims, 

wherein holes in the surface information are registered. 

4. The method for scanning according to any of the preceding claims, 

wherein holes in the surface information are closed by fitting to higher order 

mathematical surfaces, such as second order, third orders, fourth order etc. 

20 5. The method for scanning according to any of the preceding claims, 

wherein holes in the surface information are closed by using information 

about where there exists no surface. 

6. The method for scanning according to any of the preceding claims, 

25 wherein holes in the surface information are closed by combining image data 

with other data than image data. 

7. The method for scanning according to any of the preceding claims, 

wherein holes in the surface information are closed by using other data than 

30 image data. 
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8. The method for scanning according to any of the preceding claims, 

wherein other data than image data comprises color, interference, angle of 

reflected light, and/or data from one or more other sensors than the camera. 

5 9. The method for scanning according to any of the preceding claims, 

wherein the one or more other sensors comprise a touch sensor, contact 

sensor, sonic sensor, and/or temperature sensor. 

10. The method for scanning according to any of the preceding claims, 

1 0 wherein part of the data of surface information of the left ear is used as a part 

of the data of surface information for the right ear, if there are parts of the 

right ear where surface information has not been acquired, and vice versa. 

11. The method for scanning according to any of the preceding claims, 

15 wherein holes in a scan are inferred or interpolated based on previous scans 

of the person's ear. 

20 

12. The method for scanning according to any of the preceding claims, 

wherein foreign objects in the ear canal are identified. 

13. The method for scanning according to any of the preceding claims, 

wherein identifying foreign objects comprises detecting reflections from the 

foreign object. 

25 14. The method for scanning according to any of the preceding claims, 

wherein a foreign object is identified by analyzing the difference in the 

reflected light from the skin and the foreign object, respectively. 

15. The method for scanning according to any of the preceding claims, 

30 wherein the method comprises using monochromatic light to illuminate the 

surface for analyzing reflected light. 
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16. The method for scanning according to any of the preceding claims, 

wherein the method comprises identifying foreign objects by correlating 

surface data with the 3D position of the specific data. 

5 17. The method for scanning according to any of the preceding claims, 

wherein foreign objects in the ear are filtered out from the images of the ear. 

10 

18. The method for scanning according to any of the preceding claims, 

wherein foreign objects are presented to the operator on a display. 

19. The method for scanning according to any of the preceding claims, 

wherein the foreign objects are coloured in a different colour on the display 

than the rest of the surface on the image. 

15 20. The method for scanning according to any of the preceding claims, 

wherein detecting hair comprises detecting and deleting single points on the 

images. 

21. The method for scanning according to any of the preceding claims, 

20 wherein detecting hair comprises having predefined information in the system 

about where hair normally grows in the ear. 

25 

22. The method for scanning according to any of the preceding claims, 

wherein detecting hair comprises detecting the root of the hair in the skin. 

23. The method for scanning according to any of the preceding claims, 

wherein detecting hair comprises detecting the thickness of the hair. 

24. The method for scanning according to any of the preceding claims, 

wherein detecting hair comprises detecting the movement of hair when the 

30 probe touches the hair. 
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25. The method for scanning according to any of the preceding claims, 

wherein determining whether scar tissue is fresh or old, when detecting a 

foreign object in the form of scar tissue. 

5 26. The method for scanning according to any of the preceding claims, 

wherein color filters are applied to the light source. 

10 

27. The method for scanning according to any of the preceding claims, 

wherein the light source is adapted to emit different colors. 

28. The method for scanning according to any of the preceding claims, 

wherein the light source emits multi-colored light. 

29. The method according to any of the preceding claims, wherein the light 

15 source emits monochromatic or near-monochromatic light but switches 

between different colors in time. 

20 

30. The method for scanning according to any of the preceding claims, 

wherein the size of regions of the emitted light pattern is 20x20 mm. 

31. The method for scanning according to any of the preceding claims, 

wherein the size of the regions of the emitted light pattern is 1Ox10 mm. 

32. The method for scanning according to any of the preceding claims, 

25 wherein light with different polarization is used. 

30 

33. The method for scanning according to any of the preceding claims, 

wherein the polarization state of the emitted and/or the detected light is 

controlled. 
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34. The method for scanning according to any of the preceding claims, 

wherein the light source is a laser and light from said laser is guided to 

impinge on the surface in a small spot. 

5 35. The method for scanning according to any of the preceding claims, 

wherein there is more than one light source in the probe shaped scanner and 

the different light sources are alternately turned on and turned off. 

36. The method for scanning according to any of the preceding claims, 

10 wherein the light source emits infrared light. 

37. The method for scanning according to any of the preceding claims, 

wherein the optical resolution of the scanner is 100 µm or higher. 

15 38. The method for scanning according to any of the preceding claims, 

wherein the method comprises detecting the hardness under the skin in 

different parts of the ear canal. 

39. The method for scanning according to any of the preceding claims, 

20 wherein light with different wavelengths is used to detect the hardness under 

the skin in the ear canal. 

40. The method for scanning according to any of the preceding claims, 

wherein the light used for scanning comprises one or more narrow laser 

25 beams co-propagating with a broader light beam. 

41. The method for scanning according to any of the preceding claims, 

wherein the hardness under the skin is evaluated by detecting the reflected 

pattern of light, calculating the size of the regions of the pattern, and 

30 comparing this size with the regular size. 
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42. The method for scanning according to any of the preceding claims, 

wherein the scanner comprises guide means adapted to assist the operator 

in holding the scanner in the correct distance and/or position relative to the 

ear. 

43. The method for scanning according to any of the preceding claims, 

wherein the guide means is two laser beams, and when the two laser beams 

are crossing each other at a point on the ear, the distance between scanner 

and ear being correct for scanning. 

44. The method for scanning according to any of the preceding claims, 

wherein the guide means comprises a first and a second set of two laser 

beams, and when the first set of laser beams are crossing each other at a 

first point on the ear, the distance between scanner and ear is correct for 

15 scanning of a first region of the ear, and when the second set of laser beams 

are crossing each other at a second point on the ear the distance between 

the scanner and ear is correct for scanning of a second region of the ear. 

45. The method for scanning according to any of the preceding claims, 

20 wherein the ear is scanned in a first configuration where the mouth is closed, 

and in a second configuration, where the mouth is open. 

46. The method for scanning according to any of the preceding claims, 

wherein the image data of the first and the second configurations are merged 

25 into one image by means of CAD. 

30 

47. The method for scanning according to any of the preceding claims, 

wherein a touch sensor is arranged in connection with the scanner, such that 

the touch sensor is adapted to register contact with the skin. 
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48. The method for scanning according to any of the preceding claims, 

wherein the touch sensor comprises a tactile component at the probe tip. 

49. The method for scanning according to any of the preceding claims, 

5 wherein the touch sensor is a capacitive sensor. 

10 

15 

20 

25 

50. The method for scanning according to any of the preceding claims, 

wherein the direction of the ear canal towards the ear drum is determined by 

means of image data and/or one or more other data. 

51. The method for scanning according to any of the preceding claims, 

wherein a motion sensor is arranged in connection with the scanner, such 

that the motion sensor is adapted to perform a motion measurement of the 

scanner. 

52. The method for scanning according to any of the preceding claims, 

wherein an orientation sensor is arranged in connection with the scanner, 

such that the orientation sensor is adapted to perform an orientation 

measurement of the scanner. 

53. The method for scanning according to any of the preceding claims, 

wherein the scanner comprises a number of marks in its cover, such that an 

operator can visually determine how far the scanner must be moved into the 

ear canal. 

54. The method for scanning according to any of the preceding claims, 

wherein a user interface of the scanner is adapted to direct the operator to 

insert the probe a certain distance into the ear canal. 



0316
Exhibit 1002 page 316 of 1005 

DENTAL IMAGING

WO 2011/120526 PCT/DK2011/050103 

58 

55. The method for scanning according to any of the preceding claims, 

wherein a user interface of the scanner is adapted to direct the operator to 

move the probe a certain distance in any three-dimensional direction. 

5 56. The method for scanning according to any of the preceding claims, 

wherein the shape of the probe prevents it from reaching the ear drum. 

57. The method for scanning according to any of the preceding claims, 

wherein a camera, such as a second camera or a video camera, is arranged 

10 in relation to the scanner such that it is configured to record images, from 

where the position of the scanner relative to the ear is adapted to be 

determined. 

58. The method according to any of the preceding claims, comprising 

15 determining the relative position and orientation of the scanner during 

successive scans with at least one sensor. 

59. The method according to any of the preceding claims, where the data 

that are provided and processed to create surface information, are obtained 

20 from the recorded 2D images. 

60. The method according to any of the preceding claims, where the probe 

shaped scanner has an axis and where a scan around the axis is performed. 

25 61. A scanner system for three-dimensional scanning of interior surfaces, 

said scanner comprising: 

- a probe shape scanner configured to be entered into a cavity, said probe 

shaped scanner comprising 
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• at least one light source adapted to create and project structured light 

producing a pattern on the interior surface of an object, where said light 

source emits light from a point of emission; and 

• at least one camera, adapted to record 2D images of the pattern, 

5 where the camera accumulates light at a point of accumulation; 

10 

15 

- a data conversion device adapted to convert 2D images into 3D real world 

coordinates, 

- a data processing device configured to create surface information for areas 

of the surface, where image scanning is not complete. 

62. The scanner system according to claim 61, wherein the probe shaped 

scanner has an axis and the at least one light source and the at least one 

camera are adapted to perform a scan around the axis 

63. The scanner system according to claim 61 or 62, wherein said data 

conversion device and said probe shaped scanner are integrated in one 

device. 

20 64. The scanner system according to claim 61 or 62, wherein said data 

conversion device is part of a separate unit, such as part of a personal 

computer connected to said probe shaped scanner. 

65. The scanner system according to any of claims 61 to 64, wherein said 

25 data processing device and said probe shaped scanner are integrated in one 

device. 

66. The scanner system according to any of claims 61 to 64, wherein said 

data processing device is part of a separate unit, such as part of a personal 

30 computer connected to said probe shaped scanner. 
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67. The scanner system according to any of claims 61 to 66, wherein said 

data processing device and said data conversion device are comprised in 

one integrated conversion and processing device, where this integrated 

conversion and processing device and the probe shaped scanner may be 

5 integrated in one device. 

68. The scanner system according to any of claims 61 to 67, where the 

system comprises a nontransitory computer readable medium having one or 

more computer instructions stored thereon, where said computer instructions 

10 comprises instructions for conversion of 2D images into 3D real world 

coordinates and/or for processing data. 

69. A hearing aid device obtained by from a 3D model of the interior surface 

of an ear, where said 3D model is obtained by the method according to any 

15 of claims 1-60 or by the scanner according to any of claims 61-67. 

70. A computer program product comprising program code means for 

causing a data processing system to perform the method of any one of 

claims 1-60, when said program code means are executed on the data 

20 processing system. 

71. A computer program product according to claim 70, comprising a 

computer-readable medium having stored thereon the program code means. 

25 71. A nontransitory computer readable medium storing thereon a computer 

program, where said computer program is configured for causing computer­

assisted scanning of partly obstructed interior surfaces. 
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3. D Claims Nos.: 
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Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

There are at least 3 unrelated inventions (See explanation on extra sheet): 

A: Claims 1-60, 69-71. A method for scanning partly_obstructed interior surfaces for creating a 3D 
model and a hearing aid device obtained using this method and a computer program product 
executing the method. 

B: Claims 61-68. A scanner system for carrying out three dimensional scanning of interior surfaces. 

C: Claim 72 (numbered 71 in the application). A nontransitory computer readable medium storing a 
computer program for causing scanning of partly obstructed interior surfaces. 
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There are at least 3 unrelated inventions: 

A: Claims 1-60, 69-71. A method for scanning partly obstructed interior surfaces for creating a 30 
model and a hearing aid device obtained using this method and a computer program product 
executing the method. 

B: Claims 61-68. A scanner system for carrying out three dimensional scanning of interior surfaces. 

C: Claim 72 (numbered 71 in the application). A nontransitory computer readable medium storing a 
computer program for causing scanning of partly obstructed interior surfaces. 

From the document WO 0216865 A2 (3SHAPE) 28. February 2002 (hereinafter denoted 01) it is 
known to make a direct scan of the ear canal of an individual in order to establish three dimensional 
model of the dimensions of the ear canal ( see page 17, lines 5-13 and page 58, line 16 to page 59 

line 29). The scanner system used for the method may comprise a probe shaped scanner (figures 3 
1-35) having an axis, where the scanner further comprises a light source to create and project 
structured light (se page 59, line 15-16) and a camera recording 20 images of the reflected pattern 
from the interior surface. Series of the 20 images are used for obtaining 30 plots of the interior 
surface. Further, from 01 it is known to fill in "holes" in information by interpolation. 
Therefore, the method of claim 1 and the apparatus of claim 61 are both known from 01. 

Hereinafter, claim 2 and claim 62 do not share any inventive feature beyond what is known from 
01 because claim 2 is related to a method where the scanner system is varying the focus plane of 
the pattern while claim 62 relates to a scanner being able to perform a scan around its axis. 

Accordingly, there is no inventive concept binding the to claims together and unity can not be 
acknowledged between inventions A and B. 

Invention C does not in anyway relate to invention A because it merely discloses a nontransitory 
computer readable medium without defining any computer program steps/algorithms for carrying 
out the method disclosed in claim 1 . 

Accordingly, unity can not be acknowledged between invention A and C. 
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