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
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Drawing

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.
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PTO/AIA/M4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

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

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

0079124-000266

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:

[

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor [1

Remove

Legal Name

Prefix| Given Name

Middle Name

Family Name

»| Henrik

DJELUND

Suffix

-

Residence Information (Select One)

US Residency

e Non US Residency

Active US Military Service

City |Lyngby

||country of Residence |

S I

Mailing Address of Inventor:

Address 1

Kulsvierparken 55

Address 2

City | | yngby

State/Province | |

Postal Code

DK-2800

Countryi

| |DK

Inventor 2

Remove

Legal Name

Prefix| Given Name

Middle Name

Family Name

Suffix

~| Pavid

FISCHER

4

Resﬁience Information (Select One)

US Residency

(® Non US Residency

Active US Military Service

Btenlese

City

||Country of Residence |

Px

Mailing Address of Inventor:

Address 1 Radyrleddet 16

Address 2

City Stenlgse State/Province | |

Postal Code DK-3660 Countryi | pK

Inventor 3

Legal Name
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number | 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

[+ Karl-Josef HOLLENBECK ]
Residence Information (Select One) US Residency  (8) Non US Residency Active US Military Service

City |Kebenhavn@ || Country of Residence i | |

Mailing Address of Inventor:

Address 1 Ribegade 12 3.th
Address 2
City | Kebenhavn & State/Province | |
Postal Code | [pr-2100 Countryi | K

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

Add

Correspondence Information:

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

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

Customer Number 21839

Email Address | AddEmail | |Remove Email

Application Information:

Title of the Invention SYSTEM WITH 3D USER INTERFACE INTEGRATICN
Attorney Docket Number| 0079124-000266 Small Entity Status Claimed [ |

Application Type Nonprovisional -
Subject Matter Utility -
Total Number of Drawing Sheets (if any) 5 Suggested Figure for Publication (if any) | Pa

Filing By Reference:

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

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). ]
Application number of the previcusly Filing date {YYYY-MM-DD) Intellectual Property Authority or Country |

filed application
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PTO/AIA/M4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

0079124-000266

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. | 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

US Patent Practitioner

O Limited Recognition (37 CFR 11.9)

Customer Number D1

839

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.5.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.5.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 | Patented ~ Remove
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
reissued of ~| (13991513 2013-06-04 9329675 2016-05-03
Prior Application Status | Pending v Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
13991513 B 371 of international ~] PCT/DK2011/050461 2011-12-05
Prior Application Status | [Fxpired -
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
PCT/DK2011/050461 Claims benefit of provisional [~] 61420138 2010-12-06
Additional Domestic Benefit/National Stage Data may be generated within this form Add

by selecting the Add button.

EFS Web 2.2.13
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PTO/AIA/4 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032

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

. Attorney Docket Number | 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 (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)
PA 2010 01104 DK P010-12-06
Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed hefore March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

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

. Attorney Docket Number | 0079124-000266
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 B in subsection 1 below).

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

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

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

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQ), the Japan Patent Office
{(JPO), the Korean Intellectual Property Office (KIPQ), the State Intellectual Property Office of the People’s Republic of
China (SIPQO)}, the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1).

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

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
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
[ ] 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
[ ] 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.
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number | 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 Title 37 of CFR
to have an assignment recorded by the Office.

Applicant {1

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.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

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

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

vI

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name BShape A/S

Mailing Address Information For Applicant:

Address 1 Holmens Kanal 7, 4. sal

Address 2

City Copenhagen K State/Province

Country | pK Postal Code DK-1060
Phone Number Fax Number

Email Address

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

Assignee Information including Non-Applicant Assignee Information:

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

Exhibit 1002 page 8 of 1005
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number | 0079124-000266

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEM WITH 3D USER INTERFACE INTEGRATION

Assignee 1

Complete this section if assighee 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 assighee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. X
Organization Name hShape A/S
Mailing Address Information For Assignee including Non-Applicant Assignee:
Address 1 Holmens Kanal 7, 4. sal
Address 2
City Copenhagen K State/Province
Countryi DK Postal Code DK-1060
Phone Number Fax Number
Email Address
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by o

selecting the Add button.

Signature:

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 USPTO 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 [/Stephany G. Small/ Date (YYYY-MM-DD)| 2019-07-30
First Name | {Stephany G. Last Name | Small Registration Number | 69,532
Additional Signature may be generated within this form by selecting the Add button.
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number | 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 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, Alexandna, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related tc 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.5.C. 2(b}(2); {2) furnishing of the informaticn 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 tc the following routine uses:

1 Theinformation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.5.C. 552) and the Privacy
Act (5 US.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. Arecord 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 Arecord 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 tc the subject matter of the record.

4,  Arecord 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. Arecord 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 Internaticnal Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

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

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

8.  Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.5.C.
122(b) or issuance of a patent pursuant to 35 US.C. 151. Further, a record may be disclesed, 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 cr 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. Arecord 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 viclation of law or regulation.
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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

et e e e N S N S S e
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SYSTEM WITH 3D USER INTERFACE
INTEGRATION

I

TELD OF THE INVENTION

This mvention peneralby velates w8 method snd 2 system
SONRPriFIng 4 ha‘)dhdd devies and af least one display.

BAUKGROUND OF THE INVENTHON

3D visvalizationis mporiant inmany felds of indvstey ad
medicine, wiers 3E informstion is beceming more and more
pmdumin'mt

Displaying snd inspeoting 3D fnfonmation s fnbevently
difficul. To fully nnderstand 2 3D object or entire environ-
ment on & screen, the user should generaily be ahle w rotate
the object or soene, such that many or prd‘crcnﬁallv afl sur
faces are displayed. This is true even for 3D displays, e

siereoscopic or hologmphic, where from & given viewing

s 9,329,675 B2

2

measueing sad opudpubaing, aoad for romotely controfling the
view of the 313 environment og the display.

Geometrically, a view is detenmined by the virkeal ohaery-
erigfcamery’s pmi i and ertentation relative to the 31 eavi-
ruiment or its visved representation. I ihe display is two-
dimensional, the view s also deteomined by the 1ype of
pn.{;u.imn.ﬁhu:&k iy also be detenuined by anwgnification
{actor.

The virtual observer’s and the 3D environment’s position
anl oreniaiion ave ahways relative fo each other, by terms of
user exporioncs i software systens with 30 nput devices,
the wser may feeld that for example, be'she s moving the 310
erviremment while rmeining siattonary bimselFherseli,
there s always an equivalent movement of the virwal
observerfcamers thet gives the same resualts on the display.
Ofien. deseripitons of 3D sofiware systoras wso the expros-
siot “pan’ to indivate an app;ire-m translational movement of
the 3D enviromment, “mtate” fo indivate & rotations] move-
ment of fhe M epvironment, and “woom™ o indicate a change

position and with a given viewing sngle, the nserwil] only see 20 HIE e
sogrie surlaces of an arbitvary 3D envionment. Often, the user in magnification factor.
will also waal to 2o ot delils or zoowm owd for &o over- CGraphically, & view can represent a 31D environmoent by
view. wicans of photographs or as some kind of virtual representas
Various nser taberaction devioss are use for sofiware that thon such as o comgputer graphie, or stmilee A computer
displays 302 data; these devices are: 3D mioe, space balle, and 23 graphic can be rendered for example with texire andior
touch screens. The eperation of these awrend itersction chading andior virtal light soveces sndfor Hght models for
devices requires physically tenching them. surface properties. A compaier graphic caa gl be g simpli-
Physically fouching @ nser-intemotion devive van be adis- fied representation of the 31 ewvironment, fr example a
advaniage i rmedical applications due o risks of ross-con- ; mesh, @ cutline, or an otherwise simplified representation,
um_,.m_m;m b§?$ u-»ni_pﬁi_{t Bts o ?}i“‘%ﬂ patieat and opemtien. M i or parts of the D environment cant also be rendered with
o 1 trediiet i ad o Datc s P T W@
o ;: 0 “?m“ i“m’;‘“‘““‘m%’ ’:1 (fm} "'*‘“‘?I‘;mf?“ some dogres of tanspareney, A view may represent the 3D
L Y aFy . 3;"' _\~‘.§\_\ E " o ,._}1
SI3 BON-RQUCH LSS NCIACDS AR VIOWINZ I b nent in total or oaly pants thereof.
medical applications have beien desvribed in the Hermure, N P -
ey . Alof the tonch-less prioy st systens are 32 user kieriboe
\ngl ot al {2004) describe @ fouct I]ts% ideractive sysfemn for o ) AN P S
. v devices only. In raany pror ant appHeations, the opemter
m-site visudization of 3D medien! imuging daw. The wser ¥ wsing such wser interice device will s hold and work with
nterface iv based on fracking of reflective markers, where a G ST el | s YL ARG BGT A
camera is mounted un fie physiclan’s head. Gractrel ot af ansrther device that really 1s tie conteal device in the overall
- N ™ - ‘ v o Vowytie x selaval eyl
{2004} deseribe a touchless systom that nterprats hand ges- asppu:.a&u kegd m@d,ua} ‘?}”““”“‘“; 3 -
fres as mouse actiogs. Tt s based on stereo vision and it s s anﬁadw.mi: 2¢ 03 ;‘hc presemd system that i}s. .')U
indended for ese i minimally fnvasive surgery, & user-wiorface functicnality is itegrated 0 the contrad device,
H reaains o problom 1 (mprove systeas thidt rgnire bser which is used for performing sonce kind of action,
frdierfiices forview oontrol, whick i examplecan be used for In some anbodiments the andheld device ts adapted fr
chirdes] puposes. remotely contoiling the mapnification with wiich the 3D
ensironment is represeaiad on the display.
SUMMARY 0 Inosome anbodiments the bandhold dovice is adapted for

Disclosed s axystom comprising a handbold device and at
feaut one display, where the bandbeld dovice s adapted for
performing st least one action in s physical 3T emvironment,

changiag the rendering of the 317 environment on the display.
In sonte cavbodinents the view is defiaed as viewing angle
ancinr viessing position.

I s unhndnnuﬂa Fhie at lesst one 3eRon L fses one

where the al least one display s adapted for visually oepre- 3¢ or move of the setions off
senting the physiond 3D environment, and where the handheld mneasaring,
device s adapted for remotely controlbag the view with recording,
which said 30 aovirenment 1 represemed on the display. SORNIHMY,

The syutem may be adupied for switching between per- rnaiprlating,
fornuing the af least one action in the physicad 3 envbron- 5 modidving.

ment, d remotedy coutrolling the view with which the 33
enviromment is represented on the display.

The systen disclosed here parlorms the integration of 30
wser interfice functionality with any other handheld devive
with other operating Nunetionality stich that the operator ide-
ally ondy wuches this latier device that i intended fo be
tonched. A particolwr examaple of such a handheld doviee is
one that records some 313 geomeiry, For example 2 handheld
3D soanney

The Emmﬁu.id device is 4 muli- -pugpose device, such ws
dual-purpose or two-purpose deviee, ie. a device hoth for
performiog sctions o the physical 3D apvironment, such as

gy

n seme embodimenis the 31 enviropmend comprises eni
or mose 3D objects.

In sopwe embodinments the hundbeld device is adapted o be
field in one hand hy an operator,

In seane ernbodiments the dsplay s adapted to reprosent
the 30 eavviromunent froms muliiphe views,

In some embodiments the cihplay iv adapted 1o represent
the 3D enviromment from different viewing angles andior
View i positiens.

I somme embodiments the view of the 3D eaviromoent in
the at least one display is at least patly determined by the
raotion of the operioc’s hand holding said device
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Insome embodiments the magnificetion represonted i the
at least one display is at least pmlx dcinrmmw by the motion
of the operator’s hand holding said devi

In some embodiments the handheld cia.\gce i5 ackapiad Yo
vecord the 30 geemetey of the 3D eavironmaent.

Thus the handhel? device may be an woiracmd densed ccan-
ner, which records the 31 geometry of 3 patient’s leeth. The
operator may move the scanrer sloag the teeth of the patient
for capturing the 3D geometry of the relevam testh, e.g. all
teeth. The scanner way comprse motion sensess for shing
he mpvvermant of the svanner o account while creating the
A1 meodel of the scanved feoth,

The 30 maded of the weth ray e shown on adisplay, sad
the display iy ia,z ek mxple he 5 P(“ sereet and for the tike.

The uses prporat-
g mchn SEHEODS I8 the scanmer m pms xdae Lh\u ihe UL BN
determine e view on the sereen by moving the scanner.
Polisting the scanner down can provide that the scaaned teeth

s 9,329,675 B2

4

is adapted for remotely controfling the view with which the
3 emvionment, such as scaoead tecth, Is represented on the
ciiarhv Whike holding the button pressed the system will wse

ignals from a motion senser in the handheld doviee w deter-
nxine how B present the view of the virtual 3D envismment.
Thus, 3 e uwser wimns or othenwise moves the hand that belds
the haadbeld device the view of the virteal 3 eovircumers
on the display will change accordingly.

Thus, the dentisi may mse the same handheld device for
both scanaing s aren snd subseguesdy verifving that the
sean has been executed correctly withowt having o move
aowey Tt the pelient or fouching any other egquipment than
srendy present in his haeds

1n one embodiment the psep-interface clenwnt is the same
as the acivator, of where severs] user-intectace elements are
present ot least one also functions a3 an sctuaior.

The system may beegu ipped witha botton 2s an additiond
clement providing the wser-dnterfice functionality,

are shown given & downward viewing sogle. Helding the
scanner in s horizontal position can provide that the viewing 20 {5 sn example the hendheld device Is 3 handbeld intraceal
angle is likewise hodzontal. seannen sad the display s a computer sereen. The opeater or

In some enthodiments the haadheld devics comprises maermay be w dentist, an assistant andfor the like. The opers-
least one user-hverface eloment. A pser-interfiice eloment is tion fmetiosality of e device may be w recond some
anelement which the user may manipulate rorder o activate infraordd 3D geometry, and the wser inwcthee functicaality
a fenction on the teer interface of the software, Typically the 25 may be to rofate, pan, and oo the scanned daa on the

use interfsoe iy gonphically prosented on the dmg}ay of the Commgter sersen.
systems. o ) e In some embodiments the ot least one vser-interface ele-

The handheld device may furthermore be provided with an et is at Jeast oie MOton Sensor.
actuator, which switchey tee handheld deviee beiween per- _ Fhus the integration of the user interface functionality in
forming she at feast one action and remotely controlfiag e 5 e device may be provided by motion sensors, which can be
siow. Hy providing such 4 wanual swiching fueetion that o omeroes inside the s seanner, swhose readings detenmine
enables the sperator o switch between parforming the ot heast the olentation of the Ssalay < )

& orierdation of the display on the screen ofthe 3D modal of
one gction ad emoiely comtroliing the view, fhe opemtar the teeth geauiced by fhe scammes. Additions! functionstive
may easily contl what is performed. ? teeth aequited BY Jhe stannar ACGROR heHensity,

Suchan actusor o for example be nthe foomofa botton, 35 98 o startistop seming, may be pmv;ded Ry o butog. 1
switch or comtact, In cthor embodiments it could be a tonch buttony may be focated where the opemtor’s or wser's index
senaitive surfice or element. finger can reach it coovendently,

I another smbodiment fhe actuator could be a motion Prioy et iniraorad scanners use & ouch scroen, @ trackball,
sensor provided in the handheld device that function as the  ©F amouse 1o detenuine the view in the display. These prior
acfuator when £t registers 3 speoific type of movement, for & i user interfice devices can be nconvenient, awkward aod
example it the operaior shakes the handheld device. diffiendt {0 nse, and they can be labor-iidensive, and fhus

amples of such motion sepsors will be deseribed herein costly to sterilive or distudect. An htreos] seanner shoukd
with respect to the nserinterface eloment, however, the per always be disinfected bebween scanning different pationts,
son skifled in the art will based on the disclosure herein because the scanner is in and may corne i contact with the
undenstand that sweh motion sensors may also be used 85 435 mowuth or other pards of the pationt being scanned.

actuatons as Giscussed.

For examaple, the haadheld dovice can invone embodimen
s an inira-oral 30 scanner peed by a dentisi. The sanaeris
el jo be performing the acos of scaming a dentad ares when

the actuabar i3 1B one position. When the actusfor s seitehed so

i 3 secoxd position the handheld is set fo conten] the view
with which the 30 oo irommeni is representod on the display
This could for examgpde be thiat when the dentist have seamed
apattt of or the complete desired aren olan demal arch he can
gefivate the sctuator which then aliows the dentist to remotely
coreo] the view of the 3 represematicn of the scanned wrea
o the display by using the handheld device,

For example. the actuator could be a button. When the
buzon v prossed quickly the handheld device i propared for
scamrting, Lo i s s far perfovming st least one sciion, the
SEAINRNG, pmxefium m the physcal 3D eavironment. The
scasmin& ix siopped when the hution is pressed guickly a
second tie.

While the scanning 1s pecfoomed a viriual 3D eoprosents-
tion i visually built on the display.

The nser can now press and hold the buttos This will put
the handheld o 4 controller mode, wheee the haadheld device

7
5

gy

Thee operator or user, e.g, Jentist, may use one band or both
hands o hokd the fnivsorm] scanner while scenning, and the
scanuer nuy be hght encaogh amd comfortabie B be feld with

Jstane hand for & onger thne while scanning.

T device can alsa be hedd with one or two hands, whibs
using the device as ramot costrad for o.g. chamging the view
tathe displagy. It is an advantage of the toucldess user loderfice
fugetionality that in clintoal situations, the operstor can main-
tai both hends clea, disiafected, or even steile.

An advantage of the system s that i allows an Herative
pocess ol workdng i 30 erwiremm uii without sedessing the
handheld device dm‘mg said process. For the above Istracral
BOUNNERG SYSUm n\nmpk. the opersior, o dentisi, can
record some teeth swrface geonairy with a m;wm I device
that s an {ndraord sconner, spect comver, age of the surlace
recording by using tha same handbeld device v move, 2.
rotate, the recorded surface on the dxxpi\w S wsnpm
sereen, detect possible £9ps oF holes i the coverage of the
seannad teotly, and then Yor example arrange the seanner inthe
region whire the gaps were loeated and continue recording
feoth surface geometry there. Over this entire ftevathve oyele,
whichear be repeated meee thao cioee, such 35 asmany times

Exhibit 1002 page 27 of 1005

0027 DENTAL IMAGING



J

U

5

(¥ 1]

as reguived for obtaining a desired sean coverage of the tseth,
fhe dentist does pothave jo ey the handheld intraorad scanner
out of his or her haads,

I somme embodiments, the 317 vser fterfios foncdoneliy
is cxploited iy a sepacste jocation than the up;.mtmn_tsnutsmb
ality. For the ahove infeaoral so .331(&1;15 systam axample, the
scanning operation 13 performed in the oral cavdty of the
pationt, while the user interface Burctionality is more Bexahly
sxplofted when the scanney i8 puiside the patlent’s mouth.
The key cheracteristic sud adwmiage of the syste, again, 1s
fhat fhe dentist can explodl the dusd and integrated funstion-
afity, that is opeation and sser gerfee, of the svanner with-
svuet Jaovieng 40 oout of bas or ber haeds.

The abowe infraoral scanndng system s ao exammple of an

s 9,329,675 B2
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In some ombodiments the second deplay Indicates where
the hondh 1 i i; Adoe is positioned refative to the 31 anviron-
e,

1a somie embodiments the st display anddor e second
display provides imstructions for the opetee.

The displaysd con be areanged mumph ways. bor
examgle, they can be raowted onoa wall, placed on some sort
of siand or a cart, placed o a ek or desk, or other.

In some srmbodimends ot least one display i monntad on
the device iself Tt can be advantageos o bave 3 disphy o
the device iself becanse with such an aresngement, the npers-
tor's eves ned not Foous altovmtingly between diffevent dis-
tances, o some cases, theoperating Ranctionadity nuey require
a close look at the device and de viciuity of the 3D saviron-

embodiment. Other examples for opersiion fanctiopality or 15 ment i operates in, and this may beat o disisnce st most as far
periorming aetions conld be drilling, welding, grinding, out- Away as the opentor's hand. Hspecially in crowded environ-
ting, soldering, photographing, filming, measuring, execut- ments such us dentist's clinkes, suegical speretinn theatres, or
g soane strgical procedure et idustirial workplaces, it may be difficalt {o place an extemal
The display of the system can be a 2D computer sereen, display closely fo the device,
AFtdisplay that projects stereoscopic mage pmn, avolumet- 2 Insomecmbodiments visual information is provided fo the
ric displey oroating a MO offecy, sueh as 2 swept-volume Cperior o G of wiore mmeans other than the st display,
digplay, 2 staic volwme display, 2 pambax ‘barris:r display, a In some embodiorents sudible indormation © the oparador
hologeaphic «:‘iisp 3y ote, Even with a 3 d'splay, the operater 18 provided i the operator.
b only one viewing postiion and viewing angle relative to Thus in some cmbodiments, the system provides addi-
the 3D environment st & e, The OPEIEOL CA MOVe higsher 25 tonad information to the operator. In some embodiments, the

head o sssuine another viewing position anddor viewing
angle physically, hut generadly, 1t msy be more eorvenient 1o
wse the handheld device with ity Suift-in veer imerfioe fine-
toeality, © k~ the romote conteatling, ko dnsug_ the viewing
posiiion andfor viewing sugle represented o the display.

T some embodients the sysiem comprises woltiple dis-
plays, or one or more displays that are divided o regions.
For examyple, severad sub-windows ona PO sonen oon mepri-
sept dilfessnt views of he 30D aawvironmerd, The huodbeld

device can be used to change the view 1o #l} of them, oronly 3

some of them.

T some cobodiments the wser interface functionality com-
priseg the use of gestures.

Gostures made by e.g. the operator can be used to change,

3
"o

system dnchrdes other visual clues shownon means other thant
the display(s), such as LEDs on the device. In some ambodi-
meeds, the systera provides audible information o the opers-
tor, for examrgre by Jifferent soands sadfor by speech,

Said snformation provided {o the operstor can comprise
tastruetions S wse, wamiugs, and the Hike.

The information can aid with impeoving the aclion parfor-
wanee of operation usctonahiiy of the device, for example
by indicating how well an sction o apaeation s bong pet-
formed, andor instructions to the operator simed 3t mproy-
ing the ease of the action oroperation andfor the gquality ofthe
action or operation’s resulis, For example, a LED can change
in color sudior flashing frequency. In a scanner, the informa-
thon can relate o how well the seanned 30 eavivonment & in

shift or togale bebwee sub-windows, and the wer-mterdface & foous andior o sean quality andfor 10 sean coverage. The
fanctionaiity can be Hmited 1o an active sub-window or one of mformationcancomprise Instructions on how hest 1 position
several dmph}a. the scanmer such s {0 sfam good scan quality andior sean
In some embodiments the gostures we sdapled @ be ooverage. The nstructions can be wsed for planaing andéor
defected by the sl feast cne mwdion sensor, Gestures ©8n performing hracket placement. The insiruciions can be inthe
aftermtively andfor addifionally be defected by range semsors 45 fonm of & messenger systom o the operstor,

or ether sensors that record body motion,

The operator does not have to wsx\iamlv wateh the st least
ane display of the system. 1o mary applicaions, the openter
will shifi between viewing aad possible manipuhating the
display
device, Thas #f 1s an advantage thet thee operaior does sothuve
{0 touch other user interface devives, Howover, In some cases
3 sy nod be possible for the operator t Ry avold tvuching
ather devices, and i these coses 1S w0 advaniage that fewer
fouches are pequired compared 1o @ system where 2 hadheld
device does not provide any aser iderfece Muctionl ity at il

In some embodiments the af least one display s arrapged
separate from the handbeld dindee.

I sopwe embodiments the at loast one display is defined &

a first display, sad wheve the system fwriher comprises a
second display.

Tnsome embodiments the second display is ananged on the
handheld device,

Tsome smbodiments the second display is arran §_.Qd ot the
handheld device in a position such that the dhpid\ is ad.xpwd
tw be viewed by the operator, while the operator Is oporating
the haatheld device.

and perforoing anothir operation with the handheld 5o

7
5

n
e

B

In some omb mh nepts, seine 3D user inerfhos finctional-
iy is provided by ot least ore motion sensor bailt o the
device. Hxamples of molion sensore are avcelerometers,
ey, sxd mapnenaeters andior the dike. These sensors can
sense rofations, lateral motion, andfor combinations thereol.
Ciher motion sensors use ndrased seasing. For example, at
least coe draced sensor can be mowsted on the deviee and o
feast one tndrared enntier can be mowited i the surroundings
of the device, Comversely, the 2t feast oue omdlter can be
mounfed on the device, and the at least one sensors in the
surrcindings. Yet suother possibility 35 1o use tafrared reflec-
{or(s) on the device and both sensor(s) and emitter(s} on the
surpundings, or again conversely, Thus motion can be sosad
by a vagiety of principles.

Through proper signal processing, SOMS SensOrs Can ree-
omize edditional operetor actions: for example gestires such
a3 taps, waving, or shaking of the handheld device. Thus,
these gostares can wso he explotied in the 30 user nferfhoe
Tunciionality.

In soroe gobodimernds tie handheldd device coraprises st
least two wmotion sensors providing sensor fusion. Sensor
fusion can be used 10 schdeve o better motton sigaal foom Tor
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sxaraple raw gyro, accelerameter, andéor magretomater data.
Sersor fusion can be implemented i 10s sueh as the
{nvenSense ML 3006,

In some embudimments the bandheld device comprises at
beast one wser-dnierface clement other than the at least one
TIEHON SETSGE

In some enabodimerds the ot least one other wser-inderfacs
element B a2 toush-sensitive eloneat,

In some sabodiments the at hoast one other wser-dniertace
elemend 3 3 buliow,

I s embodinents the ot least one other mser-mierfice
chement s 2 soroll-wheel.

I some embodimerns, veer interface funeBonality is pm-
sided throuph sddiGona] clements on the device. Thus these
additionsl elements can for example be buitons, sarolf
whesls, tonchsensitive fields, proximity sensors andfor the
ke,

The additional user interfee clemeonts ¢

van be explodted or

piilized in o workilow suttable for the Held of spplication of
the device. The workflow may be implemented in some user

softwarne -zpplicatiun hat may abo contrd the display and
ths the view represonted theror A giver: interface elemend
can supply multiple nsey inpus to the software. For exmnple,
a butionoan provide both a single click and a double olick. For

*\ambh a double click can mewn o sdvance o @ subsegquent

top it a workflow. For the sxample of intraoral scanming,
ihru stops within he workflow can be to scan the hewer

2

v
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In some ambodiments the viaw of the 33 environment
comprises a viewing wagle, a magnification fotor, andfor a
VIEWIng position.

In some enhodiments the view of the 3D eovirenment
COIIISES I&ndu;m{ of texture andfor shading,

I some embodimerds the ot leasi ene dhp}m 15 divided
it orelitple regions, each showing the 30 environment with
a differen view.

Thug o some enthodiments the user interface functionality
crnpeisss changing the view with which the 30 aircamest
is displayed. Changes in view can comprise changes in visw-
ing angde, viewing position, mageifcation andfor the Tike. A
change (0 viewing aongle oo natirally be effeciod by sotaing
the device. Roation s naterslly sensed by the aid of gyros
andior relative to pravity ser sedd by an sceelervmetor, Foome
ing, e o chawe n mopeification, can [y example be
achioved by pushing the handheld device forward and dack-
ward, respeciively. A frepslafiona] change of the viewing
position, Le, panning, van for example be achioved by push-
ing the handheld device upidown andior sideways.

1 some smbodinents the user interface functionstity oom-
prises selecling or choeosing ems on a Heplay or any other
factionadity provided by x,mphsmf ey imterfaces i oo
puters Fonown i the axt, The operstor may perfur the selec-
tionn, The Lava €08 scanner nuvketed by 3M ESPE has
additional buttons o e handheld deviee, but i 18 not pos-
st 1o masipalsie the view by these, Thetr only porpose isto

mowth, the upper mowih, and the bite, A tonchesensitive fleld allow navipation fheough o menu sestam, and o sardsiop
can provide strekes in moltiple directions cach with a diffr- SUBRLE.

et effect, ete. Providing muimple, user inpts From & user

inferface clenrents s advantageons becanse the sumber of

wser interface clements on fhe device can be reduced relative
1o a sitnation where cach wser iteriaes ehamentondy provides
ORE tEer Hprd.
The motion sensars can also be expleifed i a workfiow
For example, lifting the device, which can be sensed by an
-ccciummgi‘x can epresent some type of nser daput, for
expmple o start some setion. I a device that s a scamer, i
may start scanning. Conversely, placing the device back in
some sortof holder which can be sensed by an accelerumeter
as no acceleration ocour vver some pertod of tme, can stop
sudd action.

I the action perfonmed by the deviee s soaxe kind of

recording, B example soanaing, for example 3D scanning,
the reanlts of the recording
inpts, possibly along with wser npuis from other wser inter-
face cloments. For example, witha 3D scanmer with a lmited
depthol field, itmay be possible to deteot whether any chjects
within the 313 environments ace present in ihe volume sorre-

sponding to this depth of field by detonting whether any 3D so

points srerecorded. User inpats can depesd o such detected
presence. For example, 2 button click on an jnirecrs] scaneer
can provide a different user npot depending on whether the
seaaeier s ecthe mooth, where teath are detectable, or sygnifi-

cantly sway from and cuiside the mouth, Also the effect of

motion sensor vignsls con be iterpreted differently for either
situation. For example, the scanner mavmh chasge the view
represeited on the displey when it oniside he mouth.

In some embodiments the handheld device is adapted w0
chamnge a viewing angle with which the 3D environment is
represented on e at heast e dusplay.

I zome embodiments the handheld device & dd}}ﬁui w0
change amagnification fctorwith which the 3D enviromment
is e p: esordad o the at losst one displav.

o sorme embodimenty the handbeld device is adapied w
change a viewing position with which the 3D environment is
reprosented on the af least one display.

can also he oxploited as user -

P
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In some emabodinments the nger interface fupetionadity com-
piises manipnlating the 3D eovircnment displaved oo the
sereen. For example, the opemtor may effect deformations or
change the position or orfentation of objects in the 3D ema-
ranmertt. Thos, i some combodbuents he vser nforfsee fune-
tionadity comprises virtusl user inferface functionality, which
can be that the 313 daiz are manipulated, but the physical 3D
cnvircmment inwhich the device operates may 5ot be manipu-
lated.

In some embodiments the handhbeld device is an intraorsd
seamer andforan in-the-war scanner. I the scanner cn,npri&;e:s
A tip, this tp nuay be ¢ \chdngd whereby the scanner o
become suifabie for scanaing in the mowth or in the ear. Since
he car s o sedler cavity than the month, the tip for fitting
0l w6 var may be smaller than a tip for fitting in he mowh.

In some emhodiments the handheld deviee is 4 sugiesl
instrument. In some awbodiments, the sungical insroment
comprises 2t least one motion sensor, which is botl-n in the
NSTrUment.

In some eerbodiments the hardbeld device is 3 mechanical
tood. In some ernbodiments, the tood has at less cims roofion
seazar built n In other embealimens, other pserinterface
clements am built 1n as well, for example buttons, soroll
wheels, touch-sensitive ficlds, or proxtogty sensors.

In wome embodiment the 31 geometry of the 30 eovion-
ment is known a-priot of E %D tepresentation of the coviron-
raent is known pnun. 'he!nra. the avions {s) are per-
formed. For example i surgery, & OT scan may have been
taken helore the surgical procedure. The handield device in
this example conld be a surgical instrument that a physician
needs to apply in the proper 31 position. To make sure this
proper posttion i reached, 1t condd be beneficial to view the
3 enviremmnest frorn multiple pospeetives interactively, Le.
withont having o rwelease the surgieal jostramens,

An adbeartage of the systomn, also i the above srgery
example, is the ability of the handheld device o record the 35
envircmment at Jeast partially, typically ina 3D feld-ofview
that Is smaller thon the voelmae cepresemed o the a-prion
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data. The 313 data yecorded by the handheld device can be
repistered in real time with the a-pricat data, such that the
position sad orfecation of the device cannhe detected.

Ty some smhodimegs the 3D geemetry comguises a 3D
surface of the ervirenmesi.

I sone smbodinrents the 3D pecmetey comprises @ 30
vohimetde represerdation of the enviromment.

Thus the 31 eavironment cae be displayed as vohonsine
data, or as surface, or a combination thereof, Volumelrie data
aretypieally represented by voxelds Voseds can comprisesstod-
tiphe scalar valnes Surface data are typically reprosemted as
meshed, sueh as wiangudated meches, or poial clouds.

The soanaing may be performed h} means of LED scan-
iy, feser lght seanning, white Hpht scaaning, Xorey scan-
ming, snstor CT scanming.

The present nvention relaies o different aspocts inchuding
the system described above and i the following, and corre-
sponding systeras, methods, dovices, uses, sndfor product
means, each vielding one o more of the hopediis and advan-
tages described in connection with the fivst mentioned aspect,
and such having one or more smbodiments conresponding w
the srabodimantts deseribed n connection with the fiesi mea-
nioned aspect mddor disclosed i the appended claims.

In particnlan, disclosed horein is a mothod of heraction

between a handbeld device and at least oae display, whare the

method comprises the steps oft
perfrming a least one aotion in @ physical 313 environ-
ment by mieans of the handbeld devies
visuslly represoming the physical 31 eavironmaent by the
at Jeast ene display: m.i
rnmoiely controiling the view of the n;‘ﬁes‘emu! 303 envi-
ronment on the display by means of the handheld devics
Forthermore, the mvention refates toa computar pmg_mm
product comprising progesm oode means for causing a data

provessing svaten o perfoms the mothod according o any of

the embodiments, when sald progrem code mesns e
execuited on the dala processing system, and a computer pro-
gram product, comprising a compuier-readable mediom hav-
ing stored there on the program code means.

According o another aspect, disclosed 85 8 svstem come
prising @ handheld device for opersting dn a 35 envivomment
and at least one digplay for visualiziog said envieonment,
where the display s adepied fo ropresent said environment
from muliiple perspoctives,
where said device is adapted to be held in one hand by an
opernter, and where the perspective represented in the ot least
one display is ot least pantly determined by the motion of the
operator’s hand holding said device.

Accarding o snother sepect, dizclosed 35 2 systom come
poising ¢ handheld device for operating in a 31 enviromment
and af Jeast one display for visushiving said ensironest,
where the display i adapied {o represent said envizonment i
mltiple views
where saitd device {s sdaptad B be held in one haed by an
aperator, where the view represented in the at least one dis-
play is at least partly determined by the maotion of the opers-
wr's hand holding said device, and where the device has at
least one ouch-sensitive user hterfice alement.

The mwotion of the operator’s hand s typically determined
by o motion sensor arranged i the handbeld deviee,

BEFINTTIONS

303 geometry: A consiollation of meter or its virteal cop-
reseptation i g tree-dimensivas! space.

3D coviroenment: A constellation of physical objects cach
having 2 3D geornelry in & ree-dimensions! space.

)
5
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Viesw: The way a 31D environment is represanted on a dis-
play. Geometdostly, 8 view is detenmined by the virtusl
sheerver'sfoamany’s position and orientation, Ithe display s
two-dimensional, the view i also defermined by the typeof
projection. & view may also be determieed by a magoification
factor, Graphicatly, a view can dhow the 303 environwent by
meas of photographs or as some kind of virtnal represcents-
thmy such e o compner grapbic, ar stmilae A conaputer
graphic can be rendered for sxample with texome andior
shading andior virmal hght sotrces aaddor Hight models for
surface properdes. A computer graphic can also he a simphi-
fied representetingn of the 3¥ envirowment, for « ,.amph. 3
mesh, an culing, or an otherwise shuplifled reprosentation.
Al or pants of the 3D environment can akso be rendered with
sopne digres of yranaparency, A view may represent the 3D
enviranent i total or oaly parts hezeof.

Functionalitw: A Purpose or Intended Use.

Parforming actionds; or operating functionality: Actions or
functionality that inchides some type ol intersciion with a 3D
envirement, such ay measnring, molifving, m'mi;mintiw X3
recording, teuching, sensing, scanning, moving, Iransfong.
ing, euiting, welding, chenically treating, demﬂ& ele The
term “opecabag” s thes net dirscted o surpical procedures,
but operating may comgprise sunzical procedures.

User terface Functonalit: Functtonslity for inteesction
betsveen 3 human vser and 8 machine with a display.

Handheld device: An object that bas af feast one finction-
ality and that Iz held by o homan operator’s hand or both
Tands while perfomaing ihis at least coe funchonsidy.

A0 scapner: A device that snelyzes a real-workd abject or
32 envirosment fo collect data on its shape aud possibly s
SPPOATINGS,

Coverage of sean: The degree to whicha physical surface is
rcprescntc\i by recorded data after a scanting opeaion.

Muotion sensor A sensor detecting motion. Mution can be
defected by sound facoustic m,n»us\s upacity {optical and
ndrared sensors and video image processos ), geomagnetism
gmqvn\“tm SELISOFS, m*tun:.‘ionu.‘ &F% u,ﬂ(\‘*hm of nammﬂﬁ.‘d
mms@' {infrared leser ldd&. uliresonic sensers, and micro-

ave radar sensors), dlecromagnetic induction (ndoctive-
}m:p detectors), and vibmtion {giboclecirio, seinmie, and
inertis-switch sensorsh MEMS accelerometecs, gyros, and
magnetometers are examples of motions sensors,

WorkPow: a segueace of sks upleaented in sollwars.

BRIEF DESCEITION OF THE DRAWINGS

The above andfor additional objects, festures and advan-
tagey of the preend invention, will be fudher elucidated by
the follvwing Hlustestive and noo-Emitng detailed desorip-
tion o embodimends of the present nveniicn, with refepence
io the sppemded drasvings, wherein:

FIG. 1 shovs an example of the system comprisiog o hand-
held device and » displsy.

FIG 2 shows an exsmple of user fnterfnce fonctionality in
the form of remote comtroliimg wsing the handheld devios,

FIG. 3 shows an example of the handheld device.

FIG. 4 shows an example of & How-chart of & wethod of
ixteraction bebween s handheld device and a display.

DETAILED DESCRIPTION

In the following description, reference s made io the
accompanying Hewres, which show by way of fllostration
horw thie Invertion may he praciiced.

FIG, 1 shows an exampleof the systom comprising ¢ band-
hield devive and & display. The handheld devioe 108 s inthis

Exhibit 1002 page 30 of 1005

0030 DENTAL IMAGING



J

U

5

11

exumaple an intraoral dentad seanner, which records the 3D
geomeiry of the patient’s teeth. The operator 182 meves the
scanmer along the teath of the pmicxl’ 184 forcapturing the 3D
gemneiry of the refevan eatl, e, all eeth. The sconner
comprises medion sensors {uot U\Jbie‘i for taken the meve-
arent of the scanaer wdd sccovni wiile creating the 3 maedel
105 of the scanned teeth. The display 181 is in thiz example a
PC serecs displaving the dats recorded by the scanner

FIG 2 showes an example of wser iterface fanctionadily in
the form of rerwte controlhing vsing the hendheld device, The
moian sensors (not shown) i the hansdheld device 100, 0.
seanmer, poovide that the nser lii can dictornyies the view

showe oo e display 107, 2 sereen, by moving the haud-
hielsd dwzw 148,
3. Zay shoovs thst pointing the device 108 down can
provisde that the 30 mode! 185 of the scanned teeth s shown
feon @ downward viewing ungle.

FIG, 2h) shows that holding the scanper in 3 horizontal
position cur provide that the viewing sngle is likewise hon-
mnmii} from the front, such that the 31 mosded 108 of the
seanned teeth is shows Fom the front,

FIG, 3 shows an example of the handheld device.

The bandheld device 168 is in this example an infracral
seanrer widh & pisiol-puip. The scanner comprises a housing
106 comprising
for nsertion in the mowth of the pationt. In this example the
seanner alee s oquipped with a button 103 which ts an addi-
nions] elemerd providing pser-interface ﬁil’li.‘iii}.ﬂalé‘i’}’.

The exaruple systere as shows nFIGL L FIGL 2 and FIGL 3
comprizes a devies 106 whickds o hendbeld inwaoral scanner
aimd A display 101 widch 15 2 compater sereen. The opemtor

W

the pistol-geip part 107, and » tip 108 adapied -

v

153
W
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In step 102 the physical 3D enviromuent is visually repre-
sented by the st least ope displsy. This may be the d‘lsp:d} of
the 30 moded of the scanned teeth s seenin FIG. 1

in step 103 the view of the reprosented 3D environment
showron the dsplay 1s remotely controlled on the display by
waeans of the handheld device. This sty be the controf ofthe
viewing angle of the 30 model as seen w FRG. 2

AH the steps of the method may be p“‘i&,d DI OF B0
tmses. The order I which the steps are performed may be
chifforent thao the ovder deseribed wbove, which is fndicated
by the dotted lines In the fgure. {ope or more of e steps are
pecformed more liges, the order of the steps waay also be
different.

Ahthonght some embodiments have beet deseribed and
shown in detasl, the invention 5 nol resiricled io them, but
may also be cmbudand in other ways withio the scope of the
subject matier defined in the following clams, In partiouk, it
15 to be anderstood that other embodiments may be wiilised
and struchural and fanctionsl modifications may be made
without departing from the scope of the present invention,

e device olaims copmernting severs! means, sevesal of
these means can be embodied by one and the same Heam of
hardseare. The meore fact that cortain vaeasures ane reciied in
mutuatly diffesnt depondent olaims or deseribed in differont
erbodiments does not indicste that 8 combination of these
meastiees cannol be used To adeantage.

Tt should be srephasized that the tesn " comprises'oompris-
ing™ when used in this spectfication is taken to specify the
presence of staied features, itegens, sips or components bt
does ant prechude the presepce or addition of ane or more
other fbalures, intogers, sTeps, compotients or groups themof.

182 By be a ih’}llﬁsi,r an i st andfor the ke, In an The festmres of the method desoribed above and in the
example, heachon perfvmance or opegation fuacouality of following may be implomented fn software and carried out on

fhe device 186 is o seoord some eaosal 30 peciuetey, sud
the user interfsce functionalily is fo rotate, pan, and oo the
3D model 108 of the scamed data on the competer sereen
181, The infegration of the usor interfice functionality i the
devive B is provided by meotion sensors (aofvisible), which
cagt be acceleromsters inshde the scanner 188, whise readings
defermine the orieniation. as seen i FIGS. 2a and 35, of the
digplay on the soreen of the 3D model 108 of the teeth
goquired by the scanner 168, Additionsl Bmetiomidity, e.g. o
startfsiop scanning, may be provided by the button 103 33
seen in FIG, 3. In the example system, the buiton 183 is

4

o dula proceseing system or other processing means cansei by
the execation of computer-execuiable instructions. The
instructions may be program code means loaded 1o g memery,
such as a RAM, from ¢ stomge medinm or from anciber
compeier via a compoter sework. Altematively, the
deseribed foatmres may be inplonented by hardwired cir-
euitry mstead of seftware or i combination with sofiware.

ACRTact

. Graeleel, T, Forg, B, Graage, and Baur, A Noa

focated where the user’s wdes finger can resch i conve- 35 Mouse for Surgcon-Computer Intferaciion, Tochnology and
aiently, Healih Care, 1203}, 2004,

I FEG. 1 othe dentist 1682 uses two bangds o hold the Vogt 8., Khamene A, Niemans H., Ssuer F, AnAR svstem
inteanral scaeney T while scanning, bt i 5 understood that with tuitive user iterfice for meniputaiion and visual-
the scanner 1O can also be hald with one hand while scan- faation of 3D medical date, Stad, Health Techaol, Inform.
aing. The device 108 can alse be held with one or two hands, S8 20040 98, pp. 397403,
while changing the perspective of the 31 model 165 i the
display 1. The example shown in FIGL 1 thus tHustates the BMBGDIMENTS
advantage of the fouchlesy user mterive fuaeBonality,
becanse o many chinieal stations, the operator 162 should The DHowing aubodiments relates 1 ore aspect of the
maintain both haads chesn, disialected, or even sterile. 55 gvsiem as disclosed by the descaption hevein

The 3t user interface funclionality may be exploiled in a
separate location then the operstion functionality. Tor the
above intraoral sconning svslom cxample, the scanning
operation is performed in the oral cavity of the patient, see
FRE. 1, while the nser interface Tunciionality is more Hexibly
mp!mtud wehaon the seanner 1s owtside the patient’s mowth; see
PIGS. T and 3

FiG 4
ntteraction herween a handbold dovier and a display.

T step 101 9t least one action o a pliysios] 3D egvivomeent
is performed by mesns of the hendheld device, This action
amay the scanndng of weth as shown in FEE L

shows an oxample of a flow-chat of a mothod of

1 A& systens comywrising 3 haadbeld device and af least one
displey, where the handheld deviee is adapied for perfonning
at least one action o a phovsical 3D enwlronment, where the wt
least one display is sdapted for visually representing the
physical 317 environment, and where the handheld devics is
adapted for remotely controlling the visw with which the 3D
envirnmment is represented on the display.

he systom according fo any one of more of the preced-
myg embodimentz, wherein the view is defined as viewing
angle andfor viewing positon.

3. The system qccordir,g to any one o more of the preced-
ing embodiments, wherein the handheld device is adipted for
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remotely i‘lltﬂ_}ﬂlll& the magnification with which the
enviromment rnpre.smkd on the display.

4. The system aceording to any one o more of Bie preced-
g shodimenis, wherein the handheld device is adapiad for
changing the readering of the 3D eovironment or the display,

S, The system scoordiag 1o any one or more of the preced-
ng embodinenis, wherain the at Jeast one action comprises
one oF move oft

SRS e

recording,

SCATING,

ratiprlanag, andior

mecifving.

&. The system according (0 any one or more of e procaed-

3D

1V
)
[
o3
o o
]
Ly
3
3

14
o change » viewing angle with which the 30 eovironment is
cptad o the ot loast one display.
The system scconding to any of the preceding ambodi-
ments, whereln the bandheld dovice is adapred fo change a
magnificaiion factor with which the 30 envirosmend is rep-
resonted on e o Jeast one display,

4. The sysfom acooning @ sy oue oF more of the pre-
ceding embodiments, wherein the handheld devive i adapted
twr change & viewing position with which the 3D environment
is represented o the at least one display.

23 The system acoonding 1o any one oF more of he pre-
ceding embodunents, wherein the view of the 3D enviton-
ment comprises a viewing sngle, 3 magnification fetor, sod
or a viewing position,

N
23,

ing embodinents, wherein the 303 environment comprises 33 7 P . N
mare 303 objects, 26. The system accorbing to @y on of oz of e pre-
he system according to sy one or moreof the preced.  ooding cbodinaents, x_vhea‘c\in the view of the 3D eaviren-
ing ‘mbﬂ&imtms wherein the handheld device js adapiod ro et comprises rendering of textore andfor shading.
be hold in one hand By an aperator. 27, The systers scoosHiog to any one or move of the pre-

&, The system sccording (0 any one or more of the proceds 2¢ ceding embodiments, whereln the at Jeast one display s
g crbodiments, wherein the display 13 adapted (o represent divided tnwe mltiple nogions, sach showlag the 30D cavinon-
the 31 environment from multiple views, meat with & different view,

& The system according to say one or raore of the preced- 28, The sysiem sceording 1o any one or more of the pre-
Tiig ;mhodmmm&, wherein the view of the 3D envirosmend ceding c.mbudsmu ts, wheretn the 30 geometry compeises a
represented in the af feast one display is @ Joast partly deter- 25 3D sweface of the aavironment.
sadned h‘:\ the motion of the Q}ji"f&“@f § hand hlf}idéllg said 39 The sysiem gcc(j.rding 10 @iy (D2 OF o of the pie-
device. coding embodiments, whersin the 31 geomelry comprises 4

1}'). The systen aconrding w0 any one oF more of the pre- 30 volometnic representation of the epvitonment.
x::n‘:({:ﬂg x:mhugiuumi;,, fﬁ %.tk.'n,uii the ‘(Ei‘:.i_k_flf!i;tfstia.'fll I}»})ﬂ:&t_ul.\\i 30, The system according to any one or move of the pre-
i the ot least one display is at Jeast pardy deterained by the 30 oqo aomnediments, wherein the bundheld device bs iingra-
aotion of the operster™s hand holding said devive. oral 10 CCATer

11, The systam aceording o any one or more of the pre- 31' :[11{:* system according to any one or more of he pre-
coding exnbodinenis, wherein the handhedd device s adapiad LN . T
fo rocned the 30 genrmeiry of the 31 cavireamet. b c.t-;{hm:z; embodivents, whepedn the endheld deviee i @ sor-

12, The systear according to any one or move of the pre- 33 g"“‘f}‘ tastramant. . .
ceding embodiments, wherain the 313 geonetry of the 3D e The sysiem according U Sy QRe QF fiory of rﬂli" pre-
envircament is known s-priort. ceding F:{Eih(:(iil]l\&{ils, whereln the handheld dovice b 2

13, The system sceonding o any one or more of the pre- mechanieal wol, .
coding enshodiments, whersin the handheld device comprises 33, The system sceonding to 30y one or more of the pre-
al least one useritteriace cloment. g veding embodiments, wherein the Twaudheld device is an e

14. The systom according o any one o mwre of the pre-
ceding ewbodiments, whereln the at least one wser-interfsce
aloment is 4l losst One IMOHON SONSOL

1\ The system according o any one or miwe of the pre-

car 30 seannen

34, The gvstem according in any ons or more of the pre-
coding embodiments, wherein the at least one display s
arranged separate from the handheld device.

coding » embodione onts. whersinthe handheld dovi feocomprises ¢ 35, The system sceonding to any one or more of the pre-
at lemst twor motion sensors providing seasor fusion. ceding embodiments, wherein the al kast one display i«

16 The systom according 0 any oue or nwre of the pre-
ceding embodimenis, wherein the user interface functionsiity
coraprises the use of gestres.

arcanped on & et
34, The sysieny according fo any
coding embodiments, wherin the

one or more of the pre-
at east one display s

F O Plhe aveafea e : R i avpvee ovb Fleee syrvan <y . N N \ . N
\;' The 1\\' ;:‘“m icm;‘dms. t;)g Y Qi 5 m»;n ot g‘; ‘)t‘;" N debined s @ fiest display, and where the system further cone
nechiments, whors - ’ -
SUAHIE SN ENRRTE, whersn the 4».“«!131& are detecds JREII prises a secoad di&-‘pla}ﬁ
at Tenst one moton sensor.

18. The system sccording fo any one or more of the pre-
ceding ernbociments, wherein the haradheld device comprises
at k'a\t one user-tterface doment other than the at least pne
IHOTEON. SETREE,

14, The system ascconding o any one or more of the pre-
cading embodiments, wherein the at least one other wsar-
terfiee eloment s & wouch-sensitive eloment.

20, The svstem sccording 0 any one or more of the pre-
coding embodunents, wheran the at least one other gser
interface olement is a buston.
rding ¥ amy one or more of the pre-
cuding embodiments, wherein the at least voe other user-
interface ehanory is 2 sorolf wheel

23, The system according to any one or more of the pre-
veding eabodiments, wherebn the hanidheld device s adagied

gy

37, The system according o any oue or more of the pre-
coding embodiments, wherein the second display Is arranged
ot fhe handbeld device.

33, The systere sceoriing t© Ry oae of more ﬁi e prov
ceding embodirnents, whereit the seoond display is snanged
on iht Tatwdheldd device b a postiion soch that the \{i\pid\ is
adapted © be VWiewed by the opemter, while the opetor is
operating the handbeld device.

39 The system according 0 sy one or move of the pre-
ceding embodiments, whereity the second display indicates
where thie hendbeld device §s positionsd rebutive 1 the 3D
SHVIEGIHRSIE.

40, The systemm according o iy one or move of the pre-
coding embodiments, whereiln the first display anddor the
second display provides insteactions for the operator
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41. The systom according to any one or owwe of the pre-
ceding embodiments, wherela vispal information is provided
to the operator on one or more means other thun the fist
disphay.

42, The systen according o any one or more of the pre-
ceding embodiments, wharein sudible infoosiien to the
operatar ts provided to the operastor.

33. The system according o aoy oae o more of the pre-
cading embodiments, whereln the scanning is peefornmal by

s 9,329,675 B2

16

8. Thesystem aceording to clainm 4, wherein the view of the
AD enwivonmment repossented in the wt Jeast one display 15 at
lenst partly determined by the st least one nwotion sensor.

. The system accordiag to claim 4, wherein funchicaality
of the user inferface comprises & nse of gestures.

7. The sysien az-;-mdmg o clain 8. wherein the ges
are detected by the at least one motion seiser,

& The systom according o claim 4, wherein the user-
stertace is other than the at least one motion sensor,

SELEeS

means of LED scaming, beser Hght sconming, white Bght 1o 9 The system scoording fo clam 1, wherein the husdbedd
scanming, X-pay sconning, andior CT scanning. device 15 adapmd to chasge & viewing angle with which the
44 A voethad of Letevaction bepween i bandbeld device and 3 enviromment is represented on the at least oae display.
at least ane display, where the method comprises the steps of: 19, The system according to chaim 1, wherein the handheld
performing af least one action in a physical 3D envirene  devive is adaptecto change amagm foattos factorwith which
ment by means of the hasdhekd device: 15 the 30 environmen! s represented on the at Jesst ome display.
viguadly rl*-pr%ﬁilii&{ the physicat 30 enviromment by the 11, Thesystem according to claim B, wherein the bandbedd
af foast one (ﬁgp};g‘x_r; and device 1§ uty imra~oral 30 soanen
remotely controlling the view of the represented 30 amvi- 12, The system according to clabm B, wherein the handbedd
ronment on the display by means of the hancheld device.  device inchudes o surgical instrument. o
45. A conrputer program product comprising program wdc s 13, The swstern according to clabn ¥, wheonein e hendtedd
micans for cavsing a data processing system (o perform the  device inchudes a mechanieal ol _ ‘
method of wiy one or more of the preceding srabodiments, 14, The system accopding fo claims ¥, wherein the handheld
when safd progre eode means are excouted on the data device s anin-ear 31 scanner. )
provessing system. 15 The system acconding w claim 1. wherein the ai least
46.A computer progrun product secording to the previots 2 one display is defined as a st display, and where the system
smmbodiment, comprising a computer-readable medivr by further Comprises a second displuy. . ‘
ing stored there on the peogemm code raeans, 16. The system according 1o elatm 15, whevedn the second
7‘{11& inventing cladmed is: display indicates where the handheld deviee iy positioned
Rk A% JET LladRiiAd DN N iyt ) e, o
1A scanniag sysiem for scanaing 4 30 sovienment, he “‘I‘m“ o the 3D environment. . s
seamutng systeds comprising: s . The systom sccording 1o cluim 15, whersin the first
ARG BHAR LANRPHS G, . . . sckese ratretions in
» fandteld device mcloding o optical scanaer, sherein {iispla}» andfor the seoordd display provades iestrvetions for
the 3D enviromment iobe scanned is seleced by pointing ﬁm!;p'f‘;;ﬁ”‘“ ) N Y to claim 1. wherst bkl
s i et P 3 e e g 18, The system sccondiog o claim ¥, whersia sudible
the optical scantier at the 3D ap ironment: and * information is provided (o the operstor
w lesst one display remotely congected 1 the haodbeld R >
deviea a5 19A sysiem compeisiag
whersin the bandheid device Is adapted for performing at a handheld i{“”’”’: and &t lm"i vie fh%f’la}i; e
least one scanning action in w physical 313 environment, wherein the tuadheld desice & adapied for swiching
and the ot loast one display is adapted for vispally vep- between pevfoning at feast one action i a physical 30
resenting the physical 30} envieonment: snd ) environmen, wherein the at least one display is sdapted
HREREE > PITYSHAEE 2 M L8 . , S et
the handheld devive inclides 3 user inferface for remotaly 9 Jor visaally representing the piysioat 3 eaviromens;
contraling the di -aplm o adjust the view with which the ::m}i ‘{en}s\)ttﬁ}' c:&?i‘mlhng te chsp%ay to adjust the Viow

*a} ensiromnent is representesd o the display with which the 31 environment i representad on the

e e B " R
.

A syslonn sesondiog {o claim §, whersta the nadheld ;{I‘} mh»l dheld dov a0 .
da‘f\-‘kt is adapred W rovond thee 30 geometry of the 31 envi- whereitt the handbeld device is an intra-om scanger
P 35 and the at least vne setion performed in the physical 3D

3.4 systamsccording o caim 1, wherein the user interface environment is scanuing and that the view is remotely
mcindes weeans for manually switching betwoen performing E‘”\'u‘g’lﬁdf 3"‘_«3‘ ’h’)f'h' E;m:, ll?f{il{)ll }.-v:.‘n%s};‘fm a‘%@j{{} m;h"
the at feast one scanaing action aud remately contmiting the FHIICIE Gevice, and WISTCH att seluor pravidid o8
vies the haadheld dovice switches between parforming the at

4, The system according to clabus 1, whereds the handhell 3 teast one action ansd ramotely conteolling the view,

device L'))l'!pl'i"n o3 at least one mohion sensor.

® oW F &
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Titeg, SYSTEM WITH 30 USER INTERFACE INTEGRATION

3BHAPE A/S 5 Corporation
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1. The assigneo of the eniira right, title, and interest.

m The extent (by perceniage) of iis ownership interest is
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2%, Additional Statementis} by the owners
0% of the ownership nlrrest.

S

L Thare are unspecifind parcerdages of ownership. The oiher parties, including inveniors, who together own the enfire
right, titte and intersest are:

fight, title, and interest.

aanan

3. i The assignee of an undivided interast in the entirely {a complete assignmant from one of the joint inveniars was made).
The other partiss, including inventors, who together own the entire right, title, and interest are:

Additional Stalement{s) by the owrer(s} holding the halance of the interest must be submilled to acoount for the eniire
right, #tle, and inderest,

i
H
H
H
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1. From To:

The document was recurded in the United Stales Patent and Trademark Office at
Real . Frame

, ot for which a copy thereof is atlached.

2. From: Ta:

The document was recorded in the United Siates Patent and Trademark Office at
Rasl . Frame

. ar for which a copy thereof is atfached.
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STATEMENT UNDER 37 CFR 3.73(¢)

3. From: T
The docurhent was recorded in the United States Patent and Trademark Office at
Reel _ Frame . of for which a copy theren! is altachad.
4, From: Ton
The document was recorded in the United States Patent and Trademark Office al
Reel o .Frame . . or for which a copy thereo! is attached.
&, Fronu Tor

The document was recorded in the United States Patent and Trademark Office at
Reel . Frama . of for which a copy thereof is attached.

8. Fronu To:
The documeant was recorded in the United States Patent and Trademark Office at

Resl , Frame

. oF for which a capy thereof is attached.

E Addifional documents in the chain of title are listed on a supplemsntal shest(s).

[vi  Asrequired by 37 CFR 3.73{c)(1)(), the documentary evidence of the chain of tile from the original owner o the
assignen was, of concurmntly is being, submitlag for recordation pursuant to 37 CFR 3.1t

INOTE: A separale copy {L.€., 8 rue copy of the original assignment doctmentis}) must be submittad to Assigniment
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 tills is supplied below} is authorized 10 act on behalf of the assignes.

/Stephany G. Smallf July 30, 2019
Signaturs Date

Stephany G. Small 69,532

Pririted or Typad Name Title or Regisiration Number

{Page 2 of 3}
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Privacy Act Statement

The Privacy Act of 1974 {(P.L. 93-579} requires that you ba given genain inforoation in connectiomwith your
submission of the altached farm related 1o & patent application or patent.. Ancordingly, purstantto the
requirements of the Act, please be advised thatl: {1) the genaral authority lor the collechon of this information 1e 35
1.8.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 Dfiice is 10 process andior examine your submission related
to & patent application or paternt. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able o procass andior 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 1o the following routine uses:

1,

13

i

%

The information on this form will be treated confidentially 1o the exient allowed under the Freedom of
information Act {5 LLS.C. 852) and the Privacy Act (B LL.S.C 852a). Records from this system of records
may be disclosed © the Department of Justice to determine whether disclosure of these records s
raquirad by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence o a court, magistrate, or adminisirative tribunal, including disclosuras o opposing counsal in the
course of seftlement negoliations.

A record in this system of records may be disclosed, 88 a ruting use, i a Member of Congress
subitting a request involving an individual, to whomdhe record pertaing, when the individuat has
requested assistance from the Member with respect to the subject matter of the record,

A record in this system of records may be disclosed, as a rpuling use, 1o a contracior of the Agency
having need tor the information in order to perform a contracl. Recipients of information shall be requirad
o comply with the requirements of the Privacy Act of 1874, as amended, pursuant to 5 US.C. 552a(m).

A record related fo an International Application filed under the Patent Cooperation Treaty in this system of
records may be discloged, as a routine use, 1o the Infernational Bureau of the Waorld inteliectual Property
Drganization, pursuant o the Patent Cooperation Trealy.

A record in this system of records may be disclosed, as a rouling use, o anather federal agenay for
purposes of National Securily review (35 U.S.C. 181} and for review pursuant to the Atomic Energy Act
42 U.B.C. 218{ch.

A record from this system of racords may be disclosed, as a rouline use, {o the Administrator, General
Servicas, or his‘her designee, during an inspection of records conductad by GSA as parl of that agency's
responsibiiity to recommend improvements in records managemant practicas and programs, undar
authority of 44 U.8.C. 2804 ang 2806. Such disclosure shall be made in accordance with the GSA
regulations governing inspaction of records for this purpose, and any other relevant {(le., GBA or
Commarce) directive. Such disclosure shall not be used 1o make delerminations about individuals.

& racord from this system of records may be disclosed, as a routine use, {o the public alter sither
publicaion of the application pursuard to 35 U.S.G. 122{b} or issuance of a patent pursuant {0 35 U.5.C.
151, Further, a record ray be disclosed, subject to the imitations of 37 CFR 1.14, as a routing use, {o the
public if the record was filed in an application which bacams abandoned or in which the proceadings wera
terminated and which application Is referenced by either a published application, an application open 1o
public inspection or an issuesd patent.

A racord from this system of records may be disclosed, as a routine uss, to a Federal, Stale, or local law
gnforcament agenay, # the USPFTO bacomes aware of a violation or potential viglation of law or regulation.
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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

L P N A N )

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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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 handheld 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.

. (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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10.

11.

12.

13.

14.

15.

(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.

(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.

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

device is an intra-oral 3D scanner.

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

device includes a surgical instrument.

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

device includes a mechanical tool.

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

device is an in-ear 3D scanner.

(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.

17.

18.

19.

(amended) The scanning system according to claim 15, wherein the second
display indicates where the handheld device is positioned relative to the 3D

environment.

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

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

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

information is provided to the operator.

(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.

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

21.

Sensor is an accelerometer, gyro, or magnetometer.

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

22.

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

23.

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

24.

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.

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

26.

further comprises a user-interface element

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

27.

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

28.

element provides more than one user input.

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

29.

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

30.

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

31.

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.

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

33.

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 handheld 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.

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

35.

further comprises at least two user interface elements.

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

36.

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

37.

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

38.

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. wherain switching o remotely

controling the view puls the handheld davice 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 "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.
2 Pending and Amended. Non-limiting, exemplary support found at original
Claim 1.
3 Pending and Amended. Non-limiting, exemplary support found at original
Claim 1; and col. 3, lines 28-31.
4 Canceled.
5 Pending and Amended. Non-limiting, exemplary support found at original
Claim 1.
6 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.
7 Pending and Amended. Non-limiting, exemplary support found at original
Claim 1.
8 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.
9 Pending and Amended. Non-limiting, exemplary support found at original
Claim 1.
10 Pending and Amended. Non-limiting, exemplary support found at original
Claim 1.
11 Pending and Amended. Non-limiting, exemplary support found at original
Claim 1.
12 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
10; 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.

Respectfully submitted,

BUCHANAN INGERSOLL & ROONEY PC

Date July 30, 2019 By: _/Stephany G. Small/
Stephany G. Small, Ph.D.
Registration No. 69,532

Customer No. 21839
703 836 6620
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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 Sull)j-s'l'g(tsa\)l in
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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Sub-Total in

Description Fee Code Quantity Amount USD($)
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 4960
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Electronic Acknowledgement Receipt

EFS ID: 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)
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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 s . . File Size(Bytes)/ Multi Pages
Document Description File Name ( y ) . . 9
Number Message Digest | Part/.zip| (ifappl.)
506624
1 Transmittal Reissue Application Transmittal_NewApp.pdf no 1
€620035e4f07dc050cdf8be7117a57cf9691
2bof
Warnings:
Information:
1822876
2 Application Data Sheet ADS.pdf no 9
9ab8d609240dea77ad 3fba0f4af33a89c46|
Warnings:
Information:
5728314
3 Specification US9329675B2.pdf no 15
f51402e5210c9c996e4c6390181cd4024e3
7cf7f
Warnings:
Information:
2163940
Drawings-only black and white line .
4 9 y bla Figures.pdf no 5
drawings
cf1663a225f3b85d464cd7da28e559d421d
d0c9c
Warnings:
Information:
93782
Authorization for Extension of Time all -
5 . Authorization.pdf no 1
replies
946a66368c01c202c3524d200cf036b05ae
Warnings:
Information:
509522
6 Fee Worksheet (SB06) Fee_Transmittal.pdf no 1
1be4efeaed6ed09ebbBbbedbccBead7 1aa2|
f16c4
Warnings:
Information:
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560039

7 Power of Attorney POA.pdf no 2
a4bb7027969bb1c77137f106ec8c258e14a
090d2
Warnings:
Information:
1538154
Assignee showing of ownership per 37
8 9 9 PP 373c_Statement.pdf no 3
CFR 3.73
€7930b7099f8a5d07158a4e974c8e2c1a52
54e17
Warnings:
Information:
505763
Consent of Assignee accompanying the .
9 9 . panying Consent_Assignee.pdf no 2
declaration
003a3b7153410d149e837ea949456079bc5|
5b170
Warnings:
Information:
1278463
Reissue dec filed in accordance with
ion. no 4
10 MPEP 1414 Declaration.pdf
db7149cddfa5548ca8d73eb538c788f98fbd
e7d3
Warnings:
Information:
121821
1 Prelim.pdf yes 13
c4be3a0f590a5624928d868f252feleeS51al
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 (SB06) fee-info.pdf no 2
d81b8ddc98e2064f15befa3c7ee0d2e0135
5d142
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 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 16/526,281
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 300
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A N/A 660
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 2200
TOTAL CLAIMS ) *
(37 CFR 1.18) 38 minus 20 = 18 OR |x 100 = 1800
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = x 460 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 4960
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus X = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) X = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) X OR |x =
% Independent * Minus | *** = X = OR |x =
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
16/526,281 07/30/2019 2621 4960 0079124-000266 38 3
CONFIRMATION NO. 9657
21839 FILING RECEIPT
BUCHANAN, INGERSOLL & ROONEY PC
POST OFFICE BOX 1404 R OO A0 QA R

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.

Inventor(s)

Henrik OJELUND, Lyngby, DENMARK;

David FISCHER, Stenlgse, DENMARK;

Karl-Josef HOLLENBECK, Kabenhavn &, DENMARK;
Applicant(s)

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

3Shape A/S, 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

page 1 of 4
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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 AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
page 2 of 4
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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-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

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

SelectUSA

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

page 3 of 4
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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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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
16/526,281 07/30/2019 3992 4960 0079124-000266 38 3
CONFIRMATION NO. 9657
21839 CORRECTED FILING RECEIPT
BUCHANAN, INGERSOLL & ROONEY PC
POST OFFICE BOX 1404 RO OO AL AR

ALEXANDRIA, VA 22313-1404
Date Mailed: 08/20/2019

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.

Inventor(s)

Henrik OJELUND, Lyngby, DENMARK;

David FISCHER, Stenlgse, DENMARK;

Karl-Josef HOLLENBECK, Kabenhavn &, DENMARK;
Applicant(s)

3Shape A/S, Copenhagen K, DENMARK, Assignee (with 37 CFR 1.172 Interest);
Assignment For Published Patent Application

3Shape A/S, 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 AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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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-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

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

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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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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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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(37 CFR 1.16(h)) minus 3 = x $460 -
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of paper, the application size fee due is $310 ($155
DST:;LIE?QON SIZE FEE (37 for small entity) for each additional 50 sheets or
16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[J MULTIPLE DEPENDENT GLAIM PRESENT (37 CFR 1.16())
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
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E AMENDMENT PAID FOR
L | Total * ; *x = =
= (39CaFR 1.16(i)) Minus = x $0 =
[a) .
E !27d§|:%e1r.]1%ﬁwr)])t ) Minus | = = x $0 -
E () Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16()))
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** If the "Highest Number Previously Paid For" IN THIS SPAGE is less than 20, enter "20". /EFREM WARREN/
*** 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 number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process} an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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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

L N N

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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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 handheld 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.

. (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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10.

11.

12.

13.

14.
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(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.

(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.

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

device is an intra-oral 3D scanner.

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

device includes a surgical instrument.

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

device includes a mechanical tool.

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

device is an in-ear 3D scanner.
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15.

16.

17.

18.

19.
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(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.

(amended) The scanning system according to claim 15, wherein the second
display indicates where the handheld device is positioned relative to the 3D

environment.

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

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

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

information is provided to the operator.

(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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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

21.

Sensor is an accelerometer, gyro, or magnetometer.

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

22.

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

23.

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

25.

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

angle.

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

26.

further comprises a user-interface element

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

27.

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

28.

element provides more than one user input.

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

29.

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

31.

is arranged on a cart.

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

32.

display is divided into multiple regions.

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

33.

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,
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wherein the handheld 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

35.

further comprises at least two user interface elements.

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

36.

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

37.

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

39.

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.

(new) The scanning system according to claim 37, wharain swilching o remotsly

40.

controiing the view puts the handheld device into a controllsr 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.

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

41.

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.

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

43.

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

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

44,

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.

(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

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 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.

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

3 Pending and Amended. Non-limiting, exemplary support found at original
Claim 1; and col. 3, lines 28-31.

4 Canceled.

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

6 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.

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

8 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.

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

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

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

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
10; 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
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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.

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.

40 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.

41 Pending and New. Non-limiting, exemplary support found at col. 5, lines 19-
30.

42 Pending and New. Non-limiting, exemplary support found at col. 5, lines 19-
30.

43 Pending and New. Non-limiting, exemplary support found at col. 5, lines 19-
30.

44 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.

Respectfully submitted,

BUCHANAN INGERSOLL & ROONEY PC

Date October 28, 2019 By: _/Stephany G. Small/
Stephany G. Small, Ph.D.
Registration No. 69,532

Customer No. 21839
703 836 6620
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

inre Application of
Group Art Unit: 3992
Henrik OJELUND ef &/,
Examiner. Peng KE
Reissue Application Serial No.: 16/526,281
Confirmation No.: 8657
Filed: July 30, 2019

For:  SYSTEM WITH 3D USER INTERFACE
INTEGRATION

Nonmr N e e e e v Svmma? Nomm N

FIRSTINFORMATION DISCLOSURE STATEMENT

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

Commissioner:

in accordance with the duty of disclosure as setforthin 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/SBO8a and PTO/SB/O8L. s respectfully requested that an Examiner-
initialed copy of this form be returned {o 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 o charge any appropriate fees under 37
CF.R.§8 118, 1.17, and 1.21 that may be required by this paper, and to credit any
overpayment, to Deposit Account No. 02-4800.

Reaspectiully submitted,
BUCHANAN INGERSOLL & RooneY PO

Dated: Qctober 28, 2019 By __{Stephany G, Small/
Stephany G. Small, Ph.D.
Registration No. 69,532

Customer No, 21839
BUCHANAN INGERSOLL & RooNey PC
1737 King Street, Suite 500
Alexandria, Virginia 22314
(703) 836-6620
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ULTRASOUND ASSEMBLY AND SYSTEM COMPRISING

INTERCHANGABLE TRANSDUCERS AND DISPLAYS

BACKGROUND AND SUMMARY

Acoustic waves (including, specifically, ultrasound
waves) are useful in many scientific or technical fields,
such as in medical diagnosis and medical procedures, non-
destructive control of mechanical parts and underwater
imaging, etc. Acoustic waves allow diagnoses and
visualizations which are complementary to optical
observations, Dbecause acoustic waves can travel in media
that are not transparent to electromagnetic waves.

In one application, acoustic waves are employed by a
medical practitioner in the course of performing a medical
procedure or to provide 1images of a particular anatomical
region of a body. Often, an acoustic imaging apparatus is
employed to provide idimages of an area of interest to the
medical practitioner to facilitate successful performance
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
transducer and process tThe signal for display on one type
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.
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As is known, there are wvarious types of transducers
that can be used to capture ultrasonic 1images. For
example, fThere are linear, curved linear and phased array
transducers, which may be used in ultrasound. These
transducers may have elements arranged in a one—-dimensional
or a two—-dimensional fashion, which can 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.
Fach type of array has advantages, and depending on the
medical anatomy being imaged (due to different tTarget
depths or imaging window accessibility) , a medical
practitioner may select one type ol transducer over
another. As should be appreciated, in known systems this
results in duplicative transducer electronics, transducer
housings, and cables, and thus increases the overall
capital expenditure for the medical facility.

Furthermore, the arrangement of the medical eguipment
in the 1imaging room can be challenging due to the placement
of the ultrasound system and 1its display, which the user
needs to look at during the scanning session. Storing and
using multiple transducer probes in the imaging room
exacerbates the problem of crowding the patient area with
cables and eguipment.

In addition, in such known systems, the main
ultrasound system and its display are similarly problematic
for placement, since they are typically bulky and
relatively immobile. Traditional ultrasound scanners are
large, weighing up to several hundred pounds, and are

integrated with wheeled carts. Even newer "compact"
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ultrasound display systems, typically mounted semi-
permanently on smaller, lighter carts, must be transported
to a practical location such that the display is visible to
the sonographer but the cart is sufficiently out of the way
of the medical procedure. This is a difficult compromise to
achieve, and often leads to awkward viewing angles or
motions such as leaning across the patient by the medical
practitioner to view the display.

What is needed, therefore, 1is an ultrasound assembly
and system that overcomes at least the shortcomings of the
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—-beamf ormer configured for attachment and detachment
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
having an input side and an output side; a ultrasound
transducer comprising a micro-beamf ormer configured for
attachment and detachment from the input side ol the
module; and a display attached to the output side of the

module

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
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necessarily drawn to scale. Wherever practical, 1like
reference numerals refer to like 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
ultrasound assembly in accordance with a representative
embodiment .

Fig. 3 is a simplified Dblock diagram of a system for
ultrasound imaging in accordance with a representative

embodiment .

DEFINED TERMINOLOGY

As used herein, the terms Ay

or fan', as used herein
are defined as one or more than one.

In addition to their ordinary meanings, the terms
~“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
example, “Tapproximately the same' means that one ofl

ordinary skill in the art would consider the items being

compared to be the same.

DETAILED DESCRIPTION
In the following detailed description, for purposes of
explanation and not limitation, representative embodiments
disclosing specific details are set forth in order to

provide a thorough understanding of the present teachings.
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Descriptions of known devices, materials and manufacturing
methods may be omitted so as to avoid obscuring the
description 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
accordance with the representative embodiments.

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 1in a two-dimensional

array 1in the representative embodiment . As will Dbecome
clearer as the present description continues, the
transducer elements may be arranged in a linear array, Or

in a curved linear array, or other transducer arrangement
within the purview of one having ordinary skill 1in the art.
It is noted that a lens covering the elements 101 is
normally included; but is not shown 1in the wvarious Figs.

The transducer 102 1is connected to an ultrasound (US)
module 103 in a detachable manner. The module 103

illustratively comprises a display 104 configured to

provide an ultrasound image (not shown) garnered from the
Lransducer 102. The display 104 1is illuslralively a small
form-factor liguid crystal display (LCD) device Dbut may Dbe
a display based on other technologies. For example, the

display 104 may be a small form—factor organic light
emitting diode (OLED) device to name only one alternative
to the LCD. Other types of displays based on known

technologies are contemplated.
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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. IL is contemplated that the
display 104 may be the only display of an ultrasound
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 accuracy
during certain procedures and testing. Beneficially,
because the display 104 is on the module, the medical
practitioner can look to the location where he/she is
physically scanning and view the resultant image on the
display 104 without looking away at a remote display. For
instance, the display 104 could be attached to the back of
a transducer in a manner that i1t can be easily rotated and
tilted or can be located on the side of the module 103 in a
so—called "flip-out" style configuration (similar to a
consumer video camera) .

Moreover, the display 104 may be detachable so as to
be positioned 1in a desired location separate from the body
of the transducer 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
practitioner would be able to hold the assembly 100 in one
hand, and guide the needle/catheter with 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)
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The module 103 may be connected to a system (not
shown) wvia connection 105. In representative embodiments,
the connection 105 may be a wireless connection configured
to operate under one of a variety of wireless protocols
provided under standards. Such protocols are known to one
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 1likely have a competent level of
security to ensure compliance with medical information
confidentiality.

Alternatively, the connection 105 is shown to be a
wired connection and may be compatible with one of a
variety of standards. Illustratively, the connection may be
a single differential serial pair such as universal serial
bus (USB) or low-voltage differential signaling (LVDS)
However, it is contemplated that other types of connections
may be used.

As alluded to above, the transducer 102 is detachably
mounted to the module 103. As described more fully herein,
by providing for selective attachment and detachment of the
transducer 102, a medical practitioner is accorded the
ability to select a different transducer type based on the
particular test/measurement undertaken; and without having
to select and stock an entirely different assembly. As
should be appreciated, this option beneficially allows the
medical facility to reduce its capital expenditure Dby

stocking one module for multiple types of transducers,
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rather than having to stock a complete ultrasound assembly
for each type of transducer.

Similarly, the display 104 41is illustratively
detachably mounted to module 103. As mentioned above, the
display 104 may be detached for optimal placement in the
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.
If wireless, the display 104 should include a provision to
provide power, such as a battery or DC input connector for
an AC adapler.

Taking advantage of the detachable feature of the
display 104, the medical facility is afforded the ability
to reduce their overall capital investment or increase
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 more

ultrasound transducers and modules as the patient workload

changes, or as display wunits occasionally fail.
In representative embodiments, the transducer 102 1is
magnel.ically connecled to Lhe module 103. AllLernalively,

the transducer 102 may be mechanically connected to the
module 103, such as by latching mechanisms (not shown) or
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 1is operative to provide electrical power to

the transducer 102 and to pass electrical signals from the
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transducer 102. Illustratively, the electrical-mechanical
connection may comprise tabs (not shown) comprising copper
with gold coating on a lower end (not shown) ofl the
transducer 102 that mate to the electrical tabs (not shown)
on the module 103 end. A skirt may be located around
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
described in US Patent 6,635,019, the disclosure of which
is specifically incorporated herein by reference.

Notably however, and as described below, because of
the microbeamf ormer placed in the transducer 102, the
electrical connections needed to mate are much reduced
since less analogue signals are required thus allowing for
simpler mechanical connections such as "snap—-on" mechanism
where the mechanical tolerance reguired i1is much lcss. The
is much more practically achievable allowing for easy
connect /disconnect modules where the wear and tear over
time would still allow a robust electrical connection.

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. 1.
Such common features are often not duplicatively described,
but may be further elaborated upon.

Ihe transducer 102 comprises transducer elements 102
as noted above. The transducer elements 101 may be linear

array or a phased array, or a combination thereof, such as
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described 1in U.S. Patent ©6,436,048. The beam from the

transducer elements 101 may also be steered as described in

Uu.s. Patent 7,037,264. As noted, the transducer elements
101 may be a curved linear (ID) array (cLa) , such as
described in US Patent 6,540,682, These patents are

assigned to the present assignee and are all specifically
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 Dby the elements 101 of the

transducer 102 are partially beamformed by a micro-—

beamformer 201. In a representative embodiment, the micro-
beamformer 201 conlains circuilry which conlrols Lhe
signals applied to groups of elements ("patches") of the

transducer elements 101 and effects some processing of the
echo signals received by elements of each group. Micro-
beamforming in the transducer 102 beneficially reduces the
number of conductors in the connection 105 between the
assembly 100 and the ultrasound system (not shown)
Additional details of the benefits derived from
microbeamf orming may be found in commonly assigned U.S.
Pat. No. 5,997,479, the disclosure of which 1is specifically
incorporaled herein Dby reference and 1in Lhe Apas pal.ent.
In addition to the benefits derived from dividing the
beamforming with a microbeamformer, the representative
embodiments foster additional Dbenefits because the
microbeamformer 201 is co—-located with the transducer
elements 101 within the transducer 102. For example,
superior electrical performance is realized Dbecause the

electronics of the microbeamformer 201 are proximal to the
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elements 101, eliminating the need for complex

interconnects, cabling, and the attendant signal
distortions and power losses of long electrical
connections

Moreover, microbeamf orming may be specifically matched
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 particular tType of sensor array
different wversions of the microbeamformer 201 can be
optimized for different sensor classes (e.g., sector,
linear, c¢La) and for different frequencies/impedances.

Thus, rather than a generic microbeamformer that 1is
configured to work acceptably with each of a number of
transducer types, tThe 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 acoustic elements of
sensor array 101 and then may be mounted directly to the
sensor 1itself, 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
to respond to the resonant fregquency range of the acoustic
sensor elements and to apply beamforming delays that match
said fregquency range with sufficient resolution for high
quality imaging, but not so much resolution as to waste

circuit components. Similarly, the microbeamformer
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circuitry may be optimized to match the characteristic
impedance of the sensor elements 101.

As described above, the transducer 102 is connected to
the module 103 wvia an interface 202; and the interface 202
comprises both a mechanical connection and an electrical
connection. The mechanical connection enables attaching
and detaching of the transducer 102 to the module 103 as
described above. The electrical connection provides power
to the transducer 102, in particular to its 1integrated
microbeamf ormer; and signals from the microbeamf ormer 201
to the module 103 for further processing. The electrical
mechanical connection can be made using a standard USB type
latching connector or a custom mechanical latch type, snap
fit, or magnetic type connection, such as described in co-
pending US Patent Application Serial No. 60/941,427
entitled Wireless Ultrasound Probe Cable and filed on June
1, 2007. The disclosure of this application is
specifically incorporated herein by reference.

The module 103 comprises a scan controller 203 and a
main beamformer 204, such as described in U.S. Patent
6,436,048 or in U.S. Patent 7,037,264 for example. The
module 102 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 module 103, the
transducer 102 and the display component 104. It also
comprises a memory 207 for storing acguired images user
presets scan control and beamforming coefficients user

programs

12
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The power supply 206 may be an AC/DC converter
operative to provide a desired DC voltage. Alternatively,
the power supply 206 may be a known type of battery. The
implementation of the latter provides certain benefits over
known devices. First, because no cable 1is needed for
power, the assembly 100 may be readily implemented

according to a wireless protocol 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
example, a USB connection may be used to realize Dboth data

and power for recharging.

The use of a battery also accords the benefit of
powering the display 104 in a local manner. Thus, the
display 104 does not require a remote power supply, and may
have its own battery. As such, the display 104 can be
compact and light. By contrast, a separate monitor or
external display such as on a personal digital assistant
(PDA) will require a power source and central processing
unit (CPU) , which add to the complexity of the system and
reduce the ergonomic Dbenefits derived from the self-
contained assembly 100.

Furlhermore, Lhe rendering and [lormall.ing ol images
may be effected in the module 103, thus minimizing the need
for processing at the display 104. This reduces not only
the size and weight of the system, but also the cost of the
display 104. 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 o1 e
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connection can be made to be simple since the alignment and
tolerance of the electrical tabs easily achievable. The
electrical tabs of the module (described above) can mate to
the electrical tabs of the display 104, such as by a
magnetic connection, a friction fit or some other type of
latching connection. This mechanical connection can allow
for rotation and tilting of the display.

Fig. 3 is a simplified block diagram of a system 300
for ultrasound 1imaging in accordance with a representative
embodiment. The system 300 comprises the assembly 100 and
a system monitor 3201 connected by connection 105 as shown.
The system 300 includes many common features and details to
those described in connection with the representative
embodiments of Figs . 1 and 2.

The system monitor 301 may be a stand—-alone monitor
used by the medical practitioner using the assembly 100 and
may be in lieu of or in addition to the display 104.
NAlternatively, the system monitor 300 may be a central unit
(e.g., a server) of a medical facility that provides access
to the images from the assembly in real-time or via memory.
Again, 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 ol 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, components,
software, hardware and firmware. Moreover, applications
other than medical 1maging may benefit from the present
teachings. Further, the wvarious devices, components,

software, hardware, firmware and parameters are included by
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way of example only and not in any limiting sense. In view

of this 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

within the scope of the appended claims.
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Claims :

1. An ultrasound assembly, comprising:

a module having an input side and an output side;

a ultrasound transducer comprising a micro-beamf ormer
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
the ultrasound transducer comprises a linear transducer
array and the module is configured to receive input signals
from the linear transducer array and to provide output

signals to the display.

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 the module is configured to receive input signals
from the curved transducer array and to provide output

signals to the display.

5. An ultrasound assembly as claimed in claim 1, wherein

the module comprises a microcontroller and a memory and the

16 Exhibit 1002 page 111 of 1005
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microcontroller is configured to acquire a transducer

parameter from the memory.

6. An ultrasound assembly as claimed in claim 5, wherein
the microcontroller is configured to receive data from the

transducer array after acquiring the transducer parameter.

7. An ultrasound assembly as c¢laimed in c¢laim 5, wherein
the microcontroller is configured to optimize calculating
configuration and scanning coefficients of the ultrasound

transducer.

8 . An ultrasound assembly as claimed in claim 1, wherein

the display is disposed over the module.

9. An ultrasound assembly as claimed in c¢laim 1, wherein
the module and the transducer are configured to

mechanically attach and detach from one another.

10. An ultrasound assembly as claimed in claim 1, wherein
the display is electrically connected to the assembly in a

wired manner.
11. An ultrasound assembly as claimed in claim 1, wherein
the module and the display are configured to magnetically

attach and detach from one another.

12. An ultrasound assembly as c¢laimed in c¢laim 1, wherein

the display is electrically connected to the assembly in a

17
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wireless manner.

13. A system for ultrasound imaging, comprising:

an ultrasound assembly, comprising: a module having an
input side and an output side; an ultrasound transducer
comprising a micro-beamf ormer configured for attachment and
detachment from the input side of the module; and a display

attached to the output side of the module.

14. A system as claimed in claim 13, wherein the

ultrasound transducer comprises a linear transducer array
and the module is configured to receive input signals from
the linear transducer array and to provide output signals

to the display.

15. A system as claimed in claim 13, wherein the
ultrasound transducer comprises a phased array transducer
array and the module is configured to receive 1input signals
from the phased array transducer array and to provide

output signals to the display.

16. A system as claimed in claim 13, wherein the

ultrasound transducer comprises a curved transducer array
and the module is configured to receive input signals from
the curved transducer array and to provide output signals

to the display.

17. A system as claimed in claim 13, wherein the

ultrasound transducer comprises a memory and the module

18 Exhibit 1002 page 113 of 1005
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comprises a microcontroller configured to acquire a

transducer parameter from the memory.

18. A system as claimed in claim 17, wherein the
microcontroller is configured to receive data from the

transducer array after acqguiring 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

transducer.

20. A system as claimed in claim 13, wherein the display

is disposed over the module.

21. A system as claimed in claim 13, wherein the module
and the transducer are configured to mechanically attach

and detach from one another.

23. A system as claimed in claim 13, wherein the

mechanical attachment is by friction-fit.

23. A system as claimed in claim 13, further comprising

another display remote to the ultrasound assembly.
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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 35342 C1 discloses a projection device
having a projection unitand 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 5,198,895 Adiscloses ahead-
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
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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
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-
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-
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-
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.

Object of the Invention

[0008] Itis anobjectoftheinvention to provide an auto-
stereoscopic display which is less complex and can be
implemented with less technical effort. In particular, the
object of the invention is to provide a head-up display
which allows for a spatial impression.

Summary of the Invention

[0009] The object of the invention is achieved by a dis-
play according to claim 1, that is an autostereoscopic
display, comprising

- apane which is partly reflective and partly transmis-
sive and

- a light source for generation of an image consisting
of a plurality of pixels, wherein for each pixel a left/
right light beam is guided from the light source to the
left/right eye of the viewer via said pane,

- wherein said guiding of the light beams to the eyes
is achieved only by pure reflection at said pane.

[0010] Advantageously, the guiding of the light beams
at the pane (particularly a windscreen) is achieved only
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
the case in some prior art solutions, which use a diffrac-
tion grating in the windscreen.

[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 arelatively 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] Itis 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] Itis advantageous ifthe light source is designed
as one out of the group: LED-display (Light Emitting Di-
ode), LCD-display (Liquid Crystal Display) or OLED-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] Itis 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] Inafurtheradvantageous 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
colorand adesired brightness. If justone laser orscanner
is used, it generates the pictures for the left and the right
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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
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.

[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.
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
modulations are imaginable.

[0019] It is beneficial if the reflection modulation is
done atthe 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-
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, itis advantageous if the reflection
modulation is done at said inclined surface. Here the
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.

[0021] Furthermore,itis 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
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
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
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 left/right light beam according to
said position of the viewer and, means for adapting the
left/right 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-
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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 projectinganimage via a surface on acar’'s dash-
board;

Figure 4 shows a fourthembodimentwith 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 isinclined 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 leftand 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 8a and 8b. Thus, small movements of the driver’s
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head do notinfluence his spatial impression of the 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
glasses’.

[0028] The light source 3 may be an (active, meaning
back lighted) LCD-display, a LED display or an OLED
display. The way how pixels are activated is known per
se for these devices and not explained any further. Said
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.2isquitesimilartoFig. 1,theonlydifference
is that the light source 3 is designed as a laser scanner.
In this embodimentone 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
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
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
notchange very fast, also considerably lower frame rates
may be applicable. An example is the speedometerwhich
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
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 8a and 8b as has been
explained for the embodiment of Fig. 1 already. Addition-
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
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
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. Thereflecting surface 4 may be a simple
mirror in this embodiment, why the pixels 5a and 5b have
arather symbolical meaning. This variant of the invention
is advantageous if there is just limited space on the dash-
board.
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[0031] A next embodimentis 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 aright 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 hereinbefore.
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 - but to 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 be ar-
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
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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
inventive autostereoscopic display 1 comprises also
means to shift the 'virtual glasses’, i.e. the projecting ar-
eas 8a 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
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 8a and 8b may be em-
ployed. In case of a laser scanner, shifting of the project-
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
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
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
just a horizontal shift is needed, vertical stripes, whose
transmission rate can individually be controlled, are prop-
er means to adapt the projecting areas 8a and 8b to the
actual eye-position. However, besides electronic shifting
of the parallax barrier also mechanical shifting is imagi-
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.

[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 sightandthus reduce orincrease the distance between
the eyes and the imaging device. Hand in hand with this
movement the angle between the light beams generating
the projecting areas 8a 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
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] Itshould be noted that all steps which are taken
to detect the position of the driver's head 7 and to move
the projecting areas 8a and 8b 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
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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
first or on demand if, for example, a dedicated function
ischosen. Onthe 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 of the projecting areas 8a and 8b 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
get badly visible or even invisible. Accordingly, measures
are taken in a preferred embodiment to reduce or even
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.
[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-
creased. Such layers can, for example, be arranged in
the region, where the light beams 6a and 6b are reflected
onthe pane 2. Afurther possibility toreduce the influence
of external light is to arrange electrochromic layers in
said region. If disturbing light sources, e.g. blinding lights
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, itis 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-
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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
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
the plural reference of such elements and vice-versa. In
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 display (1), comprising

- 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
),

- wherein said guiding of the light beams (6a,
6b) to the eyes is achieved only by pure reflec-
tion at said pane (2).

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).

3. Display (1) according to any one of the claims 1 or
2, wherein the light source (3) is designed as one
outofthe group: LED-display, LCD-display or OLED-
display.

4. 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).

5. 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).

6. 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.

7. 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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Display (1) according to claim 7, wherein the reflec-
tion modulation is done at the pane (2).

Display (1) according to the claims 2 and 7, wherein
the reflection modulation is done at said inclined sur-
face (4).

Display (1) according to any one of the claims 7 to
9, wherein a LCD-matrix is provided as reflection
modulator.

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
position of the viewer and, means for adapting the
left/right light beam (6a, 6b) to said desired position.
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(57) Abstract

Determining surface 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 (CAM) 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 bétween thé

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.

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
require a specific coating (i.e. measurement powder and white-pigments
suspension, respeclively) 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
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
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
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:

(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

10 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
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;

20 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:
- aprobing 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
focal planc 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;

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.

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
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
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
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
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
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
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
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
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
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.
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
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
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
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
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.
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

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. 1A and 1B are a schematic illustration by way of a block diagram
of an apparatus in accordance with an embodiment of the invention (Fig. 1B
is a continuation of Fig. 1A);

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

Fig. 4 is a schematic illustration of an embodiment where the parent
Jight 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

Reference is first being made to Figs. 1A and 1B 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 tecth segment where at least one tooth or
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
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.
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
having a small central aperture. It allows transfer of light 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
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.
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
46. Elements 42, 44 and 46 arc genecrally 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
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.

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 (X;,Y;) locations. Thus, while a spot at one location may be in
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
Z-axis and for each of such (X;,Y;) location, typically the derivative of the
intensity over distance (Z) will be made, the Z; yielding maximum
derivative, Z, 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
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
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
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.

Unit 22 further comprises a control module 70 connected to a
controlling opcration of both semi-conducting lascr 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
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
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
focus, the measured intensity will be maximal. Thus, by determining the Z;
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
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
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
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
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
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

Exhibit 1002 page 145 of 1005
0145 DENTAL IMAGING



WO 00/08415 -13- PCT/IL99/00431

10

15

20

25

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
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
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
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
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
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
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, P,, Pg and Pc, respectively._Thus in the position shown in
Fig. 3, incident light beam 158 A 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
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

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
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;

(¢) repeating steps (a) and (b) a plurality of times, each time changing
position of the focal plane relative to the structure;

(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.

2. 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.

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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S. 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
parameter is selected from the group consisting of wavelength, phase, light
pulse duration and pattern.
7. The method according to Claim 5, comprising. in step (b),
determining intensity independently for each of said at least two light
components in the return light beams.
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
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
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
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:

- 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

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.

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 probihg 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 ;

- 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 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
cach of a plurality of light beamsreturning 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
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

comprises a source emitting a parent light beam and a beam splitter for
splitting the parent beam into said array of incident light bcams.

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
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
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
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.
10 31. The apparatus according to any one of Claims 18-30, comprising a
unit for generating data for transmission to CAD/CAM 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 3D scanning of
surfaces. The principle of the apparatus and method according to the invention may be
applied in various contexts. One specific embodiment of the invention is particularly
suited for intraoral scanning, i.e. direct scanning of teeth and surrounding soft-tissue in
the oral cavity. Other dental related embodiments of the invention are suited for
scanning dental impressions, gypsum models, wax bites, dental prosthetics and
abutments. Another embodiment of the invention is suited for scanning of the interior
and exterior part of a human ear or ear channel impressions. The 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 3D scanning, such as

time resolved 3D scanning of moving industrial parts.
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
the methods for scanning can be divided into contact and non-contact methods. An
example of contact measurements methods are Coordinate Measurement Machines
(CMM), which measures by letting a tactile probe trace the surface. The advantages
include great precision, but the process is slow and a CMM is large and expensive.

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

Confocal microscopy is an optical imaging technique used to increase micrograph
contrast and/or to reconstruct three-dimensional images by using a spatial pinhole to

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

A confocal microscope uses point illumination and a pinhole in an optically conjugate
plane in front of the detector to eliminate out-of-focus information. Only the light within
the focal plane can be detected. As only one point is illuminated at a time in confocal
microscopy, 2D imaging requires raster scanning and 3D imaging requires raster

scanning in a range of focus planes.
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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
system relative to each other, i.e. closer to or further away from each other. Thus,
controlled variation of the focal plane requires a controlled spatial relation between the
specimen and the optical system, which is fulfilled in a microscope. However, such a

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

US2007/01 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.

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
section, and the method is limited to acquisition of images from only two different
illumination profiles. Furthermore, the method relies on a predetermined calibration that

determines the phase offset between the two illumination profiles.
Summary 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 3D

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

at least one camera accommodating an array of sensor elements,
means for generating a probe light incorporating a spatial pattern,
means for transmitting the probe light towards the object thereby
illuminating at least a part of the object with said pattern in one or more
configurations,
means for transmitting at least a part of the light returned from the object
to the camera,
means for varying the position of the focus plane of the pattern on the
object while maintaining a fixed spatial relation of the scanner and the
object,
means for obtaining at least one image from said array of sensor
elements,
means for evaluating a correlation measure at each focus plane position
between at least one image pixel and a weight function, where the
weight function is determined based on information of the configuration
of the spatial pattern;
data processing means for:

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 3D real world coordinates.

The method and apparatus described in this invention 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 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

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
optical system for imaging light returned from the object to the camera. In the preferred
embodiment of the invention only one optical system images the pattern onto the object
and images the object, or at least a part of the object, onto the camera, preferably

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

In the preferred embodiment of the invention an optical system provides an imaging of
the pattern onto the object being probed and from the object being probed to the
camera. Preferably, the focus plane is adjusted in such a way that the image of the
pattern on the probed object is shifted along the optical axis, preferably in equal steps
from one end of the scanning region to the other. The probe light incorporating the
pattern provides a pattern of light and darkness on the object. Specifically, when the
pattern is varied in time for a fixed focus plane then the in-focus regions on the object
will display an oscillating pattern of light and darkness. The out-of-focus regions will

display smaller or no contrast in the light oscillations.

Generally we consider the case where the light incident on the object is reflected
diffusively and/or specularly from the object's surface. But it is understood that the
scanning apparatus and method are not limited to this situation. They are also
applicable to e.g. the situation where the incident light penetrates the surface and is
reflected and/or scattered and/or gives rise to fluorescence and/or phosphorescence in
the object. Inner surfaces in a sufficiently translucent object may also be illuminated by
the illumination pattern and be imaged onto the camera. In this case a volumetric

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

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

a number of 2D images at different positions of the focus plane and at different
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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
plane for which each pixel will be in focus. By using knowledge of the optical system
used, it is possible to transform the contrast information vs. position of the focus plane

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

Thus, in one embodiment of the invention the focus position is calculated by
determining the light oscillation amplitude for each of a plurality of sensor elements for

a range of focus planes.

For a static pattern a single sub-scan can be obtained by collecting a number of 2D
images at different positions of the focus plane. As the focus plane coincides with the
scan surface, the pattern will be projected onto the surface point in-focus and with high
contrast. The high contrast gives rise to a large spatial variation of the static pattern on
the surface of the object, thereby providing a large variation, or amplitude, of the pixel
values over a group of adjacent pixels. For each group of pixels it is thus possible to
identify individual settings of the focusing plane for which each group of pixels will be in
focus. By using knowledge of the optical system used, it is possible to transform the
contrast information vs. position of the focus plane into 3D surface information, on an

individual pixel group basis.

Thus, in one embodiment of the invention the focus position is calculated by
determining the light oscillation amplitude for each of a plurality of groups of the sensor

elements for a range of focus planes.

The 2D to 3D conversion of the image data can be performed in a number of ways
known in the art. l.e. the 3D surface structure of the probed object can be determined
by finding the plane corresponding to the maximum light oscillation amplitude for each
sensor element, or for each group of sensor elements, in the camera's sensor array
when recording the light amplitude for a range of different focus planes. Preferably, the
focus plane is adjusted in equal steps from one end of the scanning region to the other.
Preferably the focus plane can be moved in a range large enough to at least coincide

with the surface of the object being scanned.
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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
of the pattern. This is because the orientation of the reference image does not rely
entirely on a predetermined calibration, but rather on the specific time of the input
image acquisition.

Thus WO 2008/125605 applies specifically exactly two patterns, which are realized
physically by a chrome-on-glass mask as illuminated from either side, the reverse side
being reflective. WO 2008/1 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.

Definitions

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

May also be termed "illumination pattern”.

Time varying pattern: A pattern that varies in time, i.e. the embedded spatial structure
varies in time. May also be termed "time varying illumination pattern”. In the following

also termed "fringes".

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

or a static line pattern.

Pattern configuration: The state of the pattern. Knowledge of the pattern
configuration at a certain time amounts to knowing the spatial structure of the
illumination at that time. For a periodic pattern the pattern configuration will include
information of the pattern phase. If a surface element of the object being scanned is
imaged onto the camera then knowledge of the pattern configuration amounts to

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

Optical system: An arrangement of optical components, e.g. lenses, that transmit,
collimate and/or images light, e.g. transmitting probe light towards the object, imaging
the pattern on and/or in the object, and imaging the object, or at least a part of the

object, on the camera.

Optical axis: An axis defined by the propagation of a light beam. An optical axis is
preferably a straight line. In the preferred embodiment of the invention the optical axis
is defined by the configuration of a plurality of optical components, e.g. the
configuration of lenses in the optical system. There may be more than one optical axis,
if for example one optical system transmits probe light to the object and another optical
system images the object on the camera. But preferably the optical axis is defined by
the propagation of the light in the optical system transmitting the pattern onto the object
and imaging the object onto the camera. The optical axis will often coincide with the

longitudinal axis of the scanner.

Optical path: The path defined by the propagation of the light from the light source to
the camera. Thus, a part of the optical path preferably coincides with the optical axis.
Whereas the optical axis is preferably a straight line, the optical path may be a non-
straight line, for example when the light is reflected, scattered, bent, divided and/or the

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

Telecentric system: An optical system that provides imaging in such a way that the
chief rays are parallel to the optical axis of said optical system. In a telecentric system
out-of-focus points have substantially same magnification as in-focus points. This may
provide an advantage in the data processing. A perfectly telecentric optical system is
difficult to achieve, however an optical system which is substantially telecentric or near
telecentric may be provided by careful optical design. Thus, when referring to a

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

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

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

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

Camera: Imaging sensor comprising a plurality of sensors that respond to light input
onto the imaging sensor. The sensors are preferably ordered in a 2D array in rows and

columns.

Input signal: Light input signal or sensor input signal from the sensors in the camera.
This can be integrated intensity of light incident on the sensor during the exposure time
or integration of the sensor. In general, it translates to a pixel value within an image.

May also be termed "sensor signal”.

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

denoted a weight function or weight vector or reference vector.

Correlation measure: A measure of the degree of correlation between a reference
and input signal. Preferably the correlation measure is defined such that if the
reference and input signal are linearly related to each other then the correlation
measure obtains a larger magnitude than if they are not.

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

Image: An image can be viewed as a 2D array of values (when obtained with a digital
camera) or in optics, an image indicates that there exists a relation between an imaged
surface and an image surface where light rays emerging from one point on said imaged

surface substantially converge on one point on said image surface.

Intensity: In optics, intensity is a measure of light power per unit area. In image
recording with a camera comprising a plurality of individual sensing elements, intensity
may be used to term the recorded light signal on the individual sensing elements. In
this case intensity reflects a time integration of light power per unit area on the sensing

element over the exposure time involved in the image recording.
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Mathematical notation

A A correlation measure between the weight function and the recorded light
signal. This can be a light oscillation amplitude.

| Light input signal or sensor input signal. This can be integrated intensity of
light incident on the sensor during the exposure time or integration of the
sensor. In general, it translates to a pixel value within an image.

f Reference signal. May also be called weight value.

n The number of measurements with a camera sensor and/or several camera
sensors that are used to compute a correlation measure.

H Image height in number of pixels

W Image width in number of pixels

Symbols are also explained as needed in the text.
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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

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

In a preferred embodiment of the invention light is transmitted in an optical system
comprising a lens system. This lens system may transmit the pattern towards the
object and images light reflected from the object to the camera.

In a telecentric optical system, out-of-focus points have the same magnification as in-
focus points. Telecentric projection can therefore significantly ease the data mapping of
acquired 2D images to 3D images. Thus, in a preferred embodiment of the invention
the optical system is substantially telecentric in the space of the probed object. The
optical system may also be telecentric in the space of the pattern and camera.

Varying focus

A pivotal point of the 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
may be varied, such as continuously varied in a periodic fashion, while the pattern
generation means, the camera, the optical system and the object being scanned is
fixed in relation to each other. Further, the 3D surface acquisition time should be small
enough to reduce the impact of relative movement between probe and teeth, e.g.
reduce effect of shaking. In the preferred embodiment of the invention the focus plane
is varied by means of at least one focus element. Preferably the focus plane is
periodically varied with a predefined frequency. Said frequency may be at least 1 Hz,
such as at least 2 Hz, 3,4,5,6, 7, 8, 9 or at least 10 Hz, such as at least 20, 40, 60, 80
or at least 100 Hz.

Preferably the focus element is part of the optical system. l.e. the focus element may
be a lens in a lens system. A preferred embodiment comprises means, such as a
translation stage, for adjusting and controlling the position of the focus element. In that
way the focus plane may be varied, for example by translating the focus element back

and forth along the optical axis.
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Ii a focus element is translated back and forth with a frequency of several Hz this may
lead to instability of the scanner. A preferred embodiment of the invention thus
comprises means for reducing and/or eliminating the vibration and/or shaking from the
focus element adjustment system, thereby increasing the stability of the scanner. This
may at least partly be provided by means for fixing and/or maintaining the centre of
mass of the focus element adjustment system, such as a counter-weight to
substantially counter-balance movement of the focus element; for example, by
translating a counter-weight opposite to the movement of the focus element. Ease of
operation may be achieved if the counter-weight and the focus element are connected
and driven by the same translation means. This may however, only substantially
reduce the vibration to the first order. If a counter-weight balanced device is rotated
around the counter-weight balanced axis, there may be issues relating to the torque
created by the counter-weights. A further embodiment of the invention thus comprises
means for reducing and/or eliminating the first order, second order, third order and/or
higher order vibration and/or shaking from the focus element adjustment system,

thereby increasing the stability of the scanner.

In another embodiment of the invention more than one optical element is moved to shift
the focal plane. In that embodiment it is desirable that these elements are moved

together and that the elements are physically adjacent.

In the preferred embodiment of the invention the optical system is telecentric, or near
telecentric, for all focus plane positions. Thus, even though one or more lenses in the
optical system may be shifted back and forth to change the focus plane position, the

telecentricity of the optical system is maintained.

The preferred embodiment of the invention comprises focus gearing. Focus gearing is
the correlation between movement of the lens and movement of the focus plane
position. E.g. a focus gearing of 2 means that a translation of the focus element of 1
mm corresponds to a translation of the focus plane position of 2 mm. Focus gearing
can be provided by a suitable design of the optical system. The advantage of focus
gearing is that a small movement of the focus element may correspond to a large
variation of the focus plane position. In specific embodiments of the invention the focus

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

least 20.

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

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

Camera

The camera may be a standard digital camera accommodating a standard CCD or
CMOS chip with one A/D converter per line of sensor elements (pixels). However, to
increase the frame rate the scanner according to the 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 A/D converters per line of pixels.

Pattern

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
and darkness. The out-of-focus regions will display smaller or no contrast in the light
oscillations. The static pattern may provide a spatial variation of light and darkness on
and/or in the object. Specifically, the in-focus regions will display an oscillating pattern
of light and darkness in space. The out-of-focus regions will display smaller or no

contrast in the spatial light oscillations.

Light may be provided from an external light source, however preferably the scanner
comprises at least one light source and pattern generation means to produce the
pattern. It is advantageous in terms of signal-to-noise ratio to design a light source
such that the intensity in the non-masked parts of the pattern is as close to uniform in
space as possible. In another embodiment the light source and the pattern generation
means is integrated in a single component, such as a segmented LED. A segmented
LED may provide a static pattern and/or it may provide a time varying pattern in itself
by turning on and off the different segments in sequence. In one embodiment of the

invention the time varying pattern is periodically varying in time. In another embodiment
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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
means comprises at least one translucent and/or transparent pattern element. For
generating a time varying pattern a wheel, with an opaque mask can be used. E.g. the
mask comprises a plurality of radial spokes, preferably arranged in a symmetrical
order. The scanner may also comprise means for rotating and/or translating the pattern
element. For generating a static pattern a glass plate with an opaque mask can be
used. E.g. the mask comprises a line pattern or checkerboard pattern. In general said
mask preferably possesses rotational and/or translational periodicity. The pattern
element is located in the optical path. Thus, light from the light source may be
transmitted through the pattern element, e.g. transmitted transversely through the
pattern element. The time varying pattern can then be generated by rotating and/or
translating the pattern element. A pattern element generating a static pattern does not

need to be moved during a scan.

Correlation

One object of the invention is to provide short scan time and real time processing, e.g.
to provide live feedback to a scanner operator to make a fast scan of an entire tooth
arch. However, real time high resolution 3D scanning creates an enormous amount of
data. Therefore data processing should be provided in the scanner housing, i.e. close
to the optical components, to reduce data transfer rate to e.g. a cart, workstation or
display. In order to speed up data processing time and in order to extract in-focus
information with an optimal signal-to-noise ratio various correlation techniques may be
embedded / implemented. This may for example be implemented in the camera
electronics to discriminate out-of-focus information. The pattern is applied to provide
illumination with an embedded spatial structure on the object being scanned.
Determining in-focus information relates to calculating a correlation measure of this
spatially structured light signal {which we term input signal) with the variation of the
pattern itself (which we term reference signal). In general the magnitude of the
correlation measure is high if the input signal coincides with the reference signal. i the
input signal displays little or no variation then the magnitude of the correlation measure
is low. If the input signal displays a large spatial variation but this variation is different

than the variation in the reference signal then the magnitude of the correlation measure
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is also low. In a further embodiment of the invention the scanner and/or the scanner
head may be wireless, thereby simplifying handling and operation of the scanner and
increasing accessibility under difficult scanning situations, e.g. intra-oral or in the ear
scanning. However, wireless operation may further increase the need for local data

processing to avoid wireless transmission of raw 3D data.

The reference signal is provided by the pattern generating means and may be periodic.
The variation in the input signal may be periodic and it may be confined to one or a few
periods. The reference signal may be determined independently of the input signal.
Specifically in the case of a periodic variation, the phase between the oscillating input
and reference signal may be known independently of the input signal. In the case of a
periodic variation the correlation is typically related to the amplitude of the variation. K
the phase between the oscillating input and reference signals is not known it is
necessary to determine both cosine and sinusoidal part of the input signal before the
input signal’'s amplitude of variation can be determined. This is not necessary when the

phase is known.

One way to define the correlation measure mathematically with a discrete set of
measurements is as a dot product computed from a signal vector, /= (.. .,1 ), with n >
1 elements representing sensor signals and a reference vector, f= (f,..., f), oi same

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

A=f'1=ifi1i
i=1

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

given by

recorded at different times and/or at different sensors. In the case of a continuous
measurement the above expression is easily generalized to involve integration in place
of the summation. In that case the integration parameter is time and/or one or more

spatial coordinates.

A preferred embodiment is to remove the DC part of the correlation signal or correlation
measure, i.e., when the reference vector elements sums to zero (37, f; = 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. It the

Exhibit 1002 page 175 of 1005
0175 DENTAL IMAGING



10

15

20

25

30

WO 2010/145669 PCT/DK2010/050148

15

DC part is not removed, there may exist a trend in DC signal over all focus element
positions, and this trend can be dominating numerically. In this situation, the focus
position may still be found by analysis of the correlation measure and/or one or more of

its derivatives, preferably after trend removal.

Preferably, the global extremum should be found. However, artifacts such as dirt on the
optical system can result in false global maxima. Therefore, it can be advisable to look
for local extrema in some cases. If the object being scanned is sufficiently translucent it
may be possible to identify interior surfaces or surface parts that are otherwise
occluded. In such cases there may be several local extrema that corresponds to

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

The correlation measure can typically be computed based on input signals that are
available as digital images, i.e., images with a finite number of discrete pixels.
Therefore conveniently, the calculations for obtaining correlation measures can be
performed for image pixels or groups thereof. Correlation measures can then be

visualized in as pseudo-images.

The correlation measure applied in this invention is inspired by the principle of a lock-in
amplifier, in which the input signal is multiplied by the reference signal and integrated

over a specitied 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
light sensing elements in the camera is recorded several times while the pattern
configuration is varied. The correlation measure is thus at least computed with sensor

signals recorded at different times.

A principle to estimate light oscillation amplitude in a periodically varying light signal is
taught in WO 98/45745 where the amplitude is calculated by first estimating a cosine
and a sinusoidal part of the light intensity oscillation. However, from a statistical point of
view this is not optimal because two parameters are estimated to be able to calculate

the amplitude.
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In this embodiment of the invention independent knowledge of the pattern configuration
at each light signal recording allows for calculating the correlation measure at each

light sensing element.

In some embodiments of the invention the scanner comprises means for obtaining
knowledge of the pattern configuration. To provide such knowledge the scanner
preferably further comprises means for registering and/or monitering the time varying

pattern.

Each individual light sensing element, i.e. sensor element, in the camera sees a
variation in the light signal corresponding to the variation of the light illuminating the

object.

One embodiment of the invention obtains the time variation of the pattern by translating
and/or rotating the pattern element. In this case the pattern configuration may be
obtained by means of a position encoder on the pattern element combined with prior
knowledge of the pattern geometry that gives rise to a pattern variation across
individual sensing elements. Knowledge of the pattern configuration thus arises as a
combination of knowledge of the pattern geometry that results in a variation across
different sensing elements and pattern registration and/or monitoring during the 3D
scan. In case of a rotating wheel as the pattern element the angular position of the

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

One embodiment of the invention involves a pattern that possesses translational and/or
rotational periodicity. In this embodiment there is a well-defined pattern oscillation

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

One embodiment of the invention comprises means for sampling each of a plurality of
the sensor elements a plurality of times during one pattern oscillation period, preferably
sampled an integer number of times, such as sampling 2,3,4,5,6, 7 or 8 times during
each pattern oscillation period, thereby determining the light variation during a period.

The temporal correlation measure between the light variation and the pattern can be
obtained by recording several images on the camera during one oscillation period (or at

least one oscillation period). The number of images recorded during one oscillation
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period is denoted n. The registration of the pattern position for each individual image
combined with the independently known pattern variation over all sensing element (i.e.
obtaining knowledge of the pattern configuration) and the recorded images allows for
an efficient extraction of the correlation measure in each individual sensing element in
the camera. For a light sensing element with label j, the nrecorded light signals of that

element are denoted /,, ..., / ,. The correlation measure of that element, A, may be

n
4 = z fijlij
i=1

Here the reference signal or weight function fis obtained from the knowledge of the

expressed as

pattern configuration. /has two indices jj. 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 index is derived from the knowledge of the pattern

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

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

n
2.1 =0
i=1

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

for all ywe have

coerresponding to the pattern being in focus on the object for a single senscr element in
the camera will be given by an extremum value of the correlation measure of that
sensor element when the focus position is varied over a range of values. The focus

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

To obtain a sharp image of an object by means of a camera the object must be in focus
and the optics of the camera and the object must be in a fixed spatial relationship
during the exposure time of the image sensor of the camera. Applied to the present
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
images are recorded (sampled) in the camera while the pattern is continuously varying
(e.g. by continuously rotating a pattern wheel) and the focus plane is continuously
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moved. This implies that the individual images will be slightly blurred since they are the
result of a time-integration of the image while the pattern is varying and the focus plane
is moved. This is something that one could expect to lead to deterioration of the data
quality, but in practice the advantage of concurrent variation of the pattern and the

focus plane is bigger than the drawback.

In another embodiment of the invention images are recorded (sampled) in the camera
while the pattern is fixed and the focus plane is continuously moved, i.e. no movement
of the pattern. This could be the case when the light source is a segmented light
source, such as a segment LED that flashes in an appropriate fashion. In this
embodiment the knowledge of the pattern is obtained by a combination of prior
knowledge of the geometry of the individual segments on the segmented LED give rise
to a variation across light sensing elements and the applied current to different

segments of the LED at each recording.

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

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

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

camera while the pattern and the focus plane are fixed.

The temporal correlation principle may be applied in general within image analysis.
Thus, a further embodiment of the invention relates to a method for calculating the
amplitude of a light intensity oscillation in at least one (photoelectric) light sensitive
element, said light intensity oscillation generated by a periodically varying illumination
pattern and said amplitude calculated in at least one pattern oscillation period, said
method comprising the steps of:
- providing the following a predetermined number of sampling times during a pattern
oscillation period:
o sampling the light sensitive element thereby providing the signal of said light
sensitive element, and
o providing an angular position and/or a phase of the periodically varying
illumination pattern for said sampling, and
- calculating said amplitude(s) by integrating the products of a predetermined

periodic function and the signal of the corresponding light sensitive element over
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said predetermined number of sampling times, wherein said periodic function is a
function of the angular position and/or the phase of the periodically varying

illumination pattern.

This may also be expressed as

A= /(p),

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 /, is the signal of the light sensitive element for sampling /.

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

> flp,)=0.

To generalize the principle to a plurality of light sensitive elements, for example in a
sensor array, the angular position / phase of the illumination pattern for a specific light
sensitive element may consist of an angular position / phase associated with the
illumination pattern plus a constant offset associated with the specific light sensitive
element. Thereby the correlation measure or amplitude of the light oscillation in light

sensitive element /may be expressed as
A] =Zf(9] +pt)1l,j ’

where 6, is the constant offset for light sensitive element .

A periodically varying illumination pattern may be generated by a rotating wheel with an
opaque mask comprising a plurality of radial spokes arranged in a symmetrical order.
The angular position of the wheel will thereby correspond to the angular position of the
pattern and this angular position may obtained by an encoder mounted on the rim of
the wheel. The pattern variation across different sensor elements for different position
of the pattern may be determined prior to the 3D scanning in a calibration routine. A
combination of knowledge of this pattern variation and the pattern position constitutes
knowledge of the pattern configuration. A period of this pattern may for example be the
time between two spokes and the amplitude of a single or a plurality of light sensitive

elements of this period may be calculated by sampling e.g. four times in this period.
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A periodically varying illumination pattern may generated by a Ronchi ruling moving
orthogonal to the lines and the position is measured by an encoder. This position
corresponds to the angular position of the generated pattern. Alternatively, a

checkerboard pattern could be used.

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

LEDs that can be controlled line wise.

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

Optical correlation

The abovementioned correlation principle (temporal correlation) requires some sort of
registering of the time varying pattern, e.g. knowledge of the pattern configuration at
each light level recording in the camera. However, a correlation principle without this
registering may be provided in another embodiment of the invention. This principle is

termed "optical correlation”.

In this embodiment of the invention an image of the pattern itself and an image of at
least a part of the object being scanned with the pattern projected onto it is combined
on the camera. l.e. the image on the camera is a superposition of the pattern itself and
the object being probed with the pattern projected onto it. A different way of expressing
this is that the image on the camera substantially is a multiplication of an image of the

pattern projected onto the object with the pattern itself.

This may be provided in the following way. In a further embodiment of the invention the
pattern generation means comprises a transparent pattern element with an opaque
mask. The probe light is transmitted through the pattern element, preferably transmitted
transversely through the pattern element. The light returned from the object being
scanned is retransmitted the opposite way through said pattern element and imaged
onto the camera. This is preferably done in a way where the image of the pattern
illuminating the object and the image of the pattern itself are coinciding when both are
imaged onto the camera. One particular example of a pattern is a rotating wheel with
an opaque mask comprising a plurality of radial spokes arranged in a symmetrical
order such that the pattern possesses rotational periodicity. In this embodiment there is
a well-defined pattern oscillation period if the pattern is substantially rotated at a

constant speed. We define the oscillation period as 2.
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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 &twith
label j, I is given by

t+6¢

h=Kj T(t)s(t')df

Here Kls 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
element. In the described embodiment T, is the the step function substantially defined
by ﬁ{t) = 0 for sin(wt+¢) > 0 and y{t) = 1 elsewhere. ¢.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
light returned from the object being scanned. The time-varying transmission takes the
role of the reference signal and the time-varying light intensity of light returned from the
scanned object takes the role of the input signal. The advantage of this embodiment of
the invention is that a normal CCD or CMOS camera with intensity sensing elements
may be used to record the correlation measure directly since this appears as an
intensity on the sensing elements. Another way of expressing this is that the
computation of the correlation measure takes place in the analog, optical domain

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

The focus position corresponding to the pattern being in focus on the object being
scanned for a single sensor element in the camera will then be given by the maximum
value of the correlation measure recorded with that sensor element when the focus
position is varied over a range of values. The focus position may be varied in equal
steps from one end of the scanning region to the other. One embodiment of the
invention comprises means for recording and/or integrating and/or monitoring and/or

storing each of a plurality of the sensor elements over a range of focus plane positions.
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Preferably, the global maximum should be found. However, artifacts such as dirt on the
optical system can result in false global maxima. Therefore, it can be advisable to look

for local maxima in some cases.

Since the reference signal does not average to zero the correlation measure has a DC
component. Since the DC part is not removed, there may exist a trend in DC signal
over all focus element positions, and this trend can be dominating numerically. In this
situation, the focus position may still be found by analysis of the correlation measure

and/or one or more of its derivatives.

In a further embodiment of the invention the camera integration time is an integer
number M of the pattern oscillation period, i.e. 8t= 2nM/ ®. One advantage of this
embodiment is that the magnitude of the correlation measure can be measured with a
better signal-to-noise ratio in the presence of noise than if the camera integration time

is not an integer number of the pattern oscillation period.

In another further embodiment of the invention the camera integration time is much
longer than pattern oscillation period, i.e. 8t» 2wM/ ®. Many times the pattern
oscillation time would here mean e.g. camera integration time at least 10 times the
oscillation time or more preferably such as at least 100 or 1000 times the oscillation
time. One advantage of this embodiment is that there is no need for synchronization of
camera integration time and pattern oscillation time since for very long camera
integration times compared to the pattern oscillation time the recorded correlation

measure is substantially independent of accurate synchronization.

Equivalent to the temporal correlation principle the optical correlation principle may be
applied in general within image analysis. Thus, a further embodiment of the invention
relates to a method for calculating the amplitude of a light intensity oscillation in at least
one (photoelectric) light sensitive element, said light intensity oscillation generated by a
superposition of a varying illumination pattern with itself, and said amplitude calculated
by time integrating the signal from said at least one light sensitive element over a

plurality of pattern oscillation periods.

Spatial correlation
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The above mentioned correlation principles (temporal correlation and optical
correlation) require the pattern to be varying in time. I the optical system and camera
provides a lateral resolution which is at least two times what is needed for the scan of
the object then it is possible to scan with a static pattern, i.e. a pattern which is not
changing in time. This principle is termed "spatial correlation”. The correlation measure

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

The lateral resolution of an optical system is to be understood as the ability of optical
elements in the optical system, e.g. a lens system, to image spatial frequencies on the
object being scanned up to a certain point. Modulation transfer curves of the optical
system are typically used to describe imaging of spatial frequencies in an optical
system. One could e.g. define the resolution of the optical system as the spatial
frequency on the object being scanned where the modulation transfer curve has
decreased to e.g. 50%. The resolution of the camera is a combined effect of the
spacing of the individual camera sensor elements and the resolution of the optical

system.

In the spatial correlation the correlation measure refers to a correlation between input
signal and reference signal occurring in space rather than in time. Thus, in one
embodiment of the invention the resolution of the measured 3D geometry is equal to
the resolution of the camera. However, for the spatial correlation the resolution of the
measured 3D geometry is lower than the resolution of the camera, such as at least 2
times lower, such as at least 3 times lower, such as at least 4 times lower, such as
least 5 times lower, such as at least 10 times lower. The sensor element array is
preferably divided into groups of sensor elements, preferably rectangular groups, such
as square groups of sensor elements, preferably adjacent sensor elements. The
resolution of the scan, i.e. the measured 3D geometry, will then be determined by the
size of these groups of sensor elements. The oscillation in the light signal is provided
within these groups of sensor elements, and the amplitude of the light oscillation may
then be obtained by analyzing the groups of sensor elements. The division of the
sensor element array into groups is preferably provided in the data processing stage,
i.e. the division is not a physical division thereby possibly requiring a specially adapted
sensor array. Thus, the division into groups is "virtual" even though the single pixel in a

group is an actual physical pixel.
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In one embodiment of the invention the pattern posseses translational periodicity along
at least one spatial coordinate. In a further embodiment of the invention the spatially
periodic pattern is aligned with the rows and/or the columns of the array of sensor
elements. For example in the case of a static line pattern the rows or columns of the
pixels in the camera may be parallel with the lines of the pattern. Or in the case of a
static checkerboard pattern the row and columns of the checkerboard may be aligned
with the rows and columns, respectively, of the pixels in the camera. By aligning is
meant that the image of the pattern onto the camera is aligned with the "pattern” of the
sensor element in the sensor array of the camera. Thus, a certain physical location and
orientation of the pattern generation means and the camera requires a certain
configuration of the optical components of the scanner for the pattern to be aligned with

sensor array of the camera.

In a further embodiment of the invention at least one spatial period of the pattern
corresponds to a group of sensor elements. In a further embodiment of the invention all
groups of sensor elements contain the same number of elements and have the same
shape. E.g. when the period of a checkerboard pattern corresponds to a square group

of e.g. 2x2, 3x3, 4x4, 5x5, 6x6, 7x7, 8x8, 9x9, 10x1 0 or more pixels on the camera.

In yet another embodiment one or more edges of the pattern is aligned with and/or
coincide with one or more edges of the array of sensor elements. For example a

checkerboard pattern may be aligned with the camera pixels in such a way that the
edges of the image of the checkerboard pattern onto the camera coincide with the

edges of the pixels.

In spatial correlation independent knowledge of the pattern configuration allows for
calculating the correlation measure at each group of light sensing. For a spatially
periodic illumination this correlation measure can be computed without having to
estimate the cosine and sinusoidal part of the light intensity oscillation. The knowledge

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

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

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

n
4y = Z sy
i=1
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Where nis the number of sensor elements in a group of sensors, £ = (f;,, ... fj is the
reference signal vector obtained from knowledge of the pattern configuration, and I, =
(70 foree /J is input signal vector. For the case of sensors grouped in square regions with

Nsensors as square length then n= N

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

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

n

wazo

=1
to suppress the DC part of the correlation measure. The focus position corresponding
to the pattern being in focus on the object for a single group of sensor elements in the
camera will be given by an extremum value of the correlation measure of that sensor
element group when the focus position is varied over a range of values. The focus

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

In the case of a static checkerboard pattern with edges aligned with the camera pixels
and with the pixel groups having an even number of pixels such as 2x2, 4x4, 6x6, 8x8,
10x10, a natural choice of the reference vector /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.

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

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

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

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

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

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

method comprising the steps of:

- providing the signal from each light sensitive element in said group of light sensitive
elements, and

- calculating said amplitude(s) by integrating the products of a predetermined
function and the signal from the corresponding light sensitive element over said
group of light sensitive elements, wherein said predetermined function is a function

reflecting the illumination pattern.
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To generalize the principle to a plurality of light sensitive elements, for example in a
sensor array, the correlation measure or amplitude of the light oscillation in group /may
be expressed as
A, =X fli, ., ,

1=l
where nis the number of sensor elements in group /, /, is the signal from the /th sensor

element in group /and f(ij) is a predetermined function reflecting the pattern.

Compared to temporal correlation, spatial correlation has the advantage that no moving
pattern is required. This implies that knowledge of the pattern configuration may be
obtained prior to the 3D scanning. Conversely, the advantage of temporal correlation is

its higher resolution, as no pixel grouping is required.

All correlation principles, when embodied with an image sensor that allows very high
frame rates, enable 3D scanning of objects in motion with little motion blur. It also
becomes possible to trace moving objects over time ("4D scanning™), with useful
applications for example in machine vision and dynamic deformation measurement.
Very high frame rates in this context are at least 500, but preferably at least 2000

frames per second.

Transforming correlation measure extrema to 3D world coordinates

Relating identified focus position(s) for camera sensor or camera sensor groups to 3D
world coordinates may be done by ray tracing through the optical system. Before such
ray tracing can be performed the parameters of the optical system need to be known.
One embodiment of the invention comprises a calibration step to obtain such
knowledge. A further embodiment of the invention comprises a calibration step in which
images of an object of known geometry are recorded for a plurality of focus positions.
Such an object may be a planar checkerboard pattern. Then, the scanner can be
calibrated by generating simulated ray traced images of the calibration object and then
adjusting optical system parameters as to minimize the difference between the

simulated and recorded images.
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In a further embodiment of the invention the calibration step requires recording of
images for a plurality of focus positions for several different calibration objects and/or

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

With knowledge of the parameters of the optical system, one can employ backward ray
tracing technique to estimate the 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,
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 3D coordinate of where a 2D 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 3D coordinates.
The above steps are repeated for a number of different focus lens positions covering

the scanner's operation range.

Specular reflections

High spatial contrast of the in-focus pattern image on the object is often necessary to
obtain a good signal to noise ratio of the correlation measure on the camera. This in
turn may be necessary to obtain a good estimation of the focus position corresponding
to an extremum in the correlation measure. This sufficient signal to noise ratio for
successful scanning is often easily achieved in objects with a diffuse surface and
negligible light penetration. For some objects, however, it is difficult to achieve high

spatial contrast.

A difficult kind of object, for instance, is an object displaying multiple scattering of the
incident light with a light diffusion length large compared to the smallest feature size of
the spatial pattern imaged onto the object. A human tooth is an example of such an
object. The human ear and ear canal are other examples. In case of intra oral
scanning, the scanning should preferably be provided without spraying and/or drying
the teeth to reduce the specular reflections and light penetration. Improved spatial
contrast can be achieved by preferential imaging of the specular surface reflection from
the object on the camera. Thus, one embodiment of the invention comprises means

for preferential / selectively imaging of specular reflected light and/or diffusively
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reflected light. This may be provided if the scanner further comprises means for
polarizing the probe light, for example by means of at least one polarizing beam
splitter. A polarizing beam splitter may for instance be provided for forming an image of
the object in the camera. This may be utilized to extinguish specular reflections,
because if the incident light is linearly polarized a specular reflection from the object

has the property that it preserves its polarization state

The scanner according to the invention may further comprise means for changing the
polarization state of the probe light and/or the light reflected from the object. This can
be provided by means of a retardation plate, preferably located in the optical path. In
one embodiment of the invention the retardation plate is a quarter wave retardation
plate. A linearly polarized light wave is transformed into a circularly polarized light wave
upon passage of a quarter wave plate with an orientation of 45 degrees of its fast axis
to the linear polarization direction. This may be utilized to enhance specular reflections
because a specular reflection from the object has the property that it flips the helicity of
a circularly polarized light wave, whereas light that is reflected by one or more

scattering events becomes depolarized.

The field of view (scanning length)

In one embodiment of the invention the probe light is transmitted towards the object in
a direction substantially parallel with the optical axis. However, for the scan head to be
entered into a small space such as the oral cavity of a patient it is necessary that the tip
of the scan head is sufficiently small. At the same time the light out of the scan head
need to leave the scan head in a direction different from the optical axis. Thus, a further
embodiment of the invention comprises means for directing the probe light and/or
imaging an object in a direction different from the optical axis. This may be provided by
means of at least one folding element, preferably located along the optical axis, for
directing the probe light and/or imaging an object in a direction different from the optical
axis. The folding element could be a light reflecting element such as a mirror or a
prism. In one embodiment of the invention a 45 degree mirror is used as folding optics
to direct the light path onto the object. Thereby the probe light is guided in a direction
perpendicular to the optical axis. In this embodiment the height of the scan tip is at

least as large as the scan length and preferably of approximately equal size.
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One embodiment of the invention comprises at least two light sources, such as light
sources with different wavelengths and/or different polarization. Preferably also control
means for controlling said at least two light sources. Preferably this embodiment
comprises means for combining and/or merging light from said at least two light
sources. Preferably also means for separating light from said at least two light sources.
If waveguide light sources are used they may be merged by waveguides. However,

one or more diffusers may also be provided to merge light sources.

Separation and/or merging may be provided by at least one optical device which is
partially light transmitting and partially light reflecting, said optical device preferably
located along the optical axis, an optical device such as a coated mirror or coated
plate. One embodiment comprises at least two of said optical devices, said optical
devices preferably displaced along the optical axis. Preferably at least one of said
optical devices transmits light at certain wavelengths and/or polarizations and reflects

light at other wavelengths and/or polarizations.

One exemplary embodiment of the invention comprises at least a first and a second
light source, said light sources having different wavelength and/or polarization, and
wherein

a first optical device reflects light from said first light source in a direction different from
the optical axis and transmits light from said second light source, and

a second optical device reflects light from said second light source in a direction
different from the optical axis. Preferably said first and second optical devices reflect
the probe light in parallel directions, preferably in a direction perpendicular to the
optical axis, thereby imaging different parts of the object surface. Said different parts of

the object surface may be at least partially overlapping.

Thus, for example light from a first and a second light source emitting light of different
wavelengths (and/or polarizations) is merged together using a suitably coated plate

that transmits the light from the first light source and reflects the light from the second
light source. At the scan tip along the optical axis a first optical device (e.g. a suitably
coated plate, dichroic filter) reflects the light from the first light source onto the object
and transmits the light from the second light source to a second optical device (e.g. a

mirror) at the end of the scan tip, i.e. further down the optical axis. During scanning the
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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 3D surface of the object in the region below the first optical
device is recorded. Then the first light source is switched off and the second light
source is switched on and the focus position is moved such that the light from the
second light source is used to project an image of the pattern to a position below the
second optical device. The 3D surface of the object in the region below the second
optical device is recorded. The region covered with the light from the two light sources
respectively may partially overlap.

In another embodiment of the invention the probe light is directed in a direction different
from the optical axis by means of a curved fold mirror. This embodiment may comprise
one or more optical elements, such as lenses, with surfaces that may be aspherical to

provide corrected optical imaging.

A further embodiment of the invention comprises of at least one translation stage for
translating mirror(s) along the optical axis. This allows for a scan tip with a smaller
height than the scan length. A large scan length can be achieved by combining several

scans with the mirror(s) in different positions along the optical axis.

In another embodiment of the invention the probe light is directed in a direction different
from the optical axis by means of at least one grating that provides anamorphic
magnification so that the image of the pattern on the object being scanned is stretched.
The grating may be blazed. In this embodiment the light source needs to be

monochromatic or semi-monochromatic.

The abovementioned embodiments suitable for increasing the scan length may
comprise control means for providing a coordination of the light sources and the focus

element.

Color scanning
One embodiment of the invention is only registering the surface topology (geometry) of
the object being scanned. However, another embodiment of the invention is being

adapted to obtain the color of the surface being scanned, i.e. capable of registering the
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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. I a white light source is used then
some kind of color filtering must be provided. Preferably comprising a plurality of color
filters, such as red, green and blue color filters, and means for inserting said color
filters singly in front of the white light source, thereby selecting a color of the probe
light.

In one embodiment of the invention color filters are integrated in the pattern generation
means, i.e. the pattern generation means comprises color filters, such as translucent
and/or transparent parts that are substantially monochromatically colored. For example
a pattern element such as a rotating wheel with an opaque mask and where the
translucent / transparent parts are color filters. For example one third of the wheel is

red, one third is green and one third is blue.

Probe light of different colors may also be provided by at least three monochromatic
light sources, such as lasers or LED's, said light sources having wavelengths
distributed across the visible part of the wavelength spectrum. This will in general also
require means for merging said light sources. For example suitable coated plates. In
the case of waveguide light sources, the merging may be provided by a waveguide

element.

To handle the different colors of the probe light the optical system is preferably

substantially achromatic.
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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. l.e. for a single focal plane position it is possible to switch between
different colors of the probe light. For example by switching on and off different
monochromatic light sources (having one only light source turned on at a time) or by
applying different color filters. Furthermore, the amplitude of the light signal of each of a
plurality of the sensor elements may be determined for each color for each focal plane
positions. l.e. for each focus position the color of the probe light may be switched. The
embedded time varying pattern provides a single color oscillating light signal and the
amplitude of the signal in each sensor element may be determined for that color.
Switching to the next color the amplitude may be determined again. When the
amplitude has been determined for all colors the focus position is changed and the
process is repeated. The color of the surface being scanned may then be obtained by
combining and/or weighing the color information from a plurality of the sensor
elements. E.g. the color expressed as e.g. an RGB color coordinate of each surface
element can be reconstructed by appropriate weighting of the amplitude signal for each
color corresponding to the maximum amplitude. This technique may also be applied
when a static pattern is provided where the color of at least a part of the pattern is

varying in time.

To decrease the amount of data to be processed the color resolution of the imaging
may be chosen to be less than the spatial resolution. The color information is then
provided by data interpolation. Thus, in one embodiment of the invention the amplitude
of the light signal of each of a plurality of the sensor elements is determined for each
color for selected full color focal plane positions, and the amplitude of the light signal of
each of a plurality of the sensor elements is determined for one color for each focal
plane position. Then the color of the surface being scanned may be obtained by
interpolating the color information from full color focal plane positions. Thus, for
example the amplitude is registered for all colors at an interval of Nfocus positions;
while one color is selected for determination of the amplitude at all focus positions. Ais
a number which could be e.g. 3, 5, or 10. This results in a color resolution which is less
than the resolution of the surface topology. This technique may also be applied when a
static pattern is provided where the color of at least a part of the pattern is varying in

time.
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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.

Small cavity scanner

Specific applications of the scanner according to the invention relates to scanning of
cavities, in particular body cavities. Scanning in cavities may relate to scanning of
objects in the cavity, such as scanning of teeth in a mouth. However, scanning of e.g.
the ear relate to scanning of the inner surface of the cavity itself. In general scanning of
a cavity, especially a small cavity, requires some kind of probe for the scanner. Thus, in
one embodiment of the invention the point of emission of probe light and the point of
accumulation of reflected light is located on a probe, said probe being adapted to be

entered into a cavity, such as a body cavity.

In another embodiment of the invention the probe is adapted to scan at least a part of
the surface of a cavity, such as an ear canal. The ability to scan at least a part of the
external part of the ear and/or the ear canal and make a virtual or real model of the ear
is essential in the design of modern custom-fitted hearing aid (e.g. ear shell or mold).
Today, scanning of ears is performed in a two-step process where a silicone
impression of the ear is taken first and the impression is subsequently scanned using

an external scanner in a second step.

Thus, one embodiment of the invention comprises
a housing accommodating the camera, pattern generation means, focus varying
means and data processing means, and
at least one probe accommodating a first optical system, preferably a

substantially elongated probe.

Preferably, the point of emission of probe light and the point of accumulation of light

returned from the scanned object is located on said probe. The optical system in the
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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
optical fibre and/or a fibre bundle for transmitting / transporting / guiding the probe light
and/or the returned light from the object surface. In this case the optical fibre(s) may
act as an optical relay system that merely transports light (i.e. probe light and returned
light) inside the probe. In one embodiment of the invention the probe is endoscopic.
The probe may be rigid or flexible. Use of optical fibre(s) in the probe may e.g. provide

a flexible probe with a small diameter.

In one embodiment of the invention the light is transmitted to the object and imaged by
means of only the optical system in the probe, the first optical system. However, in a
further embodiment of the invention the housing may further comprise a second optical

system.

In a further embodiment of the invention the probe is detachable from the housing.
Then preferably a first point of emission of probe light and a first point of accumulation
of returned light is located on the probe, and a second point of emission of probe light
and a second point of accumulation of returned light is located on the housing. This
may require optical systems in both the housing and the probe. Thus, a scan may be
obtained with the probe attached to the housing. However, a scan may also be
obtained with the probe detached from the housing, i.e. the housing may be a
standalone scanner in itself. For example the probe may be adapted to be inserted into
and scanning the inside of a cavity, whereas the housing may be adapted to scanning
of exterior surfaces. The attachment of the probe may include mechanical and/or
electrical transfer between the housing and the probe. For instance attaching the probe
may provide an electrical signal to the control electronics in the housing that signals the

current configuration of the device.

In one embodiment of the invention the probe light is directed toward the object in a
direction substantially parallel with the optical axis and/or the longitudinal axis of the
probe. In a further embodiment the probe comprises a posterior reflective element,
such as a mirror, for directing the probe light in a direction different from the optical

axis, preferably in a direction perpendicular to the optical axis. Applying to the
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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
optical axis of the optical system of the probe (i.e. the first optical system). Thereby the

probe is better adapted to scanning a cavity.

In some embodiments of this invention, waste heat generated in the scanner is used to
warm the probe such that no or less condensation occurs on the probe when the probe
is inside the body cavity, e.g. the mouth. Waste heat can, e.g., be generated by the
processing electronics, the light source, and/or the mechanism that moves the focus

element.

In some embodiments of this invention, the scanner provides feedback to the user
when the registration of subsequent scans to a larger model of the 3D surface fails. For

example, the scanner could flash the light source.

Further, the probe may comprise means for rotating / spinning the reflective element,
preferably around an axis substantially parallel with the optical axis and/or the
longitudinal axis of the probe. Thereby the probe may be adapted to provide a scan
360° around the optical axis and/or the longitudinal axis of the probe, preferably without

rotation of probe and/or scanner.

In a further embodiment of the invention a plurality of different probes matches the
housing. Thereby different probes adapted to different environments, surfaces, cavities,
etc. may be attached to the housing to account for different scanning situations. A
specific example of this is when the scanner comprises a first probe being adapted to
scan the interior part of a human ear and a second probe being adapted to scan the
exterior part of said human ear. Instead of a second probe it may be the housing itself,
i.e. with the probe detached, that is adapted to scan the exterior part of said human
ear. l.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 3D model of a

human ear.

For handheld embodiments of this invention, a pistol-like design is ergonomic because
the device rests comfortably inside the hand of the operator, with most of the mass
resting on top of the hand and/or wrist. In such a design, it is advantageous to be able
to orient the above-mentioned posterior reflective in multiple positions. For example, it
could be possible to rotate a probe with the posterior reflective element, with or without
the step of detaching it from the main body of the scanning device. Detachable probes
may also be autoclavable, which is a definitely advantage for scanners applied in
humans, e.g., as medical devices. For embodiments of this invention that realize a
physically moving focus element by means of a motor, it is advantageous to place this

motor inside a grip of the pistol-like shape.

Use of motion, gravity, and magnelic sensors

Handheld embodiments of the invention preferably include motion sensors such as
accelerometers and/or gyros. . Preferably, these motion sensors are small like
microelectromechanical systems (MEMS) motion sensors. The motion sensors should
preferably measure all motion in 3D, i.e., both translations and rotations for the three

principal coordinate axes. The benefits are:

A) Motion sensors can detect vibrations and/or shaking. Scans such affected can
be either discarded or corrected by use of image stabilization techniques.

B) Motion sensors can help with stitching and/or registering partial scans to each
other. This advantage is relevant when the field of view of the scanner is
smaller than the object to be scanned. In this situation, the scanner is applied
for small regions of the object (one at a time) that then are combined to obtain
the full scan. In the ideal case, motion sensors can provide the required relative
rigid-motion transformation between partial scans' local coordinates, because
they measure the relative position of the scanning device in each partial scan.
Motion sensors with limited accuracy can still provide a first guess for a

software-based stitching/ registration of partial scans based on, e.g., the
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lterative 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
earth’'s magnetic field. Therefore, such devices can help with stitching/registration and

act as a remote control element.

The present invention relates to different aspects including the scanner device
described above and in the following, and corresponding methods, devices, uses
and/or product means, each yielding one or more of the benefits and advantages
described in connection with the first mentioned aspect, and each having one or more
embodiments corresponding to the embodiments described in connection with the first

mentioned aspect and/or disclosed in the appended claims.

In particular, disclosed herein is a method for obtaining and/or measuring the 3D
geometry of at least a part of the surface of an object, said method comprising the
steps of:

- generating a probe light incorporating a spatial pattern,

- transmitting the probe light towards the object along the optical axis of
an optical system, thereby illuminating at least a part of the object with
said pattern,

- transmitting at least a part of the light returned from the object to the
camera,

- varying the position of the focus plane of the pattern on the object while

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

Exhibit 1002 page 198 of 1005
0198 DENTAL IMAGING



10

15

20

25

30

35

WO 2010/145669

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 3D real world coordinates.

Disclosed is also a computer program product comprising program code means for

causing a data processing system to perform the method, when said program code

means are executed on the data processing system.

Disclosed is also a computer program product, comprising a computer-readable

medium having stored there on the program code means.

Another aspect of the invention relates to a scanner for obtaining and/or measuring the

3D geometry of at least a part of the surface of an object, said scanner comprising:

at least one camera accommodating an array of sensor elements,
means for generating a probe light,
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 3D geometry of at least
a part of the surface of an object, said method comprising the steps of:
- accommodating an array of sensor elements,
- generating a probe light,
- transmitting the probe light towards the object thereby illuminating at
least a part of the object,
- transmitting light returned from the object to the camera,
- varying the position of the focus plane on the object,
- obtaining at least one image from said array of sensor elements,
- determining the in-focus position(s) of:
- each of a plurality of the sensor elements for a range of
focus plane positions, or
- each of a plurality of groups of the sensor elements for a
range of focus plane positions, and
- transforming in-focus data into 3D real world coordinates;
wherein the method further comprises counter-balancing the means for varying

the position of the focus plane.

Another aspect of the invention relates to a handheld 3D scanner with a grip at an
angle of more than 30 degrees from the scanner's main optical axis, for use in intraoral

or in-ear scanning.

Brief description of the drawings
Fig. 1: A schematic presentation of a first example embodiment of the device according

to the invention.
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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.

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.

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
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
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
pixel for a checkerboard pattern in an idealized optical system.

Fig. 17: lllustration 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
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
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.
Detailed description of the drawings

A functional hand held 3D surface scanner should preferably have the following
properties:
1) Telecentricity in the space of the object being scanned,
2) possibility to shift the focal plane while maintaining telecentricity and
magnification
3) simple focusing scheme that involves tuning of optical components only in the
handle of the device and not in the probe tip, and

4) a total size consistent with a hand held scanning device.

The scanner embodiment illustrated in fig. 1 is a hand-held scanner with all
components inside the housing (head) 100. The scanner head comprises a tip which
can be entered into a cavity, a light source 110, optics 120 to collect the light from the
light source, pattern generation means 130, a beam splitter 140, an image sensor and
electronics 180, a lens system which transmits and images the light between the
pattern, the object being scanned, and the image sensor (camera) 180. The light from
the light source 110 travels back and forth through the optical system 150. During this
passage the optical system images the pattern 130 onto the object being scanned 200
and further images the object being scanned onto the image sensor 181 . The lens
system includes a focusing element 151 which can be adjusted to shift the focal
imaging plane of the pattern on the probed object 200. One way to embody the
focusing element is to physically move a single lens element back and forth along the
optical axis. The device may include polarization optics 160. The device may include
folding optics 170 which directs the light out of the device in a direction different to the
optical axis of the lens system, e.g. in a direction perpendicular to the optical axis of the

lens system. As a whole, the optical system provides an imaging of the pattern onto the
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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 3D structure of teeth in the oral cavity.
Another application could be for determining the 3D shape of the ear canal and the

external part of the ear.

The optical axis in fig. 1 is the axis defined by a straight line through the light source
110, optics 120 and the lenses in the optical system 150. This also corresponds to the
longitudinal axis of the scanner illustrated in fig. 1. The optical path is the path of the
light from the light source 110 to the object 220 and back to the camera 180. The
optical path may change direction, e.g. by means of beam splitter 140 and folding

optics 170.

The focus element is adjusted in such a way that the image of the pattern on the
scanned object is shifted along the optical axis, preferably in equal steps from one end
of the scanning region to the other. When the pattern is varied in time in a periodic
fashion for a fixed focus position then the in-focus regions on the object will display an
spatially varying pattern. The out-of-focus regions will display smaller or no contrast in
the light variation. The 3D surface structure of the probed object is determined by
finding the plane corresponding to an extremum in the correlation measure for each
sensor in the camera's sensor array or each group of sensor in the camera's sensor
array when recording the correlation measure for a range of different focus positions
300. Preferably one would move the focus position in equal steps from one end of the

scanning region to the other.

Pattern generation

An embodiment of the pattern generation means is shown in fig. 3a: A transparent
wheel with an opaque mask 133 in the form of spokes pointing radially from the wheel
center. In this embodiment the pattern is time-varied by rotating the wheel with a motor
131 connected to the wheel with e.g. a drive shaft 132. The position of the pattern in
time may be registered during rotation. This can be achieved by e.g. using a position
encoder on the rim of the pattern 134 or obtaining the shaft position directly from motor
131.

Fig. 3b illustrates another embodiment of the pattern generation means: A segmented

light source 135, preferably a segmented LED. In this embodiment the LED surface is
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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

and a separate light source is not necessary.

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. 1is also an exemplary illustration of the temporal correlation wherein an image of
the pattern on and/or in the object is formed on the camera. Each individual light
sensing element in the camera sees a variation in the signal level corresponding to the
variation of the illumination pattern on the object. The variation is periodic in the
exemplary illustration. The light variation for each individual light sensing element will

have a constant phase offset relative to the pattern position..

The correlation measure may be obtained by recording nimages on the camera during
at least one oscillation period. nis 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

n
— T
A] - Z :fl'f 7 g
=1

Here A] is the estimated correlation measure of sensing element j, /iys - In;are the n

following formula,

recorded signals from sensing element j, U, ... f . are the nreference signal values
obtained from the knowledge of the pattern configuration for each image recording. f
has two indices ij. 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
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
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 Npixels on the
sensor and then analyze the correlation measure within one period of the pattern (in
the general case the pattern need not be quadratic N x N). In the best case, it will be
possible to align the pattern so that the checkerboard edges coincide with the pixel
edges but the scanning principle does not rely upon this. Fig. 16 shows this for the
case n= Ax A= 16. For a sensor with W x H = 1024 x 512 pixels, this would
correspond to obtaining 256 x 128 correlation measure points from one image.

Extraction of the correlation measure A,within an Nx Ngroup of pixels with label / is

given by
T
4= Z filij
=1
where f = (v, ... fnj) is the reference signal vector obtained from knowledge of the
pattern configuration, and I, = (4 ,,... IJ is input signal vector.

To suppress any DC part in the light we prefer that for all /that

n

0=Zfi,,-

i=1
For the situation depicted in fig. 16 for instance, f, = -1 for the pixels corresponding to
the dark parts of the pattern, and f = +1 otherwise. I the pattern edge was not aligned
with the edges of the pixels, or if the optical system was not perfect (and thus in all
practical applications), then f would assume values between -1 and + 1 for some 1A

detailed description of how to determine the reference function is given later.
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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
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
being probed. A different way of expressing this is that the image on the camera is
substantially a multiplication of an image of the pattern projected onto the object with
the pattern itself.

The variation is periodic in the exemplary illustration. The correlation measure between
the light variation on the object and the pattern for a given focus distance may be
obtained by time integrating the camera signal over a large number of oscillation
periods so that exact synchronization of pattern oscillation time and camera integration
time is not important. The focus position corresponding to the pattern being in focus on
the object for a single sensor in the camera will be given by the maximum recorded
signal value of that sensor when the focus position is varied over a range of values,

preferably in equal steps from one end of the scanning region to the other.

Finding the predetermined reference function

In the following, the process for computing the reference signal fis described for a
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
the scanner. The images are taken at different positions of the focusing element, in
effect covering the entire travel range of said focus element. Preferably, the images are

taken at equidistant locations.

As the focus plane generally is not a geometrical plane, different regions of the flat

surface will be in focus in different images. Examples of three such images are shown
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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

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 (17a- 17c). Note that in real applications, the fused image will generally not
be a pertect checkerboard of black and white, but rather include intermediate gray
values as caused by an imperfect optical system and a checkerboard that is not
perfectly aligned with the camera sensors. An example of part of a real fused image is

shown in fig 17e.

The pixel intensities within this image can be interpreted as a "weight image" with same
dimensions as the original image of the pattern. In other words, the pixel values can be
interpreted as the reference signal and the reference vector / set of weigth values f =
(f1j, f,y.) for the npixels in the pixel group with index j can be found from the pixel

values.

For convenience in the implementation of the calculations, especially when carried out
on an FPGA, the fused image can be sub-divided into pixel groups. The DC part of the
signal can then be removed by subtracting the within-group intensity mean from each
pixel intensity value. Furthermore, one can then normalize by dividing by the within-
group standard deviation. The thus processed weight values are an alternative

description of the reference signal..

Because of the periodic nature of the "fused image" and thus the "weight image", the
latter can be compressed efficiently, thus minimizing memory requirements in the
electronics that can implement the algorithm described here. For example, the PNG

algorithm can be used for compression.
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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 onan Nx N

checkerboard pattern, recall that within-group correlation measure is

A‘j - zllv=}§NﬁJ ["I,js

where f= (U, ... f;) are values from the fused image, and /= (4, ... [J are values
from a recorded image on the camera. The pixel groupings used in any DC removal
and possibly normalization that yielded the fused image are the same as in the above
calculation. For each image recorded by the scanner during a sweep of the focusing
element, there will thus be an array of (H/N) x (W/N) values of A. This array can be

visualized as an image.

Fig. 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
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
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, respecitively,
are visually indistinguishable. In principle, however, it is possible and also
advantageous to find the maximum location from the smoothed series, as that can be

between two lens positions and thus provide higher accuracy.

The array of values of A can be computed for every image recorded in a sweep of the
focus element. Combining the global extrema (over all images) of A in all pixel groups
in the same manner the fused image was combined, one can obtain a pseudo-image of

dimension (H/N) x (W/N). This we call the "fused correlation image". An example of a
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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

For the scan head to be entered into a small space such as the oral cavity of a patient
it is necessary that the tip of the scan head is sufficiently small. At the same time the
light out of the scan head need to leave the scan head in a direction different from the
optical axis, e.g. at a direction perpendicular to the optical axis. In one embodiment of
the invention a 45 degree mirror is used as folding optics 170 direct the light path onto
the object. In this embodiment the height of the scan tip need to be at least as large as

the scan length.

Another embodiment of the invention is shown in fig. 4. This embodiment of the
invention allows for a scan tip with a smaller height (denoted b in the figure) than the
scan length (denoted a in the figure). The light from two sources 110 and 111 emitting
light of different colors/wavelengths is merged together using a suitably coated plate
(e.g. a dichroic filter) 112 that transmit the light from 110 and reflects the light from 111 .
At the scan tip a suitably coated plate (e.g. a dichroic filter) 171 reflects the light from
one source onto the object and transmits the light from the other source to a mirror at
the end of the scan tip 172. During scanning the focus position is moved such that the
light from 110 is used to project an image of the pattern to a position below 171 while
111 is switched off. The 3D surface of the object in the region below 171 is recorded.
Then 110 is switched off and 111 is switched on and the focus position is moved such
that the light from 111 is used to project an image of the pattern to a position below
172. The 3D surface of the object in the region below 172 is recorded. The region

covered with the light from 110 and 111 respectively may partially overlap.

Another embodiment of the invention that allows for a scan tip with a smaller height
(denoted bin the figure) than the scan length (denoted a in the figure) is shown in fig.
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

(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 110 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
position of an extremum of the correlation measure. This necessary condition for
successful scanning is easily achieved in objects with a diffuse surface and negligible
light penetration. For some objects, however, it is difficult to achieve high spatial

constrast, or more generally variation.

A difficult kind of object, for instance, is an object displaying multiple scattering with a
light diffusion length large compared to the smallest feature size of the spatial pattern
imaged onto the object. A human tooth is an example of such an object. The human
ear and ear canal are other examples. Improved spatial variation in such objects can
be achieved by preferential imaging of the specular surface reflection from the object
on the camera. An embodiment of the invention applies polarization engineering shown
in fig. 1. In this embodiment the beam splitter 140 is a polarizing beam splitter that
transmits respectively reflects two orthogonal polarization states, e.g. S- and P-
polarization states. The light transmitted through the lens system 150 is thus of a
specific polarization state. Before leaving the device the polarization state is changed
with a retardation plate 160. A preferred type of retardation plate is a quarter wave
retardation plate. A linearly polarized light wave is transformed into a circularly
polarized light wave upon passage of a quarter wave plate with an orientation 45
degrees of its fast axis to the linear polarization direction. A specular reflection from the
object has the property that it flips the helicity of a circularly polarized light wave. Upon
passage of the quarter wave retardation plate by the specularly reflected light the
polarization state becomes orthogonal to the state incident on the object. For instance
an S-polarization state propagating in the downstream direction toward the object will
be returned as a P-polarization state. This implies that the specularly reflected light
wave will be directed towards the image sensor 181 in the beam splitter 140. Light that

enters into the object and is reflected by one or more scattering events becomes
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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
is particularly true for a polished object or an object with a very smooth surface. A piece
of jewelry is an example of such an object. Even very smooth and shiny objects,
however, do display an amount of diffuse reflection. Improved spatial contrast in such
objects can be achieved by preferential imaging of the diffuse surface reflection from
the object on the camera. In this embodiment the beam splitter 140 is a polarizing
beam splitter that transmits respectively reflects two orthogonal polarization states, e.g.
S- and P-polarization states. The light transmitted through the lens system 150 is thus
of a specific polarization state. A diffuse reflection from the object has the property that
it loses its polarization. This implies that half of the diffusely reflected light wave will be
directed towards the image sensor 181 in the beam splitter 140. Light that enters into
the object and is reflected by specular polarization preserves its polarization state and

thus none of it will be directed towards the image sensor 181 by the beam splitter 140.

Reducing shaking caused by focus element

During scanning the focus position is changed over a range of values, preferably
provided by a focusing element 151 in the optical system 150. Fig. 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
mass of the handheld device is shifted due to the physical movement of the lens
element and holder. This results in an undesirable shaking of the handheld device
during scanning. The situation is aggravated if the scan is fast, e.g. a scan time of less
than one second. In one implementation of the invention the shifting of the center of
mass is eliminated by moving a counter-weight 156 in a direction opposite to the lens
element in such away 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
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
embodiment only one light source is switched on at the time, and the light sources are
switched on after turn. In this embodiment the optical system 150 may be achromatic.
After determining the amplitude for each light source the focus position is shifted to the
next position and the process is repeated. The color expressed as e.g. an RGB color
coordinate of each surface element can be reconstructed by appropriate weighting of

the amplitude signal for each color corresponding the maximum amplitude.

One specific embodiment of the invention only registers the amplitude for all colors at
an interval of P focus positions; while one color is selected for determination of the
amplitude at all focus positions. P is a number which could be e.g. 3,5, or 10. This
results in a color resolution which is less than the resolution of the surface topology.
Color of each surface element of the probed object is determined by interpolation
between the focus positions where full color information is obtained. This is in analogy
to the Bayer color scheme used in many color digital cameras. In this scheme the color
resolution is also less than the spatial resolution and color information need to be

interpolated.

A simpler embodiment of the 3D color scanner does not register full color information
and employs only two light sources with different colors. An example of this is a dental
scanner that uses red and blue light to distinguish hard (tooth) tissue from soft (gum)

tissue.

Ear scanner embodiment
Figs. 12-1 5 schematically illustrate an embodiment of a time-varying structured light
ilumination-based scanner for direct scanning of human ears by scanning both the

exterior (outer) and interior (inner) part of a human ear by use of a common scanner
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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

and focusing optics outside the closely confined part of the ear canal.

The ability to scan the outer and inner part of human ears and make a virtual or real
model of the ear is essential in the design of modern custom-fitted hearing aid (e.g. ear
shell or mold). Today, scanning of ears is performed in a two-step process where a
silicone impression of the ear is taken first and the impression is subsequently scanned
using an external scanner in a second step. The process of making the impression
suffers from several drawbacks which will shortly be described in the following. One
major drawback comes from frequent poor quality impressions taken by qualified clinic
professionals due to the preparation and techniques required. Inaccuracies may arise
because the impression material is known to expand during hardening and that
deformation and creation of fractures in the impression are often created when the
impression is removed from the ear. Another drawback is related to health risks
involved with taking the impression due to irritation and allergic responses, damage to
the tympanic membrane and infections. Finally, the impression process is an
uncomfortable experience for many patients, especially for young children, who often
require impressions taken at regular intervals (e.g. every four months) to accommodate
the changing dimensions of the ear canal. In short, these drawbacks can be overcome
if it is possible to scan the outer and inner ear in a non-intrusive way and obtain a

registration between the inner and outer ear surfaces.

The following is not restricted to ear scanning but can be used to scan any small bodily
cavity. Fig. 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 1002. The
scanner exterior may be used without the probe to obtain a larger field-of-view needed
e.g. to scan the exterior part of the ear 1102, or the first part of the ear canal up to the
first bend. The large field-of-view of the scanner exterior is important to obtain good
registration between individual sub-scans and high global accuracy. By attaching a
scanner probe 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
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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
collimation optics 1004. The collimated light is used to illuminate a transparent object
1005 (e.g. glass) with an opaque pattern, e.g. fringes on it. The pattern is subsequently
imaged onto the object to be scanned using a suitable optical system. The pattern is
observed using a similar optical system and a camera 1006, where the latter is
positioned outside the cavity. The 3D information is obtained from the 2D images by
observing the light oscillation created by the movement of the pattern across the scan

object as contained in the individual pixel amplitude.

To facilitate movement of the pattern, the fringe pattern 1005 is rotating in one
embodiment. In another embodiment, the fringe pattern is positioned on a translating
plate that moves in a plane perpendicular to the optical axis with a certain oscillation
frequency. The light to and from the scan object is projected through a beam splitter
arrangement 1007, which consists of a prism cube in one embodiment and in another
embodiment consists of an angled plate or membrane. The beam splitter serves to
transmit the source light further down the system, while at the same time guide the
reflected light from the scan object back to the camera, which is positioned on an axis

perpendicular to the axis of the light source and beam splitter.

To move the focus plane the scanner exterior includes focusing optics, which in one
embodiment consists of a single movable lens 1008. The purpose of the focusing
optics is to facilitate movement of the plane of focus for the whole imaging system in
the required scanning range and along the optical axis. In one embodiment, the
focusing optics of the scanner exterior 1101 includes an objective that can focus the
light directly, without any use of additional optics, as shown in fig. 13a. In another
embodiment, the scanner exterior is supplied with a wide-angle objective designed with
a large field-of-view, e.g. sufficiently large for scanning the exterior part of a human ear
1102.

The optical part of the scanner probe consists of an endoscopic optical relay system
1009 followed by a probe objective 1010, both of which are of sufficiently small

diameter to fit into the canal of a human ear. These optical systems may consist of both
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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

projection of the fringe pattern onto the scan object. Telecentric projection can
significantly ease the data mapping of acquired 2D images to 3D images. In another
embodiment, the chief rays (center ray of each ray bundle) from the probe objective are
diverging (non-telecentric) to provide the camera with an angle-of-view larger than

zero, as shown in fig. 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 2D images at different positions
of the focus plane and at different positions of the fringe pattern, as previously
described. As the focus plane coincides with the scan surface at a single pixel position,
the fringe pattern will be projected onto the surface point in-focus and with high
contrast, thereby giving rise to a large variation, or amplitude, of the pixel value over
time. For each pixel it is thus possible to identify individual settings of the focusing
optics for which each pixel will be in-focus. By using knowledge of the optical system, it
is possible to transform the contrast information vs. position of the focus plane into 3D

surface information, on an individual pixel basis.

In one embodiment, a mirror arrangement 1011 , consisting of a single reflective mirror,
or prism, or an arrangement of mirrors, are located after the probe objective 1010. This
arrangement serves to reflect the rays to a viewing direction different from that of the of
the probe axis. Different example mirror arrangements are found in figs. 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
positioned adjacent to the mirror and as part of the probe casing/shell, to allow the light
to pass between the probe and the scan object, while keeping the optics clean from

outside dirt particles.

To reduce the probe movement required by a scanner operator, the mirror

arrangement may be rotated using a motor 1013. In one embodiment, the mirror
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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
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
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
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
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
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
not restricted to them, but may also be embodied in other ways within the scope of the
subject matter defined in the following claims. In particular, it is to be understood that
other embodiments may be utilised and structural and functional modifications may be

made without departing from the scope of the present invention.

In device claims enumerating several means, several of these means can be embodied

by one and the same item of hardware. The mere fact that certain measures are
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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
specification is taken to specify the presence of stated features, integers, steps or
components but does not preclude the presence or addition of one or more other

features, integers, steps, components or groups thereof.

The features of the method described above and in the following may be implemented
in software and carried out on a data processing system or other processing means
caused by the execution of computer-executable instructions. The instructions may be
program code means loaded in a memory, such as a RAM, from a storage medium or
from another computer via a computer network. Alternatively, the described features
may be implemented by hardwired circuitry instead of software or in combination with
software.
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1. A scanner for obtaining and/or measuring the 3D geometry of at least a part of the

surface of an object, said scanner comprising:

at least one camera accommodating an array of sensor elements,
means for generating a probe light incorporating a spatial pattern,
means for transmitting the probe light towards the object thereby
illuminating at least a part of the object with said pattern in one or more
configurations,
means for transmitting at least a part of the light returned from the object
to the camera,
means for varying the position of the focus plane of the pattern on the
object while maintaining a fixed spatial relation of the scanner and the
object,
means for obtaining at least one image from said array of sensor
elements,
means for evaluating a correlation measure at each focus plane position
between at least one image pixel and a weight function, where the
weight function is determined based on information of the configuration
of the spatial pattern;
data processing means for:

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 3D 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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A scanner according to claims 1 or 2, wherein the means for evaluating a

correlation measure is a data processing means.

A scanner according to claims 1 or 2, wherein the means for evaluating a

correlation measure is an optical means.

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.

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.

A scanner according to any of the preceding claims, wherein the pattern is varying

in time.

A scanner according to the previous claim, wherein the time varying pattern is

periodically varying in time.
A scanner according to any of the preceding claims, wherein the pattern is static.
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.

11. 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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21
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A scanner according to any of the preceding claims, wherein the embedded

spatial structure of said pattern is varying in time.

A scanner according to any of the preceding claims, comprising at least one light

source and pattern generation means.

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.

A scanner according to any of claims 13 or 14, wherein said pattern generation

means comprises a mask of transparent and opaque parts.

A scanner according to the previous claim, wherein said opaque parts absorb
incident light.

A scanner according to any of the preceding claims, wherein said pattern possess

translational and/or rotational periodicity.

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.

A scanner according to any of claims 13-1 8, wherein light returned from the object
is retransmitted through said pattern generating means before being imaged on

said camera, preferably retransmitted in the opposite direction as the probe light.

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.

. 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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A scanner according to any of the preceding claims, wherein exposure time of

said sensor elements is an integer number of light oscillation cycles.

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
10 times the light oscillation cycle, such as at least 100 times the light oscillation

cycle.

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.

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.

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.

A scanner according to any of the preceding claims, comprising an optical system
for transmitting the probe light towards the object and/or for imaging light returned

from the object to the camera.

A scanner according to any of the preceding claims, further comprising at least

one beam splitter located in the optical path.

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.

A scanner according to any of the preceding claims, wherein the pattern is
transmitted towards the object along the same optical axis as reflected light

transmitted from the object to the camera.

. A scanner according to any of the preceding claims, wherein the optical system

comprises a lens system.
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41
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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.

A scanner according to any of the preceding claims, wherein one lens system
transmits the pattern towards the object and images the light returned from the

object to the pattern generating means.

A scanner according to claims 31-33, wherein the lens system is telecentric or

near telecentric.

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.

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.

A scanner according to any of the preceding claims, wherein the sensor signal is

an integrated light intensity substantially reflected from the surface of the object.

A scanner according to any of the preceding claims, wherein the focus plane

position is periodically varied with a predefined frequency.

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 10 Hz, such as at least 20,
40, 60, 80 or at least 100 Hz.

A scanner according to any of the preceding claims, further comprising at least

one focus element.

. A scanner according to the previous claim, wherein the focus element is part of

the lens system.
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A scanner according to any of claims 40-41 further comprising means for
adjusting and controlling the focus element.

A scanner according to any of claims 40-42, wherein the focus element is a single

lens.

A scanner according to any of claims 40-43, further comprising a translation stage

for adjusting the position of the focus element.

A scanner according to any of claims 40-44, wherein the focus element is

translated back and forth along the optical axis.

A scanner according to any of claims 31-45, wherein the lens system is telecentric

or near telecentric for all focus plane positions.

A scanner according to any of claims 40-46, further comprising focus gearing.

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 10, such as

between 2 and 8, such as between 3 and 6, such as least 10, such as at least 20.

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.

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.

. 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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. . A scanner according to any of the preceding claims, further comprising a

counter-weight to substantially counter-balance movement of the focus element.

A scanner according to the previous claim, further comprising means for

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

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.

A scanner according to any of claims 40-54, wherein the focus element is a liquid

lens.

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.

A scanner according to any of the preceding claims, wherein the pattern is a static

line pattern or a static checkerboard pattern.

A scanner according to claims 56 or 57, further comprising means for rotating

and/or translating the pattern element.

A scanner according to any of claims 56-58, wherein said pattern element is a

wheel.

A scanner according to any of claims 56-59, wherein said mask possesses

rotational and/or translational periodicity.

. A scanner according to any of claims 56-680, wherein said mask comprises a

plurality of radial spokes, preferably arranged in a symmetrical order.

A scanner according to any of claims 56-61 , wherein the pattern element is

located in the optical path.
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A scanner according to any of claims 56-62, wherein light is transmitted through
the pattern element, preferably transmitted transversely through the pattern

element.

A scanner according to any of claims 56-63, wherein the time varying pattern is

generated by rotating and/or translating the pattern element.

A scanner according to any of the preceding claims, comprising at least one

segmented light source, such as a segmented LED.

A scanner according to the previous claim, wherein the pattern is generated by

means of said segmented light source(s).

A scanner according to any of claims 65 or 66, wherein the time varying pattern is
generated by switching on and off individual segments of the segmented light

source(s).

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.

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.

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.

. 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
AJZX fy hi
i=1

where nis the number of times sampled, Aj is the estimated correlation measure of

72.

73.

74.

75.

76.

77.

78.

sensing element j, f

f

1t are the values of the weight function based on

information of the configuration of the spatial pattern at each of the times sampled,
and I.J, 1

o are the recorded sensor signals at each of the times sampled.
A scanner according to any of the preceding claims, wherein at least a part of the
object surface is imaged in the camera.

A scanner according to any of the preceding claims, wherein a superposition of

the pattern with at least a part of the object surface is imaged in the camera.

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.

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, 10, 20, 50, 100, 250, 500, 1000, 5000 or up
to 10000 pattern oscillation periods.

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.

A scanner according to any of the preceding claims, wherein the resolution of the

measured 3D geometry is equal to the resolution of the camera.

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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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.

A scanner according to any of the preceding claims, wherein the image of the
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.

. 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.

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.

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 = Yf_, f; /,; ,where A,is the correlation measure of the

i
group of sensor elements with label f, nis the number of sensor elements in the
group, fyd, ...,fnj are the values of the weight function based on information of the

configuration of the spatial pattern, and /J, ...,/ . are the recorded sensor signals

nf

at each of the sensor elements in the group.

A scanner according to the previous claim, wherein integration of the weight

function over a group of sensor elements is zero, i.e. 0 = }f_, f; ., for the group

ij
with label j, thereby suppressing the DC part of the correlation measure.

A scanner according to any of the preceding claims, further comprising means for

selective imaging of specularly and/or diffusively reflected light.

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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A scanner according to any of the preceding claims, further comprising at least
one polarizing beam splitter.

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.

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.

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.

. 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.

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.

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.

A scanner according to the previous claim, further comprising control means for

controlling said at least two light sources.

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.

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.

98. A scanner according to the previous claim, comprising at least two of said optical

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.

101. 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.

110. 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.

113. 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.

116. A scanner according to any of claims 112 to 115, wherein the probe is

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.

119. A scanner according to any of claims 112 to 118, wherein
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.
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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.

123. A scanner according to any of claims 112 to 122, wherein the probe is
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 3D 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 3D data for the interior and exterior part of
the ear, thereby providing a full 3D 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.

131. 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 3D 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 3D scanning, such as time resolved 3D 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 3D
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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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:

139.

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 3D real world coordinates.

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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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 3D geometry of at least a

part of the surface of an object, said scanner comprising:

at least one camera accommodating an array of sensor elements,
means for generating a probe light,
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.

142.

A method for obtaining and/or measuring the 3D geometry of at least a

part of the surface of an object, said method comprising the steps of:

accommodating an array of sensor elements,

generating a probe light,

transmitting the probe light towards the object thereby illuminating at
least a part of the object,

transmitting light returned from the object to the camera,

varying the position of the focus plane on the object,

obtaining at least one image from said array of sensor elements,

determining the in-focus position(s) of:
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- 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
5 - transforming in-focus data into 3D real world coordinates;
wherein the method further comprises counter-balancing the means for varying

the position of the focus plane.

143. A handheld 3D scanner with a grip at an angle of more than 30 degrees from the

10 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
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.

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
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
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
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:

e at least one light source configured to create and project structured
light, and

e 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;

- 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

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.

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.

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
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

focus plane positions, or

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

e 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

e at least one camera, adapted to record 2D images of the pattern,

where the camera accumulates light at a point of accumulation;

- 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
the probe, recording 2D images of the pattern reflected from the interior
surface, thereby performing a scan around the axis of the probe,

- determining 2D coordinates of the images of the pattern,

- combining a series of images to obtain 3D real world coordinates of the
interior surface, and

- 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 2D images recorded, due to e.g. holes of

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 2D images.

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
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
if the surface in e.g. the ear is not clean, such that 2D 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
material to the surface of the ear canal if the appearance is too glossy.

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

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.

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.

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.

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

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
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
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
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
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

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.

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
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
area where it is positively detected that there is no surface. Thus it is an
advantage to exclude a volume from scans or 2D images where it is certain

that there exists no surface.

In some embodiments holes in the surface information are closed by
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

surface.

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.

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
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.

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.

In some embodiments foreign objects in the ear canal are identified.

In some embodiments identifying foreign objects comprises detecting
reflections from the foreign object.

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
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.

In some embodiments a foreign object is identified if it has an overall higher

or lower reflectivity than the skin.

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
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.

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.

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
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.

In some embodiments detecting hair comprises having predefined

information in the system about where hair normally is arranged in the ear.
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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.

In some embodiments foreign objects in the ear are filtered out from the
images of the ear.

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
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

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,

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
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.

In some embodiments detecting hair comprises detecting the thickness of the
hair.

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
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
avoiding that the hearing device applies pressure on the scar, which will be

uncomfortable for the user.

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.

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.

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.

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.

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
10x10 mm.

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
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
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
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.

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.

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.

In some embodiments the optical resolution of the scanner is 100 um.
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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 um.

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
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.

In some embodiments light with different wavelengths is used to detect the
hardness under the skin in the ear canal.

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
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
absorption. A region of large scattering may result in reflection of a

considerably broadened beam compared to a region of small sub-surface

Exhibit 1002 page 273 of 1005
0273 DENTAL IMAGING



WO 2011/120526 PCT/DK2011/050103

10

15

20

25

30

16

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.

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.

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.

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
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

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.
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
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.

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.

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
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.

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
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
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.

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,
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
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.

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
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
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
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.

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
plane positions, or

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,

- atleast 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
object while maintaining a fixed spatial relation of the scanner and the
object, and

- 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
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
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
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
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
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
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
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
possible to transform the contrast information vs. position of the focus plane

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

Thus, in one embodiment the focus position is calculated by determining the
light oscillation amplitude for each of a plurality of sensor elements for a

range of focus planes.

For a static pattern a single sub-scan can be obtained by collecting a number
of 2D images at different positions of the focus plane. As the focus plane
coincides with the scan surface, the pattern will be projected onto the surface
point in-focus and with high contrast. The high contrast gives rise to a large
spatial variation of the static pattern on the surface of the object, thereby
providing a large variation, or amplitude, of the pixel values over a group of
adjacent pixels. For each group of pixels it is thus possible to identify
individual settings of the focusing plane for which each group of pixels will be
in focus. By using knowledge of the optical system used, it is possible to
transform the contrast information vs. position of the focus plane into 3D

surface information, on an individual pixel group basis.

Thus, in one embodiment the focus position is calculated by determining the
light oscillation amplitude for each of a plurality of groups of the sensor

elements for a range of focus planes.

The 2D to 3D conversion of the image data can be performed in a number of
ways known in the art. l.e. the 3D surface structure of the probed object can
be determined by finding the plane corresponding to the maximum light
oscillation amplitude for each sensor element, or for each group of sensor
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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
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
translations and rotations for the three principal coordinate axes. The

benefits are:

A) Motion sensors can detect vibrations and/or shaking. Scans such
affected can be either discarded or corrected by use of image
stabilization techniques.

B) Motion sensors can help with stitching/ 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 lterative 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
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
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
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
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.

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

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
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.

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

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

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.

In some embodiments, the said data processing device and said probe
shaped scanner are integrated in one device.

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.

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.

Brief description of the drawings

The above and/or additional objects, features and advantages of the present
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

to the invention.

Figure 2 shows a cross section of an embodiment of the interior surface

scanner according to the invention.

Figure 3 illustrates another embodiment of the interior surface scanner with a

mirror in front of the camera.

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.

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.

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.

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

the invention.

Figure 10 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
for the ear and ear canal.
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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
surface lying behind the end of the probe.

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.

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
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
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

applying well-known projective geometry. The scanner only scans limited
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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
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.
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
source may have a cross section perpendicular to the direction of emitted
light of less than 5 mm?, preferably less than 4 mm?, for example less than 3
mm?, such as less than 2 mm?, for example less than 1 mm?, such as less

than 0.5 mm?, for example less than 0.25 mm?Z.

The scanner may work with only one light source, but for many purposes it is
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

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
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,
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
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

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

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
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
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
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.

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
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
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,
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
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
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?, such as less than 9 mm?, for example
less than 8 mm?, such as less than 7 mm? for example less than 6 mm?
such as less than 5 mm?, for example less than 4 mm?, such as less than 3
mm?, for example less than 1 mm? such as less than 0.5 mm?, for example
less than 0.25 mm?, such as less than 0.1 mm?, for example less than 0.01

mm?2.
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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
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
1000x1000 pixels, such as more than 2000x2000 pixels, for example more
than 4000x4000 pixels, such as more than 8000x8000 pixels, for example
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
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 micrometres, such as less than 5 micrometres, for example less
than 2.5 micrometres, such as less than 2 micrometres, for example less
than 1.5 micrometres, such as less than 1 micrometres, for example less
than 0.5 p, 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
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

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
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
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,
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
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.

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
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.
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
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
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
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
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
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
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
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-
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
this part should preferably be 10-30 mm width and 100-150 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
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
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.

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.

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
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
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
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
3D coordinates can be reconstructed using well-known projective geometry.
A precise reconstruction of the 3D coordinates requires a very high quality of
the camera and light calibration. The next step may be to combine the 3D
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
surface of the 3D model. The 3D 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

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
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.

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
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.

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
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
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
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
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,
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
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 120 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
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
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
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
may be picked up other places too, but by far the most convenient method is
to do itin 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.

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.

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

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
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
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
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
the intersection between two n" 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
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
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.

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.

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.
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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,
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.

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
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.

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.

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 2D
image feature curves may be excluded from the calibration or at least 3
percent, such as at least 5 percent, for example at least 10 percent, for
example at least 12 percent, such as at least 15 percent for example at least
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
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
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.

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.

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
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
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
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.

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
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
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,
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
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.

Although some embodiments have been described and shown in detail, the
invention is not restricted to them, but may also be embodied in other ways
within the scope of the subject matter defined in the following claims. In
particular, it is to be understood that other embodiments may be utilised and
structural and functional modifications may be made without departing from

the scope of the present invention.

In device claims enumerating several means, several of these means can be
embodied by one and the same item of hardware. The mere fact that certain
measures are recited in mutually different dependent claims or described in
different embodiments does not indicate that a combination of these

measures cannot be used to advantage.

It should be emphasized that the term "comprises/comprising” when used in
this specification is taken to specify the presence of stated features, integers,
steps or components but does not preclude the presence or addition of one
or more other features, integers, steps, components or groups thereof.
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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
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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

scanner comprises:

e at least one light source configured to create and project structured
light, and

e 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;

- 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

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.

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

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,

and where said 3D real world coordinates are from said in-focus positions.

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.

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,
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

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.

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,
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,
wherein holes in a scan are inferred or interpolated based on previous scans

of the person’s ear.

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.

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,
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.

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.

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.

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,
wherein detecting hair comprises having predefined information in the system

about where hair normally grows in the ear.

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
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.

26. The method for scanning according to any of the preceding claims,
wherein color filters are applied to the light source.

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
source emits monochromatic or near-monochromatic light but switches

between different colors in time.

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 10x10 mm.

32. The method for scanning according to any of the preceding claims,

wherein light with different polarization is used.

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.

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,

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 um or higher.

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,
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

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
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
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,
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

into one image by means of CAD.

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,

wherein the touch sensor is a capacitive sensor.

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.
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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.

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
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
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

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.

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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e 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

e at least one camera, adapted to record 2D images of the pattern,

where the camera accumulates light at a point of accumulation;

- 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.

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
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

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
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
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
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

processing system.

71. A computer program product according to claim 70, comprising a
computer-readable medium having stored thereon the program code means.

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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This International Searching Authority found multiple inventions in this international application, as follows:
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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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restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
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D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)

Exhibit 1002 page 335 of 1005
0335 DENTAL IMAGING



INTERNATIONAL: SEARCH REPORT
Information on patent family members

International application No.

PCT/DK2011/050103
Patent document Publication Patent family publication
cited in search report date member(s) date

WO0216865 A2 20020228

US2003164952 A1 20030904
US7625335 B2 20091201
ES2327212T T3 20091027
EP1314000 A1 20030528
wW00216865 A3 20020620
wWO00216867 A1 20020228
DK1314000T T3 20090817
AU8381201 A 20020304
AU8176101 A 20020304
AT431541T T 20090515

WO02071794 A1 20020912

US2004107080 A1 20040603
EP1368986 A1 20031210

WO00216867 A1 20020228

US2003164952 A1 20030904
US7625335 B2 20091201
ES2327212T T3 20091027
EP1314000 A1 20030528
wWO00216865 A2 20020228
DK1314000T T3 20090817
AU8381201 A 20020304
AU8176101 A 20020304
AT431541T T 20090515

W02010145669 A1 20101223

NONE

Form PCT/ISA/210 (patent family annex) (July 2009)

Exhibit 1002 page 336 of 1005

0336

DENTAL IMAGING



INTERNATIONAL SEARCH REPORT International application No.

PCT/DK2011/050103

(Continuation of box II)
There are at least 3 unrelated inventions:

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.

From the document WO 0216865 A2 (3SHAPE) 28. February 2002 (hereinafter denoted D1) it is
known to make a direct scan of the ear canai 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 2D images of the reflected pattern
from the interior surface. Series of the 2D images are used for obtaining 3D plots of the interior
surface. Further, from D1 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 D1.

Hereinafter, claim 2 and claim 62 do not share any inventive feature beyond what is known from
D1 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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