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TRANSMITTAL LETTER TO THE UNITED STATES 0079124-000111
DESIGNATED/ELECTED OFFICE (DO/EO/US) U.S. APPLICATION No, (if known)

CONCERNING A SUBMISSION UNDER35 U.S.C. 371 ~ Unassigned
INTERNATIONAL APPLICATION NO. INTERNATIONALFILING DATE PRIORITY DATE CLAIMED

PCT/EP2014/052842 13 February 2014 13 February 2013 
TITLE OF INVENTION

FOCUS SCANNING APPARATUS RECORDING COLOR
FIRST NAMED INVENTOR

Bo ESBECHet.al.

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information.

1. C] This is an express request to begin national examination procedures (35 U.S.C. 371(f)). NOTE: The express request under 35 U.S.C.
371(f) will not be effective unless the requirements under 35 U.S.C. 371 (c)(1), (2), and (4) for paymentof the basic national fee, copy
of the International Application and English translation thereof(if required), and the oath or declaration of the inventor(s) have been
received,

2. CJ A copyofthe International Application (35 U.S.C. 371(c)(2)) is attached hereto (not requiredif the International Application was
previously communicated by the International Bureau or wasfiled in the United States Receiving Office (RO/US)).

3. An English language translation of the International Application (35 U.S.C. 371(c)(2))

 
a. xX] is attached hereto.

b. [] has been previously submitted under 35 U.S.C. 154(d)(4).

4. An oathordeclaration of the inventor(s) (85 U.S.C. 371(c)(4))

a, Q is attached.

b. C waspreviouslyfiled in the international phase under PCT Rule 4.1 7(iv).

Items 5 to 8 below concern amendments madein the international phase.
PCT Article 19 and 34 amendments

5. L] Amendmentsto the claims under PCT Article 19 are attached (not required if communicated by the International Bureau) (35 U.S.C.
371(c)(3)).

6. Englishtranslation of the PCT Article 19 amendmentis attached (35 U.S.C. 371(c)(3)).

70 English translation of annexes (Article 19 and/or 34 amendments only) ofthe International Preliminary Examination Report is
attached (35 U.S.C. 371(c)(5)).

Cancellation of amendments madein the international phase

8a. [] Donotenter the amendment madein the international phase under PCT Article 19.

8b. L] Donotenter the amendment madein the international phase under PCTArticle 34.

NOTE:A proper amendment madein English underArticle 19 or 34 will be entered in the U.S. national phase application absent a clear
instruction from applicant not to enter the amendment(s).

Thefollowing items 9 to 17 concern a document(s) or information included.

9. x An Information Disclosure Statement under 37 CFR 1.97 and 1.98.

10. A preliminary amendment

11. [EX] An Application Data Sheet under 37 CFR 4.76.

12. CL A substitute specification. NOTE: A substitute specification cannot include claims. See 37 CFR 1.125(b).

13. | A powerof attorney and/or changeof addressletter.

14. LC A computer-readable form of the sequencelisting in accordance with PCT Rule 13ter.3 and 37 CFR 1.821-1.825.

15. [] Assignment papers (cover sheet and document(s). Name of Assignee : 3Shape A/S.

16. L] 37 CFR 3.73(c) Statement (whenthere is an Assignee).
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U.S. APPLICATION NO. (If known) INTERNATIONAL APPLICATION NO.
Unassigned PCT/EP2014/052842  

ATTORNEY DOCKETNO.

0079124-000111
 

17. [X] Otheritemsorinformation:

General Authorization for Petitions for Extensions of Time and Payment of Fees
Form PCT/IB/304
Form PCT/IB/304

Form PCT/IB/308 (First Notice)
Form POT/IB/308 (Second Notice)
Form PCT/ISA/210

The following fees have been submitted.

18. Basic national fee (87 CFR 1.492(8)) oo... cccssssensereerersssesseetee coeeneeesneeransenners (1631} $280

19, IX] Examination fee (37 CFR 1.492(c))
If the written opinion prepared by ISA/USorthe International preliminary
examination report prepared by IPEA/US indicatesall claims satisfy provisions of
PCT Article 33(1)-(4) occ cccsessesssectessesersecerseesssscaseececsnessianenrenesressenseraresseses (1643) $0
Alb other Situations... escsesseceterecnensestensnssnenssnesssnsssvesereeseeseseeeieeserenes (1633) $720

20. [X] Search fee (37 CFR 1.492(b))
If the written opinion prepared by ISA/USorthe International preliminary
examination report prepared by IPEA/US indicates all claims satisfy provisions of
PCT Article 33(1)-(4) caccscccsssssssssssssssssssescssecsssesssssesarcevecsvecestsvecssuesnvessessesseeasnese (1640) $0
Search fee (87 CFR 1.445(a)(2)) has been paid on the international application to
the USPTOasanInternational Searching AUthority.......ccceccensectersaseeeres (1641) $120
International Search Report prepared by an ISA other than the US andprovided to
the Office or previously communicated to the US by the IB...csc(1642) $480
All other situations... ccssccsssssssssrssssesssesssvessneesessessssneserssseseessesseesessseessees (1632) $600

TOTAL OF 18, 19 and 20 =

i] Additional fee for specification and drawings filed in paper over 100 sheets
(excluding sequencelisting in compliance with 37 CFR 1,821 (c) or (e) in an
electronic medium or computer program listing in an electronic medium)
(37 CFR 1.492())).
Fee for each additional 50 sheets of paperor fraction thereof...(1681) $400

Total Sheets Extra sheets Numberof each additional 50 orfraction RATE
thereof (round up to a whole number)

Surcharge of $140.00 for furnishing any of the search fee, examination fee, or the oath or declaration
after the date of commencementof the national stage (37 CFR 1.492(h)).

CLAIMS - NUMBER FILED NUMBER EXTRA RATE

MULTIPLE DEPENDENT CLAIMS) (if applicable + $780 (1616

Processing fee of $140.00 (1618) for furnishing the English translation later than 30 months from the
earliest claimed priority date (37 CFR 1.492(i)). +

TOTAL OF ABOVE CALCULATIONS =

C] Applicant asserts small entity status. See 37 CFR 1.27. Fees above are reduced by %.

CALCULATIONSPTO USE ONLY

$ 280.00

$ 720.00

$ 480.00

$1,480.00

$ 140.00

880.00

D

$ 2,500.00

 

LI Applicant certifies micro entity status. See 37 CFR 1,29. Fees above are reduced by %.
Applicant must attach form PTO/SB/15Aor B or equivalent.

TOTAL NATIONALFEE =

Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be accompanied
by an appropriate cover sheet (37 CFR 3,28, 3,31), $40.00 per property +

TOTAL FEES ENCLOSED =

 
$ 2,500.00

$ 2,500.00
Amount to be
refunded:

Amount to be

charged: 
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L] A check in the amount of $___ to cover the above fees is enclosed.

Cl Please charge my Deposit Account No, 02-4800 in the amount of $___ to cover the abovefees.

[Xx] The Director is hereby authorized to charge additional fees which may be required, or credit any overpayment, to Deposit Account
No, 02-4800 as follows:

X<] any required fee

| any required fee except for excess claims fees required under 37 CFR 1.492(d) and (e) and multiple dependent claim fee
required under 37 CFR 1.492(f).

Fees are to be charged to a credit card. WARNING: Information on this form may becomepublic. Credit card information should
not be Included on this form. Provide credit card information and authorization on PTO-2038. The PTO-2038 should only be
mailed or faxed to the USPTO. However, when paying the basic national fee, the PTO-2038 may NOTbe faxed to the USPTO.

ADVISORY:Iffiling by EFS-Web, do NOTattach the PTO-2038 form as a PDF along with your EFS-Web submission. Please be
advised that this is not recommended and by doing so your credit card information may be displayed via PAIR. To protect
your information, it is recommendedto pay fees online by using the electronic payment method.

NOTE: Where an appropriate time limit under 37 CFR 1.496 has not been met, a petition to revive (37 CFR 1.137(a) or (b)) must be
filed andgranted to restore the International Application to pending status.
Statement under 37 CFR 1.56 or 1.78 for AIA (First Inventor to File)Transition Applications
CL This application (1) claimspriority to or the benefit of an application filed before March 16, 2013, and (2) also contains, or contained at
any time, a claim to a claimed invention that has an effectivefiling date on or after March 16, 2013.

NOTE1: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 16, 2073, will be
examined underthefirst inventorto file provisions of the AIA.

 

NOTE2: A U.S. national stage application may not claim priority to the international application of whichit is the national phase. Thefiling
_date of a U.S, national stage application is the international filing date. See 35 U.S.C. 363

Correspondence Address

EX] The address associated with Customer Number 21839_or CJ Correspondence address below

BuchananIngersoll & Rooney PC

Address P.O. Box 1404

Ed

|Email|

Signature Date|July 28, 2015D.Bo Oe
Name : / Registration No.
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Attorney Docket No. 0079124-000111

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of

Bo ESBECHetal. Group Art Unit: Unassigned

Application No.: Unassigned Confirmation No.: Unassigned

Filed: July 28, 2015

For. FOCUS SCANNING APPARATUS

RECORDING COLOR Neeeeeeeeeeeeseeesee
GENERAL AUTHORIZATION FORPETITIONS

FOR EXTENSIONS OF TIME AND PAYMENT OF FEES

Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

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

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

Respectfully submitted,

BUCHANAN INGERSOLL & ROONEY PC

Date:_July 28, 2015 By: “SD Boos
Travis D, Boone

Registration No. 52635

Customer Number 21839

703.836.6620

BuchananIngersoll & Rooney rcAtlorneys & Government Relations Professionals
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PTO/AIA/82A (07-12)
Approvedfor use through 14/30/2014, OMB 0651-0035

U.S, Patent and Trademark Office; U.S, DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE

REGISTERED PRACTITIONERS

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

SIGNATUREof Applicant or Patent Practitioner
 

Signature SD. Boor Date July 28, 2015

Name Travis D, Boone Telephone_|(703) 836-6620

   
  
Registration Number|52635

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

*Total of ONE (1) form is submitted.

 
This collection ofinformation is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public whichIs to file (and
by the USPTOto process) an application. Confidentiality is governed by 35 U.S.C, 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes
to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Timewill vary depending upontheindividual case. Any
comments on the amountof time you require to complete this form and/or suggestions for reducing this burden, should be sentto the Chief Information Officer,
U.S. Palent 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 1460, Alexandria, VA 22313-1460.

ff you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Doo Code: PA, PTOIAIAD2 (0719)
Document Degoriptlon: Powerof Attomey "Approved for use through 44/30/2014, OMB 0001-0084 «

' ‘ : U8, Palant and Trademark Offica; U8, DEPARTMENT OF COMMERCE
Under the Paperwork Raductlon Aot of 1986, no peldons are requirad to reapondt fo rt cblledtlon of Infarmatfon untoasIl displays a valid OMB contol number

POWER OF ATTORNEYBY APPLICANT
ni hereby revokeail previous powersofattorney glven In the application Identiflad In sither the atlached transmittal latterof

the boxes below, , : . .

Fillng Data

(Note; The boxes above may beleft blankIf information ls provided on form PTO/AIA/82A,)

| haraby appoint the Patent Practitionar(s) assoclatad with the following Customer Numberas my/our allornay(s) of agents) andto transact all businessin the United Statas Patent and Trademark Offico connsoted therewith for the application sefarenced In

the attached (rangmitlal letter (form PTO/AIA/82A)or Identified above: 21839OR see

] Thereby appoint Practitloner(s) named in the altached llst (form PTO/AIA/82C) as my/our atfornay(s) or agents), and to transactall business In the United States Patent and Trademark Office connected therewilh for {he patent application referenced In the
allaohed {ransmittal letter (form PTO/AIA/82A)of Identiled above, (Note: Complete form PTOINA/826,) 6 +

 

   
 

  

  
  

  
 

 
Application Number -

  
 

  
  

 
 

 Plaase recognize or change the corres
letter or the boxes aboveto: '

The addressassociated with the above-mentlonad Customer Number’
OR

CJ Tho address gasoclated with Gudtomer Number: | | '
‘ OR ‘ . at .

pondenceaddressfor the application Idantifled In the attached transmittal

 
Individual Name , ok :

awepolyteTT
Poountry
Telephone idig
am the Appiloant (if the Applicant Is a Jurlstic‘antily, list the Applicant name In tha box);

3Shape A/S -
tnvantor orJoint Invenior(ite not required below)

‘ Legal Repreaentalive of a Doceased of Legally Incapaaitated Inventor(tltg not required below) :
Asalones or Person to Whom the lavantor la Under an Obligalion te Assign (provide algner'a title If appiloant Io @ jurlailo antily)

CI Person Who Otherwlad Showa Sulffclont Proprlotary, Interest (6.9,a palitlon under 37 CFR 41,48(b)(2) was granted In the
application or is conoyrrehtly being tiled with this document) (provide signers title If applidant Is 4 jurlatle antit
PoLIASIGNATUREofApplionntforPptont
[Thoundarelgnecl(whose{iif[sHuphledbelow)iaauthorizedtoaolonbehalfofthedeplioant(e.g.,wheretheapploantIsajurtsttaently),|

[SignatureUNTate(Optional)Tlove4Zor|
|Name[koifotohman

reog hapa
NOTE: Signuture » This fofhh mustbe signed by the applloant in aacordance with 37 OFF 1.33, See 97 CFR 1.4 for signatuye requirémente
and cartiftoations, If more (Nan one applicant, use mulilale farms, |

[Trotat of forma are submilted, . |_|
His collection of information le required by 37 CFR 7,137, 1.42, and 1.35, Tho Information [9 raquirad to ob{aln of rolaln A benefit by tho { 9USPTO to process) an applloation, Confidontiniily is governed by 45 U,S,0, 122 and 47 GFR tA fund 4,14, Thig collection la aalimatad lo fake 3 minulas lo complate,

induding galhurtng, preparing, and submiiing the completed appllontlon famte We USPTO,Tmowill vary dopehding upon the Indiddual case, Any cominients on the amount

af lima you raquira to complata this for aur suggaallone {or réducing this burden, ehatdd ba gent to the OhialeneOliicar, U.S, Patant and Trademark Office, U.S.

 
  
  
  
  

  

  

 

 

  

 

    
 

bilo Which 19 to fil (and by the

“Paparimant of Commerce, P.O, Box 1480, Alexanddn, VA 22919-1480, DO NOT SEND FERS OR GOMPLETEC FORMS TO THI8 ADDRESS, SEND TO: Conmulsatoner
for Patonts, P.O, Box 4460, Aloxandile, VA 22449-4400, ;

" if'yau needagsistance fn eomplating tho form, nal! 1-200-PTO-0169 artd salaot option 2
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Patent

Attorney’s Docket No. 0079124-000111

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of Group Art Unit: Unassigned

Bo ESBECHet al. Confirmation No.: Unassigned

Filed: July 28, 2015

For: FOCUS SCANNING APPARATUS

)
)

Application No.: Unassigned )
)
)
)

RECORDING COLOR

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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AMENDMENTSTO THE SPECIFICATION:

Please replace the original specification with the attached substitute specification.

Please find attached:

- Marked-Up Copyof substitute specification

- Clean Copy of substitute specification.

No new matter has been added.
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Attorney's Docket No. 0079124-000111
Application No. Unassigned

Page 3

AMENDMENTSTO THE CLAIMS:

The followinglisting of claims will replace all prior versions and listings of claimsin this

application.

LISTING OF CLAIMS:

1. (Currently Amended) A focus scanner system for recording surface geometry

and surface color of an object, the focus scanner system comprising:

[[-]] a multichromatic light source configured for providing a multichromatic probelight

for illumination of the object,

[[-I] a color image sensor comprising an array of image sensorpixels for capturing one

or more 2D imagesoflight received from said object, and

-a-data-processia

surface-colorinformationfora-bleck of said-image-sensor pixels-from-a-series-of2Dimage

recordedbysaidcolorimage Sensor

wherethe-scanner-systen-is-awherein the focus scanner system is configured to

 
 

operate eperating by translating a focus plane along an optical axis of the focus scanner system

and capturing a series of the 2D images, each 2D image ofthe seriesis at a different focus

plane position pesitions such that each theseries of captured 2D imagesforms a stack of 2D

images;and

a data processing system configured to derive surface geometry information for a block

of said image sensorpixels from the 2D imagesin the stack of 2D images captured by said

color image sensor, the data processing system also configured to derive surface color

information for the block of said image sensorpixels from at least one of the 2D images used to

derive the surface geometry information.
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Page 4

2. (Currently Amended) The focus scanner system according to claim 1, wherein
 

the data processing system is configured for generating a sub-scanof a part of the object

surface based on surface geometry information and surface color information derived from a

plurality of blocks of image sensorpixels.

3. (Currently Amended) The focus scanner system according to claim 1 eF2,

wherein the data processing system is configured for combining a numberof sub-scans to

generate a digital 3D representation of the object.

4. (Currently Amended) The focus scanner systera according to claim 1 any-efthe
 

preceding-claims, where the scanner system comprises a pattern generating element

configured for incorporating a spatial pattern in said probelight.

  
5. (Currently Amended) The focus scanner system according to claim 1 any-eHthe

preceding-claims, where deriving the surface geometry information and surface color

information comprises calculating for several 2D images a correlation measure betweenthe

portion of the 2D image captured by said block of image sensorpixels and a weight function,

where the weight function is determined based on information of the configuration of the spatial

pattern.

6. (Currently Amended) The focus scanner system according to the-preceding claim

5, wherein deriving the surface geometry information and the surface color information for a

block of image sensorpixels comprisesidentifying the position along the optical axis at which

the corresponding correlation measure has a maximum value.
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7. (Currently Amended) The focus scanner system according to claim Zor8 6,

wherein generating a sub-scan comprises determining a correlation measure function

describing the variation of the correlation measure along the optical axis for each block of image

sensorpixels and identifying the position along the optical axis at which the correlation measure

functions have their maximum value for the block.

8. (Currently Amended) The focus scanner systema according to claim 7 eF8, where

the maximum correlation measure value is the highest calculated correlation measure value for

the block of image sensorpixels and/or the highest maximum value of the correlation measure

function for the block of image sensorpixels.

  9. (Currently Amended) The focus scanner system according to claim 6 any-of

claims-6-te-9, wherein the data processing system is configured for determining a sub-scan

color for a point on a generated sub-scan based on the surface colorinformation of the 2D

image in the series in which the correlation measure has its maximum value for the

corresponding block of image sensorpixels.

10. (Currently Amended) The focus scanner system according to the-preceding claim 

9, wherein the data processing system is configured for deriving the sub-scancolorfor a point

on a generated sub-scan basedonthe surface colorinformation of the 2D imagesin the series

in which the correlation measure has its maximum value for the corresponding block of image

sensorpixels and on at least one additional 2D image,such-as-aneighboring2D-image-from

the-series-ofcaptured2Dimages.
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Attorney's Docket No. 0079124-000111
Application No. Unassigned
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11. (Currently Amended) The focus scanner system according to the-preceding claim

40, where the data processing system is configured for interpolating surface color information of

at least two 2D imagesin a series when determining the sub-scan color, such as an

interpolation of surface color information of neighboring 2D imagesin a series.

12. (Currently Amended) The focus scanner system according to claim10anyef

claims-10to-, wherein the data processing system is configured for computing an averaged

sub-scan color for a numberof points of the sub-scan, where the computing comprises an

averaging of sub-scan colors of different points,such-as-aweighted_averagingofthecolors_of

  
13. (Currently Amended) The focus scanner system according to claim 1 anyeHthe

preceding-claims, where the data processing system is configured for determining object color

for a least one point of the generated digital 3D representation of the object from sub-scan color

of the sub-scans combined to generate the digital 3D representation, such that the digital 3D

representation expresses both geometry and colorprofile of the object.

14. (Currently Amended) The focus scanner system according totheprevious claim
 

413, wherein determining the object color comprises computing a weighted average of sub-scan

color values derived for corresponding points in overlapping sub-scansat that point of the object

surface.

15. (Currently Amended) The focus scanner system according to claim 1anyofthe
 

previous-claimes, wherein the data processing system is configured for detecting saturated pixels
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Application No. Unassigned
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in the captured 2D images andfor mitigating or removing the error in the derived surface color

information or the sub-scan color caused by the pixel saturation.

16, (Currently Amended) The focus scanner system according to the-previeus claim

15, wherein the error caused by the saturated pixel is mitigated or removed by assigning a low

weight to the surface color information of the saturated pixel in the computing of the smoothed

sub-scan color and/or by assigning a low weight to the sub-scan color computed based on the

saturated pixel.

17, (Currently Amended) The focus scanner system according to claim1any-efthe

preceding-claims, wherein the data processing system is configured for comparing the derived

surface color information of sections of the captured 2D images and/orof the generated sub-

scans of the object with predetermined color ranges for teeth and fororal tissue, and for

suppressing the red componentof the derived surface color information or sub-scan colorfor

sections where the coloris not in one of the two predetermined color ranges.

18. (Currently Amended) The focus scanner system according to claim 1, any-efthe

precedingclaimswhere the color image sensor comprisesacolorfilter array comprising at least

three types ofcolorsfilters, each allowinglight in a known wavelength range, W1, W2, and W3

respectively, to propagate through the colorfilter.

19. (Currently Amended) The focus scanner system according to claim 1, any-efthe

preceding-claims where the surface geometry information is derived from light in a selected

wavelength range of the spectrum provided by the multichromatic light source.
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20. (Currently Amended) The focus scanner system according tothepreceding claim

19, where the colorfilter array is such that the proportion of the image sensorpixels of the color

image sensorwith color filters that match the selected wavelength range of the spectrum is

 larger than 50%

21. (Currently Amended) The focus scanner system according to claim 19 er29,

wherein the selected wavelength range matches the W2 wavelength range.

22, (Currently Amended) The focus scanner system according to claim 19 any-of

claimst9te-24, wherein the color filter array comprises a plurality of cells of 6x6 colorfilters,

where the color filters in positions (2,2) and (5,5) of each cell are of the VV1 type, the colorfilters

in positions (2,5) and (5,2) are of the W3 type.

23, (Currently Amended) The focus scanner system according tothepreceding claim

22, where the remaining 32 color filters in the 6x6 cell are of the W2 type.

24. (Currently Amended) The focus scanner according to the-preseding claim 23,

where the pattern generating element is configured to provide that the spatial pattern comprises

alternating dark and bright regions arranged in a checkerboard pattern.

25. (Currently Amended) A focus scanner system for recording surface geometry

and surface color of an object, the focus scanner systera comprising:
 

a multichromatic light source configured for providing a multichromatic probe light, and

a color image sensor comprising an array of image sensorpixels for capturing one or

more 2D imagesoflight received from said object,
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where at least for a block of said image sensorpixels, both surface color information and

surface geometry information of a part of the object are derived at least partly from one 2D

image captured by said color image sensor.

26. (Currently Amended) A method of recording surface geometry and surface color

of an object, the method comprising:

obtaining a focus scanner system according to claim1any-ofthe-previous-claims,

illuminating the surface of said object with multichromatic probe light from said

multichromatic light source;

capturing a series of 2D imagesof said object using said color image sensor; and

deriving both surface geometry information and surface color information for a block of

image sensorpixels at least partly from one captured 2D image.

27. (New) The focus scanneraccording to claim 1, wherein the same series of 2D

imagesis taken from one passof the focus scanneralong the optical axis,

28. (New) The focus scanneraccording to claim 1, wherein the multichromatic light

source, the color image sensor, and at least a portion of the data processing system are

included in a hand held unit.

29. (New) The focus scanneraccording to claim 19, where the colorfilter array is

such that the proportion of the image sensorpixels of the color image sensor with color filters

that match the selected wavelength range of the spectrum has a proportion that equals 32/36,

60/64 or 96/100.
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Attorney's Docket No. 0079124-000111
Application No. Unassigned
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30. (New) The focus scanner according to claim 10, wherein said at least one

additional 2D image comprises a neighboring 2D image from the series of captured 2D images.

31, (New) The focus scanner according to claim 12, wherein the averaging of sub-

scan colors of different points comprises a weighted averaging of the colors of the surrounding

points on the sub-scan.
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REMARKS

By wayof the foregoing amendment, the claims have been amended to delete multiple

dependencies, and to otherwise conform with conventional U.S. format. No new matter has

been introduced by these changes. It is to be understood that applicants reservethe right to

submit additional claims within the-scopeof the original claims or supported by the specification.

It is requested that the application be examined on the basis of the amendments

presented herein. Early and favorable consideration of this application is respectfully requested.

Should any questionsarise 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 28, 2015 By: /Travis D. Boone/
Travis D. Boone

Registration No. 52635

CustomerNo. 21839

(703) 836-6620
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FOCUS SCANNING APPARATUS RECORDING COLOR

Field of the application

The application relates to three dimensional (3D) scanning of the surface geometry

and surface color of objects. A particular application is within dentistry, particularly

for intraoral scanning.

Background

3D scanners are widely knownfrom the art, and so are intraoral dental 3D scanners

(e.g., Sirona Cerec, Cadent Itero, 3Shape TRIOS).

The ability to record surface color is useful in many applications. For example in

dentistry, the user can differentiate types of tissue or detect existing restorations.

For example in materials inspection, the user can detect surface abnormalities such

as crystallization defects or discoloring. None of the above is generally possible

from surface geometry information alone.

W02010145669 mentions the possibility of recording color. In particular, several

sequential images, each taken for an illumination in a different color - typically blue,

green, and red - are combined to form a synthetic color image. This approach

hence requires means to change light source color, such as color filters.

Furthermore, in handheld use, the scannerwill move relative to the scanned object

during the illumination sequence, reducing the quality of the synthetic color image.

Also US7698068 and US8102538 (Cadent Inc.) describe an intraoral scannerthat

records both geometry data and texture data with one or more image sensor(s).

However, there is a slight delay between the color and the geometry recording,

respectively. US7698068 requires sequentialillumination in different colors to form

a synthetic image, while US8102538 mentions white light as a possibility, however
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from a secondillumination source or recorded by a second image sensor,thefirst

set being used for recording the geometry.

W02012083967 discloses a scannerfor recording geometry data and texture data

with two separate cameras. While the first camera has a relatively shallow depth of

field as to provide focus scanning based on multiple images, the second camera

has a relatively large depth of field as to provide color texture information from a

single image.

Color-recording scanning confocal microscopes are also known from the prior art

(e.g., Keyence VK9700; see also JP2004029373). A white light illumination system

along with a color image sensoris used for recording 2D texture, while a laser beam

forms a dot that is scanned, i.e., moved over the surface and recorded by a

photomultiplier, providing the geometry data from many depth measurements, one

for each position of the dot. The principle of a moving dot requires the measured

object not to moverelative to the microscope during measurement, and henceis not

suitable for handheld use.

Summary

One aspect of this application is to provide a scanner system and a method for

recording surface geometry and surface color of an object, and where surface

geometry and surface color are derived from the same captured 2D images.

One aspectof this application is to provide a scanner system for recording surface

geometry and surface color of an object, and wherein all 2D images are captured

using the same color image sensor.

One aspect of this application is to provide a scanner system and a method for

recording surface geometry and surface color of an object, in which the information

relating to the surface geometry and to the surface color are acquired

simultaneously such that an alignment of data relating to the recorded surface
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geometry and data relating to the recorded surface color is not required in order to

generate a digital 3D representation of the object expressing both color and

geometry of the object.

Disclosed is a scanner system for recording surface geometry and surface colorof

an object, the scanner system comprising:

- a multichromatic light source configured for providing a multichromatic probe

light for illumination of the object,

- acolor image sensor comprising an array of image sensorpixels for capturing

one or more 2D imagesoflight received from said object, and

- a data processing system configured for deriving both surface geometry

information and surface color information for a block of said image sensor

pixels at least partly from one 2D image recordedby said color image sensor.

Disclosed is a method of recording surface geometry and surface color of an object,

the method comprising:

- obtaining a scanner system comprising a multichromatic light source and a

color image sensor comprising an array of image sensorpixels;

- illuminating the surface of said object with multichromatic probelight from said

multichromatic light source;

- capturing a series of 2D imagesof said object using said color image sensor;

and

- deriving both surface geometry information and surface color information for a

block of said image sensorpixels at least partly from one captured 2D image.

In the context of the present application, the phrase “surface color’ mayrefer to the

apparent color of an object surface and thus in some cases, such as for semi-

transparent or semi-translucent objects such as teeth, be caused by light from the

object surface and/or the material below the object surface, such as material

immediately below the object surface.
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In the context of the present application, the phrase “derived at least partly from one

2D image’refers to the situation where the surface geometry information for a given

block of image sensor pixels at least in part is derived from one 2D image and

where the corresponding surface color information at least in part is derived from

the same 2D image. The phase also covers cases where the surface geometry

information for a given block of image sensorpixels at least in part is derived from a

plurality of 2D images of a series of captured 2D images and where the

corresponding surface color information at least in part is derived from the same 2D

images of that series of captured 2D images.

An advantage of deriving both surface geometry information and surface color

information for a block of said image sensorpixels at least partly from one 2D image

is that a scanner system having only one image sensorcan berealized.

It is an advantage that the surface geometry information and the surface color

information are derived at least partly from one 2D image, since this inherently

provides that the two types of information are acquired simultaneously. There is

hence no requirement for an exact timing of the operation of two color image

sensors, which may the case when one image sensor is used for the geometry

recording and anotherfor color recording. Equally there is no need for an elaborate

calculation accounting for significant differences in the timing of capturing of 2D

images from which the surface geometry information is derived and the timing of the

capturing of 2D images from which the surface color information is derived.

The present application discloses is a significant improvement over the state of the

art in that only a single image sensor and a single multichromatic light source is

required, and that surface color and surface geometry for at least a part of the

object can be derived from the same 2D image or 2D images, which also means

that alignment of color and surface geometry is inherently perfect. In the scanner

system according to the present application, there is no need for taking into account

or compensating for relative motion of the object and scanner system between
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obtaining surface geometry and surface color. Since the surface geometry and the

surface color are obtained at precisely the same time, the scanner system

automatically maintains its spatial disposition with respect to the object surface

while obtaining the surface geometry and the surface color. This makes the scanner

system of the present application suitable for handheld use, for example as an

intraoral scanner, or for scanning moving objects.

In some embodiments, the data processing system is configured for deriving

surface geometry information and surface color information for said block of image

sensorpixels from a series of 2D images, such as from a plurality of the 2D images

in a series of captured 2D images. |.e. the data processing system is capable of

analyzing a plurality of the 2D images in a series of captured 2D imagesin orderto

derive the surface geometry information for a block of image sensor pixels and to

also derive surface color information from at least one of the 2D images from which

the surface geometry information is derived.

In some embodiments, the data processing system is configured for deriving

surface color information from a plurality of 2D images of a series of captured 2D

images and for deriving surface geometry information from at least one of the 2D

images from which the surface color information is derived.

In some embodiments, the data processing system is configured for deriving

surface geometry information from a plurality of 2D images of a series of captured

2D images and for deriving surface color information from at least one of the 2D

images from which the surface geometry information is derived.

In some embodiments, the set of 2D images from which surface color information is

derived from is identical to the set of 2D images from which surface geometry

information is derived from.
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In some embodiments, the data processing system is configured for generating a

sub-scan of a part of the object surface based on surface geometry information and

surface color information derived from a plurality of blocks of image sensorpixels.

The sub-scan expressesat least the geometry of the part of the object and typically

one sub-scanis derived from one stack of captured 2D images.

In some embodiments, all 2D images of a captured series of images are analyzed

to derive the surface geometry information for each block of image sensorpixels on

the color image sensor.

For a given block of image sensorpixels the corresponding portions of the captured

2D imagesin the stack may be analyzed to derive the surface geometry information

and surface color information for that block.

In some embodiments, the surface geometry information relates to where the object

surface is located relative to the scanner system coordinate system for that

particular block of image sensorpixels.

One advantage of the scanner system and the method of the current application is

that the informations used for generating the sub-scan expressing both geometry

and color of the object (as seen from one view) are obtained concurrently.

Sub-scans can be generated for a numberof different views of the object such that

they together coverthe part of the surface.

In some embodiments, the data processing system is configured for combining a

number of sub-scans to generate a digital 3D representation of the object. The

digital 3D representation of the object then preferably expresses both the recorded

geometry and colorof the object.
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The digital 3D representation of the object can be in the form of a data file. When

the object is a patient’s set of teeth the digital 3D representation of this set of teeth

can e.g. be used for CAD/CAM manufacture of a physical model of the patient’s set

teeth.

The surface geometry and the surface color are both determined from light recorded

by the color image sensor.

In some embodiments, the light received from the object originates from the

multichromatic light source, i.e. it is probe light reflected or scattered from the

surface of the object.

In some embodiments, the light received form the object comprises fluorescence

excited by the probe light from the multichromatic light source, i.e. fluorescence

emitted by fluorescent materials in the object surface.

In some embodiments, a second light source is used for the excitation of

fluorescence while the multichromatic light source provides the light for obtaining

the geometry and colorof the object.

The scanner system preferably comprises an optical system configured for guiding

light emitted by the multichromatic light source towards the object to be scanned

and for guiding light received from the object to the color image sensor such that the

2D imagesof said object can be captured by said color image sensor.

In some embodiments, the scanner system comprisesa first optical system, such

as an arrangementof lenses, for transmitting the probe light from the multichromatic

light source towards an object and a second optical system for imaging light

received from the object at the color image sensor.
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In some embodiments, single optical system images the probe light onto the object

and imagesthe object, or at least a part of the object, onto the color image sensor,

preferably along the same optical axis, however in opposite directions along optical

axis. The scanner may comprise at least one beam splitter located in the optical

path, where the beam splitter is arranged suchthatit directs the probe light from the

multichromatic light source towards the object while it directs light received from the

object towards the color image sensor.

Several scanning principles are suitable, such as triangulation and focus scanning.

In some embodiments, the scanner system is a focus scanner system operating by

translating a focus plane along an optical axis of the scanner system and capturing

the 2D imagesat different focus plane positions such that each series of captured

2D images forms a stack of 2D images. The focus plane position is preferably

shifted along an optical axis of the scanner system, such that 2D images captured

at a numberof focus plane positions along the optical axis forms said stack of 2D

images for a given view of the object, i.e. for a given arrangement of the scanner

system relative to the object. After changing the arrangement of the scanner system

relative to the object a new stack of 2D images for that view can be captured. The

focus plane position may be varied by means of at least one focus element, e.g., a

moving focus lens.

In some focus scanner embodiments, the scanner system comprisesa pattern

generating element configured for incorporating a spatial pattern in said probelight.

In some embodiments, the pattern generating element is configured to provide that

the probe light projected by scanner system onto the object comprises a pattern

consisting of dark sections and sections with light having the a wavelength

distribution according to the wavelength distribution of the multichromatic light

SOUICce.
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In some embodimenis, the multichromatic light source comprises a broadbandlight

source, such as a white light source

In some embodiments, the pixels of the color image sensor and the pattern

generating element are configured to provide that each pixel corresponds to a

single bright or dark region of the spatial pattern incorporated in said probelight.

For a focus scanner system the surface geometry information for a given block of

image sensorpixels is derived by identifying at which distance from the scanner

system the object surface is in focus for that block of image sensorpixels.

In some embodiments, deriving the surface geometry information and surface color

information comprises calculating for several 2D images, such as for several 2D

images in a captured stack of 2D images, a correlation measure between the

portion of the 2D image captured by said block of image sensorpixels and a weight

function. Here the weight function is preferably determined based on information of

the configuration of the spatial pattern. The correlation measure may be calculated

for each 2D imageof the stack.

The scanner system may comprise meansfor 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.

In some embodiments, deriving the surface geometry information and the surface

color information for a block of image sensor pixels comprises identifying the

position along the optical axis at which the corresponding correlation measure has a

maximum value. The position along the optical axis at which the corresponding

correlation measure has a maximum value may coincide with the position where a

2D image has been captured but it may even more likely be in between two

neighboring 2D imagesof the stack of 2D images.
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Determining the surface geometry information may thenrelate to calculating a

correlation measure of the spatially structured light signal provided by the pattern

with the variation of the pattern itself (which we term reference) for every location of

the focus plane and finding the location of an extremum ofthis stack of 2D images.

In some embodiments, the pattern is static. Such a static pattern can for example

be realized as a chrome-on-glass pattern.

One wayto define the correlation measure mathematically with a discrete set of

measurements is as a dot product computed from a signal vector, 7 = (/1,...,/n), with

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

reference weights. The correlation measure A is then given by
n

A=f-l=) fil
i=1

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

recordedat different pixels, typically in a block of pixels. The reference vector f can

be obtained in a calibration step.

By using knowledge of the optical system used in the scanner, it is possible to

transform the location of an extremum of the correlation measure, i.e., the focus

plane into depth data information, on a pixel block basis. All pixel blocks combined

thus provide an array of depth data. In other words, depth is along an optical path

that is known from the optical design and/or found from calibration, and each block

of pixels on the image sensor represents the end point of an optical path. Therefore,

depth along an optical path, for a bundle of paths, yields a surface geometry within

the field of view of the scanner, i.e. a sub-scan for the present view.

It can be advantageous to smooth and interpolate the series of correlation measure

values, such as to obtain a more robust and accurate determination of the location

of the maximum.
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In some embodiments, the generating a sub-scan comprises determining a

correlation measure function describing the variation of the correlation measure

along the optical axis for each block of image sensorpixels and identifying for the

position along the optical axis at which the correlation measure functions have their

maximum value for the block.

In some embodiments, the maximum correlation measure value is the highest

calculated correlation measure value for the block of image sensor pixels and/or the

highest maximum value of the correlation measure function for the block of image

sensorpixels.

For example, a polynomial can befitted to the values of A for a pixel block over

several images on both sides of the recorded maximum, and a location of a

deducted maximum can be found from the maximum of the fitted polynomial, which

can be in between two images. The deducted maximum is subsequently used as

depth data information when deriving the surface geometry from the present view,

i.e. when deriving a sub-scan for the view.

In some embodiments, the data processing system is configured for determining a

color for a point on a generated sub-scan based on the surface color information of

the 2D imageof the series in which the correlation measure has its maximum value

for the corresponding block of image sensor pixels. The color may e.g. be read as

the RGB valuesfor pixels in said block of image sensorpixels.

In some embodiments, the data processing system is configured for deriving the

color for a point on a generated sub-scan based on the surface color informationsof

the 2D images in the series in which the correlation measure has its maximum

value for the corresponding block of image sensor pixels and on at least one

additional 2D image, such as a neighboring 2D image from the series of captured

2D images. The surface color informationis still derived from at least one of the 2D

images from which the surface geometry information is derived.
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In some embodiments, the data processing system is configured for interpolating

surface color information of at least two 2D imagesin a series when determining the

sub-scan color, such as an interpolation of surface color information of neighboring

2D imagesin a series.

In some embodiments, the data processing system is configured for computing a

smoothed color for a number of points of the sub-scan, where the computing

comprises an averaging of sub-scan colors of different points, such as a weighted

averaging of the colors of the surrounding points on the sub-scan.

Surface color information for a block of image sensorpixels is at least partially

derived from the same image from which surface geometry information is derived.

In case the location of the maximum of A is represented by a 2D image, then also

color is derived from that same image. In case the location of the maximum of A is

found by interpolation to be between two images, then at least one of those two

images should be used to derive color, or both images using interpolation for color

also. It is also possible to average color data from more than two images used in

the determination of the location of the maximum of the correlation measure, or to

average color from a subset or superset of multiple images used to derive surface

geometry. In any case, some image sensor pixels readings are used to derive both

surface color and surface geometry for at least a part of the scanned object.

Typically, there are three color filters, so the overall color is composed of three

contributions, such as red, green, and blue, or cyan, magenta, and yellow. Note that

colorfilters typically allow a range of wavelengths to pass, and thereis typically

cross-talk betweenfilters, such that, for example, some greenlight will contribute to

the intensity measured in pixels with redfilters.

For an image sensorwith a colorfilter array, a color component g within a pixel

block can be obtained as
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n

cj = ». Gjili
i=1

where gj = 1 if pixel /hasa filter for color g, 0 otherwise. For an RGB filter array like

in a Bayerpattern, jis one of red, green, or blue. Further weighting of the individual

color components,i.e., color calibration, may be required to obtain natural color

data, typically as compensation for varying filter efficiency, illumination source

efficiency, and different fraction of color components in the filter pattern. The

calibration may also depend on focus planelocation and/or position within the field

of view, as the mixing of the light source component colors may vary with those

factors.

In some embodiments, surface color information is obtained for every pixel in a pixel

block. In color image sensors with a color filter array or with other means to

separate colors such as diffractive means, depending on the color measured with a

particular pixel, an intensity value for that color is obtained. In other words,in this

case a particular pixel has a color value only for one color. Recently developed

color image sensors allow measurement of several colors in the same pixel, at

different depths in the substrate, so in that case, a particular pixel can yield intensity

values for several colors. In summary, it is possible to obtain a resolution of the

surface color data that is inherently higher than that of the surface geometry

information.

In the embodiments where the resolution of the derived color is higher than the

resolution of the surface geometry for the generated digital 3D representation of the

object, a pattern will be visible when at least approximately in focus, which

preferably is the case when color is derived. The image can befiltered such as to

visually remove the pattern, however at a loss of resolution. In fact, it can be

advantageous to be able to see the pattern for the user. For example in intraoral

scanning, it may be important to detect the position of a margin line, the rim or edge

of a preparation. The image of the pattern overlaid on the geometry of this edgeis

sharper on a side that is seen approximately perpendicular, and more blurred on the
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side that is seen at an acute angle. Thus, a user, who in this example typically is a

dentist or dental technician, can use the difference in sharpness to more precisely

locate the position of the margin line than may be possible from examining the

surface geometry alone.

High spatial contrast of an in-focus pattern imageon the objectis desirable to obtain

a good signal to noise ratio of the correlation measure on the color image sensor.

Improved spatial contrast can be achieved by preferential imaging of the specular

surface reflection from the object on the color image sensor. Thus, some

embodiments comprise means for preferential/selective imaging of specularly

reflected light. This may be provided if the scanner further comprises meansfor

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

splitter.

In some embodiments, the polarizing optics is coated such as to optimize

preservation of the circular polarization of a part of the spectrum of the

multichromatic light source that is used for recording the surface geometry.

The scanner system may further comprise means for changing the polarization

state of the probe light and/or the light received from the object. This can be

provided by meansof a retardation plate, preferably located in the optical path. In

some embodiments, the retardation plate is a quarter wave retardation plate.

Especially for intraoral applications where the scanned object e.g. is the patient’s

set or teeth, the scanner can have an elongatedtip, with means for directing the

probelight and/or imaging an object. This may be provided by meansof at least one

folding element. The folding element could be a light reflecting element such as a

mirror or a prism. The probe light then emerges from the scanner system along an

optical axis at least partly defined by the folding element.
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For a more in-depth description of the focus scanning technology, see

W02010145669.

In some embodiments, the data processing system is configured for determining the

color of a least one point of the generated digital 3D representation of the object,

such that the digital 3D representation expresses both geometry and colorprofile of

the object. Color may be determined for several points of the generated digital 3D

representation such that the color profile of the scanned part of the object is

expressed bythe digital 3D representation.

In some embodiments determining the object color comprises computing a

weighted average of color values derived for corresponding points in overlapping

sub-scans at that point of the object surface. This weighted average can then be

used as the color of the point in the digital 3D representation of the object.

In some embodiments the data processing system is configured for detecting

saturated pixels in the captured 2D images andfor mitigating or removing the error

in the derived surface color information or the sub-scan color caused by the pixel

saturation.

In some embodiments the error caused by the saturated pixel is mitigated or

removed by assigning a low weight to the surface color information of the saturated

pixel in the computing of the smoothed color of a sub-scan and/or by assigning a

low weight to the color of a sub-scan computed based on the saturated pixel.

In some embodiments, the data processing system is configured for comparing the

derived surface color information of sections of the captured 2D images and/orof

the generated sub-scans of the object with predetermined color ranges for teeth and

for oral tissue, and for suppressing the red component of the derived surface color

information or sub-scan color for sections where the color is not in one of the two

predetermined color ranges.
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The scanner system disclosed here comprises a multichromatic light source, for

example a white light source, for example a multi-die LED.

Light received from the scanned object, such as probelight returned from the object

surface or fluorescence generated by the probelight by exciting fluorescent parts of

the object, is recorded by the color image sensor. In some embodiments, the color

image sensor comprisesa color filter array such that every pixel in the color image

sensoris a color-specific filter. The colorfilters are preferably arranged in a regular

pattern, for example wherethe colorfilters are arranged according to a Bayercolor

filter pattern. The image data thus obtained are used to derive both surface

geometry and surface color for each block of pixels. For a focus scannerutilizing a

correlation measure, the surface geometry may be found from an extremum of the

correlation measure as described above.

In some embodiments, the surface geometry is derived from light in a first part of

the spectrum of the probelight provided by the multichromatic light source.

Preferably, the color filters are aligned with the image sensorpixels, preferably such

that each pixel has a colorfilter for a particular color only.

In some embodiments, the colorfilter array is such that its proportion of pixels with

colorfilters that match the first part of the spectrum is larger than 50%.

In some embodiments, the surface geometry information is derived from light in a

selected wavelength range of the spectrum provided by the multichromatic light

source. The light in the other wavelength ranges is hence not used to derive the

surface geometry information. This provides the advantage that chromatic

dispersion of optical elements in the optical system of the scanner system doesnot

influence the scanning of the object.
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It can be preferable to compute the surface geometry only from pixels with one or

two types of colorfilters. A single color requires no achromatic optics and is thus

provides for a scanner that is easier and cheaper to build. Furthermore, folding

elements can generally not preserve the polarization state for all colors equally well.

Whenonly somecolor(s) is/are used to compute surface geometry, the reference

vector f will contain zerosfor the pixels withfilters for the other color(s). Accordingly,

the total signal strength is generally reduced, butfor large enoughblocksofpixels, it

is generally still sufficient. Preferentially, the pixel color filters are adapted for little

cross-talk from one color to the other(s). Note that even in the embodiments

computing geometry from only a subsetof pixels, color is preferably still computed

from all pixels.

In some embodiments, the color image sensor comprises a color filter array

comprising at least three types of colorsfilters, each allowing light in a known

wavelength range, W1, W2, and W3 respectively, to propagate through the color

filter.

In some embodiments, the colorfilter array is such that its proportion of pixels with

colorfilters that match the selected wavelength range of the spectrum is larger than

50%, such a wherein the proportion equals 32/36, 60/64 or 96/100.

In some embodiments, the selected wavelength range matches the W2 wavelength

range.

In some embodiments, the color filter array comprises a plurality of cells of 6x6 color

filters, where the colorfilters in positions (2,2) and (5,5) of each cell are of the W1

type, the color filters in positions (2,5) and (5,2) are of the W3 type. Here a W1 type

of filter is a color tilter that allows light in the known wavelength range W1 to

propagate through thecolorfilter, and similar for W2 and W38 typeoffilters. In some

embodiments, the remaining 32 color filters in the 6x6 cell are of the W2 type.
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In a RGB color system, W1 may correspond to red light, W2 to green light, and W3

to blue light.

In some embodiments, the scanneris configured to derive the surface color with a

higher resolution than the surface geometry.

In some embodiments, the higher surface color resolution is achieved by

demosaicing, wherecolor values for pixel blocks may be demosaiced to achieve an

apparently higher resolution of the color image than is present in the surface

geometry. The demosaicing may operate on pixel blocks or individual pixels.

In case a multi-die LED or another illumination source comprising physically or

optically separated light emitters is used, it is preferable to aim at a Kohler type

illumination in the scanner, i.e. the illumination source is defocused at the object

plane in order to achieve uniform illumination and good color mixing for the entire

field of view. In case color mixing is not perfect and varies with focal plane location,

color calibration of the scanner will be advantageous.

In some embodiments, the pattern generating element is configured to provide that

the spatial pattern comprises alternating dark and bright regions arranged in a

checkerboard pattern. The probe light provided by the scanner system then

comprises a pattern consisting of dark sections and sections with light having the

same wavelength distribution as the multichromatic light source.

In order to obtain a digital 3D representation expressing both surface geometry and

color representation of an object, i.e. a colored digital 3D representation of said part

of the object surface, typically several sub-scans,i.e. partial representations of the

object, have to be combined, where each sub-scans presents one view of the

object. A sub-scan expressing a view from a givenrelative position preferably

records the geometry and color of the object surface as seen from that relative

position.
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For a focus scanner, a view correspondsto one passof the focusing element(s), i.e.

for a focus scanner each sub-scan is the surface geometry and color derived from

the stack of 2D images recorded during the pass of the focus plane position

betweenits extremum positions.

The surface geometry found for various views can be combined by algorithms for

stitching and registration as widely known in the literature, or from known view

positions and orientations, for example when the scanner is mounted on axes with

encoders. Color can be interpolated and averaged by methods such as texture

weaving, or by simply averaging corresponding color components in multiple views

of the same location on the surface. Here, it can be advantageous to account for

differences in apparent color due to different angles of incidence and reflection,

which is possible because the surface geometry is also known. Texture weaving is

described by e.g. Callieri M, Cignoni P, Scopigno R. “Reconstructing textured

meshes from multiple range rgb maps’. VMV 2002, Erlangen, Nov 20-22, 2002.

In some embodiments, the scanner and/or the scanner system is configured for

generating a sub-scan of the object surface based on the obtained surface color

and surface geometry.

In some embodiments, the scanner and/or the scanner system is configured for

combining sub-scansof the object surface obtained from different relative positions

to generate a digital 3D representation expressing the surface geometry and color

of at least part of the object.

In some embodiments, the combination of sub-scans of the object to obtain the

digital 3D representation expressing surface geometry and color comprises

computing the color in each surface point as a weighted average of corresponding

points in all overlapping sub-scans at that surface point. The weight of each sub-

scan in the sum may be determined by several factors, such as the presence of
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saturated pixel values or the orientation of the object surface with respect to the

scanner when the sub-scan is recorded.

Such a weighted average is advantageous in cases where some scannerpositions

and orientations relative to the object will give a better estimate of the actual color

than other positions and orientations. If the illumination of the object surface is

uneven this can to some degree also be compensated for by weighting the best

illuminated parts higher.

In some embodiments, the data processing system of the scanner system

comprises an image processor configured for performing a post-processing of the

surface geometry, the surface color readings, or the derived sub-scan or the digital

3D representation of the object. The scanner system may be configured for

performing the combination of the sub-scans using e.g. computer implemented

algorithms executed by the image processor.

The scanner system may be configured for performing the combination of the sub-

scans using ¢€.g. computer implemented algorithms executed by the data

processing system as part of the post-processing of the surface geometry, surface

color, sub-scan and/or the digital 3D representation, i.e. the post-processing

comprises computing the color in each surface point as a weighted average of

correspondingpoints in all overlapping sub-scans at that surface point.

Saturated pixel values should preferably have a low weight to reducethe effect of

highlights on the recording of the surface color. The color for a given part of the

surface should preferably be determined primarily from 2D images where thecolor

can be determined precisely which is not the case when the pixel values are

saturated.

In some embodiments, the scanner and/or scanner system is configured for

detecting saturated pixels in the captured 2D imagesand for mitigating or removing

0037



0038

10

15

20

25

30

SUBSTITUTE SPECIFICATION Attorney Docket No. 0079124-0001 11
CLEAN COPY

the error in the obtained color caused bythe pixel saturation. The error caused by

the saturated pixel may be mitigated or removed by assigning a low weight to the

saturated pixel in the weighted average.

Specularly reflected light has the color of the light source rather than the color of the

object surface. If the object surface is not a pure white reflector then specular

reflections can hence be identified as the areas where the pixel color closely

matches the light source color. When obtaining the surface colorit is therefore

advantageous to assign a low weight to pixels or pixel groups whose color values

closely match the color of the multichromatic light source in order to compensate for

such specularreflections.

Specular reflections may also be a problem whenintra orally scanning a patient’s

set of teeth since teeth rarely are completely white. It may hence be advantageous

to assumethat for pixels where the readings from the color images sensor indicate

that the surface of the object is a pure white reflector, the light recorded bythis pixel

group is caused by a specularreflection from the teeth or the soft tissue in the oral

cavity and accordingly assign a low weight to these pixels to compensate for the

specularreflections.

In some embodiments, the compensation for specular reflections from the object

surface is based on information derived from a calibration of the scanner in which a

calibration object e.g. in the form of a pure white reflector is scanned. The color

image sensor readings then depend on the spectrum of the multichromatic light

source and on the wavelength dependenceof the scanner’s optical system caused

by e.g. a wavelength dependentreflectance of mirrors in the optical system. If the

optical system guides light equally well for all wavelengths of the multichromatic

light source, the color image sensor will record the color (also referred to as the

spectrum) of the multichromatic light source when the pure white reflector is

scanned.
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In some embodiments, compensating for the specular reflections from the surfaceis

based on information derived from a calculation based on the wavelength

dependence of the scanner’s optical system, the spectrum of the multichromatic

light source and a wavelength dependent sensitivity of the color image sensor. In

some embodiments, the scanner comprises means for optically suppressing

specularly reflected light to achieve better color measurement. This may be

provided if the scanner further comprises meansfor polarizing the probe light, for

example by meansof at least one polarizing beam splitter.

When scanning inside an oral cavity there may be red ambientlight caused by

probelight illumination of surrounding tissue, such as the gingiva, palette, tongue or

buccal tissue. In some embodiments, the scanner and/or scanner system is hence

configured for suppressing the red componentin the recorded 2D images.

In some embodiments, the scanner and/or scanner system is configured for

comparing the color of sections of the captured 2D images and/or of the sub-scans

of the object with predetermined color ranges for teeth and for oral tissue,

respectively, and for suppressing the red component of the recorded color for

sections where the color is not in either one of the two predeterminedcolor ranges.

The teeth may e.g. be assumed to be primarily white with one ratio between the

intensity of the different components of the recorded image, e.g. with one ratio

between the intensity of the red component and the intensity of the blue and/or

green components in a RGB configuration, while oral tissue is primarily reddish with

another ratio between the intensity of the components. When a color recorded for a

region of the oral cavity shows a ratio which differs from both the predetermined

ratio for teeth and the predetermined ratio for tissue, this region is identified as a

tooth region illuminated by red ambient light and the red componentof the recorded

image is suppressed relative to the other components, either by reducing the

recorded intensity of the red signal or by increasing the recordedintensities of the

other componentsin the image.
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In some embodiments, the color of points with a surface normal directly towards the

scanner are weighted higher than the color of points where the surface normal is

not directed towards the scanner. This has the advantage that points with a surface

normal directly towards the scanner will to a higher degree beilluminated by the

white light from the scanner and not by the ambient light.

In some embodiments, the color of points with a surface normal directly towards the

scannerare weighted lowerif associated with specular reflections.

In some embodiments the scanneris configured for simultaneously compensating

for different effects, such as compensating for saturated pixels and/or for specular

reflections and/or for orientation of the surface normal. This may be done by

generally raising the weight for a selection of pixels or pixel groups of a 2D image

and by reducing the weight for a fraction of the pixels or pixel groups of said

selection.

In some embodiments, the method comprises a processing of recorded 2D images,

a sub-scan or the generated 3D representations of the part of the object, where said

processing comprises

- compensating for pixel saturation by omitting or reducing the weight of

saturated pixels when deriving the surface color, and/or

- compensating for specular reflections when deriving the surface color by

omitting or reducing the weight of pixels whosecolor values closely

matches the light source color, and/or

- compensating for red ambientlight by comparing surface color

information of the 2D images with predetermined color ranges, and

suppressing the red componentof the recorded colorif this is not within a

predetermined color range.

Disclosed is a method of using the disclosed scanner system to display color

texture on the generated digital 3D representation of the object. It is advantageous
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to display the color data as a texture on the digital 3D representation, for example

on a computer screen. The combination of color and geometry is a more powerful

conveyorof information than either type of data alone. For example, dentists can

more easily differentiate between different types of tissue. In the rendering of the

surface geometry, appropriate shading can help convey the surface geometry on

the texture, for example with artificial shadows revealing sharp edges better than

texture alone could do.

Whenthe multichromatic light source is a multi-die LED or similar, the scanner

system can also be used to detect fluorescence. Disclosed is a method of using the

disclosed scanner system to display fluorescence on surface geometry.

In some embodiments, the scanneris configured for exciting fluorescence on said

object by illuminating it with only a subset of the LED diesin the multi-die LED, and

where said fluorescence is recorded byonly or preferentially reading out only those

pixels in the color image sensor that have color filters at least approximately

matching the color of the fluoresced light, i.e. measuring intensity only in pixels of

the image sensors that havefilters for longer-wavelength light. In other words, the

scanner is capable of selectively activating only a subset of the LED dies in the

multi-die LED and of only recording or preferentially reading out only those pixels in

the color image sensor that havecolorfilters at a higher wavelength than that of the

subset of the LED dies, such that light emitted from the subset of LED dies can

excite fluorescent materials in the object and the scanner can record the

fluorescence emitted from these fluorescent materials. The subset of the dies

preferably comprises one or more LED dies which emits light within the excitation

spectrum of the fluorescent materials in the object, such as an ultraviolet, a blue, a

green, a yellow or a red LED die. Suchfluorescence measurementyields a 2D data

array muchlike the 2D color image, howeverunlike the 2D imageit cannot be taken

concurrently with the surface geometry. For a slow-moving scanner, and/or with

appropriate interpolation, the fluorescence image canstill be overlaid the surface
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geometry. It is advantageousto display fluorescence on teeth because it can help

detect caries and plaque.

In some embodiments, the data processing system comprises a microprocessor

unit configured for extracting the surface geometry information from 2D images

obtained by the color image sensor and for determining the surface color from the

same images.

The data processing system may comprise units distributed in different parts of the

scanner system. For a scanner system comprising a handheld part connected to a

stationary unit, the data processing system may for example comprise one unit

integrated in the handheld part and another unit integrated in the stationary unit.

This can be advantageous when a data connection for transferring data from the

handheld unit to the stationary unit has a bandwidth which cannot handle the data

stream from the color image sensor. A preliminary data processing in the handheld

unit can then reduce the amount of data which must be transferred via the data

connection.

In some embodiments, the data processing system comprises a computer readable

medium on which is stored computer implemented algorithms for performing said

post-processing.

In some embodiments, a part of the data processing system is integrated in a cart

or a personal computer.

Disclosed is a method of using the disclosed scanner system to average color

and/or surface geometry from several views, where each view represents a

substantially fixed relative orientation of scanner and object.

Disclosed is a method using the disclosed scanner system to combine color and/or

surface geometry from several views, where each view represents a substantially
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fixed relative orientation of scanner and object, such as to achieve a more complete

coverageof the object than would be possible in a single view.

Disclosed is a scannerfor obtaining surface geometry and surface color of an

object, the scanner comprising:

- amultichromatic light source configured for providing a probelight, and

- acolor image sensor comprising an array of image sensorpixels for

recording one or more 2D imagesoflight received from said object,

whereat least for a block of said image sensorpixels, both surface color and

surface geometry of a part of the object are derived at least partly from one 2D

image recorded bysaid color image sensor

Disclosed is a scanner system for recording surface geometry and surface colorof

an object, the scanner system comprising:

- amultichromatic lignt source configured for providing a multichromatic

probelight, and

- acolor image sensor comprising an array of image sensorpixels for

capturing one or more 2D imagesoflight received from said object,

whereat least for a block of said image sensor pixels, both surface color information

and surface geometry information of a part of the object are derived at least partly

from one 2D image captured by said color image sensor.

Disclosed is a scanner system for recording surface geometry and surface colorof

an object, the scanner system comprising:

- amultichromatic light source configured for providing a probelight,

- acolor image sensor comprising an array of image sensorpixels, and

- anoptical system configured for guiding light received from the object to

the color image sensor suchthat 2D imagesof said object can be captured

by said color image sensor;

wherein the scanner system is configured for capturing a numberof said 2D images

of a part of the object and for deriving both surface color information and surface
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geometry information of the part of the object from at least one of said captured 2D

images at least for a block of said color image sensorpixels, such that the surface

color information and the surface geometry information are obtained concurrently by

the scanner.

Disclosed is a scanner system for recording surface geometry and surface colorof

an object, the scanner system comprising:

a multichromatic light source configured for providing a probelight;

a color image sensor comprising an array of image sensorpixels, where

the image sensoris arranged to capture 2D imagesof light received from

the object; and

an image processorconfigured for deriving both surface color information

and surface geometry information of at least a part of the object from at

least one of said 2D images captured by the color image sensor.

Disclosed is a scanner system for recording surface geometry and surface color of

an object, said scanner system comprising

a scanner system according to any of the embodiments, where the

scanner system is configured for deriving surface color and surface

geometry of the object, and optionally for generating a sub-scan ora

digital 3D representation of the part of the object; and

a data processing unit configured for post-processing surface geometry

and/or surface color readings from the color image sensor,or for post-

processing the generated sub-scanor digital 3D representation.

Disclosed is a method of recording surface geometry and surface color of an object,

the method comprising:

providing a scanner or scanner system according to any of the

embodiments;

illuminating the surface of said object with probelight from said

multichromatic light source;
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- recording one or more 2D imagesof said object using said color image

sensor; and

- deriving both surface color and surface geometry of a part of the object

from at least someof said recorded 2D imagesat least for a block of said

image sensor pixels, such that the surface color and surface geometry

are obtained concurrently by the scanner.

Brief description of drawings

Fig. 1 shows a handheld embodimentof a scanner system.

Figs. 2A-2B showsprior art pattern generating means and associated reference

weights.

Figs. 3A-3B showsa pattern generating means and associated reference weights.

Fig. 4 showsa color filter array.

Fig. 5 showsa flow chart of a method.

Figs. 6A-6C illustrates how surface geometry information and surface geometry

information can be derived

Fig. 1 shows a handheld part of a scanner system with components inside a

housing 100. The scanner comprises a tip which can be entered into a cavity, a

multichromatic light source in the form of a multi-die LED 101, pattern generating

element 130 for incorporating a spatial pattern in the probe light, a beam splitter

140, color image sensor 180 including an image sensor 181, electronics and

potentially other elements, an optical system typically comprising at least one lens,

and the image sensor. Thelight from the light source 101 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 which hereis a patient's set of teeth,

and further images the object being scanned onto the image sensor 181.
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The image sensor 181 has a color filter array 1000. Although drawn as a separate

entity, the color filter array is typically integrated with the image sensor, with a

single-color filter for every pixel.

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. In the example

embodiment, a single lens element is shifted physically back and forth along the

optical axis.

As a whole, the optical system provides an imaging of the pattern onto the object

being probed and from the object being probed to the camera.

The device may include polarization optics 160. Polarization optics can be used to

selectively image specular reflections and block out undesired diffuse signal from

sub-surface scattering inside the scanned object. The beam splitter 140 may also

have polarization filtering properties. It can be advantageousfor optical elements to

be anti-reflection coated.

The device mayinclude folding optics, a mirror 170, which directs the light out of the

device in a direction different to the optical path of the lens system, @.g. in a

direction perpendicularto the optical path of the lens system.

There may be additional optical elements in the scanner, for example one or more

condenserlensin front of the light source 101.

In the example embodiment, the LED 101 is a multi-die LED with two green, one

red, and oneblue die. Only the green portion of the light is used for obtaining the

surface geometry. Accordingly, the mirror 170 is coated such as to optimize

preservation of the circular polarization of the green light, and not that of the other

colors. Note that during scanning all dies within the LED are active, i.e., emitting

light, so the scanner emits apparently white light onto the scanned object 200. The
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LED may emit light at the different colors with different intensities such that e.g. one

color is more intense than the other colors. This may be desired in order to reduce

cross-talk between the readings of the different color signals in the color image

sensor. In case that the intensity of e.g. the red and blue diodes in a RGB system is

reduced, the apparently white light emitted by the light source will appear greenish-

white.

The scanner system further comprises a data processing system configured for

deriving both surface geometry information and surface color information for a block

of pixels of the color image sensor 180 at least partly from one 2D image recorded

by said color image sensor 180. At least part of the data processing system may be

arrangedin the illustrated handheld part of the scanner system. A part may also be

arranged in an additional part of the scanner system, such as a cart connected to

the handheld part.

Figures 2A-2B show ansection of a prior art pattern generating element 130 thatis

applied as a static pattern in a spatial correlation embodiment of WO2010145669,

as imaged on a monochromatic image sensor 180. The pattern can be a chrome-

on-glass pattern. The section showsonly a portion of the pattern is shown, namely

one period. This period is represented by a pixel block of 6 by 6 image pixels, and 2

by 2 pattern fields. The fields drawn in gray in Fig. 2A are in actuality black because

the pattern mask is opaquefor these fields; gray was only chosenforvisibility and

thus clarity of the Figure. Fig. 2B illustrates the reference weights ffor computing

the spatial correlation measure A for the pixel block, where n =6x 6 = 36, suchthat
n

A=i
i=1

where / are the intensity values measured in the 36 pixels in the pixel block for a

given image. Note that perfect alignment between image sensorpixels and pattern

fields is not required, but gives the best signal for the surface geometry

measurement.
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Figs. 3A-3B showsthe extension of the principle in Figs. 2A-2B to color scanning.

The pattern is the same asin Figs. 2A-2B and sois the image sensor geometry.

However, the image sensoris a color image sensor with a Bayercolor filter array. In

Fig. 3A, pixels marked “B” have a blue colorfilter, while “G” indicates green and “R”

red pixel filters, respectively. Fig. 3B shows the corresponding reference weights ¢.

Note that only green pixels have a non-zero value. This is so becauseonly the

green fraction of the spectrum is used for recording the surface geometry

information.

For the pattern/color filter combination of Figs. 3A-3B, a color componentg within a

nr

Gj = » Gjili
i=1

where gi = 1 if pixel /hasa filter for color G, 0 otherwise. For an RGB colorfilter

pixel block can be obtained as

array like in the Bayer pattern, jis one of red, green, or blue. Further weighting of

the individual color components,i.e., color calibration, may be required to obtain

natural color data, typically as compensationfor varying filter efficiency, illumination

sourceefficiency, and different fraction of color componentsin thefilter pattern. The

calibration may also depend on focusplane location and/or position within the field

of view, as the mixing of the LED’s component colors may vary with those factors.

Figure 4 showsaninventive color filter array with a higher fraction of green pixels

than in the Bayer pattern. The colorfilter array comprisesa plurality of cells of 6x6

colorfilters, with blue color filters in positions (2,2) and (5,5) of each cell, red color

filters in positions (2,5) and (5,2), a and green colorfilters in all remaining positions

of the cell.

Assumingthat only the green portion of the illumination is used to obtain the surface

geometry information, the filter of Figure 4 will potentially provide a better quality of

the obtained surface geometry than a Bayerpatternfilter, at the expense of poorer

color representation. The poorercolor representation will however in many cases
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still be sufficient while the improved quality of the obtained surface geometry often

is very advantageous.

Fig. 5 illustrates a flow chart 541 of a method of recording surface geometry and

surface color of an object.

In step 542 a scanner system according to anyof the previous claims is obtained.

In step 543 the objectis illuminated with multichromatic probelight. In a focus

scanning system utilizing a correlation measure or correlation measure function, a

checkerboard pattern may be imposed onthe probelight such that information

relating to the pattern can be used for determining surface geometry information

from captured 2D images.

In step 544 a series of 2D imagesof said object is captured using said color image

sensor. The 2D images can be processed immediately or stored for later processing

in a memoryunit.

In step 545 both surface geometry information and surface color information are

derived for a block of image sensorpixels at least partly from one captured 2D

image. The information can e.g. be derived using the correlation measure approach

as descried herein. The derived informations are combined to generate a sub-scan

of the object in step 546, where the sub-scan comprises data expressing the

geometry and color of the object as seen from one view.

In step 547 a digital 3D representation expressing both color and geometry of the

object is generated by combining several sub-scans. This may be done using

known algorithms for sub-scan alignment such as algorithmsfor stitching and

registration as widely knownin the literature.
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Figs. 6A-6C illustrates how surface geometry information and surface geometry

information can be derived at least from one 2D imagefor a block of image sensor

pixels.

The correlation measureis determinedforall active image sensorpixel groups on

the color image sensorfor every focus plane position, i.e. for every 2D image of the

stack. Starting by analyzing the 2D images from one end ofthe stack, the

correlation measuresforall active image sensor pixel groups is determined and the

calculated values are stored. Progressing through the stack the correlation

measures for each pixel group are determined and stored together with the

previously stored values, i.e. the values for the previously analyzed 2D images.

A correlation measure function describing the variation of the correlation measure

along the optical axis is then determined for each pixel group by smoothing and

interpolating the determined correlation measure values. For example, a polynomial

can befitted to the values of for a pixel block over several images on both sidesof

the recorded maximum,and a location of a deducted maximum can be found from

the maximum ofthe fitted polynomial, which can be in between two images.

The surface color information for the pixel group is derived from one or more of the

2D images from whichthe position of the correlation measure maximum was

determined i.e. surface geometry information and surface color information from a

group of pixels of the color image sensorare derived from the same 2D images of

the stack.

The surface color information can be derived from one 2D image. The maximum

value of the correlation measure for each group of pixels is monitored along the

analysis of the 2D images such that when a 2D image has been analyzed the

values for the correlation measure for the different pixels groups can be compared

with the currently highest value for the previously analyzed 2D images. If the

correlation measure is anew maximum valuefor that pixel group at least the portion

of the 2D image corresponding to this pixel group is saved. Next time a higher

correlation value is found for that pixel group the portion of this 2D image is saved
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overwriting the previously stored image/sub-image. Thereby whenall 2D imagesof

the stack have been analyzed, the surface geometry information of the 2D images

is translated into a series of correlation measure values for each pixel group where

a maximum value is recorded for each block of image sensorpixels.

Fig. 6A illustrated a portion 661 of a stack of 2D images acquired using a focus

scanning system, where each 2D imageis acquired at a different focal plane

position. In each 2D image 662 a portion 663 corresponding to a block of image

sensorpixels are indicated. The block corresponding to a set of coordinates (xi, yi).

The focus scanning system is configured for determining a correlation measurefor

each block of image sensorpixels and for each 2D image in the stack. In Fig. 6B is

illustrated the determined correlation measures 664 (here indicated by an “x”) for

the block 663. Based on the determined correlation measures 664 a correlation

measure function 665is calculated, here as a polynomial, and a maximum value for

the correlation measure function is found a position z;. The z-value for which the

fitted polynomial has a maximum (z)) is identified as a point of the object surface.

The surface geometry information derived for this block can then be presented in

the form of the coordinates (xi,yi,zi), and by combining the surface geometry

information for several block of the images sensor, the a sub-scan expressing the

geometry of part of the object can be created.

In Fig. 6Cis illustrated a procedure for deriving the surface color geometry from two

2D imagesfor each block of image sensorpixels. Two 2D images are stored using

the procedure described above and their RGB valuesfor the pixel block are

determined.In Fig. 6C the R-values 666 are displayed. An averaged R-value 667

(as well as averaged G- and B-values) at the z; position can then be determined by

interpolation and used as surface color information for this block. This surface color

information is evidently derived from the same 2D imagethat the geometry

information at least in part was derived from.
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FOCUS SCANNING APPARATUS RECORDING COLOR

Field of the application

The application relates to three dimensional (3D) scanning of the surface geometry

and surface color of objects. A particular application is within dentistry, particularly

for intraoral scanning.

Background

3D scanners are widely knownfrom the art, and so are intraoral dental 3D scanners

(e.g., Sirona Cerec, Cadent Itero, 3Shape TRIOS).

The ability to record surface color is useful in many applications. For example in

dentistry, the user can differentiate types of tissue or detect existing restorations.

For example in materials inspection, the user can detect surface abnormalities such

as crystallization defects or discoloring. None of the above is generally possible

from surface geometry information alone.

W02010145669 mentions the possibility of recording color. In particular, several

sequential images, each taken for an illumination in a different color - typically blue,

green, and red - are combined to form a synthetic color image. This approach

hence requires means to change light source color, such as color filters.

Furthermore, in handheld use, the scannerwill move relative to the scanned object

during the illumination sequence, reducing the quality of the synthetic color image.

Also US7698068 and US8102538 (Cadent Inc.) describe an intraoral scannerthat

records both geometry data and texture data with one or more image sensor(s).

However, there is a slight delay between the color and the geometry recording,

respectively. US7698068 requires sequentialillumination in different colors to form

a synthetic image, while US8102538 mentions white light as a possibility, however
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from a secondillumination source or recorded by a second image sensor,thefirst

set being used for recording the geometry.

W02012083967 discloses a scannerfor recording geometry data and texture data

with two separate cameras. While the first camera has a relatively shallow depth of

field as to provide focus scanning based on multiple images, the second camera

has a relatively large depth of field as to provide color texture information from a

single image.

Color-recording scanning confocal microscopes are also known from the prior art

(e.g., Keyence VK9700; see also JP2004029373). A white light illumination system

along with a color image sensoris used for recording 2D texture, while a laser beam

forms a dot that is scanned, i.e., moved over the surface and recorded by a

photomultiplier, providing the geometry data from many depth measurements, one

for each position of the dot. The principle of a moving dot requires the measured

object not to moverelative to the microscope during measurement, and henceis not

suitable for handheld use.

Summary

One aspect of this application is to provide a scanner system and a method for

recording surface geometry and surface color of an object, and where surface

geometry and surface color are derived from the same captured 2D images.

One aspectof this application is to provide a scanner system for recording surface

geometry and surface color of an object, and wherein all 2D images are captured

using the same color image sensor.

One aspect of this application is to provide a scanner system and a method for

recording surface geometry and surface color of an object, in which the information

relating to the surface geometry and to the surface color are acquired

simultaneously such that an alignment of data relating to the recorded surface
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geometry and data relating to the recorded surface color is not required in order to

generate a digital 3D representation of the object expressing both color and

geometry of the object.

Disclosed is a scanner system for recording surface geometry and surface colorof

an object, the scanner system comprising:

- a multichromatic light source configured for providing a multichromatic probe

light for illumination of the object,

- acolor image sensor comprising an array of image sensorpixels for capturing

one or more 2D imagesoflight received from said object, and

- a data processing system configured for deriving both surface geometry

information and surface color information for a block of said image sensor

pixels at least partly from one 2D image recordedby said color image sensor.

Disclosed is a method of recording surface geometry and surface color of an object,

the method comprising:

- obtaining a scanner system comprising a multichromatic light source and a

color image sensor comprising an array of image sensorpixels;

- illuminating the surface of said object with multichromatic probelight from said

multichromatic light source;

- capturing a series of 2D imagesof said object using said color image sensor;

and

- deriving both surface geometry information and surface color information for a

block of said image sensorpixels at least partly from one captured 2D image.

In the context of the present application, the phrase “surface color’ mayrefer to the

apparent color of an object surface and thus in some cases, such as for semi-

transparent or semi-translucent objects such as teeth, be caused by light from the

object surface and/or the material below the object surface, such as material

immediately below the object surface.
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In the context of the present application, the phrase “derived at least partly from one

2D image’refers to the situation where the surface geometry information for a given

block of image sensor pixels at least in part is derived from one 2D image and

where the corresponding surface color information at least in part is derived from

the same 2D image. The phase also covers cases where the surface geometry

information for a given block of image sensorpixels at least in part is derived from a

plurality of 2D images of a series of captured 2D images and where the

corresponding surface color information at least in part is derived from the same 2D

images of that series of captured 2D images.

An advantage of deriving both surface geometry information and surface color

information for a block of said image sensorpixels at least partly from one 2D image

is that a scanner system having only one image sensorcan berealized.

It is an advantage that the surface geometry information and the surface color

information are derived at least partly from one 2D image, since this inherently

provides that the two types of information are acquired simultaneously. There is

hence no requirement for an exact timing of the operation of two color image

sensors, which may the case when one image sensor is used for the geometry

recording and anotherfor color recording. Equally there is no need for an elaborate

calculation accounting for significant differences in the timing of capturing of 2D

images from which the surface geometry information is derived and the timing of the

capturing of 2D images from which the surface color information is derived.

The present application discloses is a significant improvement over the state of the

art in that only a single image sensor and a single multichromatic light source is

required, and that surface color and surface geometry for at least a part of the

object can be derived from the same 2D image or 2D images, which also means

that alignment of color and surface geometry is inherently perfect. In the scanner

system according to the present application, there is no need for taking into account

or compensating for relative motion of the object and scanner system between
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obtaining surface geometry and surface color. Since the surface geometry and the

surface color are obtained at precisely the same time, the scanner system

automatically maintains its spatial disposition with respect to the object surface

while obtaining the surface geometry and the surface color. This makes the scanner

system of the present application suitable for handheld use, for example as an

intraoral scanner, or for scanning moving objects.

In some embodiments, the data processing system is configured for deriving

surface geometry information and surface color information for said block of image

sensorpixels from a series of 2D images, such as from a plurality of the 2D images

in a series of captured 2D images. |.e. the data processing system is capable of

analyzing a plurality of the 2D images in a series of captured 2D imagesin orderto

derive the surface geometry information for a block of image sensor pixels and to

also derive surface color information from at least one of the 2D images from which

the surface geometry information is derived.

In some embodiments, the data processing system is configured for deriving

surface color information from a plurality of 2D images of a series of captured 2D

images and for deriving surface geometry information from at least one of the 2D

images from which the surface color information is derived.

In some embodiments, the data processing system is configured for deriving

surface geometry information from a plurality of 2D images of a series of captured

2D images and for deriving surface color information from at least one of the 2D

images from which the surface geometry information is derived.

In some embodiments, the set of 2D images from which surface color information is

derived from is identical to the set of 2D images from which surface geometry

information is derived from.
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In some embodiments, the data processing system is configured for generating a

sub-scan of a part of the object surface based on surface geometry information and

surface color information derived from a plurality of blocks of image sensorpixels.

The sub-scan expressesat least the geometry of the part of the object and typically

one sub-scanis derived from one stack of captured 2D images.

In some embodiments, all 2D images of a captured series of images are analyzed

to derive the surface geometry information for each block of image sensorpixels on

the color image sensor.

For a given block of image sensorpixels the corresponding portions of the captured

2D imagesin the stack may be analyzed to derive the surface geometry information

and surface color information for that block.

In some embodiments, the surface geometry information relates to where the object

surface is located relative to the scanner system coordinate system for that

particular block of image sensorpixels.

One advantage of the scanner system and the method of the current application is

that the informations used for generating the sub-scan expressing both geometry

and color of the object (as seen from one view) are obtained concurrently.

Sub-scans can be generated for a numberof different views of the object such that

they together coverthe part of the surface.

In some embodiments, the data processing system is configured for combining a

number of sub-scans to generate a digital 3D representation of the object. The

digital 3D representation of the object then preferably expresses both the recorded

geometry and colorof the object.
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The digital 3D representation of the object can be in the form of a data file. When

the object is a patient’s set of teeth the digital 3D representation of this set of teeth

can e.g. be used for CAD/CAM manufacture of a physical model of the patient’s set

teeth.

The surface geometry and the surface color are both determined from light recorded

by the color image sensor.

In some embodiments, the light received from the object originates from the

multichromatic light source, i.e. it is probe light reflected or scattered from the

surface of the object.

In some embodiments, the light received form the object comprises fluorescence

excited by the probe light from the multichromatic light source, i.e. fluorescence

emitted by fluorescent materials in the object surface.

In some embodiments, a second light source is used for the excitation of

fluorescence while the multichromatic light source provides the light for obtaining

the geometry and colorof the object.

The scanner system preferably comprises an optical system configured for guiding

light emitted by the multichromatic light source towards the object to be scanned

and for guiding light received from the object to the color image sensor such that the

2D imagesof said object can be captured by said color image sensor.

In some embodiments, the scanner system comprisesa first optical system, such

as an arrangementof lenses, for transmitting the probe light from the multichromatic

light source towards an object and a second optical system for imaging light

received from the object at the color image sensor.
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In some embodiments, single optical system images the probe light onto the object

and imagesthe object, or at least a part of the object, onto the color image sensor,

preferably along the same optical axis, however in opposite directions along optical

axis. The scanner may comprise at least one beam splitter located in the optical

path, where the beam splitter is arranged suchthatit directs the probe light from the

multichromatic light source towards the object while it directs light received from the

object towards the color image sensor.

Several scanning principles are suitable, such as triangulation and focus scanning.

In some embodiments, the scanner system is a focus scanner system operating by

translating a focus plane along an optical axis of the scanner system and capturing

the 2D imagesat different focus plane positions such that each series of captured

2D images forms a stack of 2D images. The focus plane position is preferably

shifted along an optical axis of the scanner system, such that 2D images captured

at a numberof focus plane positions along the optical axis forms said stack of 2D

images for a given view of the object, i.e. for a given arrangement of the scanner

system relative to the object. After changing the arrangement of the scanner system

relative to the object a new stack of 2D images for that view can be captured. The

focus plane position may be varied by means of at least one focus element, e.g., a

moving focus lens.

In some focus scanner embodiments, the scanner system comprisesa pattern

generating element configured for incorporating a spatial pattern in said probelight.

In some embodiments, the pattern generating element is configured to provide that

the probe light projected by scanner system onto the object comprises a pattern

consisting of dark sections and sections with light having the a wavelength

distribution according to the wavelength distribution of the multichromatic light

SOUICce.
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In some embodimenis, the multichromatic light source comprises a broadbandlight

source, such as a white light source

In some embodiments, the pixels of the color image sensor and the pattern

generating element are configured to provide that each pixel corresponds to a

single bright or dark region of the spatial pattern incorporated in said probelight.

For a focus scanner system the surface geometry information for a given block of

image sensorpixels is derived by identifying at which distance from the scanner

system the object surface is in focus for that block of image sensorpixels.

In some embodiments, deriving the surface geometry information and surface color

information comprises calculating for several 2D images, such as for several 2D

images in a captured stack of 2D images, a correlation measure between the

portion of the 2D image captured by said block of image sensorpixels and a weight

function. Here the weight function is preferably determined based on information of

the configuration of the spatial pattern. The correlation measure may be calculated

for each 2D imageof the stack.

The scanner system may comprise meansfor 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.

In some embodiments, deriving the surface geometry information and the surface

color information for a block of image sensor pixels comprises identifying the

position along the optical axis at which the corresponding correlation measure has a

maximum value. The position along the optical axis at which the corresponding

correlation measure has a maximum value may coincide with the position where a

2D image has been captured but it may even more likely be in between two

neighboring 2D imagesof the stack of 2D images.
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Determining the surface geometry information may thenrelate to calculating a

correlation measure of the spatially structured light signal provided by the pattern

with the variation of the pattern itself (which we term reference) for every location of

the focus plane and finding the location of an extremum ofthis stack of 2D images.

In some embodiments, the pattern is static. Such a static pattern can for example

be realized as a chrome-on-glass pattern.

One wayto define the correlation measure mathematically with a discrete set of

measurements is as a dot product computed from a signal vector, 7 = (/1,...,/n), with

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

reference weights. The correlation measure A is then given by
n

A=f-l=) fil
i=1

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

recordedat different pixels, typically in a block of pixels. The reference vector f can

be obtained in a calibration step.

By using knowledge of the optical system used in the scanner, it is possible to

transform the location of an extremum of the correlation measure, i.e., the focus

plane into depth data information, on a pixel block basis. All pixel blocks combined

thus provide an array of depth data. In other words, depth is along an optical path

that is known from the optical design and/or found from calibration, and each block

of pixels on the image sensor represents the end point of an optical path. Therefore,

depth along an optical path, for a bundle of paths, yields a surface geometry within

the field of view of the scanner, i.e. a sub-scan for the present view.

It can be advantageous to smooth and interpolate the series of correlation measure

values, such as to obtain a more robust and accurate determination of the location

of the maximum.
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In some embodiments, the generating a sub-scan comprises determining a

correlation measure function describing the variation of the correlation measure

along the optical axis for each block of image sensorpixels and identifying for the

position along the optical axis at which the correlation measure functions have their

maximum value for the block.

In some embodiments, the maximum correlation measure value is the highest

calculated correlation measure value for the block of image sensor pixels and/or the

highest maximum value of the correlation measure function for the block of image

sensorpixels.

For example, a polynomial can befitted to the values of A for a pixel block over

several images on both sides of the recorded maximum, and a location of a

deducted maximum can be found from the maximum of the fitted polynomial, which

can be in between two images. The deducted maximum is subsequently used as

depth data information when deriving the surface geometry from the present view,

i.e. when deriving a sub-scan for the view.

In some embodiments, the data processing system is configured for determining a

color for a point on a generated sub-scan based on the surface color information of

the 2D imageof the series in which the correlation measure has its maximum value

for the corresponding block of image sensor pixels. The color may e.g. be read as

the RGB valuesfor pixels in said block of image sensorpixels.

In some embodiments, the data processing system is configured for deriving the

color for a point on a generated sub-scan based on the surface color informationsof

the 2D images in the series in which the correlation measure has its maximum

value for the corresponding block of image sensor pixels and on at least one

additional 2D image, such as a neighboring 2D image from the series of captured

2D images. The surface color informationis still derived from at least one of the 2D

images from which the surface geometry information is derived.
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In some embodiments, the data processing system is configured for interpolating

surface color information of at least two 2D imagesin a series when determining the

sub-scan color, such as an interpolation of surface color information of neighboring

2D imagesin a series.

In some embodiments, the data processing system is configured for computing a

smoothed color for a number of points of the sub-scan, where the computing

comprises an averaging of sub-scan colors of different points, such as a weighted

averaging of the colors of the surrounding points on the sub-scan.

Surface color information for a block of image sensorpixels is at least partially

derived from the same image from which surface geometry information is derived.

In case the location of the maximum of A is represented by a 2D image, then also

color is derived from that same image. In case the location of the maximum of A is

found by interpolation to be between two images, then at least one of those two

images should be used to derive color, or both images using interpolation for color

also. It is also possible to average color data from more than two images used in

the determination of the location of the maximum of the correlation measure, or to

average color from a subset or superset of multiple images used to derive surface

geometry. In any case, some image sensor pixels readings are used to derive both

surface color and surface geometry for at least a part of the scanned object.

Typically, there are three color filters, so the overall color is composed of three

contributions, such as red, green, and blue, or cyan, magenta, and yellow. Note that

colorfilters typically allow a range of wavelengths to pass, and thereis typically

cross-talk betweenfilters, such that, for example, some greenlight will contribute to

the intensity measured in pixels with redfilters.

For an image sensorwith a colorfilter array, a color component g within a pixel

block can be obtained as
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nr

= ». Gjili
i=1

where gj = 1 if pixel /hasa filter for color g, 0 otherwise. For an RGB filter array like

in a Bayerpattern, jis one of red, green, or blue. Further weighting of the individual

color components,i.e., color calibration, may be required to obtain natural color

data, typically as compensation for varying filter efficiency, illumination source

efficiency, and different fraction of color components in the filter pattern. The

calibration may also depend on focus planelocation and/or position within the field

of view, as the mixing of the light source component colors may vary with those

factors.

In some embodiments, surface color information is obtained for every pixel in a pixel

block. In color image sensors with a color filter array or with other means to

separate colors such as diffractive means, depending on the color measured with a

particular pixel, an intensity value for that color is obtained. In other words,in this

case a particular pixel has a color value only for one color. Recently developed

color image sensors allow measurement of several colors in the same pixel, at

different depths in the substrate, so in that case, a particular pixel can yield intensity

values for several colors. In summary, it is possible to obtain a resolution of the

surface color data that is inherently higher than that of the surface geometry

information.

In the embodiments where the resolution of the derived color is higher than the

resolution of the surface geometry for the generated digital 3D representation of the

object, a pattern will be visible when at least approximately in focus, which

preferably is the case when color is derived. The image can befiltered such as to

visually remove the pattern, however at a loss of resolution. In fact, it can be

advantageous to be able to see the pattern for the user. For example in intraoral

scanning, it may be important to detect the position of a margin line, the rim or edge

of a preparation. The image of the pattern overlaid on the geometry of this edgeis

sharper on a side that is seen approximately perpendicular, and more blurred on the
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side that is seen at an acute angle. Thus, a user, who in this example typically is a

dentist or dental technician, can use the difference in sharpness to more precisely

locate the position of the margin line than may be possible from examining the

surface geometry alone.

High spatial contrast of an in-focus pattern imageon the objectis desirable to obtain

a good signal to noise ratio of the correlation measure on the color image sensor.

Improved spatial contrast can be achieved by preferential imaging of the specular

surface reflection from the object on the color image sensor. Thus, some

embodiments comprise means for preferential/selective imaging of specularly

reflected light. This may be provided if the scanner further comprises meansfor

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

splitter.

In some embodiments, the polarizing optics is coated such as to optimize

preservation of the circular polarization of a part of the spectrum of the

multichromatic light source that is used for recording the surface geometry.

The scanner system may further comprise means for changing the polarization

state of the probe light and/or the light received from the object. This can be

provided by meansof a retardation plate, preferably located in the optical path. In

some embodiments, the retardation plate is a quarter wave retardation plate.

Especially for intraoral applications where the scanned object e.g. is the patient’s

set or teeth, the scanner can have an elongatedtip, with means for directing the

probelight and/or imaging an object. This may be provided by meansof at least one

folding element. The folding element could be a light reflecting element such as a

mirror or a prism. The probe light then emerges from the scanner system along an

optical axis at least partly defined by the folding element.
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For a more in-depth description of the focus scanning technology, see

W02010145669.

In some embodiments, the data processing system is configured for determining the

color of a least one point of the generated digital 3D representation of the object,

such that the digital 3D representation expresses both geometry and colorprofile of

the object. Color may be determined for several points of the generated digital 3D

representation such that the color profile of the scanned part of the object is

expressed bythe digital 3D representation.

In some embodiments determining the object color comprises computing a

weighted average of color values derived for corresponding points in overlapping

sub-scans at that point of the object surface. This weighted average can then be

used as the color of the point in the digital 3D representation of the object.

In some embodiments the data processing system is configured for detecting

saturated pixels in the captured 2D images andfor mitigating or removing the error

in the derived surface color information or the sub-scan color caused by the pixel

saturation.

In some embodiments the error caused by the saturated pixel is mitigated or

removed by assigning a low weight to the surface color information of the saturated

pixel in the computing of the smoothed color of a sub-scan and/or by assigning a

low weight to the color of a sub-scan computed based on the saturated pixel.

In some embodiments, the data processing system is configured for comparing the

derived surface color information of sections of the captured 2D images and/orof

the generated sub-scans of the object with predetermined color ranges for teeth and

for oral tissue, and for suppressing the red component of the derived surface color

information or sub-scan color for sections where the color is not in one of the two

predetermined color ranges.
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The scanner system disclosed here comprises a multichromatic light source, for

example a white light source, for example a multi-die LED.

Light received from the scanned object, such as probelight returned from the object

surface or fluorescence generated by the probelight by exciting fluorescent parts of

the object, is recorded by the color image sensor. In some embodiments, the color

image sensor comprisesa color filter array such that every pixel in the color image

sensoris a color-specific filter. The colorfilters are preferably arranged in a regular

pattern, for example wherethe colorfilters are arranged according to a Bayercolor

filter pattern. The image data thus obtained are used to derive both surface

geometry and surface color for each block of pixels. For a focus scannerutilizing a

correlation measure, the surface geometry may be found from an extremum of the

correlation measure as described above.

In some embodiments, the surface geometry is derived from light in a first part of

the spectrum of the probelight provided by the multichromatic light source.

Preferably, the color filters are aligned with the image sensorpixels, preferably such

that each pixel has a colorfilter for a particular color only.

In some embodiments, the colorfilter array is such that its proportion of pixels with

colorfilters that match the first part of the spectrum is larger than 50%.

In some embodiments, the surface geometry information is derived from light in a

selected wavelength range of the spectrum provided by the multichromatic light

source. The light in the other wavelength ranges is hence not used to derive the

surface geometry information. This provides the advantage that chromatic

dispersion of optical elements in the optical system of the scanner system doesnot

influence the scanning of the object.
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It can be preferable to compute the surface geometry only from pixels with one or

two types of colorfilters. A single color requires no achromatic optics and is thus

provides for a scanner that is easier and cheaper to build. Furthermore, folding

elements can generally not preserve the polarization state for all colors equally well.

Whenonly somecolor(s) is/are used to compute surface geometry, the reference

vector f will contain zerosfor the pixels withfilters for the other color(s). Accordingly,

the total signal strength is generally reduced, butfor large enoughblocksofpixels, it

is generally still sufficient. Preferentially, the pixel color filters are adapted for little

cross-talk from one color to the other(s). Note that even in the embodiments

computing geometry from only a subsetof pixels, color is preferably still computed

from all pixels.

In some embodiments, the color image sensor comprises a color filter array

comprising at least three types of colorsfilters, each allowing light in a known

wavelength range, W1, W2, and W3 respectively, to propagate through the color

filter.

In some embodiments, the colorfilter array is such that its proportion of pixels with

colorfilters that match the selected wavelength range of the spectrum is larger than

50%, such a wherein the proportion equals 32/36, 60/64 or 96/100.

In some embodiments, the selected wavelength range matches the W2 wavelength

range.

In some embodiments, the color filter array comprises a plurality of cells of 6x6 color

filters, where the colorfilters in positions (2,2) and (5,5) of each cell are of the W1

type, the color filters in positions (2,5) and (5,2) are of the W3 type. Here a W1 type

of filter is a color tilter that allows light in the known wavelength range W1 to

propagate through thecolorfilter, and similar for W2 and W38 typeoffilters. In some

embodiments, the remaining 32 color filters in the 6x6 cell are of the W2 type.
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In a RGB color system, W1 may correspond to red light, W2 to green light, and W3

to blue light.

In some embodiments, the scanneris configured to derive the surface color with a

higher resolution than the surface geometry.

In some embodiments, the higher surface color resolution is achieved by

demosaicing, wherecolor values for pixel blocks may be demosaiced to achieve an

apparently higher resolution of the color image than is present in the surface

geometry. The demosaicing may operate on pixel blocks or individual pixels.

In case a multi-die LED or another illumination source comprising physically or

optically separated light emitters is used, it is preferable to aim at a Kohler type

illumination in the scanner, i.e. the illumination source is defocused at the object

plane in order to achieve uniform illumination and good color mixing for the entire

field of view. In case color mixing is not perfect and varies with focal plane location,

color calibration of the scanner will be advantageous.

In some embodiments, the pattern generating element is configured to provide that

the spatial pattern comprises alternating dark and bright regions arranged in a

checkerboard pattern. The probe light provided by the scanner system then

comprises a pattern consisting of dark sections and sections with light having the

same wavelength distribution as the multichromatic light source.

In order to obtain a digital 3D representation expressing both surface geometry and

color representation of an object, i.e. a colored digital 3D representation of said part

of the object surface, typically several sub-scans,i.e. partial representations of the

object, have to be combined, where each sub-scans presents one view of the

object. A sub-scan expressing a view from a givenrelative position preferably

records the geometry and color of the object surface as seen from that relative

position.
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For a focus scanner, a view correspondsto one passof the focusing element(s), i.e.

for a focus scanner each sub-scan is the surface geometry and color derived from

the stack of 2D images recorded during the pass of the focus plane position

betweenits extremum positions.

The surface geometry found for various views can be combined by algorithms for

stitching and registration as widely known in the literature, or from known view

positions and orientations, for example when the scanner is mounted on axes with

encoders. Color can be interpolated and averaged by methods such as texture

weaving, or by simply averaging corresponding color components in multiple views

of the same location on the surface. Here, it can be advantageous to account for

differences in apparent color due to different angles of incidence and reflection,

which is possible because the surface geometry is also known. Texture weaving is

described by e.g. Callieri M, Cignoni P, Scopigno R. “Reconstructing textured

meshes from multiple range rgb maps’. VMV 2002, Erlangen, Nov 20-22, 2002.

In some embodiments, the scanner and/or the scanner system is configured for

generating a sub-scan of the object surface based on the obtained surface color

and surface geometry.

In some embodiments, the scanner and/or the scanner system is configured for

combining sub-scansof the object surface obtained from different relative positions

to generate a digital 3D representation expressing the surface geometry and color

of at least part of the object.

In some embodiments, the combination of sub-scans of the object to obtain the

digital 3D representation expressing surface geometry and color comprises

computing the color in each surface point as a weighted average of corresponding

points in all overlapping sub-scans at that surface point. The weight of each sub-

scan in the sum may be determined by several factors, such as the presence of
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saturated pixel values or the orientation of the object surface with respect to the

scanner when the sub-scan is recorded.

Such a weighted average is advantageous in cases where some scannerpositions

and orientations relative to the object will give a better estimate of the actual color

than other positions and orientations. If the illumination of the object surface is

uneven this can to some degree also be compensated for by weighting the best

illuminated parts higher.

In some embodiments, the data processing system of the scanner system

comprises an image processor configured for performing a post-processing of the

surface geometry, the surface color readings, or the derived sub-scan or the digital

3D representation of the object. The scanner system may be configured for

performing the combination of the sub-scans using e.g. computer implemented

algorithms executed by the image processor.

The scanner system may be configured for performing the combination of the sub-

scans using ¢€.g. computer implemented algorithms executed by the data

processing system as part of the post-processing of the surface geometry, surface

color, sub-scan and/or the digital 3D representation, i.e. the post-processing

comprises computing the color in each surface point as a weighted average of

correspondingpoints in all overlapping sub-scans at that surface point.

Saturated pixel values should preferably have a low weight to reducethe effect of

highlights on the recording of the surface color. The color for a given part of the

surface should preferably be determined primarily from 2D images where thecolor

can be determined precisely which is not the case when the pixel values are

saturated.

In some embodiments, the scanner and/or scanner system is configured for

detecting saturated pixels in the captured 2D imagesand for mitigating or removing
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the error in the obtained color caused bythe pixel saturation. The error caused by

the saturated pixel may be mitigated or removed by assigning a low weight to the

saturated pixel in the weighted average.

Specularly reflected light has the color of the light source rather than the color of the

object surface. If the object surface is not a pure white reflector then specular

reflections can hence be identified as the areas where the pixel color closely

matches the light source color. When obtaining the surface colorit is therefore

advantageous to assign a low weight to pixels or pixel groups whose color values

closely match the color of the multichromatic light source in order to compensate for

such specularreflections.

Specular reflections may also be a problem whenintra orally scanning a patient’s

set of teeth since teeth rarely are completely white. It may hence be advantageous

to assumethat for pixels where the readings from the color images sensor indicate

that the surface of the object is a pure white reflector, the light recorded bythis pixel

group is caused by a specularreflection from the teeth or the soft tissue in the oral

cavity and accordingly assign a low weight to these pixels to compensate for the

specularreflections.

In some embodiments, the compensation for specular reflections from the object

surface is based on information derived from a calibration of the scanner in which a

calibration object e.g. in the form of a pure white reflector is scanned. The color

image sensor readings then depend on the spectrum of the multichromatic light

source and on the wavelength dependenceof the scanner’s optical system caused

by e.g. a wavelength dependentreflectance of mirrors in the optical system. If the

optical system guides light equally well for all wavelengths of the multichromatic

light source, the color image sensor will record the color (also referred to as the

spectrum) of the multichromatic light source when the pure white reflector is

scanned.
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In some embodiments, compensating for the specular reflections from the surfaceis

based on information derived from a calculation based on the wavelength

dependence of the scanner’s optical system, the spectrum of the multichromatic

light source and a wavelength dependent sensitivity of the color image sensor. In

some embodiments, the scanner comprises means for optically suppressing

specularly reflected light to achieve better color measurement. This may be

provided if the scanner further comprises meansfor polarizing the probe light, for

example by meansof at least one polarizing beam splitter.

When scanning inside an oral cavity there may be red ambientlight caused by

probelight illumination of surrounding tissue, such as the gingiva, palette, tongue or

buccal tissue. In some embodiments, the scanner and/or scanner system is hence

configured for suppressing the red componentin the recorded 2D images.

In some embodiments, the scanner and/or scanner system is configured for

comparing the color of sections of the captured 2D images and/or of the sub-scans

of the object with predetermined color ranges for teeth and for oral tissue,

respectively, and for suppressing the red component of the recorded color for

sections where the color is not in either one of the two predeterminedcolor ranges.

The teeth may e.g. be assumed to be primarily white with one ratio between the

intensity of the different components of the recorded image, e.g. with one ratio

between the intensity of the red component and the intensity of the blue and/or

green components in a RGB configuration, while oral tissue is primarily reddish with

another ratio between the intensity of the components. When a color recorded for a

region of the oral cavity shows a ratio which differs from both the predetermined

ratio for teeth and the predetermined ratio for tissue, this region is identified as a

tooth region illuminated by red ambient light and the red componentof the recorded

image is suppressed relative to the other components, either by reducing the

recorded intensity of the red signal or by increasing the recordedintensities of the

other componentsin the image.
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In some embodiments, the color of points with a surface normal directly towards the

scanner are weighted higher than the color of points where the surface normal is

not directed towards the scanner. This has the advantage that points with a surface

normal directly towards the scanner will to a higher degree beilluminated by the

white light from the scanner and not by the ambient light.

In some embodiments, the color of points with a surface normal directly towards the

scannerare weighted lowerif associated with specular reflections.

In some embodiments the scanneris configured for simultaneously compensating

for different effects, such as compensating for saturated pixels and/or for specular

reflections and/or for orientation of the surface normal. This may be done by

generally raising the weight for a selection of pixels or pixel groups of a 2D image

and by reducing the weight for a fraction of the pixels or pixel groups of said

selection.

In some embodiments, the method comprises a processing of recorded 2D images,

a sub-scan or the generated 3D representations of the part of the object, where said

processing comprises

- compensating for pixel saturation by omitting or reducing the weight of

saturated pixels when deriving the surface color, and/or

- compensating for specular reflections when deriving the surface color by

omitting or reducing the weight of pixels whosecolor values closely

matches the light source color, and/or

- compensating for red ambientlight by comparing surface color

information of the 2D images with predetermined color ranges, and

suppressing the red componentof the recorded colorif this is not within a

predetermined color range.

Disclosed is a method of using the disclosed scanner system to display color

texture on the generated digital 3D representation of the object. It is advantageous
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to display the color data as a texture on the digital 3D representation, for example

on a computer screen. The combination of color and geometry is a more powerful

conveyorof information than either type of data alone. For example, dentists can

more easily differentiate between different types of tissue. In the rendering of the

surface geometry, appropriate shading can help convey the surface geometry on

the texture, for example with artificial shadows revealing sharp edges better than

texture alone could do.

Whenthe multichromatic light source is a multi-die LED or similar, the scanner

system can also be used to detect fluorescence. Disclosed is a method of using the

disclosed scanner system to display fluorescence on surface geometry.

In some embodiments, the scanneris configured for exciting fluorescence on said

object by illuminating it with only a subset of the LED diesin the multi-die LED, and

where said fluorescence is recorded byonly or preferentially reading out only those

pixels in the color image sensor that have color filters at least approximately

matching the color of the fluoresced light, i.e. measuring intensity only in pixels of

the image sensors that havefilters for longer-wavelength light. In other words, the

scanner is capable of selectively activating only a subset of the LED dies in the

multi-die LED and of only recording or preferentially reading out only those pixels in

the color image sensor that havecolorfilters at a higher wavelength than that of the

subset of the LED dies, such that light emitted from the subset of LED dies can

excite fluorescent materials in the object and the scanner can record the

fluorescence emitted from these fluorescent materials. The subset of the dies

preferably comprises one or more LED dies which emits light within the excitation

spectrum of the fluorescent materials in the object, such as an ultraviolet, a blue, a

green, a yellow or a red LED die. Suchfluorescence measurementyields a 2D data

array muchlike the 2D color image, howeverunlike the 2D imageit cannot be taken

concurrently with the surface geometry. For a slow-moving scanner, and/or with

appropriate interpolation, the fluorescence image canstill be overlaid the surface
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geometry. It is advantageousto display fluorescence on teeth because it can help

detect caries and plaque.

In some embodiments, the data processing system comprises a microprocessor

unit configured for extracting the surface geometry information from 2D images

obtained by the color image sensor and for determining the surface color from the

same images.

The data processing system may comprise units distributed in different parts of the

scanner system. For a scanner system comprising a handheld part connected to a

stationary unit, the data processing system may for example comprise one unit

integrated in the handheld part and another unit integrated in the stationary unit.

This can be advantageous when a data connection for transferring data from the

handheld unit to the stationary unit has a bandwidth which cannot handle the data

stream from the color image sensor. A preliminary data processing in the handheld

unit can then reduce the amount of data which must be transferred via the data

connection.

In some embodiments, the data processing system comprises a computer readable

medium on which is stored computer implemented algorithms for performing said

post-processing.

In some embodiments, a part of the data processing system is integrated in a cart

or a personal computer.

Disclosed is a method of using the disclosed scanner system to average color

and/or surface geometry from several views, where each view represents a

substantially fixed relative orientation of scanner and object.

Disclosed is a method using the disclosed scanner system to combine color and/or

surface geometry from several views, where each view represents a substantially
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fixed relative orientation of scanner and object, such as to achieve a more complete

coverageof the object than would be possible in a single view.

Disclosed is a scannerfor obtaining surface geometry and surface color of an

object, the scanner comprising:

- amultichromatic light source configured for providing a probelight, and

- acolor image sensor comprising an array of image sensorpixels for

recording one or more 2D imagesoflight received from said object,

whereat least for a block of said image sensorpixels, both surface color and

surface geometry of a part of the object are derived at least partly from one 2D

image recorded bysaid color image sensor

Disclosed is a scanner system for recording surface geometry and surface colorof

an object, the scanner system comprising:

- amultichromatic lignt source configured for providing a multichromatic

probelight, and

- acolor image sensor comprising an array of image sensorpixels for

capturing one or more 2D imagesoflight received from said object,

whereat least for a block of said image sensor pixels, both surface color information

and surface geometry information of a part of the object are derived at least partly

from one 2D image captured by said color image sensor.

Disclosed is a scanner system for recording surface geometry and surface colorof

an object, the scanner system comprising:

- amultichromatic light source configured for providing a probelight,

- acolor image sensor comprising an array of image sensorpixels, and

- anoptical system configured for guiding light received from the object to

the color image sensor suchthat 2D imagesof said object can be captured

by said color image sensor;

wherein the scanner system is configured for capturing a numberof said 2D images

of a part of the object and for deriving both surface color information and surface
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geometry information of the part of the object from at least one of said captured 2D

images at least for a block of said color image sensorpixels, such that the surface

color information and the surface geometry information are obtained concurrently by

the scanner.

Disclosed is a scanner system for recording surface geometry and surface colorof

an object, the scanner system comprising:

a multichromatic light source configured for providing a probelight;

a color image sensor comprising an array of image sensorpixels, where

the image sensoris arranged to capture 2D imagesof light received from

the object; and

an image processorconfigured for deriving both surface color information

and surface geometry information of at least a part of the object from at

least one of said 2D images captured by the color image sensor.

Disclosed is a scanner system for recording surface geometry and surface color of

an object, said scanner system comprising

a scanner system according to any of the embodiments, where the

scanner system is configured for deriving surface color and surface

geometry of the object, and optionally for generating a sub-scan ora

digital 3D representation of the part of the object; and

a data processing unit configured for post-processing surface geometry

and/or surface color readings from the color image sensor,or for post-

processing the generated sub-scanor digital 3D representation.

Disclosed is a method of recording surface geometry and surface color of an object,

the method comprising:

providing a scanner or scanner system according to any of the

embodiments;

illuminating the surface of said object with probelight from said

multichromatic light source;
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- recording one or more 2D imagesof said object using said color image

sensor; and

- deriving both surface color and surface geometry of a part of the object

from at least someof said recorded 2D imagesat least for a block of said

image sensor pixels, such that the surface color and surface geometry

are obtained concurrently by the scanner.

Brief description of drawings

Fig. 1 shows a handheld embodiment of a scanner system.

Figs. 2A-2B showsprior art pattern generating means and associated reference

weights.

Figs. 3A-3B showsa pattern generating means and associated reference weights.

Fig. 4 showsa color filter array.

Fig. 5 showsa flow chart of a method.

Figs. 6A-6C illustrates how surface geometry information and surface geometry

information can be derived

Fig. 1 shows a handheld part of a scanner system with components inside a

housing 100. The scanner comprises a tip which can be entered into a cavity, a

multichromatic light source in the form of a multi-die LED 101, pattern generating

element 130 for incorporating a spatial pattern in the probe light, a beam splitter

140, color image sensor 180 including an image sensor 181, electronics and

potentially other elements, an optical system typically comprising at least one lens,

and the image sensor. Thelight from the light source 101 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 which hereis a patient's set of teeth,

and further images the object being scanned onto the image sensor 181.
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The image sensor 181 has a color filter array 1000. Although drawn as a separate

entity, the color filter array is typically integrated with the image sensor, with a

single-color filter for every pixel.

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. In the example

embodiment, a single lens element is shifted physically back and forth along the

optical axis.

As a whole, the optical system provides an imaging of the pattern onto the object

being probed and from the object being probed to the camera.

The device may include polarization optics 160. Polarization optics can be used to

selectively image specular reflections and block out undesired diffuse signal from

sub-surface scattering inside the scanned object. The beam splitter 140 may also

have polarization filtering properties. It can be advantageousfor optical elements to

be anti-reflection coated.

The device mayinclude folding optics, a mirror 170, which directs the light out of the

device in a direction different to the optical path of the lens system, @.g. in a

direction perpendicularto the optical path of the lens system.

There may be additional optical elements in the scanner, for example one or more

condenserlensin front of the light source 101.

In the example embodiment, the LED 101 is a multi-die LED with two green, one

red, and oneblue die. Only the green portion of the light is used for obtaining the

surface geometry. Accordingly, the mirror 170 is coated such as to optimize

preservation of the circular polarization of the green light, and not that of the other

colors. Note that during scanning all dies within the LED are active, i.e., emitting

light, so the scanner emits apparently white light onto the scanned object 200. The
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LED may emit light at the different colors with different intensities such that e.g. one

color is more intense than the other colors. This may be desired in order to reduce

cross-talk between the readings of the different color signals in the color image

sensor. In case that the intensity of e.g. the red and blue diodes in a RGB system is

reduced, the apparently white light emitted by the light source will appear greenish-

white.

The scanner system further comprises a data processing system configured for

deriving both surface geometry information and surface color information for a block

of pixels of the color image sensor 180 at least partly from one 2D image recorded

by said color image sensor 180. At least part of the data processing system may be

arrangedin the illustrated handheld part of the scanner system. A part may also be

arranged in an additional part of the scanner system, such as a cart connected to

the handheld part.

Figures 2A-2B showsan section of a prior art pattern generating element 130 that is

applied as a static pattern in a spatial correlation embodiment of WO2010145669,

as imaged on a monochromatic image sensor 180. The pattern can be a chrome-

on-glass pattern. The section showsonly a portion of the pattern is shown, namely

one period. This period is represented by a pixel block of 6 by 6 image pixels, and 2

by 2 pattern fields. The fields drawn in gray in Fig. 2A are in actuality black because

the pattern mask is opaquefor these fields; gray was only chosenforvisibility and

thus clarity of the Figure. Fig. 2B illustrates the reference weights ffor computing

the spatial correlation measure A for the pixel block, where n =6x 6 = 36, suchthat
n

A=i
i=1

where / are the intensity values measured in the 36 pixels in the pixel block for a

given image. Note that perfect alignment between image sensorpixels and pattern

fields is not required, but gives the best signal for the surface geometry

measurement.
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Figs. 3A-3B showsthe extension of the principle in Figs. 2A-2B to color scanning.

The pattern is the same as in Figs. 2A-2B and sois the image sensor geometry.

However, the image sensoris a color image sensor with a Bayercolor filter array. In

Fig. 3A, pixels marked “B” have a blue colorfilter, while “G” indicates green and “R”

red pixel filters, respectively. Fig. 3B shows the corresponding reference weights ¢.

Note that only green pixels have a non-zero value. This is so becauseonly the

green fraction of the spectrum is used for recording the surface geometry

information.

For the pattern/color filter combination of Figs. 3A-3B, a color componentg within a

nr

Gj = » Gjili
i=1

where gi = 1 if pixel /hasa filter for color G, 0 otherwise. For an RGB colorfilter

pixel block can be obtained as

array like in the Bayer pattern, jis one of red, green, or blue. Further weighting of

the individual color components,i.e., color calibration, may be required to obtain

natural color data, typically as compensationfor varying filter efficiency, illumination

sourceefficiency, and different fraction of color componentsin thefilter pattern. The

calibration may also depend on focusplane location and/or position within the field

of view, as the mixing of the LED’s component colors may vary with those factors.

Figure 4 showsaninventive color filter array with a higher fraction of green pixels

than in the Bayer pattern. The colorfilter array comprisesa plurality of cells of 6x6

colorfilters, with blue color filters in positions (2,2) and (5,5) of each cell, red color

filters in positions (2,5) and (5,2), a and green colorfilters in all remaining positions

of the cell.

Assumingthat only the green portion of the illumination is used to obtain the surface

geometry information, the filter of Figure 4 will potentially provide a better quality of

the obtained surface geometry than a Bayerpatternfilter, at the expense of poorer

color representation. The poorercolor representation will however in many cases
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still be sufficient while the improved quality of the obtained surface geometry often

is very advantageous.

Fig. 5 illustrates a flow chart 541 of a method of recording surface geometry and

surface color of an object.

In step 542 a scanner system according to anyof the previous claims is obtained.

In step 543 the objectis illuminated with multichromatic probelight. In a focus

scanning system utilizing a correlation measure or correlation measure function, a

checkerboard pattern may be imposed onthe probelight such that information

relating to the pattern can be used for determining surface geometry information

from captured 2D images.

In step 544 a series of 2D imagesof said object is captured using said color image

sensor. The 2D images can be processed immediately or stored for later processing

in a memoryunit.

In step 545 both surface geometry information and surface color information are

derived for a block of image sensorpixels at least partly from one captured 2D

image. The information can e.g. be derived using the correlation measure approach

as descried herein. The derived informations are combined to generate a sub-scan

of the object in step 546, where the sub-scan comprises data expressing the

geometry and color of the object as seen from one view.

In step 547 a digital 3D representation expressing both color and geometry of the

object is generated by combining several sub-scans. This may be done using

known algorithms for sub-scan alignment such as algorithmsfor stitching and

registration as widely knownin the literature.
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Figs. 6A-6C illustrates how surface geometry information and surface geometry

information can be derived at least from one 2D imagefor a block of image sensor

pixels.

The correlation measureis determinedforall active image sensorpixel groups on

the color image sensorfor every focus plane position, i.e. for every 2D image of the

stack. Starting by analyzing the 2D images from one end ofthe stack, the

correlation measuresforall active image sensor pixel groups is determined and the

calculated values are stored. Progressing through the stack the correlation

measures for each pixel group are determined and stored together with the

previously stored values, i.e. the values for the previously analyzed 2D images.

A correlation measure function describing the variation of the correlation measure

along the optical axis is then determined for each pixel group by smoothing and

interpolating the determined correlation measure values. For example, a polynomial

can befitted to the values of for a pixel block over several images on both sidesof

the recorded maximum,and a location of a deducted maximum can be found from

the maximum ofthe fitted polynomial, which can be in between two images.

The surface color information for the pixel group is derived from one or more of the

2D images from whichthe position of the correlation measure maximum was

determined i.e. surface geometry information and surface color information from a

group of pixels of the color image sensorare derived from the same 2D images of

the stack.

The surface color information can be derived from one 2D image. The maximum

value of the correlation measure for each group of pixels is monitored along the

analysis of the 2D images such that when a 2D image has been analyzed the

values for the correlation measure for the different pixels groups can be compared

with the currently highest value for the previously analyzed 2D images. If the

correlation measure is anew maximum valuefor that pixel group at least the portion

of the 2D image corresponding to this pixel group is saved. Next time a higher

correlation value is found for that pixel group the portion of this 2D image is saved
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overwriting the previously stored image/sub-image. Thereby whenall 2D imagesof

the stack have been analyzed, the surface geometry information of the 2D images

is translated into a series of correlation measure values for each pixel group where

a maximum value is recorded for each block of image sensorpixels.

Fig. 6A illustrated a portion 661 of a stack of 2D images acquired using a focus

scanning system, where each 2D imageis acquired at a different focal plane

position. In each 2D image 662 a portion 663 corresponding to a block of image

sensorpixels are indicated. The block corresponding to a set of coordinates (xi, yi).

The focus scanning system is configured for determining a correlation measurefor

each block of image sensorpixels and for each 2D image in the stack. In Fig. 6B is

illustrated the determined correlation measures 664 (here indicated by an “x”) for

the block 663. Based on the determined correlation measures 664 a correlation

measure function 665is calculated, here as a polynomial, and a maximum value for

the correlation measure function is found a position z;. The z-value for which the

fitted polynomial has a maximum (z)) is identified as a point of the object surface.

The surface geometry information derived for this block can then be presented in

the form of the coordinates (xi,yi,zi), and by combining the surface geometry

information for several block of the images sensor, the a sub-scan expressing the

geometry of part of the object can be created.

In Fig. 6Cis illustrated a procedure for deriving the surface color geometry from two

2D imagesfor each block of image sensorpixels. Two 2D images are stored using

the procedure described above and their RGB valuesfor the pixel block are

determined. In Fig. 6C the R-values 666 are displayed. An averaged R-value 667

(as well as averaged G- and B-values) at the z; position can then be determined by

interpolation and used as surface color information for this block. This surface eotir

colorinformation is evidently derived from the same 2D imagethat the geometry

information at least in part was derived from.
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Focus scanning apparatus recording color

Field of the application

The application relates to three dimensional (3D) scanning of the surface

geometry and surface color of objects. A particular application is within dentistry,

particularly for intraoral scanning.

Background

3D scanners are widely known from the art, and so are intraoral dental 3D

scanners (e.g., Sirona Cerec, Cadent Itero, 3Shape TRIOS).

The ability to record surface color is useful in many applications. For example in

dentistry, the user can differentiate types of tissue or detect existing restorations.

For example in materials inspection, the user can detect surface abnormalities

such as crystallization defects or discoloring. None of the above is generaily

possible from surface geometry information alone.

W0O2010145669 mentions the possibility of recording color. In particular, several

sequential images, each taken for an illumination in a different color - typically

blue, green, and red - aré combined to form a synthetic color image. This

approach hence requires means to change light source color, such as colorfilters.

Furthermore, in handheld use, the scanner will move relative to the scanned object

during the illumination sequence, reducing the quality of the synthetic color image.

Also US7698068 and US8102538 (Cadent Inc.) describe an intraoral scanner that

records both geometry data and texture data with one or more image sensor(s).

However, there is a slight delay between the color and the geometry recording,

respectively. US7698068 requires sequential illumination in different colors to form

a synthetic image, while US8102538 mentions white light as a possibility, however

from a second illumination source or recorded by a second image sensor, thefirst

set being used for recording the geometry.
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W0O2012083967 discloses a scanner for recording geometry data and texture cata

with two separate cameras. While the first camera has a relatively shallow depth of

field as to provide focus scanning based on multiple images, the second camera

has a relatively large depth of field as to provide color texture information from a

single image.

Color-recording scanning confocal microscopes are also known from the prior art

(e.g., Keyence VK9700; see also JP2004029373). A white light illumination system

along with a color image sensor is used for recording 2D texture, while a laser

beam forms a dot that is scanned, i.e., moved over the surface and recorded by a

photomultiplier, providing the geometry data from many depth measurements, one

for each position of the dot. The principle of a moving dot requires the measured

object not to move relative to the microscope during measurement, and henceis

not suitable for handheld use.

Summary

One aspect of this application is to provide a scanner system and a method for

recording surface geometry and surface color of an object, and where surface

geometry and surface color are derived from the same captured 2D images.

One aspect of this application is to provide a scanner system for recording surface

geometry and surface color of an object, and wherein all 2D images are captured

using the same color image sensor.

One aspect of this application is to provide a scanner system and a method for

recording surface geometry and surface color of an object, in which the

information relating to the surface geometry and to the surface color are acquired

simultaneously such that an alignment of data relating to the recorded surface

geometry and data relating to the recorded surface color is not required in order to

generate a digital 3D representation of the object expressing both color and

geometry of the object.
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Disclosed is a scanner system for recording surface geometry and surface color of

an object, the scanner system comprising:

- a multichromatic light source configured for providing a multichromatic probe

light for illumination of the object,

- a color image sensor comprising an array of image sensorpixels for capturing

one or more 2D imagesoflight received from said object, and

- a data processing system configured for deriving both surface geometry

information and surface color information for a block of said image sensor

pixels at least partly from one 2D image recorded by said color image sensor.

Disclosed is a method of recording surface geometry and surface color of an

object, the method comprising:

- obtaining a scanner system comprising a multichromatic light source and a

color image sensor comprising an array of image sensorpixels;

- illuminating the surface of said object with multichromatic probe light from

said multichromatic light source;

- capturing a series of 2D images of said object using said color image sensor;

and

- deriving both surface geometry information and surface color information for a

block of said image sensor pixels at least partly from one captured 2D image.

in the context of the present application, the phrase “surface color” may refer to

the apparent color of an object surface and thus in some cases, such as for semi-

transparent or semi-translucent objects such as teeth, be caused by light from the

object surface and/or the material below the object surface, such as material

immediately below the object surface.

In the context of the present application, the phrase “derived at least partly from

one 2D image’refers to the situation where the surface geometry information for a
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given biock of image sensorpixels at least in part is derived from one 2D image

and where the corresponding surface color information at least in part is derived

from the same 2D image. The phase also covers cases where the surface

geometry information for a given biock of image sensor pixels at least in part is

derived from a plurality of 2D images of a series of captured 2D images and where

the corresponding surface color information at least in part is derived from the

same 2D imagesof that series of captured 2D images.

An advantage of deriving both surface geometry information and surface color

information for a block of said image sensor pixels at least partly from one 2D

image is that a scanner system having only one image sensor can be realized.

li is an advaniage that the surface geometry information and the surface color

information are derived at least partly from one 2D image, since this inherently

provides that the two types of information are acquired simultaneously. There is

hence no requirement for an exact timing of the operation of two color image

sensors, which may the case when one image sensor is used for the geometry

recording and another for color recording. Equally there is no need for an

elaborate calculation accounting for significant differences in the timing of

capturing of 2D images from which the surface geometry information is derived

and the timing of the capturing of 2D images from which the surface color

information is derived.

The present application discloses is a significant improvementover the state of the

art in that only a single image sensor and a single multichromatic light source is

required, and that surface color and surface geometry for at least a part of the

object can be derived from the same 2D image or 2D images, which also means

that alignment of color and surface geometry is inherently perfect. In the scanner

system according to the present application, there is no need for taking into

account or compensating for relative motion of the object and scanner system

between obtaining surface geometry and surface color. Since the surface

geometry and the surface color are obtained at precisely the same time, the

scanner system automatically maintains its spatial disposition with respect to the

object surface while obtaining the surface geometry and the surface color. This
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makes the scanner system of the present application suitable for handheld use, for

exampie as an intraoral scanner, or for scanning moving objects.

In some embodiments, the data processing system is configured for deriving

surface geometry information and surface color information for said block of image

sensor pixels from a series of 2D images, such as from a plurality of the 2D

images in a series of captured 2D images. Le. the data processing system is

capable of analyzing a plurality of the 2D images in a series of captured 2D

images in order to derive the surface geomeiry information for a block of image

sensor pixels and to also derive surface color information from at least one of the

2D images from which the surface geometry informationis derived.

In some embocimenis, the data processing sysiem is configured for deriving

surface color information from a plurality of 2D images of a series of captured 2D

images and for deriving surface geometry information from at least one of the 2D

images from which the surface color information is derived.

In some embodiments, the data processing system is configured for deriving

surface geometry information from a plurality of 2D images of a series of captured

2D images and for deriving surface color information from at least one of the 2D

images from which the surface geometry information is derived.

in some embodimenis, the set of 2D images from which surface color information

is derived from is identical to the set of 2D images from which surface geometry

information is derived from.

In some embodiments, the data processing system is configured for generating a

sub-scan of a part of the object surface based on surface geometry information

and surface color information derived from a plurality of blocks of image sensor

pixels. The sub-scan expresses at least the geometry of the part of the object and

typically one sub-scanis derived from one stack of captured 2D images.
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In some embodiments, all 2D images of a captured series of images are analyzed

to derive the surface geometry information for each block of image sensor pixels

on the color image sensor.

For a given block of image sensor pixels the corresponding portions of the

captured 2D images in the stack may be analyzed to derive the surface geomeiry

information and surface color information for that block.

In some embodiments, the surface geometry information relates to where the

object surface is located relative to the scanner system coordinate system for that

particular block of image sensorpixels.

One advantage of the scanner system and the method of the current application is

that the informations used for generating the sub-scan expressing both geometry

and color of the object (as seen from one view) are obtained concurrenily.

Sub-scans can be generated for a numberofdifferent views of the object such that

they together coverthe part of the surface.

In some embodiments, the data processing system is configured for combining a

number of sub-scans to generate a digital 3D representation of the object. The

digital 3D representation of the object then preferably expresses both the recorded

geometry and color of the object.

The digital 3D representation of the object can be in the form of a data file. When

the object is a patient's set of teeth the digital 3D representation of this set of teeth

can e.g. be used for CAD/CAM manufacture of a physical model of the patient’s

set teeth.

The surface geometry and the surface color are both determined from light

recorded by the color image sensor.

in some embodiments, the light received from the object originates from the

muitichromatic light source, i.e. it is probe light reflected or scattered from the

surface of the object.
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In some embodiments, the light received form the object comprises fluorescence

excited by the probe light from the multichromatic light source, i.e. fluorescence

emitted by fluorescent materials in the object surface.

in some embodiments, a second light source is used for the excitation of

fluorescence while the multichromatic light source provides the light for obtaining

the geometry and colorofthe object.

The scanner system preferably comprises an optical system configured for guiding

light emitted by the multichromatic light source towards the object to be scanned

and for guiding light received from the object to the color image sensor such that

the 2D images of said object can be captured by said color image sensor.

In some embodiments, the scanner system comprises a first optical system, such

as an arrangement of lenses, for transmitting the probe light from the

multichromatic light source towards an object and a second optical system for

imaging light received from the object at the color image sensor.

in some embodiments, single optical system images the probe light onto the

object and images the object, or at least a part of the object, onto the color image

sensor, preferably along the same optical axis, however in opposite directions

along optical axis. The scanner may comprise at least one beam splitter located in

the optical path, where the beam splitter is arranged such thatit directs the probe

light from the multichromatic light source towards the object while it directs light

received from the object towards the color image sensor.

Several scanning principles are suitable, such as triangulation and focus scanning.

In some embodiments, the scanner system is a focus scanner system operating

by translating a focus plane along an optical axis of the scanner system and

capturing the 2D imagesat different focus plane positions such that each series of

captured 2D images forms a stack of 2D images. The focus plane position is
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preferably shifted along an optical axis of the scanner system, such that 2D

images captured at a numberof focus plane positions along the optical axis forms

said stack of 2D images for a given view of the object, i.e. for a given arrangement

of the scanner system relative to the object. After changing the arrangementof the

scanner system relative to the object a new stack of 2D images for that view can

be captured. The focus plane position may be varied by means of at least one

focus element, ¢.g., a moving focus lens.

In some focus scanner embodiments, the scanner system comprises a pattern

generating element configured for incorporating a spatial pattern in said probe

light.

in some embodiments, the pattern generating element is configured to provide that

the probe light projected by scanner system onto the object comprises a pattern

consisting of dark sections and sections with light having the a wavelength

distribution according to the wavelength distribution of the multichromatic light

source.

In some embodiments, the multichromatic lignt source comprises a broadband

light source, such as a white light source

In some embodiments, the pixels of the color image sensor and the pattern

generating element are configured to provide that each pixel corresponds to a

single bright or dark region of the spatial pattern incorporated in said probe light.

For a focus scanner system the surface geometry information for a given block of

image sensor pixels is derived by identifying at which distance from the scanner

system the object surface is in focus for that block of image sensorpixels.

In some embodiments, deriving the surface geometry information and surface

color information comprises calculating for several 2D images, such as for several

2D images in a captured stack of 2D images, a correlation measure between the

portion of the 2D image captured by said block of image sensor pixels and a
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weight function. Here the weight function is preferably determined based on

information of the configuration of the spatial pattern. The correlation measure

may be caiculated for each 2D imageof the stack.

The scanner system may comprise meansfor evaluating a correlation measure at

each focus piane 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.

in some embodiments, deriving the surface geometry information and the surface

color information for a block of image sensor pixels comprises identifying the

position along the optical axis at which the corresponding correlation measure has

a maximum value. The position along the optical axis at which the corresponding

correlation measure has a maximum value may coincide with the position where a

2D image has been captured but it may even more likely be in between two

neighboring 2D imagesof the stack of 2D images.

Determining the surface geometry information may then relate to calculating a

correlation measure of the spatially structured light signal provided by the pattern

with the variation of the pattern itself (which we term reference) for every location

of the focus plane and finding the location of an extremum ofthis stack of 2D

images. In some embodiments, the pattern is static. Such a static pattern can for

example be realized as a chrome-on-glass pattern.

One wayto define the correlation measure mathematically with a discrete set of

measurements is as a dot product computed from a signal vector, / = (/1,...,/n),

with n > 1 elements representing sensor signals and a reference vector, f= (/1,...,

fn), of reference weighis. The correlation measure A is then given by

aa=pr=S fa
i=1
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The indices on the elements in the signal vector represent sensorsignals that are

recorded at different pixels, typically in a block of pixels. The reference vector f

can be obtained in a calibration step.

By using knowledge of the optical system used in the scanner, it is possible to

transtorm the location of an extremum of the correlation measure,i.e., the focus

plane into depth data information, on a pixel block basis. All pixel blocks combined

thus provide an array of depth data. In other words, depth is along an optical path

that is known from the optical design and/or found from calibration, and each block

of pixels on the image sensor represents the end point of an optical path.

Therefore, depth along an optical path, for a bundle of paths, yields a surface

geometry within the field of view of the scanner, i.e. a sub-scan for the present

view.

lt can be advantageous to smooth and interpolate the series of correlation

measure values, such as to obtain a more robust and accurate determination of

the location of the maximum.

In some embodiments, the generating a sub-scan comprises determining a

correlation measure function describing the variation of the correlation measure

along the optical axis for each block of image sensor pixels and identifying for the

position along the optical axis at which the correlation measure functions have

their maximum value for the block.

in some embodiments, the maximum correlation measure value is the highest

calculated correlation measure value for the block of image sensor pixels and/or

the highest maximum value of the correlation measure function for the block of

image sensorpixels.

For example, a polynomial can befitted to the values of A for a pixel block over

several images on both sides of the recorded maximum, and a location of a

deducted maximum can be found from the maximum of the fitted polynomial,

which can be in between two images. The deducted maximum is subsequently
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used as depth data information when deriving the surface geometry from the

present view,i.e. when deriving a sub-scan for the view.

in some embociments, the data processing system is configured for determining a

color for a point on a generated sub-scan based on the surface color information

of the 2D image of the series in which the correlation measure has its maximum

value for the corresponding block of image sensor pixels. The color may e.g. be

read as the RGB valuesfor pixels in said block of image sensorpixels.

in some embodiments, the data processing system is configured for deriving the

color for a point on a generated sub-scan based on the surface color informations

of the 2D imagesin the series in which the correlation measure has its maximum

value for the corresponding block of image sensor pixels and on at least one

additional 2D image, such as a neighboring 2D image from the series of captured

2D images. The surface color information is still derived from at least one of the

2D images from which the surface geometry information is derived.

In some embodiments, the data processing system is configured for interpolating

surface color information of at least two 2D images in a series when determining

the sub-scan color, such as an interpolation of surface color information of

neighboring 2D imagesin a series.

in some embodiments, the data processing system is configured for computing a

smoothed color for a number of points of the sub-scan, where the computing

comprises an averaging of sub-scan colors of different points, such as a weighted

averaging of the colors of the surrounding points on the sub-scan.

Surface color information for a block of image sensor pixels is at least partially

derived from the same image from which surface geometry information is derived.

in case the location of the maximum of A is represented by a 2D image, then also

color is derived from that same image. In case the location of the maximum of A is

found by interpolation to be between two images, then at least one of those two
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images should be used to derive color, or both images using interpolation for color

also. it is also possible to average color data from more than two images used in

the determination of the location of the maximum ofthe correlation measure,or to

average color from a subset or superset of multiple images used to derive surface

geomeiry. In any case, some image sensorpixels readings are used to derive both

surface color and surface geometry for at least a part of the scanned object.

Typically, there are three color filters, so the overall color is composed of three

contributions, such as red, green, and blue, or cyan, magenta, and yellow. Note

that color filters typically allow a range of wavelengths to pass, and there is

typically cross-talk between filters, such that, for example, some green light will

contribute to the intensity measured in pixels with redfilters.

For an image sensor with a color filter array, a color component c; within a pixel

block can be obtained as

nh

Cj = > Gjili
(=i

where gji = 1 if pixel / has a filter for color c, 0 otherwise. For an RGB filter array

like in a Bayer pattern, j is one of red, green, or blue. Further weighting of the

individual color components, i.e., color calibration, may be required to obtain

natural color data, typically as compensation for varying filter efficiency,

illumination source efficiency, and different fraction of color componentsin the filter

pattern. The calibration may also depend on focus plane location and/or position

within the field of view, as the mixing of the light source component colors may

vary with those factors.

In some embodiments, surface color information is obtained for every pixel in a

pixel block. In color image sensors with a color filter array or with other means to

separate colors such as diffractive means, depending on the color measured with

a particular pixel, an intensity value for that color is obtained. In other words,in this

case a particular pixel has a color value only for one color. Recently developed

color image sensors allow measurement of several colors in the samepixel, at

different depths in the substrate, so in that case, a particular pixel can yield
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intensity values for several colors. In summary,it is possible to obtain a resolution

of the surface color data that is inherently higher than that of the surface geomeiry

information.

In the embodiments where the resolution of the derived color is higher than the

resolution of the surface geometry for the generated digital 3D representation of

the object, a pattern will be visible when at least approximately in focus, which

preferably is the case when color is derived. The image can befiltered such as to

visually remove the pattern, however at a loss of resolution. In fact, it can be

advantageous to be able to see the pattern for the user. For example in intraoral

scanning, it may be important to detect the position of a margin line, the rim or

edge of a preparation. The image of the pattern overlaid on the geometry of this

edge is sharper on a side that is seen approximately perpendicular, and more

blurred on the side that is seen at an acute angie. Thus, a user, who in this

example typically is a dentist or dental technician, can use the difference in

sharpness to more precisely locate the position of the margin line than may be

possibile from examining the surface geometry alone.

High spatial contrast of an in-focus pattern image on the object is desirable to

obtain a good signal to noise ratio of the correlation measure on the color image

sensor. Improved spatial contrast can be achieved by preferential imaging of the

specular surface reflection from the object on the color image sensor. Thus, some

embodiments comprise means for preferential/selective imaging of specularly

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.

In some embodiments, the polarizing optics is coated such as to optimize

preservation of the circular polarization of a part of the spectrum of the

multichromatic light source that is used for recording the surface geometry.

The scanner system may further comprise means for changing the polarization

state of the probe light and/or the light received from the object. This can be

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

some embodiments, the retardation plate is a quarter wave retardation plate.
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Especially for intraoral applications where the scanned object e.g. is the patient’s

set or teeth, the scanner can have an elongated tip, with means for directing the

probe light and/or imaging an object. This may be provided by means of at least

one folding element. The folding element could be a light reflecting element such

as a mirror or a prism. The probe light then emerges from the scanner system

along an optical axis at least partiy defined by the folding element.

For a more in-depth description of the focus scanning technology, see

WO2010145669.

In some embodiments, the data processing system is configured for cetermining

the color of a least one point of the generated digital 3D representation of the

object, such that the digital 3D representation expresses both geometry and color

profile of the object. Color may be determined for several points of the generated

digital 3D representation such that the color profile of the scanned part of the

object is expressed by the digital 3D representation.

In some embodiments determining the object color comprises computing a

weighted average of color values derived for corresponding points in overlapping

sub-scans at that point of the object surface. This weighted average can then be

used as the color of the point in the digital 3D representation of the object.

in some embodiments the data processing system is configured for detecting

saturated pixels in the captured 2D images and for mitigating or removing the error

in the derived surface color information or the sub-scan color caused by the pixel

saturation.

In some embodiments the error caused by the saturated pixel is mitigated or

removed by assigning a low weight to the surface color information of the

saturated pixel in the computing of the smoothed color of a sub-scan and/or by

assigning a low weight to the color of a sub-scan computed based on the

saturated pixel.
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In some embodiments, ithe data processing system is configured for comparing the

derived surface color information of sections of the captured 2D images and/or of

the generated sub-scans of the object with predetermined color ranges for teeth

and for oral tissue, and for suppressing the red componeniof the derived surface

color information or sub-scan color for sections where the color is not in one of the

two predetermined color ranges.

The scanner system disclosed here comprises a multichromatic light source, for

example a white light source, for example a multi-die LED.

Lignt received from the scanned object, such as probe light returned from the

object surface or fluorescence generated by the probe light by exciting fluorescent

parts of the object, is recorded by the color image sensor. In some embodiments,

the color image sensor comprises a colorfilter array such that every pixel in the

color image sensor is a color-specific filter. The color filters are preferably

arranged in a regular pattern, for example where the colorfilters are arranged

according to a Bayer colorfilter pattern. The image data thus obtained are used to

derive both surface geometry and surface color for each block of pixels. For a

focus scannerutilizing a correlation measure, the surface geometry may be found

from an extremum of the correlation measure as described above.

In some embodiments, the surface geometry is derived from light in a first part of

the spectrum of the probelight provided by the multichromatic light source.

Preferably, the color filters are aligned with the image sensor pixels, preferably

such that each pixel has a colorfilter for a particular color only.

In some embodiments, the colorfilter array is such that its proportion of pixels with

colorfilters that match thefirst part of the spectrum is larger than 50%.

In some embodiments, the surface geometry information is derived from light in a

selected wavelength range of the spectrum provided by the multichromatic light

source. The light in the other wavelength ranges is hence not used to derive the

surface geometry information. This provides the advantage that chromatic

dispersion of optical elements in the optical system of the scanner system does

not influence the scanning of the object.
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it can be preferable to compute the surface geometry only from pixels with one or

two types of colorfilters. A single color requires no achromatic optics and is thus

provides for a scanner that is easier and cheaper to build. Furthermore, folding

elements can generally not preserve the polarization state for all colors equally

well. When only some color(s) is/are used to compute surface geometry, the

reference vector f will contain zeros for the pixels with filters for the other color(s).

Accordingly, the total signal strength is generally reduced, but for large enough

blocks of pixels, it is generally still sufficient. Preferentially, the pixel color filters

are adapted for little cross-talk from one color to the other(s). Note that even in the

embodiments computing geometry from only a subset of pixels, color is preferably

still computed from all pixels.

in some embodiments, the color image sensor comprises a color filter array

comprising at least three types of colors fillers, each allowing light in a known

wavelength range, W1, W2, and W3 respectively, to propagate through the color

filter.

in some embodiments, the colorfilter array is such that its proportion of pixels with

color filters that match the selected wavelength range of the specirum is larger

than 50%, such a wherein the proportion equals 32/36, 60/64 or 96/100.

In some embodiments, the selected wavelength range matches the W2

wavelength range.

lin some embodiments, the color filter array comprises a plurality of cells of 6x6

color filters, where the colorfilters in positions (2,2) and (5,5) of each cell are of

the W11 type, the colorfilters in positions (2,5) and (5,2) are of the W3 type. Here a

W1 typeof filter is a color tilter that allows light in the known wavelength range W1

to propagate through the colorfilter, and similar for W2 and WS type offilters. In

some embodiments, the remaining 32 color filters in the 6x6 cell are of the W2

type.
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In a RGB color system, Wi may correspondto red light, W2 to green light, and W3

to blue light.

In some embodiments, the scanner is configured to derive the surface color with a

higher resolution than the surface geometry.

In some embodiments, the higher surface color resolution is achieved by

demosaicing, where color values for pixel blocks may be demosaiced to achieve

an apparentiy higher resolution of the color image than is present in the surface

geometry. The demosaicing may operate on pixel blocksorindividual pixels.

In case a multi-die LED or anotherillumination source comprising physically or

optically separated light emitters is used, it is preferable to aim at a K6éhler type

illumination in the scanner, i.e. the illumination source is defocused at the object

plane in order to achieve uniform illumination and good color mixing for the entire

field of view. In case color mixing is not perfect and varies with focal plane

location, color calibration of the scannerwill be advantageous.

in some embodiments, the pattern generating element is configured to provide that

the spatial pattern comprises alternating dark and bright regions arranged in a

checkerboard pattern. The probe light provided by the scanner system then

comprises a pattern consisting of dark sections and sections with light having the

same wavelength distribution as the multichromatic light source.

in order to obtain a digital 3D representation expressing both surface geometry

and color representation of an object, i.e. a colored digital 3D represeniation of

said part of the object surface, typically several sub-scans, i.e. partial

representations of the object, have to be combined, where each sub-scans

presents one view of the object. A sub-scan expressing a view from a given

relative position preferably records the geomeiry and color of the object surface as

seen from that relative position.

For a focus scanner, a view corresponds to one pass of the focusing elemenit(s),

i.e. for a focus scanner each sub-scan is the surface geometry and color derived
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from the stack of 2D images recorded during the pass of the focus plane position

betweenits extremum positions.

The surface geometry found for various views can be combined by algorithms for

stitching and registration as widely known in the literature, or from known view

positions and orientations, for example when the scanner is mounted on axes with

encoders. Color can be interpolated and averaged by methods such as texture

weaving, or by simply averaging corresponding color components in multiple views

of the same location on the surface. Here, it can be advantageous to accountfor

differences in apparent color due to different angles of incidence and reflection,

which is possible because the surface geometry is also known. Texture weaving is

described by e.g. Callieri M, Cignoni P, Scopigno R. “Reconstructing textured

meshes from multiple range rgo maps”. VMV 2002, Erlangen, Nov 20-22, 2002.

In some embodiments, the scanner and/or the scanner system is configured for

generating a sub-scan of the object surface based on the obtained surface color

and surface geometry.

In some embodiments, the scanner and/or the scanner system is configured for

combining sub-scans of the object surface obtained from different relative

positions to generate a digital 3D representation expressing the surface geometry

and color of at least part of the object.

In some embodiments, the combination of sub-scans of the object to obtain the

digital 3D representation expressing surface geometry and color comprises

computing the color in each surface point as a weighted average of corresponding

points in all overlapping sub-scans at that surface point. The weight of each sub-

scan in the sum may be determined by several factors, such as the presence of

saturated pixel values or the orientation of the object surface with respect to the

scanner when the sub-scan is recorded.

Such a weighted average is advantageous in cases where some scannerpositions

and orientations relative to the object will give a better estimate of the actual color

than other positions and orientations. If the illumination of the object surface is

uneven this can to some degree also be compensated for by weighting the best

illuminated parts higher.
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In some embodiments, the data processing system of the scanner system

comprises an image processor configured for performing a post-processing of the

surface geometry, the surface color readings, or the derived sub-scan orthe digital

3D representation of the object. The scanner system may be configured for

performing the combination of the sub-scans using e.g. computer implemented

algorithms executed by the image processor.

The scanner system may be configured for performing the combination of the sub-

scans using e.g. computer implemented algorithms executed by the data

processing system as part of the post-processing of the surface geometry, surface

color, sub-scan and/or the digital 3D representation, i.e. the post-processing

comprises computing the color in each surface point as a weighted average of

corresponding points in all overlapping sub-scansat that surface point.

Saturated pixel values should preferably have a low weight to reduce the effect of

highlights on the recording of the surface color. The color for a given part of the

surface should preferably be determined primarily from 2D images where the color

can be determined precisely which is not the case when the pixel values are

saturated.

in some embodimenis, the scanner and/or scanner system is configured for

detecting saturated pixels in the captured 2D images and for mitigating or

removing the error in the obtained color caused by the pixel saturation. The error

caused by the saturated pixel may be mitigated or removed by assigning a low

weight to the saturated pixel in the weighted average.

Specularly reflected light has the color of the light source rather than the color of

the object surface. If the object surface is not a pure white reflector then specular

reflections can hence be identified as the areas where the pixel color closely

matches the light source color. When obtaining the surface color it is therefore

advantageous to assign a low weight to pixels or pixel groups whose color values

closely match the color of the multichromatic light source in order to compensate

for such specular reflections.

Specular reflections may also be a problem whenintra orally scanning a patient's

set of teeth since teeth rarely are completely white. It may hence be advantageous
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to assumethat for pixels where the readings from the color images sensorindicate

that the surface of the object is a pure white reflector, the light recorded by this

pixel group is caused by a specular reflection from the teeth or the soft tissue in

the oral cavity and accordingly assign a low weight to these pixels to compensate

for the specular reflections.

In some embodiments, the compensation for specular reflections from the object

surface is based on information derived from a calibration of the scanner in which

a calibration object e.g. in the form of a pure white reflector is scanned. The color

image sensor readings then depend on the spectrum of the multichromatic light

source and on the wavelength dependenceof the scanner's optical system caused

by e.g. a wavelength dependentreflectance of mirrors in the optical system. If the

optical system guides light equally well for ail wavelengths of the multicnromatic

light source, the color image sensor will record the color (aiso referred to as the

spectrum) of the multichromatic light source when the pure white reflector is

scanned.

In some embodiments, compensating for the specular reflections from the surface

is based on information derived from a calculation based on the wavelength

dependence of the scanner’s optical system, the spectrum of the multichromatic

light source and a wavelength dependent sensitivity of the color image sensor. In

some embodiments, the scanner comprises means for optically suppressing

specularly reflected light to achieve better color measurement. This may be

provided if the scanner further comprises meansfor polarizing the probe light, for

example by meansofat least one polarizing beam splitter.

When scanning inside an oral cavity there may be red ambient light caused by

probe light illumination of surrounding tissue, such as the gingiva, palette, tongue

or buccal tissue. In some embodiments, the scanner and/or scanner system is

hence configured for suppressing the red componentin the recorded 2D images.

In some embodiments, the scanner and/or scanner system is configured for

comparing the color of sections of the captured 2D images and/or of the sub-scans

of the object with predetermined color ranges for teeth and for oral tissue,

respectively, and for suppressing the red component of the recorded color for
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sections where the color is not in either one of the two predetermined color

ranges. The teeth may e.g. be assumed to be primarily white with one ratio

betweenthe intensity of the different components of the recorded image, e.g. with

one ratio between the intensity of the red component and the intensity of the blue

and/or green components in a RGB configuration, while oral tissue is primarily

reddish with another ratio between the intensity of the components. When a color

recorded for a region of the oral cavity shows a ratio which differs from both the

predetermined ratio for teeth and the predeterminedratio for tissue, this region is

identified as a tooth region illuminated by red ambient light and the red component

of the recorded image is suppressed relative to the other components, either by

reducing the recorded intensity of the red signal or by increasing the recorded

intensities of the other componentsin the image.

In some embodiments, the color of points with a surface normal directly towards

the scanner are weighted higher than the color of points where the surface normal

is not directed towards the scanner. This has the advantage that points with a

surface normal!directly towards the scannerwill to a higher degree be illuminated

by the white light from the scanner and not by the ambientlight.

In some embodiments, the color of points with a surface normal directly towards

the scanner are weighted lowerif associated with specular reflections.

In some embodiments the scanneris configured for simultaneously compensating

for different effects, such as compensating for saturated pixels and/or for specular

reflections and/or for orientation of the surface normal. This may be done by

generally raising the weight for a selection of pixels or pixel groups of a 2D image

and by reducing the weight for a fraction of the pixels or pixel groups of said

selection.

ln some embodiments, the method comprises a processing of recorded 2D

images, a sub-scan or the generated 3D representations of the part of the object,

where said processing comprises

- compensating for pixel saturation by omitting or reducing the weight of

saturated pixels when deriving the surface color, and/or
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- compensating for specular reflections when deriving the surface color by

omitting or reducing the weight of pixels whose color values closely

matchesthe light source color, and/or

- compensating for red ambient light by comparing surface color

information of the 2D images with predetermined color ranges, and

suppressing the red componentof the recorded colorif this is not within

a predetermined color range.

Disclosed is a method of using the disciosed scanner system to cisplay color

texture on the generated cigital 3D representation of the object. It is advantageous

to display the color data as a texture on the digital 3D representation, for example

on a computer screen. The combination of color and geomeiry is a more powertul

conveyor of information than either type of data alone. For example, dentists can

more easily differentiate between different types of tissue. In the rendering of the

surface geometry, appropriate shading can help convey the surface geometry on

the texture, for example with artificial shadows revealing sharp edges better than

texture alone could do.

When the multichromatic light source is a multi-die LED or similar, the scanner

system can also be used to detect fluorescence. Disclosed is a method of using

the disclosed scanner system to display fluorescence on surface geometry.

in some embodiments, the scanner is configured for exciting fluorescence on said

object by illuminating it with only a subset of the LED dies in the multi-die LED,

and where said fluorescence is recorded by only or preferentially reading out only

those pixels in the color image sensorthat have colorfilters at least approximately

matching the color of the fluoresced light, i.e. measuring intensity only in pixels of

the image sensors that havefilters for longer-wavelength light. In other words, the

scanner is capabie of selectively activating only a subset of the LED dies in the

muiti-die LED and of only recording or preferentially reading out only those pixels

in the color image sensorthat have colorfilters at a higher wavelength than that of

the subset of the LED dies, such that light emitted from the subset of LED dies can

excite fluorescent materials in the object and the scanner can record the
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fluorescence emitted from these fluorescent materials. Tne subset of the dies

preferably comprises one or more LED dies which emits light within the excitation

spectrum of the fluorescent materials in the object, such as an ultraviolet, a blue, a

green, a yellow or a red LED die. Such fluorescence measurement yields a 2D

data array much like the 2D color image, howeverunlike the 2D image it cannot be

taken concurrently with the surface geometry. For a slow-moving scanner, and/or

with appropriate interpolation, the fluorescence image can still be overlaid the

surface geometry. It is advantageous to display fluorescence on teeth because it

can help detect caries and plaque.

in some embodiments, the data processing system comprises a microprocessor

unit configured for extracting the surface geometry information from 2D images

obtained by the color image sensor and for determining the surface color from the

same images.

The data processing system may comprise units distributed in different parts of the

scanner system. For a scanner system comprising a handheld part connected to a

stationary unit, the data processing system may for example comprise one unit

integrated in the handheld part and another unit integrated in the stationary unit.

This can be advantageous when a data connection for transferring data from the

handheld unit to the stationary unit has a bandwidth which cannot handle the cata

stream from the color image sensor. A preliminary data processing in the handheid

unit can then reduce the amount of data which must be transferred via the data

connection.

In some embodiments, the data processing system comprises a computer

readable medium on which is stored computer implemented algorithms for

performing said post-processing.

in some embodiments, a part of the data processing system is integrated in a cart

or a personal computer.
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Disclosed is a method of using the disclosed scanner system to average color

and/or surface geometry from several views, where each view represents a

substantially fixed relative orientation of scanner and object.

Disclosed is a method using the disclosed scanner system to combine color and/or

surface geometry from several views, where each view represents a substaniially

fixed relative orientation of scanner and object, such as to achieve a more

complete coverage of the object than would be possibile in a single view.

Disclosed is a scannerfor obtaining surface geometry and surface color of an

object, the scanner comprising:

- amultichromatic light source configured for providing a probe light, and

- acolor image sensor comprising an array of image sensorpixels for

recording one or more 2D imagesof light received from said object,

where at least for a block of said image sensor pixels, both surface color and

surface geometry of a part of the object are derived at least partly from one 2D

image recorded by said color image sensor

Disclosed is a scanner system for recording surface geometry and surface color of

an object, the scanner system comprising:

- amultichromatic light source configured for providing a multichromatic

probe light, and

- acolor image sensor comprising an array of image sensorpixels for

capturing one or more 2D imagesoflight received from said object,

where at least for a block of said image sensor pixels, both surface color

information and surface geometry information of a part of the object are derived at

least partly from one 2D image captured by said color image sensor.
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Disclosed is a scanner system for recording surface geometry and surface color of

an object, the scanner system comprising:

- amultichromatic light source configured for providing a probelight,

- acolor image sensor comprising an array of image sensorpixels, and

- an optical system configured for guiding light received from the object to

the color image sensor such that 2D images of said object can be

captured by said color image sensor;

wherein the scanner system is configured for capturing a numberof said 2D

images of a part of the object and for deriving both surface color information and

surface geometry information of the part of the object from at least one of said

captured 2D imagesat least for a block of said color image sensorpixels, such

that the surface color information and the surface geometry information are

obtained concurrently by the scanner.

Disclosed is a scanner system for recording surface geometry and surface color of

an object, the scanner system comprising:

- amultichromatic light source configured for providing a probelight:

- acolor image sensor comprising an array of image sensor pixels, where

the image sensoris arranged to capture 2D imagesoflight received

from the object; and

- an image processor configured for deriving both surface color

information and surface geometry information of at least a part of the

object from at least one of said 2D images captured by the coior image

sensor.

Disclosed is a scanner system for recording surface geometry and surface color

of an object, said scanner system comorising
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a scanner system according to any of the embodiments, where the

scanner system is configured for deriving surface color and surface

geometry of the object, and optionally for generating a sub-scan or a

digital 3D representation of the part of the object; and

a data processing unit configured for post-processing surface geometry

and/or surface color readings from the color image sensor, or for post-

processing the generated sub-scan or digital 3D representation.

Disclosed is a method of recording surface geomeiry and surface color of an

object, the method comprising:

providing a scanner or scanner system according to any of the

embodiments;

illuminating the surface of said object with probe light from said

multichromatic light source;

recording one or more 2D imagesof said object using said color image

sensor; and

deriving both surface color and surface geometry of a part of the object

from at least some of said recorded 2D imagesat least for a block of

said image sensorpixels, such that the surface color and surface

geometry are obtained concurrently by the scanner.

Brief description of drawings

Fig. 1 shows a handheld embodimentof a scanner system.

Fig. 2 showsprior art pattern generating means and associated reference weighis.

Fig. 3 shows a pattern generating means and associated reference weights.

Fig. 4 showsa colorfilter array.
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Fig. 5 showsa flow chart of a method.

Fig. 6 illustrates how surface geometry information and surface geometry

information can be derived

Fig. 1 shows a handheld part of a scanner system with components inside a

housing 100. The scanner comprises a tip which can be entered into a cavity, a

multichromatic light source in the form of a multi-die LED 101, pattern generating

element 130 for incorporating a spatial pattern in the probe light, a beam splitter

140, color image sensor 180 including an image sensor 181, electronics and

potentially other elements, an optical system typically comprising at least one lens,

and the image sensor. The light from the light source 101 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 which here is a patient’s set of

teeth, and further images the object being scanned onto the image sensor 181.

The image sensor 181 has a colorfilter array 1000. Although drawn as a separate

entity, the color filter array is typically integrated with the image sensor, with a

single-colorfilter for every pixel.

The lens system inciudes a focusing element 151 which can be adjusted to shift

the focal imaging plane of the pattern on the probed object 200. In the example

embodiment, a single lens element is shifted physically back and forth along the

optical axis.

As a whole, the optical system provides an imaging of the pattern onto the object

being probed and from the object being probed to the camera.

The device may include polarization optics 160. Polarization optics can be used to

selectively image specular reflections and block out undesired diffuse signal from

sub-surface scattering inside the scanned object. The beam splitter 140 may also

have polarization filtering properties. It can be advantageous for optical elements

to be anti-reflection coated.
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The device may include folding optics, a mirror 170, which directs the light out of

the device in a direction different to the optical path of the lens system, e.g. in a

direction perpendicular to the optical path of the lens system.

There may be additional optical elements in the scanner, for exampie one or more

condenserlensin front of the light source 107.

In the example embodiment, the LED 101 is a multi-die LED with two green, one

red, and one blue die. Only the green portion of the light is used for obtaining the

surface geometry. Accordingly, the mirror 170 is coated such as to optimize

preservation of the circular polarization of the green light, and not that of the other

colors. Note that during scanning all dies within the LED are active, |.e., emitting

light, so the scanner emits apparently white light onto the scanned object 200. The

LED may emit light at the different colors with different intensities such that e.g.

one color is more intense than the other colors. This may be desired in order to

reduce cross-talk between the readings of the different color signals in the color

image sensor. In case that the intensity of e.g. the red and blue diodes in a RGB

system is reduced, the apparently white light emitted by the light source will

appear greenish-white.

The scanner system further comprises a data processing system configured for

deriving both surface geometry information and surface color information for a

block of pixels of the color image sensor 180 at least partly from one 2D image

recorded by said color image sensor 180. At least part of the data processing

system may be arrangedin the illustrated handheld part of the scanner system. A

part may also be arranged in an additional part of the scanner system, such as a

cart connected to the handheld part.

Figure 2 shows an section of a prior art pattern generating element 130 thatis

applied as a static pattern in a spatial correlation embodiment of WO2010145669,

as imaged on a monochromatic image sensor 180. The pattern can be a chrome-

on-glass pattern. The section shows onlya portion of the pattern is shown, namely

one period. This period is represented by a pixel biock of 6 by 6 image pixels, and

2 by 2 pattern fields. The fields drawn in gray in Fig. 2A are in actuality black
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because the pattern mask is opaquefor these fields; gray was only chosenfor

visibility and thus clarity of the Figure. Fig. 2B illustrates the reference weighis f

for computing the spatial correlation measure A for the pixel block, where n =6 x 6

= 36, such that

n

Am D fil
i=1

where / are the intensity values measured in the 36 pixels in the pixel block for a

given image. Note that perfect alignment between image sensor pixels and pattern

fields is not required, but gives the best signal for the surface geometry

measurement.

Fig. 3 shows the extension of the principle in Fig. 2 to color scanning. The pattern

is the same as in Fig. 2 and so is the image sensor geometry. However, the image

sensoris a color image sensor with a Bayer colorfilter array. In Fig. 3A, pixels

marked “B” have a blue colorfilter, while “G” indicates green and “R”red pixel

filters, respectively. Fig. 3B snows the corresponding reference weights f. Note

that only green pixels have a non-zero value. This is so because only the green

fraction of the spectrum is used for recording the surface geometry information.

For the pattern/colorfilter combination of Fig. 3, a color componentc; within a pixel

block can be obtained as

n

cj = ) Gili
ini

where gji = 1 if pixel /hasafilter for color c,, 0 otherwise. For an RGB colorfilter

array like in the Bayer pattern, / is one of red, green, or blue. Further weighting of

the individual color components, i.e., color calibration, may be required to obtain

natural color data, typically as compensation for varying filter efficiency,

illumination source efficiency, and different fraction of color components in the filter

pattern. The calibration may also depend on focus plane location and/or position

within the field of view, as the mixing of the LED’s component colors may vary with

those factors.
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Figure 4 showsaninventive colorfilter array with a higher fraction of green pixels

than in the Bayer pattern. The colorfilter array comprises a plurality of cells of 6x6

colorfilters, with blue colorfilters in positions (2,2) and (5,5) of each cell, red color

filters in positions (2,5) and (5,2), a and green colorfilters in all remaining positions

of the cell.

Assuming that only the green portion of the illumination is used to obtain the

surface geometry information, thefilter of Figure 4 will potentially provide a better

quality of the obtained surface qeomeiry than a Bayerpatiernfilter, at the expense

of poorer color representation. The poorer color representation will howeverin

many casesstill be sufficient while the improved quality of the obtained surface

geometry often is very advantageous.

Fig. 5 illustrates a flow chart 541 of a method of recording surface geometry and

surface color of an object.

In step 542 a scanner system according to any of the previous claims is obtained.

In step 543 the objectis illuminated with multichromatic probelight. In a focus

scanning system utilizing a correlation measure or correlation measure function, a

checkerboard pattern may be imposed on the probelight such that information

relating to the pattern can be used for determining surface geometry information

from captured 2D images.

In step 544 a series of 2D imagesof said object is captured using said color image

sensor. The 2D images can be processed immediately or stored for later

processing in a memory unit.

In step 545 both surface geometry information and surface color information are

derived for a block of image sensor pixels at least partly from one captured 2D

image. The information can e.g. be derived using the correlation measure

approach as descried herein. The derived informations are combined to generate
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a sub-scan of the object in step 546, where the sub-scan comprises data

expressing the geometry and color of the object as seen from one view.

in step 547 a digital 3D representation expressing both color and geometry ofthe

object is generated by combining several sub-scans. This may be done using

known algorithms for sub-scan alignment such as algorithmsfor stitching and

registration as widely knownin the literature.

Fig. 6 illustrates how surface geometry information and surface geometry

information can be derived at least from one 2D imagefor a block of image sensor

pixels.

The correlation measure is determinedfor all active image sensorpixel groups on

the color image sensorfor every focus plane position, i.e. for every 2D image of

the stack. Starting by analyzing the 2D images from one enc of the stack, the

correlation measures for all active image sensor pixel groups is determined and

the calculated values are stored. Progressing through the stack the correlation

measures for each pixel group are determined and stored together with the

previously stored values, i.e. the values for the previously analyzed 2D images.

A correlation measure function describing the variation of the correlation measure

along the optical axis is then determined for each pixel group by smoothing and

interpolating the determined correlation measure values. For example, a

polynomial can be fitted to the values of for a pixel block over several images on

both sides of the recorded maximum, and a location of a deducted maximum can

be found from the maximum ofthe fitted polynomial, which can be in between two

images.

The surface color information for the pixel group is derived from one or more of the

2D images from which the position of the correlation measure maximum was

determined i.e. surface geometry information and surface color information from a

group of pixels of the color image sensor are derived from the same 2D images of

the stack.
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The surface color information can be derived from one 2D image. The maximum

value of the correlation measure for each group of pixels is monitored along the

analysis of the 2D images such that when a 2D image has been analyzed the

valuesfor the correlation measure forthe different pixels groups can be compared

with the currently highest value for the previously analyzed 2D images. Ifthe

correlation measure is a new maximum value for that pixel group at least the

portion of the 2D image corresponding to this pixel group is saved. Next time a

higher correlation value is found for that pixel group the portion of this 2D imageis

saved overwriting the previously stored image/sub-image. Thereby when all 2D

images of the stack have been analyzed, the surface geometry information of the

2D imagesis translated into a series of correlation measure values for each pixel

group where a maximum value is recorded for each block of image sensorpixels.

Fig. 6A illustrated a portion 661 of a stack of 2D images acquired using a focus

scanning system, where each 2D imageis acquired at a different focal plane

position. In each 2D image 662 a portion 663 corresponding to a block of image

sensor pixels are indicated. The block corresponding to a set of coordinates (x, yi).

The focus scanning system is configured for determining a correlation measure for

each block of image sensor pixels and for each 2D image in the stack. In Fig. 6B is

illustrated the determined correlation measures 664 (here indicated by an “x”) for

the block 663. Based on the determined correlation measures 664 a correlation

measure function 665 is calculated, here as a polynomial, and a maximum value

for the correlation measure function is found a position z;. The z-value for which

the fitted polynomial has a maximum (z)) is identified as a point of the object

surface. The surface geometry information derived for this block can then be

presented in the form of the coordinates (x,yi,z\), and by combining the surface

geometry information for several block of the images sensor, the a sub-scan

expressing the geometry of part of the object can be created.

In Fig. 6C is illustrated a procedure for deriving the surface color geometry from

two 2D images for each block of image sensor pixeis. Two 2D images are stored

using the procedure described above and their RGB valuesfor the pixel block are

determined. In Fig. GC the R-values 666 are displayed. An averaged R-value 667

(as well as averaged G- and B-values)at the z; position can then be determined by

0117



0118

interpolation and used as surface color information for this block. This surface colir

information is evidently derived from the same 2D imagethat the geometry

information at least in part was derived from.
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Claims

. Ascanner system for recording surface geometry and surface color of an

object, the scanner system comprising:

- a multichromatic light source configured for providing a multichromatic

probelight for illumination of the object,

- a color image sensor comprising an array of image sensorpixels for

capturing one or more 2D imagesof light received from said object, and

-a data processing system configured for ceriving both surface geometry

information and surface color information for a block of said image sensor

pixels at least partly from one 2D image recorded by said color image

sensor.

. The scanner system according to claim 1, wherein the data processing

system is configured for deriving surface geometry information and surface

color information for said block of image sensorpixels from a series of 2D

images.

. The scanner system according to claim 1 or 2, wherein the data processing

system is configured for generating a sub-scan of a part of the object

surface based on surface geometry information and surface color

information derived from a plurality of blocks of image sensorpixels.

. The scanner system according to any of claims 1 to 3, wherein the data

processing system is configured for combining a number of sub-scansto

generate a digital 3D representation of the object.

. The scanner system according to any of claims 2 to 5, where the scanner

system is a focus scanner system operating by translating a focus plane

along an optical axis of the scanner system and capturing the 2D images at

different focus plane positions such that each series of captured 2D images

forms a stack of 2D images.
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The scanner system according to any of the preceding claims, where the

scanner system comprises a pattern generating element configured for

incorporating a spatial pattern in said probelight.

The scanner system according to any of the preceding claims, where

deriving the surface geometry information and surface color information

comprises calculating for several 2D images a correlation measure between

the portion of the 2D image captured by said block of image sensorpixels

and a weight function, where the weight function is determined based on

information of the configuration of the spatial pattern.

The scanner system according to the preceding claim, wherein deriving the

surface geometry information and the surface color information for a block

of image sensor pixels comprises identifying the position along the optical

axis at which the corresponding correlation measure has a maximum value.

The scanner system according to claim 7 or &, wherein generating a sub-

scan comprises determining a correlation measure function describing the

variation of the correlation measure along the optical axis for each block of

image sensorpixels and identifying for the position along the optical axis at

which the correlation measure functions have their maximum value for the

block.

The scanner system according to the preceding claim, where the maximum

correlation measure value is the highest calculated correlation measure

value for the block of image sensor pixels and/or the highest maximum

value of the correlation measure function for the block of image sensor

pixels

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

data processing system is configured for determining a sub-scan colorfor a

point on a generated sub-scan based on the surface color information of the
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2D imagein the series in which the correlation measure has its maximum

value for the corresponding block of image sensorpixels.

12. The scanner system according to the preceding claim, wherein the data

processing system is configured for deriving tne sub-scan color for a point

on a generated sub-scan based on the surface colorinformations of the 2D

imagesin the series in which the correlation measure has its maximum

value for the corresponding block of image sensorpixels and on atleast

one additional 2D image, such as a neighboring 2D image from the series

of captured 2D images..

13. The scanner system according to ihe preceding claim, where the data

processing system is configured for interpolating surface color information

of at least two 2D imagesin a series when determining the sub-scancolor,

such as an interpolation of surface color information of neighboring 2D

images in a series.

14.The scanner system according to anyof the preceding claims wherein the

data processing system is configured for computing a smoothed sub-scan

color for a numberof points of the sub-scan, wnere the computing

comprises an averaging of sub-scan colors of different points, such as a

weighted averaging of the colors of the surrounding points on the sub-scan.

15.The scanner system according to any of the preceding claims, where the

data processing system is configured for determining object color of a least

one point of the generated digital 3D representation of the object, such that

the digital 3D representation expresses both geometry and colorprofile of

the object...

16.The scanner system according to the previous claim, wherein determining

the object color comprises computing a weighted average of sub-scan color

values derived for corresponding points in overlapping sub-scansat that

point of the object surface.
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17.The scanner system according to any the previous claims, wherein the data

processing system is configured for detecting saturated pixels in the

captured 2D images andfor mitigating or removing the error in the cerived

surface color information or the sub-scan color caused by the pixel

saturation.

18.The scanner system according to the previous claim wherein the error

caused by the saturated pixel is mitigated or removed by assigning a low

weight to the surface color information of the saturated pixel in the

computing of the smoothed sub-scan color and/or by assigning a low weight

to the sub-scan color computed based on the saturated pixel.

19.The scanner system according to any any of the preceding claims, wherein

the data processing system is configured for comparing the derived surface

color information of sections of the captured 2D images and/or of the

generated sub-scans of the object with predetermined color rangesfor teeth

and for oral tissue, and for suppressing the red componentof the derived

surface color information or sub-scan color for sections where the coloris

not in one of the two predetermined color ranges.

20. The scanner system according to any of the preceding claims where the

color image sensor comprises a colorfilter array comprising at least three

types of colors filters, each allowing light in a known wavelength range, W1,

W2, and W3 respectively, to propagate through the colorfilter.

21.The scanner system according to any of the preceding claims where the

surface geometry information is derived from light in a selected wavelength

range of the spectrum provided by the multichromatic light source.

22. The scanner system according to the preceding claim where the colorfilter

array is such that its proportion of pixels with colorfilters that match the
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selected wavelength range of the spectrum is larger than 50%, such a

wherein the proportion equals 32/36, 60/64 or 96/100.

23. The scanner system according to claim 21 or 22, wherein the selected

wavelength range matches the W2 wavelength range.

24. The scanner system according to any of claims 21 to 23, wherein the color

filter array comprises a plurality of cells of 6x6 colorfilters, where the color

filters in positions (2,2) and (5,5) of each cell are of the W/1 type, the color

filters in positions (2,5) and (5,2) are of the W3 type

25. The scanner system according to the preceding claim, where the remaining

32 colorfilters in the 6x6 cell are of the W2 type.

26. The scanner according to the preceding claim where the paitern generating

elementis configured to provide that the spatial pattern comprises

alternating dark and bright regions arranged in a checkerboard pattern.

27.A scanner system for recording surface geometry and surface color of an

object, the scanner system comprising:

- amultichromatic light source configured for providing a multichromatic

probelight, and

- acolor image sensor comprising an array of image sensorpixels for

capturing one or more 2D imagesoflight received from said object,

whereat least for a block of said image sensorpixels, both surface color

information and surface geometry information of a part of the object are

derived at least partly from one 2D image captured by said color image

Sensor.

0123



0124

10

28.A method of recording surface geometry and surface color of an object, the

method comprising:

obtaining a scanner system according to any of the previous claims;

illuminating the surface of said object with multichromatic probelight

from said multichromatic light source;

capturing a series of 2D imagesof said object using said color image

sensor; and

deriving both surface geometry information and surface color

information for a block of image sensorpixels at least partly from one

captured 2D image.

0124



0125

Abstract

Disclosed are a scanner system and a method for recording surface

geometry and surface color of an object where both surface geometry

information and surface color information for a block of said image sensor

pixels at least partly from one 2D image recorded by said color image

sensor
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international application.

TIMELIMITSforentry into the national phase

For the designated or elected Office(s) listed above, the applicable time limit for entering the national phase will, subject to what is
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FURTHER INFORMATION CONTINUED FROM PCTIISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-18, 20-28

Three dimensional scanner and method of scanning of the
surface geontry and surface color of an object. The surface
geometry information and surface color information is
derived by calculating for several 2D images a correlation
measure between the portion of the 2D image captured by said
block of image sensor pixels and a weight function, where
the weight function is determined based on information of
the configuration of the spatial pattern.

1.1. claims: 17, 18

Three dimensional scanner and method of scanning of the
surface geontry and surface color of an object. The data
processing system is configured for detecting saturated
pixels in the captured 2D images.

2. claim: 19

Three dimensional scanner and method of scanning of the
surface geontry and surface color of an object. The data
processing system is configured for comparing the derived
surface color information of sections of the captured 2D
images and/or of the generated sub-scans of the object with
predetermined color ranges for teeth and for oral tissue,
and for suppressing the red component of the derived surface
color information or sub-scan color for sections where the

color is not in one of the two predetermined color ranges. 
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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 ofthe interior

and exterior part of a human ear or ear channel impressions. The invention mayfind

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.

Backgroundof 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 knownfield 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 measuresbyletting a tactile probe trace the surface. The advantages

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

Non-contact measurement methodsinclude 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 usespoint 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 onepointis illuminated at a time in confocal

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

scanning in a rangeof focus planes.
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In WO 00/08415 the principle of confocal microscopyis 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 structureis limited to the parts of the surface that are illuminated by a spot.

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

the specimenis illuminated with an illumination pattern. Focus positions of the image

plane are determined by characterizing an oscillatory componentof the pattern.

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

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, whichis fulfilled in a microscope. However, such a

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

US2007/0109559 A1 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 measureof the illumination pattern and exploits no

contrast detection, and therefore, the signal-to-noise ratio is sub-optimal.

In WO 2008/125605, meansfor 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 twodifferent illumination profiles,

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

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

illumination profiles. Furthermore, the methodrelies on a predetermined calibration that

determines the phase offset between the twoillumination profiles.

Summaryof the invention

Thus, an object of the invention is to provide a scanner which maybeintegrated 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 scannerfor 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,

meansfor generating a probe light incorporating a spatial pattern,

meansfor 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,

meansfor 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,

meansfor obtaining at least one image from said array of sensor

elements,

meansfor 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 meansfor:

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 describedin 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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andthe 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 presentinvention.

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

One embodimentof the invention comprisesa first optical system, such as an

arrangementof 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 imagesthe 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 objectis shifted along the optical axis, preferably in equal steps

from one end of the scanning region to the other. The probelight 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 regionswill

display smaller or no contrastin 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. Butit is understood that the

scanning apparatus and method are notlimited to this situation. They are also

applicable to e.g. the situation wherethe incidentlight penetrates the surface and is

reflected and/or scattered and/or givesrise to fluorescence and/or phosphorescencein

the object. Inner surfaces in a sufficiently translucent object may also beilluminated 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.

Whena time varying pattern is applied a single sub-scan can be obtained bycollecting

a numberof 2D imagesat 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 eachpixelit is thus possible to identify individual settings of the focusing

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

used, itis possible to transform the contrastinformation 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

imagesatdifferent 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 groupofpixels it is thus possible to

identify individual settings of the focusing plane for which each groupof pixels will be in

focus. By using knowledgeof the optical system used, it is possible to transform the

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

individual pixel group basis.

Thus, in one embodimentof the invention the focus position is calculated by

determiningthelight 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

knownin 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 sensorarray

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

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

Preferably the focus plane can be movedin a range large enoughto at least coincide

with the surface of the object being scanned.
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The present invention distinguishesitself from WO 2008/125605, because in the

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

not limited to twoillumination profiles and can be obtained from anyillumination profile

of the pattern. This is because the orientation of the reference image does notrely

entirely on a predeterminedcalibration, 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 maskasilluminated from either side, the reverse side

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

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

invention there is the possibility of using any numberof 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. Knowledgeof 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 scannedis

imaged onto the camera then knowledgeof 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 wherelight rays emitted from the pattern converge to form an

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

a curved surface.

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

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

the pattern on and/orin 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 straightline. In the preferred embodimentof 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 anotheroptical

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.

Whereasthe 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 thelike.

Telecentric system: An optical system that provides imaging in such a waythat 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 advantagein 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 neartelecentric.

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

comprises folding optics to direct the probelight 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 scannerprovides

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 “sensorsignal”.

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 suchthatif the

reference andinput signal are linearly related to each other then the correlation

measure obtains a larger magnitude than if they are not.

In some casesthe correlation measureis 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 wherelight 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 recordedlight

signal. This can bea light oscillation amplitude.

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

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

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

Reference signal. May also be called weight value.

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

sensors that are used to compute a correlation measure.

Image height in numberof pixels

Image wicth in numberof pixels

Symbols are also explained as neededin the text.
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Detailed description of the invention

The scannerpreferably 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 embodimentof the invention light is transmitted in an optical system

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

object and imageslight reflected from the object to the camera.

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

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

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

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

optical system mayalso 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 scannerin 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 scannedis

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

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

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

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

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

such asat 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 elementis 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 maybe varied, for example by translating the focus element back

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

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

comprises meansfor 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 forfixing and/or maintaining the centre of

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

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

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

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

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

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

around the counter-weight balanced axis, there may beissuesrelating to the torque

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

meansfor reducing and/oreliminating 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 embodimentof the invention more than one optical element is moved to shift

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

together and that the elements are physically adjacent.

In the preferred embodimentof the invention the optical system is telecentric, or near

telecentric, for all focus plane positions. Thus, even though one or morelensesin the

optical system may be shifted back and forth to changethe focus planeposition, 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 movementof the focus plane

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

mm correspondsto 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 movementof 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 embodimentof the invention the focus elementis 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

CMOSchip with one A/D converter perline 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 perline of pixels, e.g. at least 2,

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

Pattern

Another central element of the invention is the probelight with an embedded pattern

that is projected on to the object being scanned. The pattern maybestatic or time

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

and/orin 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 regionswill 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

contrastin the spatial light oscillations.

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

comprises at least one light source and pattern generation meansto produce the

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

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

spaceas possible. In another embodimentthe light source and the pattern generation

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

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

by turning on andoff 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 comprisesa plurality of radial spokes, preferably arranged in a symmetrical

order. The scanner may also comprise meansfor 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 comprisesa line pattern or checkerboard pattern. In general said

mask preferably possessesrotational and/or translational periodicity. The pattern

elementis 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 amountof

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 orderto 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 measureis highif the input signal coincides with the reference signal. If the

input signal displayslittle 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

0154



0155

15

20

25

30

WO 2010/145669 PCT/DK2010/050148

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 referencesignal 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 independenily of the input signal.

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

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

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

the phase betweenthe oscillating input and reference signals is not knownit 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

phaseis known.

One wayto define the correlation measure mathematically with a discrete set of

measurementsis as a dot product computed from a signal vector, / = (/;,...,/,), with n>

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

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

aspfit
i=1

The indices on the elementsin the signal vector represent sensorsignals 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 parameteris time and/or one or more

spatial coordinates.

A preferred embodimentis to remove the DC part of the correlation signal or correlation

measure, i.e., when the reference vector elements sumsto zero (¥7_,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 Pearsoncorrelation coefficient between two variables. If the
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DC part is not removed, there mayexist a trend in DC signal overall focus element

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

position maystill 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 scannedis sufficiently translucentit

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

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

surfaces and it may be advantageousto process severalor 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 numberof 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 specified time. In this invention, a reference signal is provided by the pattern.

Temporal correlation

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

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

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

signals recorded at different times.

A principle to estimate light oscillation amplitude in a periodically varying light signalis

taught in WO 98/45745 where the amplitude is calculated byfirst 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 meansfor obtaining

knowledgeof the pattern configuration. To provide such knowledge the scanner

preferably further comprises meansfor registering and/or monitoring the time varying

pattern.

Eachindividual 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 embodimentof the invention obtains the time variation of the pattern by translating

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

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

knowledgeof the pattern geometry that gives rise to a pattern variation across

individual sensing elements. Knowledgeof 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 embodimentof 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 numberof 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 betweenthe 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 numberof images recorded during one oscillation

0157



0158

20

25

30

WO 2010/145669 PCT/DK2010/050148

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 imagesallows for

an efficient extraction of the correlation measurein each individual sensing elementin

the camera. Fora light sensing element with label /, the n recorded light signals of that

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

RnR

Ay = > fig hij
i=1

Here the reference signal or weight function fis obtained from the knowledgeof the

expressed as

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

derived from the knowledgeof the pattern position during each image recording. The

variation of fwith the second indexis derived from the knowledgeofthe pattern

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

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

nm

Dd fu =O
i=1

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

for all j/we have

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

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

sensor element whenthe 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 bein a fixed spatial relationship

during the exposure time of the image sensorof 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 sensorarray 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 imageswill 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 expectto 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 whenthelight source is a segmentedlight

source, such as a segment LEDthatflashesin an appropriate fashion. In this

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

knowledge of the geometry of the individual segments on the segmented LED giverise

to a variation across light sensing elements and the applied currentto 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 focusplaneis 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 temporalcorrelation principle may be applied in general within image analysis.

Thus,a further embodimentof 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 phaseof 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 numberof sampling times, wherein said periodic function is a

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

illumination pattern.

This may also be expressed as

A=(PM

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 ofthe 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.

DS(p,)=0-

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

sensor array, the angular position / phaseofthe 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, =>(6, +p, ;
where @, is the constantoffset 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 wheelwill thereby correspond to the angular position of the

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

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

of the pattern may be determinedprior 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

orthogonalto 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

LEDsthat 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

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

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

termed “optical correlation”.

In this embodimentof the invention an imageof the pattern itself and an imageof at

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

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

the object being probed with the pattern projected ontoit. 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 patternitself.

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

pattern generation means comprises a transparent pattern element with an opaque

mask. The probelight is transmitted through the pattern element, preferably transmitted

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

scannedis retransmitted the opposite way through said pattern element and imaged

onto the camera. This is preferably done in a way wherethe imageof the pattern

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

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

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

order such that the pattern possessesrotational periodicity. In this embodiment thereis

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

constant speed. We define the oscillation period as 27/a.
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Wenotethat 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 dt with

label j, jis given by
t+ét

h=K | TENS Cae!
t

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

integration time, 7;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 7; is the the step function substantially defined

by Tt) = 0 for sin(@4+-¢) > 0 and 7{f = 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 FPGAor a PC.

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

scannedfor 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 embodimentof the

invention comprises meansfor 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.

0162



0163

15

20

25

30

WO 2010/145669 PCT/DK2010/050148

22

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

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

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

and/or one or moreofits derivatives.

In a further embodimentof the invention the camera integration time is an integer

numberM of the pattern oscillation period, i.e. dt = 27M / w One advantage ofthis

embodimentis 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 numberof the pattern oscillation period.

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

longer than pattern oscillation period, i.e. df >> 22M / a. Manytimes 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 advantageof this embodimentis 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 embodimentof the invention

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

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

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

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

plurality of pattern oscillation periods.

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

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

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

the object thenit 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 recordedat different sensorsites.

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

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

object being scanned upto 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

embodimentof 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 asat 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 elementarray into groupsis preferably provided in the data processing stage,

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

sensorarray. Thus, the division into groupsis “virtual” even thoughthesingle pixel in a

groupis an actual physical pixel.
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In one embodimentof the invention the pattern possesestranslational periodicity along

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

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

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

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

static checkerboard pattern the row and columnsof the checkerboard may be aligned

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

meantthat the imageof the pattern onto the camera is aligned with the “pattern” of the

sensor elementin 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 scannerfor the pattern to be aligned with

sensor array of the camera.

In afurther embodimentof the invention at least one spatial period of the pattern

correspondsto a group of sensor elements. In a further embodimentof the inventionall

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

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

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

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

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

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

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

edges of the pixels.

In spatial correlation independent knowledgeof 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 embodimentof the invention the correlation measure, A, within a group of

sensor elements with label jis determined by meansof the following formula:
nm

Aj = > fils
i=1
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Where nis the number of sensor elements in a group of sensors, f = (f,;, ... fn) is the

reference signal vector obtained from knowledgeof the pattern configuration, and J, =

(1,;,,--- 1p) is input signal vector. For the case of sensors grouped in square regions with

N sensors as square length then n= NV.

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

n

Dd fy =9
i=1

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

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

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 whenthe 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 numberof pixels such as 2x2, 4x4, 6x6, 8x8,

10x10, a natural choice of the reference vector f would befor 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 camerais higher than what is necessary in the final image. Thus, a further

embodimentof 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 eachlight sensitive element in said groupof 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

sensorarray, the correlation measure or amplitude of the light oscillation in group / may

be expressed as

A; =SFGIM,;»i=l

where nis the numberof sensor elements in group j, /;; is the signal from the 7th sensor

elementin group / and f(i,/) 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, wnen embodied with an image sensorthat allows very high

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

becomespossible to trace moving objects over time (“4D scanning”), with useful

applications for example in machine vision and dynamic deformation measurement.

Very high framerates 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 donebyray 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 embodimentof 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 imagesof 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 afurther embodiment of the invention the calibration step requires recording of

imagesfor 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 parametersof 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 numberof rays,

starting from the image sensorand 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 pixelwill

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

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

The above steps are repeated for a numberof 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 extremumin 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

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

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

object. The human ear and ear canal are other examples. In case ofintra 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 embodimentof 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 meansfor

polarizing the probelight, for example by meansof at least one polarizing beam

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

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

becauseif the incidentlight is linearly polarized a specular reflection from the object

has the property that it preservesits polarization state

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

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

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

one embodimentof the invention the retardation plate is a quarter wave retardation

plate. A linearly polarized light wave is transformedinto a circularly polarized light wave

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

to the linear polarization direction. This may be utilized to enhance specularreflections

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

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

scattering events becomes depolarized.

The field of view (scanning length)

In one embodimentof the invention the probelight is transmitted towards the objectin

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 headis 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 meansfor directing the probe light and/or

imaging an object in a direction different from the optical axis. This may be provided by

meansofat least one folding element, preferably located along the optical axis, for

directing the probelight and/or imaging an object in a direction different from the optical

axis. The folding element could bealight reflecting element such as a mirror ora

prism. In one embodimentof the invention a 45 degree mirror is used asfolding 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 scantip is at

least as large as the scan length and preferably of approximately equal size.
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One embodimentof the invention comprises at least two light sources, such aslight

sources with different wavelengths and/ordifferent polarization. Preferably also control

meansfor 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 meansfor separating light from said at least two light sources.

lf waveguide light sources are used they may be merged by waveguides. However,

one or more diffusers may also be provided to mergelight sources.

Separation and/or merging maybeprovidedbyat least one optical device whichis

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 embodimentof the invention comprisesat 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 secondlight source, and

a second optical device reflects light from said secondlight sourcein a direction

different from the optical axis. Preferably said first and second optical devicesreflect

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 beat 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 thefirst 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, dichroicfilter) reflects the light from thefirst light source onto the object

and transmits the light from the secondlight source to a second optical device (e.g. a

mirror) at the end of the scantip, i.e. further down the optical axis. During scanning the
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focus position is moved suchthat the light from the first light source is used to project

an imageof the pattern to a position below thefirst optical device while secondlight

source is switched off. The 3D surface of the object in the region below thefirst optical

device is recorded. Then thefirst light source is switched off and the secondlight

sourceis switched on and the focus position is moved suchthat the light from the

secondlight 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 embodimentof 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 embodimentof the invention the probelight 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 scannedis stretched.

The grating may be blazed. In this embodimentthe light source needs to be

monochromatic or semi-monochromatic.

The abovementioned embcdiments suitable for increasing the scan length may

comprise control meansfor providing a coordination of the light sources and the focus

element.

Color scanning

One embodimentof 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 needsto be white or to comprise at least three monochromatic light sources

with colors distributed acrossthe 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 Bayercolorfilter scheme. However,

other color image sensor types may be provided, such as a Foveon typecolor image

sensor, wherein the image sensor providescolor registration in each sensor element.

One embodimentof the invention comprises means selecting one color of the probe

light at a time, i.e. selectively switching between different colors of the probelight,

therebyilluminating the object with different colors. If a white light source is used then

somekind of colorfiltering must be provided. Preferably comprising a plurality of color

filters, such as red, green and blue color filters, and meansfor 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 colorfilters. For example one third of the wheelis

red, one third is green andonethird is blue.

Probelight 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 probelight the optical system is preferably

substantially achromatic.
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One embodimentof the invention comprises meansfor switching between at least two

colors, preferably three colors, such as red, green and blue,of the probelight 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 determinedfor 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

processis repeated. The color of the surface being scanned maythen 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

whena static pattern is provided wherethecolorof at least a part of the pattern is

varying in time.

To decrease the amountof data to be processed the color resolution of the imaging

may be chosento 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 maybe obtained by

interpolating the color information from full color focal plane positions. Thus, for

example the amplitude is registered for all colors at an interval of N focus positions;

while one color is selected for determination of the amplitude at all focus positions. Nis

a numberwhich 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 colorof at least a part of the pattern is varying in

time.
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Another embodiment of the invention does not registerfull color information and

employs only twolight sources with different colors. An example of this is a dental

scannerthat uses red and blue light to distinguish hard (tooth) tissue from soft (gum)

tissue.

Impression scanning

One embodimentof 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 embodimentof the invention the point of emission of probelight and the pointof

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 embodimentof 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 makea 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 scannerin a secondstep.

Thus, one embodimentof the invention comprises

a housing accommodating the camera, pattern generation means, focus varying

meansand 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 objectis located on said probe. The optical system in the
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probeis 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 camerais located. Thus, the optical system in the probe may comprise a

system of lenses. In one embodimentof the invention probe may comprise at least one

optical fibre and/or a fibre bundle for transmitting / transporting / guiding the probelight

and/orthe returnedlight 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 embodimentof the invention the probe is endoscopic.

The probe mayberigid or flexible. Use of optical fibre(s) in the probe may e.g. provide

a flexible probe with a small diameter.

In one embodimentof the invention the light is transmitted to the object and imaged by

meansof only the optical system in the probe, thefirst optical system. However, ina

further embodimentof the invention the housing mayfurther comprise a second optical

system.

In afurther embodimentof the invention the probe is detachable from the housing.

Then preferably a first point of emission of probelight andafirst point of accumulation

of returned light is located on the probe, and a second point of emission of probelight

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 mayalso be

obtained with the probe detached from the housing, i.e. the housing may be a

standalone scannerin 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 attachmentof 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 probelight 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 probelight 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

probeis better adapted to scanning a cavity.

In some embodiments of this invention, waste heat generated in the scanneris used to

warm the probe suchthat no or less condensation occurs on the probe whenthe probe

is inside the bodycavity, 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 embodimentsof this invention, the scanner provides feedback to the user

whenthe registration of subsequent scans to a larger modelof the 3D surfacefails. For

example, the scannercould flash the light source.

Further, the probe may comprise meansfor 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 accountfor different scanning situations. A

specific example of this is when the scanner comprisesafirst 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 probeit may be the housingitself,

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 scanthe 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 datafor 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/orwrist. 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

mayalso be autoclavable, whichis a definitely advantage for scanners applied in

humans, e.g., as medical devices. For embodimentsof this invention that realize a

physically moving focus element by meansof a motor,it is advantageous to place this

motor inside a grip of the pistol-like shape.

Use of motion, gravity, and magnetic sensors

Handheld embodimentsof 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 scanneris

smaller than the object to be scanned.In this situation, the scanneris applied

for small regions of the object (one at a time) that then are combinedto 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 canstill provide a first guess for a

software-basedstitching/ registration of partial scans based on, e.g., the
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Iterative Closest Point class of algorithms, resulting in reduced computation

time.

C) Motion sensors can be used (also) as a remote control for the software that

accompaniesthe 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

scanneris preferable out of hygienic considerations, because the operator

avoids contamination from alternative, hancd-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 aremote 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 appendedclaims.

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, therebyilluminating 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,
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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 camerafor

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 meansfor

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 scannerfor obtaining and/or measuring the

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

at least one camera accommodating an array of sensor elements,

meansfor generating a probelight,

meansfor transmitting the probe light towards the object thereby

illuminating at least a part of the object,

meansfor transmitting light returned from the object to the camera,

meansfor varying the position of the focus plane on the object,

meansfor obtaining at least one image from said array of sensor

elements,

meansfor:

a) determining the in-focus position(s)of:

- each of a plurality of the sensor elements for a range of

focus planepositions, or
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- eachof 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 meansfor 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 stepsof:

accommodating an array of sensor elements,

generating a probelight,

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 elementsfor a

range of focus plane positions, and

transforming in-focus data into 3D real world coordinates;

wherein the method further comprises counter-balancing the meansfor varying

the position of the focus plane.

Another aspect of the invention relates to a handheld 3D scannerwith 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 embodimentof the device according

to the invention.
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Fig. 2: A schematic presentation of a second example embodimentof the device

according to the invention (optical correlation).

Fig. 3: Schematic presentations of example embodimentsof patterns according to the

invention.

Fig. 4: A schematic presentation of a first example embodimentof 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 embodimentof a flat scan tip with a

large scan length, using a curved mirror.

Fig. 7: A schematic presentation of a fourth example embodimentof 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 canala

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 bodycavity,

such as a humanear.

Fig. 15: Examples of mirror configurations to be used with a scannerprobe.

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: Illustration of the process of generating a fused rererence signal, visualized as

images.

Fig 18: Top: Example image with projected pattern showing on a humantooth. Bottom:

The correlation measurefor 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 imageof anintraoral 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

purposeofillustration only, and depict optical paths generally in the discussed

systems. The ray traces and lens shapes should not be understoodto 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 embodimentsillustrated in the drawings.

Detailed description of the drawings

A functional hand held 3D surface scanner should preferably havethe 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 notin the probetip, and

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

The scanner embodimentillustrated in fig. 1 is a hand-held scannerwith all

components inside the housing (head) 100. The scanner head comprisesa tip which

can be enteredinto 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

passagethe 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 planeof the pattern on the probed object 200. One way to embody the

focusing elementis to physically move a single lens element back and forth along the

optical axis. The device mayinclude polarization optics 160. The device mayinclude

folding optics 170 whichdirects 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.

Anotherapplication could be for determining the 3D shapeof 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 lensesin the optical system 150. This also correspondsto the

longitudinal axis of the scannerillustrated 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 changedirection, 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 objectis shifted along the optical axis, preferably in equal steps from one end

of the scanning region to the other. Whenthe 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 contrastin

the light variation. The 3D surface structure of the probed object is determined by

finding the plane corresponding to an extremumin the correlation measure for each

sensor in the camera’s sensorarray 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 movethe focus position in equal steps from one end of the

scanning region to the other.

Pattern generation

An embodimentof the pattern generation meansis shownin fig. 3a: A transparent

wheel with an opaque mask 133 in the form of spokespointing 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 é.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 embodimentof the pattern generation means: A segmented

light source 135, preferably a segmented LED. In this embodiment the LED surfaceis
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imaged onto the object underinvestigation. The individual LED segments 136 are

turned on andoff in a fashion to provide a knowntime-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 3cillustrates a static pattern as applied in a spatial correlation embodimentof this

invention. The checkerboard pattern shown is preferred because calculationsfor this

regular pattern are easiest.

Temporal correlation

Fig. 1 is also an exemplaryillustration of the temporal correlation wherein an imageof

the pattern on and/orin the object is formed on the camera. Each individuallight

sensing element in the camera seesa variation in the signal level corresponding to the

variation of the illumination pattern on the object. The variation is periodic in the

exemplaryillustration. The light variation for each individual light sensing elementwill

have a constant phaseoffset relative to the pattern position..

The correlation measure may be obtained by recording n images 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 imagesallows for an efficient extraction of

the correlation measure in each individual sensing element in the camera using the

n

Aj = > fii hii
i=1

Here A; is the estimated correlation measure of sensing element j, f/,;, ... 1h; are the n

following formula,

recorded signals from sensing element j, 4, ... f,;are the nreference signal values

obtained from the knowledgeof the pattern configuration for each image recording.f

has twoindices i,j. The variation of fwith the first index is derived from the knowledge

of the pattern position during each image recording. The variation of fwith the second

index is derived from the knowledge of the pattern geometry which may be determined

prior to the 3D scanning.
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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 whenthe 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 schemein 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 = Nx N pixels on the

sensor and then analyze the correlation measure within one period of the pattern (in

the general case the pattern need not be quadratic Nx N). In the best case, it will be

possible to align the pattern so that the checkerboard edgescoincide with the pixel

edges but the scanning principle does not rely upon this. Fig. 16 showsthis for the

case n= 4x4= 16. Forasensor 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 N group of pixels with label jis

given by
Tn

Aj = > fili
i=1

where f = (f,,, ... f,,) is the reference signal vector obtained from knowledgeof the

pattern configuration, and J = (/,;,,... [,,) is input signal vector.

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

i=1

For the situation depictedin fig. 16 for instance, 7, = -1 for the pixels corresponding to

the dark parts of the pattern, and f,;= +1 otherwise.If the pattern edge was not aligned

with the edgesof the pixels, or if the optical system was not perfect (and thusin all

practical applications), then f,; would assume values between -1 and +1 forsome i. A

detailed description of how to determine the reference function is given later.
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Optical correlation

An example of the optical correlation shownin fig. 2. In this embodiment an imageis

formed on the camera 180 whichis a superposition of the pattern 130 with the probed

object 200. In this embodiment the pattern is of a transmissive nature wherelight is

transmitted through the pattern and the imageof 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 camerais then

formed with the aid of a beam splitter 140. The result of this arrangementis an image

being formed on the camera whichis a superposition of the pattern itself and the object

being probed.A different way of expressing this is that the image on the camerais

substantially a multiplication of an image of the pattern projected onto the object with

the pattern itself.

The variation is periodic in the exemplaryillustration. 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 numberof oscillation

periods so that exact synchronization of pattern oscillation time and camera integration

time is not important. The focus position correspondingto the pattern being in focus on

the object for a single sensorin the camera will be given by the maximum recorded

signal value of that sensor whenthe 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 embodimentof this invention, and depicted in a stylized wayin

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 imagesare 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 maximumintensity variance

(indicating maximum contrast) over the entire said series of images. The region to

compute variance over need not be the sameasthe pixel group dimension usedin

spatial correlation, but should be large enough to contain the both dark and light

regions of the pattern, and it must be the same forall imagesin the series.

Finally, a “fused image” (Fig 17d) is generated by combiningall the in-focus regions of

the series (17a — 17c). Note that in real applications, the fused image will generally not

be a perfect checkerboard of black and white, but rather include intermediate gray

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 imageis

shownin fig 17e.

The pixel intensities within this image can be interpreted as a “weight image” with same

dimensions asthe 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 =

(f,;, --- f,,) for the n pixels in the pixel group with index jcan be found from the pixel

values.

For conveniencein 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.

Becauseof the periodic nature of the “fused image” and thus the “weight image”, the

latter can be compressedefficiently, thus minimizing memory requirementsin the

electronics that can implementthe algorithm described here. For example, the PNG

algorithm can be used for compression.

0187



0188

15

20

25

30

35

WO 2010/145669 PCT/DK2010/050148

47

The “correlation image”

An “correlation” image is generated based on the “fused image” and the set of images

recorded with the camera during a scan. For spatial correlation based on an Nx N

checkerboard pattern, recall that within-group correlation measureis

Ay = IA” fig Lis,

where f = (f,,, ... fn) are values from the fused image, and f, = (1), -.. /n;) 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 sameasin 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

humantooth 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 overall images within a

sweepof 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 Gaussianfilter over the raw series

results in a smoothed series (solid line). In the figure the focus elementis 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 thusthein-focus position. Note thatin this

example, the location of the maxima in the smoothed and the raw series, respectively,

are visually indistinguishable. In principle, however,it is possible and also

advantageousto 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 Acan be computed for every image recorded in a sweep of the

focus element. Combining the global extrema (overall images) of A in all pixel groups

in the same mannerthe 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 headis 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 embodimentof

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 scanlength.

Another embodimentof the invention is shownin fig. 4. This embodimentof the

invention allows for a scan tip with a smaller height (denotedbin the figure) than the

scan length (denoted ain 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 dichroicfilter) 112 that transmit the light from 110 andreflects the light from 111.

At the scan tip a suitably coated plate (e.g. a dichroicfilter) 171 reflects the light from

one source onto the object and transmits the light from the other source to a mirrorat

the end of the scan tip 172. During scanning the focus position is moved suchthat 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 embodimentof the invention that allows for a scan tip with a smaller height

(denoted 6 in the figure) than the scan length (denoted a in the figure) is showninfig.

6. In this embodimentthe 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 embodimentof the invention that allows for a scan tip with a smaller height

(denoted 6 in the figure) than the scan length (denotedain the figure) is showninfig.
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7. In this embodimentthe 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 needsto 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 camerapictures. 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 humantooth 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 waveis transformedinto a circularly

polarized light wave upon passage of a quarter wave plate with an orientation 45

degreesof its fast axis to the linear polarization direction. A specular reflection from the

object has the propertythatit flips the helicity of a circularly polarized light wave. Upon

passageof 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 objectwill

be returned as a P-polarization state. This implies that the specularly reflected light

wavewill be directed towards the image sensor 181 in the beam splitter 140. Light that

enters into the object andis reflected by one or more scattering events becomes

0190



0191

10

15

20

25

30

WO 2010/145669 PCT/DK2010/050148

50

depolarized and one half of this light will be directed towards the image sensor 181 by

the beam splitter 140.

Anotherkind 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 amountof 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

beamsplitter 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 preservesits polarization state and

thus noneofit will be directed towards the image sensor 181 by the beam splitter 140.

Reducing shaking caused by focus element

During scanning the focusposition 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 elementis 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 centerof

mass of the handheld device is shifted due to the physical movementof the lens

element and holder. This results in an undesirable shaking of the handheld device

during scanning. Thesituation 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

massis eliminated by moving a counter-weight 156 in a direction opposite to the lens

element in such a way that the center of mass of the handheld device remains fixed. In

the preferred implementation the focus lens and the counter-weight are mechanically

connected and their opposite movementis driven by the same motor.

Color measurement
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An embodimentof a color 3D scanneris shownin fig. 9. Three light sources 110, 111,

and 113 emit red, green, and bluelight. The light sources are may be LEDs or lasers.

The light is merged together to overlap or essentially overlap. This may be achieved by

meansof 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

andreflects the light from 113. The color measurementis performed as follows: Fora

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 methodsfor each of the light sources individually. In the preferred

embodimentonly onelight 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.

Onespecific embodimentof 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 elementof the probed object is determined byinterpolation

betweenthe focus positions where full color information is obtained. This is in analogy

to the Bayer color scheme used in manycolor 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 doesnotregisterfull color information

and employs only twolight sources with different colors. An example of this is a dental

scannerthat uses red and blue light to distinguish hard (tooth) tissue from soft (gum)

tissue.

Ear scanner embodiment

Figs. 12-15 schematically illustrate an embodiment of a time-varying structuredlight

illumination-based scannerfor 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 embodimentis advantageousin thatit

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 makea 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 impressionof 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 whichwill shortly be described in the following. One

major drawback comesfrom 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 drawbackis related to health risks

involved with taking the impression due toirritation and allergic responses, damage to

the tympanic membrane andinfections. Finally, the impression processis 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 dimensionsof 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 scannerexterior 1001 and a scanner probe 1002. The

scannerexterior may be used without the probeto 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 largefield-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 scannerallows for

scanning of small and bent cavity surfaces, such asthe interior part of an ear 1203. In
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this way and using the same system, the combined scannerexterior 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 latteris

positioned outside the cavity. The 3D information is obtained from the 2D images by

observing the light oscillation created by the movementof the pattern across the scan

object as contained in the individual pixel amplitude.

To facilitate movementof the pattern, the fringe pattern 1005 is rotating in one

embodiment. In another embodiment, the fringe pattern is positioned on a translating

plate that movesin 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

embodimentconsists 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, whichis 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 shownin 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

diameterto fit into the canal of ahuman ear. These optical systems may consist of both
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a plurality of optical fibers and lenses and serveto transport and focus the light from

the scannerexterior 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

scannerexterior. 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 showninfig. 13a.

The position of the focus planeis controlled by the focusing optics 1008 and can be

movedin a range large enough to at least coincide with the scan surface 1014. A

single sub-scanis obtained by collecting a number of 2D imagesat different positions

of the focus plane andat 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 eachpixelit is thus possible to identify individual settings of the focusing

optics for which eachpixel will be in-focus. By using knowledgeof 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 arrangementof mirrors, are located after the probe objective 1010. This

arrangement servesto 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 arrangementideal 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

outsidedirt 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 arrangementtilt 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 scannersolution employing

double mirrors may therefore provide 360 degrees coverage in less time than single

mirror configurations.

“Pistol-like” grip

Fig. 20 shows an embodimentof the scannerwith a pistol-like grid 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 shownin Fig. 20 is an early prototype with several cables attached for

testing purposesonly.

Although some embodiments have been described and shownin 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 clains 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

doesnot 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 groupsthereof.

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. Ascannerfor 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,

meansfor generating a probe light incorporating a spatial pattern,

meansfor transmitting the probe light towards the object thereby

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

configurations,

meansfor transmitting at least a part of the light returned from the object

to the camera,

meansfor 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,

meansfor obtaining at least one image from said array of sensor

elements,

meansfor evaluating a correlation measure at each focus planeposition

between at least one imagepixel and a weight function, where the

weight function is determined based on information of the configuration

of the spatial pattern;

data processing meansfor:

a) determining by analysis of the correlation measurethe in-focus

position(s) of:

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

plane positions, or

- eachof a plurality of groups of image pixels for a rangeof

focus plane positions, and

b) transforming in-focus data into 3D real world coordinates.

2. Ascanner according to claim 1, wherein the light returned from the object to the

camerais light that is reflected and/or scattered and/or fluorescence light and/or

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

correlation measureis a data processing means.

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

correlation measureis 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 computedfor 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.

10. A scanner according to any of the preceding claims, wherein the meansfor

transmitting light returned from the object to the camera comprises meansfor

imaging onto the camerasaid illuminated part of the object with said pattern.

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

transmitting light returned from the object to the camera comprises meansfor

imaging onto the camerathe pattern itself and a superposition of light returned from

the object to the camera suchthat the inage 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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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 probelight

generating meansis 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 maskof transparent and opaqueparts.

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

incidentlight.

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 13-18, 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 probelight.

A scanner according to any of the preceding claims, wherein the image of the

pattern illuminating the object is coinciding with an imageof the patternitself.

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

synchronizing exposure time of said sensor elements with pattern oscillation time.
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. Ascanner according to any of the preceding claims, wherein exposure time of

said sensor elements is an integer numberoflight oscillation cycles.

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

said sensor elements is a large numberoflight oscillation cycles, such as at least

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

cycle.

A scanner according to any of claims 13-23, wherein light from the light sourceis

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 meansof 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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A scanner according to any of the preceding claims, wherein one lens system

transmits the pattern towards the object and imageslight 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 imagesthe 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 sensorsignalis

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 frequencyis at least 1

Hz, such asat least 2 Hz,3, 4, 5, 6, 7, 8, 9 or at least 10 Hz, such asat 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 elementis part of

the lens system.
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A scanner according to any of claims 40-41 further comprising meansfor

adjusting and controlling the focus element.

A scanner according to any of claims 40-42, wherein the focus elementis 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 elementis

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 meansfor

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 forfixing

and/or maintaining the centre of mass of the focus element adjustment system.

A scanner according to any of claims 40-50, further comprising meansfor

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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.. Ascanneraccording to any of the preceding claims, further comprising a

counter-weight to substantially counter-balance movementof the focus element.

A scanner according to the previous claim, further comprising means for

translating the counter-weight opposite to movementof 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 sametranslation means.

A scanner according to any of claims 40-54, wherein the focus elementis 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 elementis 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 56-60, 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 elementis

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

meansof 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 seqments of the segmentedlight

source(s).

A scanner according to any of the claims7 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/orthe

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 meansfor

sampling eachof a plurality of the sensor elements a plurality of times during one

pattern oscillation period, preferably sampled an integer numberof 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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nh

Aj = > fihij
i=1

where nis the numberof times sampled,A; is the estimated correlation measure of

sensing elementj, f,,;,-... fn are the values of the weight function based on

information of the configuration of the spatial pattern at each of the times sampled,

and J,;,.-.,[,,; are the recorded sensor signals at each of the times sampled.

72. A scanner according to any of the preceding claims, wherein at least a part of the

object surface is imaged in the camera.

73. 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.

74. A scanner according to anyof the claims 13 to 73, wherein light reflected from the

object is retransmitted through the pattern generating means before entering the

camera, preferably retransmitted in the opposite direction.

75. A scanner according to any of the claims 7 to 74, further comprising means for

recording each of a plurality of the sensor elements over a plurality of pattern

oscillation periods, such as up to 2, 5, 10, 20, 50, 100, 250, 500, 1000, 5000 or up

to 10000 pattern oscillation periods.

76. A scanner according to the previous claim, further comprising meansfor

determining the maximum signal value of each of a plurality of the sensor

elements over a range of focus plane positions.

77. Ascanner according to any of the preceding claims, wherein the resolution of the

measured 3D geometry is equal to the resolution of the camera.

78. A scanner according to any of the preceding claims, wherein the resolution of the

measured 3D geometry is lower than the resolution of the camera, such asat

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 columnsof the array of sensor elements.

A scanner according to any of the preceding claims, wherein at least one spatial

period of the pattern correspondsto 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 edgesof 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 meansof the

following formula: A; = Yi. fi; 1,7, where A; is the correlation measure of the

group of sensor elements with label /, nis the number of sensor elements in the

group, f;,;,-.-,f,,; are the values of the weight function based on information of the

configuration of the spatial pattern, and J,;,...,J,,; are the recorded sensorsignals

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 elementsis zero, i.e. 0 = 97, fi, , for the group

with label /, thereby suppressing the DC part of the correlation measure.

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

selective imaging of specularly and/or diffusively reflected light.

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

polarizing the probelight, 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 meansof at least one polarizing beam splitter.

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

changing the polarization state of the probe light and/orthe 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 retardationplate.

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 probelight and/or imaging an objectin a direction different from the optical

axis, alight reflecting element such as a mirror.

A scanner according to the previous claim, further comprising meansfor

increasing the extension of the scanned surfacein the direction of the optical axis.

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

sources, such aslight sources with different wavelengths and/ordifferent

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 meansfor

combining and/or merginglight from the at least two light sources, such aslight

sources with different wavelengths and/ordifferent polarization states.
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A scanner according to any of claims 93 to 95, further comprising meansfor

separating light from at least two light sources, such as light sourceswith different

wavelengths and/ordifferent polarization states.

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

one optical device whichis 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 coatedplate.

A scanner according to the previous claim, comprising at least two of said optical

devices, said optical devices preferably displaced along the optical axis.

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/orpolarizations.

A scanner according to any of claims 97 to 99, comprising at leasta first

and a secondlight 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

secondlight source, and

a secondoptical device located further down the optical path reflects light from

said second light source in a direction different from the optical axis.

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

perpendicularto 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

meansfor 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 ina

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

scannedis 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 probelight 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 bodycavity.

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 earcanal.

112. A scanner according to any of the preceding claims, comprising:
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a) ahousing 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 probeis

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 probeis

detachable from the housing.

117. A scanner according to any of claims 112 to 116, wherein the probeis

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 andafirst 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 probelight

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 probelight 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 meansfor

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 probeis

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 scantheinterior 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 housingis

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 scanthe 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 sensordata 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 whichyield data for interacting with the userinterface of some

software related to the scanning process.
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A methodfor obtaining and/or measuring the 3D geometry of at least a

part of the surface of an object, said method comprising the stepsof:

139.

generating a probelight incorporating a spatial pattern,

transmitting the probe light towards the object along the optical axis of

an optical system, therebyilluminating 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 imagepixel 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 measurethe 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 meansare 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 scannerfor 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,

meansfor generating a probelight,

means for transmitting the probe light towards the object thereby

illuminating at least a part of the object,

meansfor transmitting light returned from the object to the camera,

meansfor varying the position of the focus plane on the object,

meansfor obtaining at least one imagefrom said array of sensor

elements,

meansfor:

a) determining the in-focus position(s) of:

- each of a plurality of the sensor elements for a rangeof

focus plane positions, or

- each of a plurality of groups of the sensor elementsfor a

range of focus plane positions, and

b) transforming in-focus data into 3D real world coordinates;

wherein the scanner further comprises counter-weight meansfor counter-

balancing the meansfor 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 stepsof:

accommodating an array of sensor elements,

generating a probelight,

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 planeon 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

- eachof a plurality of groups of the sensor elementsfor 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 meansfor varying

the position of the focus plane.

143. A handheld 3D scannerwith 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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probe light, - means (240) for transmitting the probe light rays towards the object thereby illuminating at least a part of the object
(290), - means (240) for transmitting light rays returned from the object to the array of sensor elements, - a first optical system (240)
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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 pasi-
tions, and - means for transforming the in-focus data into 3D coordinates.
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Optical system in 3D focus scanner

This invention generally relates to a 3D focus scanner. More particularly, the

invention relates to an optical system in a 3D focus scanner.

Disclosed is a scanner for obtaining and/or measuring a 3D geometry of at

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

- afirst camera comprising an array of sensor elements,

- a first means for generating a probelight,

- means for transmitting the probe light rays towards the object thereby

illuminating at least a part of the object,

- means for transmitting light rays returned from the object to the array of

sensor elements,

- a first optical system for imaging with a first depth of field on the first camera

at least part of the transmitted light rays returned from the object to the array

of sensor elements,

- meansfor varying the position of the focus plane on the object,

- meansfor obtaining at least one image from said array of sensor elements,

- meansfor 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

- meansfor transforming the in-focus data into 3D coordinates.

According to an aspect of the focus scanning apparatus, is disclosed a

scannerfor obtaining and/or measuring a 3D geometry of at least a part of a

surface of an object, said scanner comprising:

- afirst camera comprising an array of sensor elements,

- a first means for generating a probelight,
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- means for transmitting the probe light rays towards the object thereby

illuminating at least a part of the object,

- means for transmitting light rays returned from the object to the array of

sensor elements,

- afirst optical system for imaging with a first depth of field on the first camera

at least part of the transmitted light rays returned from the object to the array

of sensor elements,

- meansfor varying the position of the focus plane on the object,

- meansfor obtaining at least one image from said array of sensor elements,

- meansfor 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

- meansfor transforming the in-focus data into 3D coordinates;

- means for selecting a portion of light rays returned from the object, where

the light rays have been transmitted through at least a part of the first optical

system; and

- asecond camera for capturing at least some of the selected light rays with

a second depth of field which is substantially larger than the first depth of

field.

In some embodiments, the second camera is configured for obtaining images

with a second depth of field. In some embodiments, the scanner comprises

optical components arranged to image at least part of the selected portion of

the light rays returned from the object onto the second camera with a second

depth offield.

In some embodiments, the in-focus position of a sensor element corresponds

to the position of the focus plane in which the focus plane intersects a portion
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of the object surface and where the light rays returning from this portion of

the object surface are imaged onto this particular sensor element. In

embodiments, where a pattern is arranged to provide structure to the probe

light, the in-focus position for a given sensor element may correspondto the

position of the focus plane where the pattern is in focus on the object being

scanned for this sensor element. The first camera may record a high value of

the correlation measure for that sensor element at the in-focus position, when

the position of the focus plane is varied over a range of values.

In some embodiments, the first depth of field is in the range of about 5 um to

about 1000 um, such asin the range of about 10 um to about 500 ym, such

as in the range of about 50 um to about 250 um, such as in the range of

about 75 um to about 150 um,

In some embodiments, the second depth offield is in the range of about 1

mm to about 150 mm, such asin the range of about 3 mm to about 100 mm,

such asin the range of about 5 mm to about 50 mm, suchasin the range of

about 10 mm to about 30 mm, such asin the range of about 15 mm to about

25 mm.

In some embodiments, the depth of the scan volume of the scanner as

measured from the scanneris in the range of about 3 mm to about 100 mm,

such as in the range of about 5 mm to about 50 mm, such asin the range of

about 10 mm to about 30 mm, such as in the range of about 15 mm to about

25mm,

In some embodiments, the ratio between the second depth of field and the

depth of the scan volume of the scanneris in the range of about 0.1 to about

10, such as in the range of about 0.2 to about 5, such as in the range of

about 0.25 to about 4, such asin the range of about 0.4 to about 2.5, such as

in the range of about 0.5 to about 2, such as in the range of about 0.7 to
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about 1.5, such as in the range of about 0.8 to about 1.25, such as in the

range of about 0.9 to about 1.1.

In some embodiments, the ratio between the second depth of field and the

first depth of field is in the range of about 10 to about 2000, such asin the

range of about 25 to about 1000, such as in the range of about 50 to about

750, such as in the range of about 75 to about 500, such asin the range of

about 100 to about 400, such asin the range of about 125 to about 300, such

as in the range of about 150 to about 200.

In some embodiments, the meansfor transmitting light rays returned from the

object to the array of sensor elements are the same as the means for

transmitting the probe light rays towards the object. That is, the light rays

returned from the object to the array of sensor elements are transmitted by

the optical components that also are used for transmitting the probe light rays

towards the object.

One advantage of a configuration where the light rays are transmitted to and

from the object by the same optical components is that the numberof optical

components the system can be kept at a minimum, such that a more

compact scanner canberealized.

In some embodiments, the means for transmitting the probe light rays

towards the object and the meansfortransmitting the light rays returned from

the object to the array of sensor elements are at least partly separate such

that at least one or both of these means comprises an optical componentit

does not share with the other.

In some embodiments, the means for transmitting the probe light rays

towards the object and the meansfor transmitting the light rays returned from

the object to the array of sensor elements are separated such that each of
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these means are made from optical components it does not share with the

other.

One advantage of a configuration where at least some of the optical

components used for transmitting the light rays to and from the object are

different is that the light rays returning from the object can be manipulated in

a different manner than light rays were manipulated on their way from the

light source to the object. Onefilter may for instance be added in the means

for transmitting the light rays returned from the object to the array of sensor

elements and anotherfilter in the means for transmitting the probe light rays

towards the object.

In some embodiments, at a part of the means for transmitting the probe light

rays towards the object and/or at a part of the means for transmitting light

rays returned from the object to the array of sensor elements are at least

partly separate from the first optical system.

In some embodiments, the means for transmitting the probe light rays

towards the object and/or the meansfor transmitting light rays returned from

the object to the array of sensor elements are integrated parts of thefirst

optical system.

In some embodiments, the means for transmitting the probe light rays

towards the object comprises an arrangement of optical components, such

as lenses and mirrors, arranged for transmitting the probe light from the first

light source towards the object.

In some embodiments, the meansfor transmitting light rays returned from the

object to the array of sensor elements may comprise an arrangement of

optical components, such as lenses and mirrors, arranged for transmitting the

light rays returned from the object to the array of sensor elements.
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In some embodiments, the first optical system comprises an arrangement of

lenses for transmitting the probe light towards the object and for imaging with

a first depth of field at least part of the transmitted light rays returned from the

object onto the array of sensor elements. The probe light may be transmitted

onto the object along the same optical axis of the first optical system as the

light rays returned from the object are transmitted along.

In the context of the present invention, the phrase “scanner” and “focus

scanning apparatus” may be usedinterchangeably.

In some embodiments, the first camera consists of a charge-coupled device

(CCD). In this case, the light rays may travel directly from the first optical

system to the CCD without passing any further beam shaping optics.

In some embecdiments, the first camera consists of a charge-coupled device

(CCD) and at least one beam shaping optical component such as a filter or a

lens.

The invention generally relates to three dimensional (SD) scanning of the

surface geometry of objects. A focus scanning apparatus perform a non-

contact 3D scanning of an object by obtaining a series of images fordifferent

focus planes on the object and determining in-focus regions for the obtained

images. This is done by means of a camera comprising an array of sensor

elements and imaging optics where the focus plane on the object can be

varied. The in-focus data is transformed into 3D real world coordinates

thereby obtaining a 3D surface or 3D model of the object. For the purpose of

3D scanningit is advantageous to obtain images with a shallow depth offield

so that in-focus positions are determined with high accuracy.

In some embodiments, the focus scanning apparatus comprises a second

camera used for obtaining an image with a large depth of field while obtaining
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shallow depth of field images needed for the 3D scanning with thefirst

camera in the apparatus. The large depth of field image may have such a

large depth of field that all scanned parts of the object are in focus. The large

depth of field image may also have the same perspective as the shallow

depth of field images.

It is an advantage of obtaining such a large depthof field image that the large

depth of field image may be used as assistance when the scanner operator

aims the scanner onto the object being scanned.In this case the large depth

of field image may be displayed on somedisplay.

It is a further advantage that if the large depth of field image has a fixed

perspective with respect to the shallow depth of field images, then there

exists a correspondence between the 3D scanned surface and the large

depth of field image. This may be used to overlay texture obtained in the

large depth of field image onto the 3D scanned surface constructed from in-

focus data in the series of images obtained by meansofthefirst camera.

Furthermore, it is an advantagethat the large depth offield image can have a

larger field of view than the shallow depth of field images. This may assistin

aiming the scannerproperly for 3D scanning of a certain region.

Furthermore,it is an advantage that the large depth of field image can have a

large frame rate, such as e.g. 30 fps or 60 fps. In a hand-held focus scanner

the high frame rate may be used for tracking the relative motion of the

scanner and the object being scanned by analyzing the motion of feature

points in the large depth offield images.

Furthermore, it is an advantage that the large depth of field image can be in

colors. This may allow for overlay of color texture onto the 3D scanned

surface, such as by a registration of the color texture onto the 3D scanned
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surface. A relation between the pixels of the images obtained bythe first and

the second camera can provided by eg. a calibration scanning of a

calibration object or be precise alignment of the different parts of the scanner.

Furthermore, it is an advantage that a large depth of field image in color can

be used fordistinguishing different materials or surfaces on the object being

scanned. Such a distinction can be useful in further treatment of the 3D data

of the object.

Furthermore, for the purpose of 3D scanning it may be advantageous to use

polarization optics to enhance specular reflections from the surface of the

object being scanned. Such specular reflections, however, can contain

highlights. The large depth of field image can be captured with polarizing

optics to reduce specular reflections. For color measurements this may be

particularly advantageous. Thus it becomes possible to obtain information of

the scanned object from light returned from the object where both specular

reflections have been enhanced - for the 3D scanning - and where specular

reflections have been inhibited - for the large depth of field image. Such

polarization information can be advantageousto use in e.g. color analysis of

the object being scanned.

Furthermore, it is an advantage that the information in the large depth offield

image can be used to distinguish different types of material and/or surfaces

on the object being scanned. This is in particular true if the large depth of

field image contains color information.

Furthermore, it is an advantage that it is possible to perform a spectral

analysis of the large depth of field image obtained by means of the second

camera: This may be done by selecting a 1D portion of the light rays returned

from the object, such that the large depth of field image is 1D. In this caseit

becomespossible to use one axis of the 2D second camera as a spatial axis

0246



0247

WO 2012/083967 PCT/DK2011/050507

10

15

20

25

30

and the other axis as a spectral axis. Such spectral analysis can be useful for

detailed color measurement or determination of material composition in the

surface.

In the context of the present invention, the phrase “1D portion” may refer to a

portion with a width which is substantially smaller than its dimension along its

longitudinal axis, such as about 100 times smaller, such as about 50 times

smaller such as about 25 times smaller such as about 10 times smaller such

as about 5times smaller. In some embcdiments the width of the 1D portionis

smaller than about 5mm, such as smaller than about 2.5mm, such as smaller

than about 1mm, such as smaller than about 0.5mm, such as smaller than

about 0.25mm, such as smaller than about 0.1 mm.

The apparatusis particularly suited for intraoral scanning, i.e. direct scanning

of teeth and surrounding soft-tissue in the oral cavity. Other dental related

applications of the invention are for scanning dental impressions, gypsum

models, wax bites, dental prosthetics and abutments.

The apparatus is also suited for scanning of the interior and exterior part of a

human ear or of ear channel impressions.

The apparatus may also be used 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.

Creating a large depth offield (DOF) image

In some embodiments the second camera is adapted for forming at least one

image in 1D and/or 2D of at least some of the selected light rays.
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In some embodiments the second depth of field image has a fixed

perspective relative to the perspective of thefirst depth of field image(s).

In some embodiments the second depth of field image has substantially the

same perspective asthe first depth of field image(s).

In some embodiments the second depth of field image is substantially

unaffected by varying the position of the focus plane on the object.

In some embodiments the meansfor selecting a portion of light rays returned

from the object is arranged in an aperturein thefirst optical system.

In some embodiments the means for selecting a portion of light rays is

arranged betweenthefirst optical system and focusing optics of the scanner.

In some embodiments the means for selecting a portion of light rays is

arranged between the focusing optics of the scanner and the part of the

scanner wherelight rays exit and/or enter the scanner.

In some embodiments the meansfor selecting a portion of light rays is a

second optical element arranged in the aperture to select light rays from a

region of the aperture for obtaining the second depthoffield image(s).

In some embodiments the region of the aperture, where light rays is selected

from, is small relative to the total area of the aperture, such as less than 50%

of the area of the aperture, such as less than about 40% of the area of the

aperture, such as less than about 30% of the area of the aperture, such as

less than about 20% of the area of the aperture, such as less than about 10%

of the area of the aperture, such as less than about 5% of the area of the

aperture, such as less than about 2% of the area of the aperture, such as

less than about 1% of the area of the aperture.
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In some embodiments the selected light rays are deflected in a different

direction than the direction of thefirst optical system.

In some embodiments the deflected rays are directed to a second optical

system for imaging onto the second camera.

In some embodiments the first camera and the second camera are adapted

to operate simultaneously.

In some embodiments the second optical element in the aperture is a mirror.

In some embodiments the second optical element in the aperture is a beam

splitter.

In some embodiments the second optical element in the aperture isafilter

adapted to select light rays of one or more specific wavelengths.

In some embodiments the second optical element in the aperture is small

relative to the total area of the aperture, such as less than 50% of the area of

the aperture, such as less than about 40% of the area of the aperture, such

as less than about 30% of the area of the aperture, such as less than about

20% of the area of the aperture, such as less than about 10% of the area of

the aperture, such as less than about 5% of the area of the aperture, such as

less than about 2% of the area of the aperture, such as less than about 1% of

the area of the aperture.

The size of the second optical element may be e.g. between 1% and 10% of

the size of the aperture. The diameter of the second optical element may be

e.g. 2-3 mm. Due to the small size of the second optical element, the second

optical element will most likely not affect the focus scanning.

0249



0250

WO 2012/083967 PCT/DK2011/050507

10

15

20

25

30

12

The image which is acquired with the second camera may correspond to

what is captured with the first camera, i.e. the view, the perspective etc. may

the same for images acquired with both cameras. Because the optical

elements functions as a very small aperture, the depth of field of the second

camera becomesvery large, and thus everything in the images captured with

the second camera may bein focus at the same time. The image acquired

with the second camera may work as an assisting image for the operator of

the scanner. Thus the depth of field is very small or shallow in the images

obtained by the first camera for the focus scanning, and the depth offield is

very large for the assisting image obtained by the second camera.

In some embodiments, the scanner comprises an aperture with an effective

area over which effective area light rays retuning from the object are allowed

to pass through the aperture towardsthefirst camera.

In some embodiments, the aperture is defined by a first optical element of the

scanner, where the first optical element is capable controlling the effective

area of the aperture.

In some embodiments, the scanner comprises a first optical element

arranged in said aperture in such a mannerthat the first optical element is

capable controlling the effective area of the aperture.

Thefirst optical element may operate in combination with a separate aperture

of the scanneror it may operate alone to define the aperture.

The first optical element may be capable of controlling the effective area of

the aperture, such that the effective area can be changed between a

relatively larger effective aperture area and a relatively smaller effective

aperture area.
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With the first optical element in a configuration corresponding to the relatively

larger effective aperture area, at least part of the transmitted light rays

returned from the object is imaged on the first camera with a first depth of

field. With the first optical element in the configuration corresponding to the

relatively smaller effective aperture area, at least part of the transmitted light

rays returned from the object is imaged on the first camera with a second

depth of field, where the second depth offield is larger than thefirst depth of

field. l.e., switching between these two configurations of the first optical

element provides that thefirst optical system can image onto thefirst camera

the transmitted light rays returned from the object both with the first depth of

field and with the second depthoffield.

Embodiments of the scanner providing control over the size of the aperture

can thus have the advantage that a single camera can be used for obtaining

both the shallow depth of field images and the large depth of field images.

In some embodiments, the first optical element is configured for switching the

effective area of the aperture betweenthe relatively larger effective area and

the relatively smaller effective area in such a mannerthat the ratio between

the relatively larger effective area and the relatively smaller effective area

may bein the range of about 1.2 to about 100, such as in range of about 1.4

to about 50, such as in range of about 1.7 to about 35, such asin range of

about 2 to about 25, such as in range of about 2.5 to about 16, such as in

range of about 2 to about 10, such as in range of about 3 to about 8.

In some embodiments the first optical element is configured to switch

between selecting substantially all light rays impinging on the aperture and

only selecting a portion of the light rays impinging the aperture.

The configuration of the first optical element corresponding to the relatively

larger effective aperture area may be such that substantially all light rays
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impinging on the aperture are allowed to pass through the apertureto thefirst

camera.

The configuration of the first optical element corresponding to the relatively

smaller effective aperture area may be such that only the selected portion of

the light rays impinging the aperture are allowed to pass through the aperture

to the first camera.

In some embodiments the selected portion of light rays impinging on the

aperture is small relative to all the light rays impinging the aperture, such as

less than 50% ofall lignt rays, such as less than about 40% ofall light rays,

such as less than about 30% ofall light rays, such as less than about 20% of

all light rays, such as less than about 10% ofall light rays, such as less than

about 5% ofall light rays, such as less than about 2% of all light rays, such

as less than about 1% of all light rays.

In the context of the present invention, an optical element may be said to be

arranged in the aperture when it is arranged in such a mannerthat at least

part of the element is within a volume extending along the optical axis with a

cross section defined by the aperture, i.e. by the opening of the aperture. At

least said part of the optical element is hence visible from both sides of the

aperture when viewing the opening of the aperture along the optical axis.

When an optical element is arranged in the aperture at least a portion of the

light rays returning from the object and propagating along the optical axis

may impinge on the optical element.

In some cases an optical element can be said to be arrangedin the aperture

if it will collide with the aperture when moved perpendicular to the optical

axis. The extension of said volume from the aperture may then be

substantially zero.
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In some cases an optical element can be said to be arranged in the aperture

if said volume extends a distance from the aperture, such as a distance of

less than about 10 mm from the aperture, such as less than about 8 mm from

the aperture, such as less than about 5 mm from the aperture, such as less

than about 3 mm from the aperture, such as less than about 2 mm from the

aperture, such as less than about 1 mm from the aperture. The optical

element may then be said to be arrangedin the aperture even if it would stay

clear of the aperture if moved perpendicularto the optical axis.

In some embodiments the first optical element configured to switch

comprises a liquid crystal.

In some embodiments the first optical element and/or the second optical

element is configured for controlling the polarization of the light rays.

Besides the different optical elements already mentioned, the first and/or

second optical elements may be polarizers, lenses, gratings, retardation

plates, glass with coatings, such as evaporated coatings or spotted coatings.

In some embodiments meansfor polarizing the light rays is arranged in front

of the first means for generating a probe light and/or in front of the second

camera. Thus polarization control can be provided. In some cases,it is an

advantage to provide crossed polarizers in front of light source and second

camera.

Color images and secondlight sources

In some embodiments the probe light is substantially white light and the first

means for generating a probe light is a first light source configured for

emitting white light, such as a white phosphorous InGaN LED or a

supercontinuum light source.
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In some embodiments the scanner comprises a second meansfor generating

a probelight which is not used for determining the in-focus positions.

In some embodiments the second means for generating a probe light

generates white light. The second meansfor generating a probelight may be

a second light source configured for emitting white light, such as a white

phosphorous InGaN LED or a supercontinuum light source

In some embodiments the second camera is a color camera.

In some embodiments the color camera comprises a 2D array of photo

sensors and a colorfilter array.

In some embodiments the colorfilter array is a Bayerfilter array.

In some embodiments the colorfilter array comprises more than threefilters.

In some embodiments the color camera comprises a trichroic beam splitter

and three different sensors to obtain imagesof the individual colors.

In some embodiments, the color of the probe light generated by the second

meansis adapted to be changed.

In some embodiments, the second means is capable of changing the colorof

the probe light it generates.

In some embodiments the second means for generating probe light is LEDs

of different colors.

In some embodiments the differently colored LEDs are adapted to be

activated at different times, and whereby black and white images are adapted
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to be recorded with the second camera, and where the black and images are

adapted to be combinedto a full-color image.

The second camera can be arranged as close as possible to the aperture for

reducing the distance the light rays must travel for hitting the sensors in the

camera. However, the second camera can also be arrangedin the end of the

scanner pointing away from the object to be scanned, since this may allow

for a more slender scanner.

Line spectral measurement

According to an aspect of the focus scanning apparatus, disclosed is a

scannerfor obtaining and/or measuring a 3D geometry of at least a part of a

surface of an object, said scanner comprising:

- afirst camera comprising an array of sensor elements,

- a first means for generating a probelight,

- means for transmitting the probe light rays towards the object thereby

illuminating at least a part of the object,

- means for transmitting light rays returned from the object to the array of

sensor elements,

- afirst optical system for imaging with a first depth of field on the first camera

at least part of the transmitted light rays returned from the abject to the array

of sensor elements,

- meansfor 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 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

- meansfor transforming the in-focus data into 3D coordinates:
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wherein the scanner further comprises means for performing spectral

analysis of the light returned from the object.

In some embodiments the means for performing spectral analysis is in a 1D

array.

In some embodiments points or sections in the 1D image are spectrally

analyzed.

In some embodiments the 1D spectral analysis is performed on the second

camera comprising a 2D array, where one axis of the camera array

corresponds to a spatial coordinate on the object being scanned and the

other axis of the camera array corresponds to a wavelength coordinate of the

light returned from the object.

In some embodiments, one dimension of the second camera is used as a

spatial dimension while the other dimension of the second camerais used as

a spectral dimension.

This may achievedin the following way: a portion of the light rays returning

from the object is selected by the second optical element and imaged onto a

slit which selects a 1D portion of the 2D distribution of the light rays. The 1D

portion is then projected onto a diffractive optical component, such as a

grating, where the diffractive optical component is arranged to diffract each

section of the 1D portion into a plane perpendicular to the long axis of the 1D

portion. Additional optics may be arranged to guide the diffracted light rays

onto the 2D array of sensor elements in the second camera such that

different wavelengths of the light in one sectionis diffracted into a wavelength

specific angle and hence onto a wavelength specific sensor element. There

is hence a correlation between each sensor element in the array of sensor

elements and the wavelength of light rays in a section of the selected 1D

portion. From knowledge of this correlation, obtained e.g. by a previous
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calibration of the scanner, a spectrum can be obtained for each section of the

1D portion. In this case the second light source may be a white-light source,

and it is understood that the second light source can comprise collimation

optics.

In some embodiments the spectrally analyzed light is a portion of light rays

returned from the object and transmitted through at least a part of the first

optical system. The scanner may comprise an element configured for

selecting a portion oflight rays returned from the object, such asa slit.

In some embodiments the spectral analysis is performed by means of a

diffractive optical component.

In some embodiments the diffractive optical component is a grating.

In some embodiments the spectral analysis is performed by means of a

prism.

In some embodiments the spectral analysis is performed by meansof a color

gradientfilm.

Combination of 3D focus scanner with a color measurement probe

A prior art color measuring probe is the probe disclosed in US5745299,

which is a probe comprising a central light source and a numberof receivers.

The probe must be moved towards/away from the object to be color

measured, e.g. a tooth, during the color measurement, because the probe

cannot measure the 3D geometry of the object, and therefore redundancyis

necessaryfor validating the color measurement.
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However, in the present focus scanning apparatus, the color measurement

can be obtained without having to move the color measuring probe

towards/away from the object, because the 3D geometry of the object is

known, the distance etc. between the light source(s) and the light sensor(s)is

known, the surface which is color measured is known and_ the

inclination/curvature of the surface is known.

Since the geometry is known, a geometrically conditional correction of the

measured values can be performed and the color can be derived

independently of the geometry.

In some embodiments, a color measuring probe is attached to the focus

scanning apparatus in such a waythat the color measuring probe can obtain

data from one section of a scanned object while another section of the object

can be 3D scanned by the focus scanning optics of the scanner. The color

measuring probe may be configured for measuring the color of a surfaceit is

brought into contact with and the color measuring probe may be attached to

the focus scanning apparatus in such a mannerthat it can be brought into

contact with an object while the focus scanning apparatus is still capable of

scanning the object.

From knowledge of the optics of the focus scanning apparatus and the fixed

relative position of the color measuring probe and the focus scanning

apparatus a correlation between the color data obtained by the color

measuring probe and the 3D coordinates obtained simultaneously by the

focus scanning apparatus can be obtained. A registration of the color data

into a 3D model of the object formed by e.g. triangulation of the obtained 3D

coordinates can be provided based onthis correlation.

The focus scanning apparatus and the color measuring probe may be

calibrated, such that the color measurement can be correctly combined

with/related to the 3D geometry of the object.

0258



0259

WO 2012/083967 PCT/DK2011/050507

10

15

20

25

30

21

The color measuring probe may be a fiber probe, which is flexible and

bendable.

The color measuring probe may perform a color measurement which allows

for distinguishing between the teeth and the tissue in the mouth.

The color measuring probe may measure the color of different regions on a

tooth, such that the original colors of the tooth can be reproduced in a

restoration.

The color measurement may be used to determine the exact margin line on

teeth.

The color measurement may comprise measuring texture of the surface of

the object.

By means of a regular 2D color image of the patient’s teeth and a color

measurement of e.g. points on the patient's teeth, by means of the color

measuring probe, a relative color determination of the teeth can be

performed.

According to an aspect of the focus scanning apparatus, disclosed is a

scannerfor obtaining and/or measuring a 3D geometry of at least a part of a

surface of an object, said scanner comprising:

- a first camera comprising an array of sensor elements,

- a first means for generating a probelight,

- means for transmitting the probe light rays towards the object thereby

illuminating at least a part of the object,

- means for transmitting light rays returned from the object to the array of

sensor elements,

- afirst optical system for imaging with a first depth of field on the first camera

at least part of the transmitted light rays returned from the object to the array

of sensor elements,

- meansfor varying the position of the focus plane on the object,
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- meansfor obtaining at least one image from said array of sensor elements,

- meansfor 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

- meansfor transforming the in-focus data into 3D coordinates;

wherein the scanner further comprises a color measuring probe rigidly

attached to the 3D scanner.

The color measuring probe may be suitable for measuring colors and/or

translucency of e.g. teeth.

The color measuring probe may be incorporated in the focus scanning

apparatus, or be removably attached to the scanner, such as by snapping

etc.

In some embodiments the color measuring probe is a probe suitable for

measuring tooth shades.

In some embodiments the color measuring probe is configured to perform the

measurementin at least one point on a tooth.

In some embodiments the position of the point measurement and/or the

orientation of the color measurement probe relative to the object is derivable

due to the rigid attachment of the color measuring probe relative to the

scanner.

In some embodiments the color measuring probe is adapted to be arranged

perpendicular to a surface of the object.
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In some embodiments the color measuring probe is a spectrophotometer

system comprising:

- a probe tip including one or more light sources and a plurality of light

receivers;

- afirst spectrometer system receiving light from a first set of the plurality of

light receivers;

- a second spectrometer system receiving light from a second set of the

plurality of light receivers;

- a processor, wherein the processor receives data generated by thefirst

spectrometer system and the second spectrometer system,

wherein an optical measurement of the object is produced based on the data

generated bythe first and second spectrometer systems.

In some embodiments the color measuring probe is for determining optical

characteristics of a translucent dental tooth, comprising:

- a probe with a tip adapted to provide light to a surface of the tooth from at

least one light source, and to receive light from the tooth through at least one

light receiver, the at least one light source and the at least one light receiver

being spaced apart to define a minimal height as a predetermined distance

from the surface below which nolight from the at least one light source that is

specularly reflected from said surface is received by the at least one light

receiver,

- light sensors coupled to the at least one light receiver for determining the

intensity of light received by the light receiver, when the probe is at a point

away from the surface of the tooth but less than the minimal height; and

- a computing device coupled to the light sensors.

Angled mirrors and scanning with dual/multiple views simultaneously

When scanning objects it is often necessary to obtain scans from different

perspectives to obtain a sufficient model of the object being scanned. An
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example could be the scanning of a tooth prepared for a dental restoration

such as a crown and the neighboring teeth. In such a scanningsituationit is

necessary to scan the proximal surfaces of neighboring teeth to identify e.g.

contact points on the proximal surfaces. If the scanner provides a scan with

one perspective for a given relative position of the scanner and the teeth

being scanned it is necessary to move the scannerto different positions and

obtain individual scans in these positions. A sufficient 3D model of the

scanned teeth may then be obtained by e.g. stitching of the individual scans.

Such a movement of the scanner may be difficult to perform inside the oral

cavity due to space limitations. It is an advantage to design the optical

system in the scanner so that it may obtain more than one view even if held

in onerelative position relative to the teeth being scanned. Ideally, a scanner

with more than one view can make a sufficient scan from just a single relative

position of the scanner and the teeth being scanned. But even if a scanner

that can obtain scans with more than one perspective cannot obtain a

sufficient scan from a single relative position to the teeth it may still be an

advantage. It may be possible that the relative movement needed is smaller

than if the scanner did not have the ability to obtain scans with more than one

perspective. It may also be an advantage that the scanner with more than

one view is faster to operate.

US2009/0279103 discloses an apparatus for optical 3D measurement,

comprising a first beam deflector for deflecting an illuminating beam onto an

object to be measured and for deflecting the monitoring beam reflected from

the object to be measured, wherein said first beam deflector can be moved

along a path distance S. The movable deflector or translation of the deflector

is provided for the purpose of reducing the height of the scanning tip in the

apparatus. The present scanner eliminates the need for a movable beam

deflector.
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According to an aspect of the focus scanning apparatus, disclosed is a

scannerfor obtaining and/or measuring a 3D geometryof at least a part of a

surface of an object, said scanner comprising:

- afirst camera comprising an array of sensor elements,

- a first means for generating a probelight,

- means for transmitting the probe light rays towards the object thereby

illuminating at least a part of the object,

- means for transmitting light rays returned from the object to the array of

sensor elements,

- afirst optical system for imaging with a first depth of field on the first camera

at least part of the transmitted light rays returned from the object to the array

of sensor elements,

- meansfor varying the position of the focus plane on the object,

- meansfor obtaining at least one image from said array of sensor elements,

- meansfor 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

- meansfor transforming the in-focus data into 3D coordinates:

wherein the scannerfurther comprises at least one reflective optical element

arranged in the scanner such that the reflective optical element provides for

that at least two different perspective views on the acquired images is

obtainable without performing movementof the scanner.

In some embodiments the scanner further comprises meansfor obtaining a

first set of 3D scans and a second set of 3D scans, where the perspective

views are different in the first set and in the second set of scans.
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In some embodiments a first set of images with a first perspective view and a

second set of images with a second perspective view are acquired

simultaneously or concurrently.

In some embodiments, the scanner comprises meansfor obtaining 3D scans

with more than one perspective. A 3D scan is made from 2D images

acquired with the focus optics.

In some embodimentsthe first perspective view is fixed relative to the second

perspective view.

Thus the perspectives are fixed relative to each other.

In some embodiments the scanner comprises means for switching between

different perspective views of the images acquired using thefirst camera..

In this case it is possible to switch between different perspectives of the

images on the first camera. Thus there is more than one perspective in the

image, but only one perspective is shownat the time.

In some embodiments the scanner comprises means for combining images

with different perspective views acquired using thefirst camera.

In this case the scanner comprises means for combining images of more

than one perspective onto the first camera, thus enabling simultaneous

scanning with more than one perspective.

In some embodiments the at least one reflective optical element is arranged

in the tip of the scanner which is configured for pointing towards the object to

be scanned.

In some embodiments the at least one reflective optical element comprises

two dichroic mirrorsorfilters.
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Oneof the mirrorsorfilters may be transparentto e.g. red light, and the other

mirror or filter may be transparent to e.g. blue light. If the mirrors orfilter are

arranged in favorable positions, the scanner can scan in different directions

simultaneously or concurrently, and hereby for example two different

surfaces of a tooth may be scanned at one go, e.g. the lingual surface and

the labial surface.

In some embodiments the at least one reflective optical element comprises a

multi-facet mirror.

In some embodiments the at least one reflective optical element comprises a

digital light processing (DLP).

The at least one reflective optical element may comprise pericentrical optics.

In some embodiments the at least one reflective optical element and/or the

other optical elements is/are adapted to generate one or more patterns to be

imaged on the object while scanning.

In some embodiments the tip of the scanner is exchangeable, and where at

least two different tips are adapted to fit on the scanner, where one ofthe tips

comprises one or more mirrors arranged at about 38 degreesrelative to an

axis perpendicular to the optical axis, and where another of the tips

comprises one or more mirrors arranged at about 45 degrees relative to an

axis perpendicularto the optical axis.

The different tips may be in different colors for easy recognition by the

dentist.

In some embodiments, such a tip comprises one or more mirrors arranged at

an angle in the range of about 25 degrees to about 50 degreesrelative to an
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axis perpendicular to the optical axis, and another of the tips comprises one

or more mirrors arranged at an angle in the range of about 30 degrees to

about 60 degreesrelative to an axis perpendicular to the optical axis.

In some embodiments the 3D scanning is an intra oral scanning of at least

part of a patient’s set of teeth, a scan of at least part of an impression of a

patient's set of teeth, and/or a scan of at least part of a model of a patient’s

set of teeth.

US2009/0279103 discloses an apparatus for optical 3D measurement,

comprising a first beam deflector for deflecting an illuminating beam onto an

object to be measured and for deflecting the monitoring beam reflected from

the object to be measured, wherein said first beam deflector can be moved

along a path distance S$. The movable deflector or translation of the deflector

is provided for the purpose of reducing the height of the scanning tip in the

apparatus.

US 7,319,529 describes a retracting aperture stop that allows to stop down

system aperture in preview mode before scanning. Our invention eliminates

the need for a retracting aperture stop and allows viewing the scanned object

with a large depth offield at the same time as scanning is performed.

US 7,319,529 describes how a second light source illuminating the object

with a low numerical aperture can be used to generate a preview image of

the object. Our invention may be used without the need for a secondlight

source or with a secondlight source with a high numerical aperture.

The present invention relates to different aspects including the apparatuses

described above and in the following, and corresponding methods, devices,

apparatuses, uses and/or product means, each yielding one or more of the
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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 appendedclaims.

In particular, disclosed herein is a method for obtaining and/or measuring a

3D geometry of at least a part of a surface of an object, said method

comprising:

- generating a probe light by means of a first means for generating probe

light,

- transmitting the probe light rays towards the object thereby illuminating at

least a part of the object,

- transmitting light rays returned from the object to an array of sensor

elements in a first camera,

- imaging with a first depth of field on the first camera at least part of the

transmitted light rays returned from the object to the array of sensor elements

by meansof a first optical system,

- 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 the in-focus data into 3D coordinates.

Furthermore, disclosed herein is a method a method for obtaining and/or

measuring a 3D geometry of at least a part of a surface of an object, said

method comprising :
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- generating a probe light by means of a first means for generating probe

light,

- transmitting the probe light rays towards the object thereby illuminating at

least a part of the object,

- transmitting light rays returned from the object to an array of sensor

elements in a first camera,

- imaging with a first depth of field on the first camera at least part of the

transmitted light rays returned from the object to the array of sensor elements

by meansof a first optical system,

- 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 the in-focus data into 3D coordinates,

- selecting a portion oflight rays returned from the object, where the light rays

have been transmitted through at least a part of the first optical system; and

- capturing at least some of the selected light rays with a second depth of

field substantially larger than the first depth of field by means of a second

camera.

Furthermore, disclosed herein is a method for obtaining and/or measuring a

3D geometry of at least a part of a surface of an object, said method

comprising :

- generating a probe light by means of a first means for generating probe

light,

- transmitting the probe light rays towards the object thereby illuminating at

least a part of the object,
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- transmitting light rays returned from the object to an array of sensor

elements in a first camera,

- imaging with a first depth of field on the first camera at least part of the

transmitted light rays returned from the object to the array of sensor elements

by meansof a first optical system,

- 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 the in-focus data into 3D coordinates,

wherein the method further comprises performing spectral analysis of the

light returned from the object.

Furthermore, disclosed herein is a method for obtaining and/or measuring a

3D geometry of at least a part of a surface of an object, said method

comprising :

- generating a probe light by means of a first means for generating probe

light,

- transmitting the probe light rays towards the object thereby illuminating at

least a part of the object,

- transmitting light rays returned from the object to an array of sensor

elements in a first camera,

- imaging with a first depth of field on the first camera at least part of the

transmitted light rays returned from the object to the array of sensor elements

by meansof a first optical system,

- varying the position of the focus plane on the object,

- obtaining at least one image from said array of sensor elements,
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- 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 the in-focus data into 3D coordinates,

wherein the method further comprises performing a color measurement by

means of a color measuring proberigidly attached to the 3D scanner.

Furthermore, disclosed herein is a method for obtaining and/or measuring a

3D geometry of at least a part of a surface of an object, said method

comprising :

- generating a probe light by means of a first means for generating probe

light,

- transmitting the probe light rays towards the object thereby illuminating at

least a part of the object,

- transmitting light rays returned from the object to an array of sensor

elements in a first camera,

- imaging with a first depth of field on the first camera at least part of the

transmitted light rays returned from the object to the array of sensor elements

by meansof a first optical system,

- 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 the in-focus data into 3D coordinates,

wherein the method further comprises providing that at least two different

perspective views on the acquired images is obtainable without performing
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movement of the scanner by means of at least one reflective optical element

arrangedin the scanner.

Furthermore, disclosed herein is an optical system for obtaining and/or

measuring a 3D geometry of at least a part of a surface of an object, said

optical system comprising:

- a first camera comprising an array of sensor elements,

- afirst means for generating a probelight,

- means for transmitting the probe light rays towards the object thereby

illuminating at least a part of the object,

- means for transmitting light rays returned from the object to the array of

sensor elements,

- afirst optical system for imaging with a first depth of field on the first camera

at least part of the transmitted light rays returned from the object to the array

of sensor elements,

- meansfor varying the position of the focus plane on the object,

- meansfor obtaining at least one image from said array of sensor elements,

- means for 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

- meansfor transforming the in-focus data into 3D coordinates.

Disclosed is a scanner for obtaining and/or measuring a 3D geometry of at

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

- a light first source configured for generating a probelight;
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- a first camera comprising an array of sensor elements, where said camera

is configured for obtaining at least one image from said array of sensor

elements;

- an arrangement of optical components configured for:

transmitting the probe light rays towards the object such that at least a part

of the object can be illuminated;

transmitting light rays returned from the object to the array of sensor

elements; and

imaging with a first depth of field at least part of the transmitted light rays

returned from the object onto the array of sensor elements;

where the arrangementof optical components comprises focusing optics that

defines a focus plane for the scanner,

- a positioning device configured for varying the position of the focusing

optics, such that the position of the focus plane relative to the scanneris

changed,

- a data processing device, configured for

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,

andfor transforming the in-focus data into 3D coordinates.

In some embodiments, the scanner comprises:

- optics for selecting a portion of light rays returned from the object, and
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- a second camera arranged to capture at least some of the selected light

rays, where the second camerais configured for obtaining a second depth of

field image with a second depth of field which is substantially larger than the

first depth offield.

In some embodiments, the scanner comprises:

- optics for selecting a portion oflight rays returned from the object;

- a second camera arranged to capture at least some of the selected light

rays; and

- optical components arranged to image at least part of the selected portion

of the light rays returned from the object onto the second camera with a

second depth of field which is substantially larger than the first depth offield.

The positioning device configured for varying the position of the focusing

optics allows for a change of the position of the focus plane on the object

while maintaining the relative positions of the scanner and the object.

Disclosed is a scannerfor obtaining and/or measuring a 3D geometry of at

least a part of a surface of an object arranged in a scan volume, said scanner

comprising:

- a light first source configured for generating a probelight;

- afirst camera comprising an array of sensor elements, where said camera

is configured for obtaining at least one image from said array of sensor

elements:

- an arrangementof optical components configured for
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transmitting the probe light rays towards the scan volume such that at

least part of an object arranged in said scan volume canbeilluminated;

transmitting light rays returned from the scan volumeto the array of sensor

elements; and

imaging with a first depth of field at least part of the transmitted light rays

returned from the scan volumeonto the array of sensor elements;

where the arrangement of optical components comprises focusing optics that

defines a focus plane for the scanner, and where the focusplaneis located in

said scan volume;

- a positioning device configured for varying the position of the focusing

optics, such that the position of the focus plane is scanned though said scan

volume;

- a data processing device, configured for

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,

andfor transforming the in-focus data into 3D coordinates.

When the object and the scanner are arranged relative to each other such

that at least part of the object is within said scan volume, the position of the

focus plane on the object may be changed when the focus plane is scanned

through the scan volume.
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In some embodiments, the scan volume is the volume which is scanned

when the focusing optics is moved between its outermost positions while

maintaining a substantially constant position of the scanner.

In some embodiments, the scan volume is the volume spanned by the focus

plane between its outermost positions relative to the scanner while

maintaining a substantially constant position of the scanner.

Furthermore, the invention relates to a computer program product comprising

program code meansfor causing a data processing system to perform the

method according to any of the embodiments, 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.

In some embcdiments, the focusing optics is part of the first optical system.

The focusing optics may be a lens in a lens system.

In some embodiments, the position of the focus plane is varied on the object

by varying the position of the focusing optics in the scanner, such as varying

the position relative to other parts of the scanner, such as relative to the

casing of the scanner. Thé meansfor varying the focusing optics may hence

also vary the position of the focus plane on the object.

In some embodiments, the means for varying the position of the focusing

optics and hence the focus plane on the object comprises a positioning

device, such as a translation stage, for adjusting and controlling the position

of the focusing optics. By translating the focusing optics back and forth along

the optical axis of the first optical system, the position of the focus plane

relative to the scanner may be varied. The position of the focus plane over a
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scanned object can hence be moved without moving the scannerrelative to

the object.

Identified in-focus position(s) for sensor elements or groups of sensor

elements can be related to 3D coordinates by ray tracing through thefirst

optical system. Such ray tracing may require that the parameters of thefirst

optical system are known. Such knowledge can be obtained by a calibration,

such as calibration in which images of an object of known geometry are

recorded for a plurality of in-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 adjusting first

optical system parameters as to minimize the difference between simulated

and recorded images.

With knowledge of the parameters of the first optical system, one can employ

backward ray tracing technique to estimate the 2D -> 3D mapping. This

requires that the scanner’s first optical system be known, preferably through

calibration. The following steps can be performed:

1. Trace a certain number of rays from each sensor element, starting from

the array of sensor elements and through thefirst optical system (backward

ray tracing).

2. Calculate the point where all the traced rays from the sensor element

substantially intersect, i.e. the focus point for the sensor element. This point

represents the 3D coordinate where a portion of an imaged object will be in

focus for this sensor element.

3. Generate a look up table for all the sensor elements with their

corresponding 3D coordinates.

The above steps are repeated for a number of different positions of the

focusing optical covering the scanner’s operation range.
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The method may also be performed in the case where the sensor elements

are combined in groups of sensor elements.

In some embodiments, the means for determining the in-focus positions

comprises a data processing device, such as a computer or a

microprocessor. The determining may utilize computer implemented

algorithms implemented in a computer program product tangibly embodied in

a machine-readable storage device for execution by a programmable

processor.

In some embodiments, the meansfor transforming the in-focus data into 3D

coordinates comprises a data processing device, such as a computer or a

microprocessor. The transforming may utilize computer implemented

algorithms implemented in a computer program product tangibly embodied in

a machine-readable storage device for execution by a programmable

processor.

The in-focus positions may be determined using the same data processing

device which is used for transforming the in-focus data into 3D coordinates,

or the determining and the transforming may be carried out using two

separate data processing devices.

In some embodiments, the first means for generating a probe light comprises

a light first source, such as a monochromatic light source, a semi-

monochromatic light source, or a broadband source light source providing

light over a wavelength range.

In some embodiments, the first light source is an ultraviolet light source, an

infra-red light source and/or a light source emitting in the visible part of the

electromagnetic spectrum.
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A broadband source may be configured for providing light substantially at all

wavelengths in the wavelength range, such as to provide light in a

substantially continuous wavelength range. In some embodiments, the

broadband source emits white light, ie. the wavelength range covers

substantially the entire range of wavelengths in within the visible part of the

electromagnetic spectrum.

Pseudo-broadband light can also be generated by combining a numberof

monochromatic or semi-monochromatic light sources with wavelengths

distributed over the range of wavelengths. The first light source may

comprise at least three monochromatic light sources with wavelengths

distributed across the visible part of the electromagnetic spectrum. I.e. a

probe light of different colors may be provided by at least three

monochromatic or narrow-band 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, such as suitable coatedplates.

When thefirst light source is configured for emitting light over a range of

wavelengths, color information can be cbtained from the object.

In some embodiments, the means for obtaining at least one image from said

array of sensor elements comprises electronic devices configured for

converting signals from the array of sensor elements into an image.

In some embodiments, the scanner comprises a nontransitory computer

readable medium having one or more computerinstructions stored thereon,

where said computer instructions comprises instructions for carrying out a

method of measuring of a 3D geometry of at least a part of a surface of an

object.
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Disclosed is a scanner system comprising

- a focus scanning apparatus according to the present invention; and

- a data processing device comprising a nontransitory computer readable

medium having one or more computer instructions stored thereon, where

said computer instructions comprises instructions for carrying out a method

of the present invention.

Definitions

Optical axis: the optical axis of an optical system is the axis defined by a

straight line through the light source, the optics and the lensesin this optical

system.

Optical path: the path of the light from the light source to the object and back

to the camera. The optical path may change direction, e.g. by means of

beam splitter and folding optics.

Optical system: Arrangement of one or more optical components. Optical

component could be, but is not limited to: Optical lenses, mirrors, gratings,

polarizers, retardation plates,filters, beam splitters.

Image / imaging: An image can be viewed as a 1D or 2D array of values,

whenobtained with a digital camera, or in optics, a 1D or 2D image indicates

that there exists a relation between an imaged curve/surface and an image

curve/surface where light rays emerging from one point on said imaged

curve/surface substantially converge on one point on said image

curve/surface.

Depth of field (DoF): In imaging the convergence of rays from one point in an

imaged curve/surface onto the image curve/surface is best obtained for one

particular imaged curve/surface. Light emitted from other curves/surfaces in
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front of or behind the imaged surface does not converge to form images on

the image surface to the same degree. In practice, however, light rays from

surfaces in front of and behind the image surface maystill converge to form

acceptable images on the imaged surface. The DoFis the distance alongthis

depth direction whereit is possible to form acceptable images.

Perspective: A perspective of an image is specified by the position and

orientation of the camera whenthe picture was taken. If two cameras have a

fixed perspective with respect to each otherit implies that they movein rigid

synchronization to each other.

Aperture: The aperture of an optical system is the opening in the optical

system that determines the cone angle of a bundle of rays that come to a

focus in the image plane. The aperture can be a plate with a hole in it, it can

also be a lens or another optical component.

Downstream: Direction from light source towards object being scanned.

Upstream: Opposite direction of downstream.

3D real world coordinates and/or 3D geometry: 3D real world coordinates

and/or 3D geometry is based on a 3D representation, ie. a 3D digital

representation, which can be either point clouds, surface, such as faceted /

meshed, or volumetric. A 3D model, i.e. a 3D digital model, can be generated

from a 3D_representation. Faceted/meshed representations can be

generated from point clouds, for example by triangulation. Volumetric models

can be obtained with a scanner applying penetrating radiation, such as CT

scanners.

Brief description of the drawings

The above and/or additional objectives, features and advantages of the

present invention, will be further elucidated by the following illustrative and
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non-limiting detailed description of embodiments of the present invention,

with reference to the appended drawings, wherein:

Fig. 1 shows an example of a prior art focus scanning apparatus.

Fig. 2 shows an example of a focus scanning apparatus comprising a second
camera.

Fig. 3 shows an example of a focus scanning apparatus comprising a second

camera capable of producing a color image.

Fig. 4 shows an example of a focus scanning apparatus which provides for

illuminating the object being scanned with the same perspective for both the

first light source and the second light source.

Fig. 5 shows an example of a focus scanning apparatus with a secondlight

source.

Fig. 6 shows an example of a focus scanning apparatus where the second

light source is coupled to a wave guide.

Fig. 7 shows examplesof colorfilters for use in the second camera.

Fig. 8 shows an example of a focus scanning apparatus configured for

performing a spectral analysis using a second camera..

Fig. 9 shows an example on how the second camera may be used for

spectral analysis.

Fig. 10 shows an example of a focus scanning apparatus which enables the

object being scanned to be seen from two different perspectives in the

scanning.

0281



0282

WO 2012/083967 PCT/DK2011/050507

10

15

20

25

30

44

Fig. 11 shows an example of a focus scanning apparatus with a color

measurement probe.

Fig. 12 shows an example of a set of teeth with regions of different color.

Fig. 13 shows an example of a focus scanning apparatus comprising a

miniature second camera arrangedin the aperture.

Fig 14 shows a one camera embodiment capable of obtaining both shallow

and large depth of field images.

Fig 15 shows the use of a focus scanning device with a color measurement

probe attached.

Detailed description

In the following description, reference is made to the accompanyingfigures,

which show by wayofillustration how the invention may be practiced.

Fig. 1 shows an example of a prior art focus scanning apparatus.

The prior art scanner is a hand-held scanner with all components inside the

housing (head). The scanner head comprises a tip which can be entered into

a cavity, a light source 110, optics 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 imagesthe 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 and further images the object being scanned
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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. 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. The device may include folding optics 170

which directs the light out of the device in a direction different to the optical

axis of the lens system, e.g. in a direction perpendicular to the optical axis of

the lens system. As a whole, the optical system provides an imaging of the

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

camera. One application of the device could be for determining the 3D

structure of teeth in the oral cavity. Another application could be for

determining the 3D shape of the ear canal and the external part of the ear.

The optical axis in fig. 1 is the axis defined by a straight line through the light

source 110, optics and the lenses in the optical system 150. This also

corresponds to the longitudinal axis of the scannerillustrated in fig. 1. The

optical path is the path of the light from the light source 110 to the object 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 scanning apparatus comprises a flat scan tip with large scan

length, using a plurality of, e.g. dichroic, mirrors and light sources.

The configuration of the focus scanning apparatus allows for a scan tip with a

smaller height than the scan length. 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 transmits the light from

light source 110 and reflects the light from light source 111. At the scan tip a

suitably coated plate, e.g. a dichroicfilter, 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 light source 110 is used to project an image of
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the pattern to a position below 171 while light source 111 is switched off. The

3D surface of the object in the region below 171 is recorded. Then light

source 110 is switched off and light source 111 is switched on and the focus

position is moved such that the light from light source 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

light sources 110 and 111 respectively may partially overlap.

Fig. 2 shows an example of a focus scanning apparatus comprising a second

camera.

The focus scanning apparatus 200 comprises a light source 210 that may

comprise collimation optics, a pattern 220, a first camera 230, a first optical

system 240 comprising a beam splitter 250 that may be polarizing, focusing

optics 260, an aperture 270, and other optical elements 280. The focus

scanning apparatus is aimed at the object being scanned 290. Some light

rays emitted from the light source and imaged throughthe first optical system

onto the object being scanned, returned through thefirst optical system and

imaged onto the camera areillustrated as dotted lines. The depth offield a,

which is the distance between the arrows, of the image of the object on the

first camera 230 is small thanks to a large aperture 270 in the first optical

system 240.

Here the optical components of the first optical system, i.e. the beam splitter

250, the focusing optics 260, the aperture 270, and the other optical

elements 280, are arranged to both transmit the probe light rays towards the

object and to transmit light rays returned from the object to the array of

sensor elements. That is, the means for transmitting the probe light rays

towards the object thereby illuminating at least a part of the object, and the

means for transmitting light rays returned from the object to the array of

sensor elements are the same andare part of thefirst optical system.
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During a 3D scan the focusofthe first optical system is swept from one end

of the focus volume to the other end by adjusting the focusing optics 250

indicated by the double arrow. The focus sweep translates the focus in a

direction substantially along the optical axis of the first optical system 240.

During the focus sweep a stream of images is obtained with the camera 230.

The in-focus regions of the images in the sweep are determined and from

this 3D coordinates of at least a part of the object being scanned is

determined.

A part of the light returned from the object 290 and transmitted through the

other optical elements 280 of the first optical system 240 are reflected by a

second optical element 300, such as a small mirror, a beam splitter, a filter

etc., placed in the aperture 270. The reflected rays are transmitted to a

second optical system 310 and a second camera 320. The second optical

system 310 together with the other optical elements 280 forms an image ofat

least a part of the object 290. The aperture in the optical system comprising

the other optical elements 280 and the second optical system 310 can be

coincident with the aperture of the first optical system 240. In this case the

size of the aperture is determined by the size of the mirror 300. Since this

mirror is small then the depth of field of the image on the second camera 320

is larger than the depth of field of the image(s) on the camera 230. In the

figure this larger depth of field is denoted b. Since the mirror 300 is small

compared to the dimensions of the aperture 270 it is only a small fraction of

the light rays returned from the object that are reflected by the mirror. Since

the mirror 300 is placed in the aperture ofthe first optical system 240 the field

of view of the first camera 230 is not reduced, i.e. the view to no part of the

object is obstructed compared to what could be seen without the small mirror

300. The presence of the small mirror 300 does not substantially affect the

3D scanning. The depth of field of the image on the second camera 320 is

preferably so large that all parts of the object being scanned 290 are in focus

at the same time. Sincein this figure the focusing optics 260 is outside of the
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light path from the light returned from the object to the second camera, then

the image on the second camera is substantially unaffected by the 3D

scanning process, which is performed by means of the focusing optics.

The frame rate on the second camera 320 can be different than the frame

rate on thefirst camera 230 and the rate of 3D scanning. It may be preferred

that the frame rate on the second camera 320 is higher than the rate of 3D

scanning but smaller than the frame rate of the first camera 230. The image

from the second camera can be displayed to the operator of the scanner and

allow to give a real-time view of the scanned area. This can help the operator

in adjusting the relative position and orientation of the scanner and the object

being scanned. This can be particularly useful in a handheld scanner.

It is often advantageous to use near-monochromatic light for the 3D

scanning. Using near-monochromatic light makes the construction of thefirst

optical system 240 simpler. It may in other words be advantageousto have a

near-monochromatic first light source 210. But at the same time it may be

advantageous to obtain a color image of the object being scanned with the

second camera. A large depth offield image in color may be an advantageif

it is an objective to overlay color texture onto the 3D surface or 3D modelof

the object. A color image could also be an advantage in assistance with

aiming the scanner towards the object being scanned. Or a color image could

simply give a better user experience when operating the scanner compared

to a black-and-white image.

The reference numbers in fig. 2 are also used to denote corresponding

features in the following figures. Likewise, reference numbersin the following

figures may also be used to denote corresponding features in the other

following figures.
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Fig. 3 shows an example of a focus scanning apparatus comprising a second

camera capable of producing a color image.

The focus scanning apparatus provides for a color image on the second

camera 320 while at the same time using near-monochromatic light for the

3D scanning. This is possible by using a second light source 330 with a

different wavelength spectrum than the near-monochromaticfirst light source

210 together with a color camera. The second light source 330 can

preferably be a white-light source and it is understood that the second light

source can comprise collimation optics. The white-light illumination may

potentially disturb the 3D scanning if the white light is transmitted to the first

camera 230. This disturbance may be minimized by having a transmission

filter 340 placed in the first optical system 240. This filter should allow

transmission of the first light source 210 while diminishing or completely

preventing passage of light from the second light source 330. One way to

achieve this is to have e.g. an infrared first light source 210 and a white

second light source 330 and usea filter 340 that only transmits infrared light.

Another way to achieve this is to have a narrow bandfirst light source 210 in

the visible range and a white second light source 330 and use a filter 340 that

is pass-band to allow transmission of the light from the light source 210 while

not allowing transmission of other wavelengths within the visible range. Such

a filter would allow transmission of a small fraction of the white light from the

second source 330. But this small fraction could be too small to disturb the

3D scanning appreciably. The second camera 320 is in this figure a color

camera, and the camera may obtain color images by applying a colorfilter

array such as a Bayer color filter array to a black-and-white sensor.

Alternatively the camera could obtain color images by using three sensors

and a trichroic beam splitter to split the white-light image into red, green, and

blue images.

If a second light source 330 is used then it may be advantageousto havethis

light source placed so that it illuminates the object 290 with the same
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perspective as thefirst light source 210. This is because then all parts of the

object being scanned by means of the first light source 210 are also

illuminated by the second light source 330.

The figure shows that the second light source is arranged in the scanner

proximal to the object being scanned, i.e. the light source is arranged in the

end of the scanner which points towards the object being scanned. However,

other locations of the second light source inside and outside the scanner may

also be possible for obtaining the desired effect as described above.

Fig. 4 shows an example of a focus scanning apparatus which provides for

illuminating the object being scanned with the same perspective for both the

first light source and the second light source.

The focus scanning apparatus 200 comprises a first light source 210 and a

second light source 330 for illuminating the object 290 with the same

perspective. This is possible by using a beam splitter 350 that combines the

optical path of the second optical system 310 and the second light source

330. The light from the second light source 330 is then by means of the

mirror 300 brought to propagate along the optical axis of the first optical

system 240 andit is transmitted through a part of the first optical system.

The figure shows that the second light source is arranged near the second

optical system. However, other locations of the second light source may also

be possible for obtaining the desired effect as described above.

For example it may be advantageous to have the second light source 330

placed in or just outside the aperture 270 ofthe first optical system 240. This

is because when the second light source is so placed then it will illuminate

the same portion of the object being scannedasthefirst light source.

Fig. 5 shows an example of a focus scanning apparatus with a second light

source.
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In the figure, the second light source 330 is placed just outside the aperture

270 of the first optical system 240.

However, other locations of the second light source may also be possible for

obtaining the desired effect as described above.

For space considerations it may also be advantageous to place the second

light source at a position away from the object being scanned. The light can

then be transmitted to the object being scanned by means of one or more

wave guides.

Fig. 6 shows an example of a focus scanning apparatus where the second

light source is coupled to a wave guide.

The figure showsthat the secondlight source 330 is coupled to a wave guide

360 that transmits the light to the object being scanned. It is understood that

the second light source 330 includes coupling optics to couple the light into

the waveguide. The figure shows that the waveguide 360 is split into two so

that the light from the second light source 330 is emitted from the end of two

waveguides. This is provided to achieve that the illumination of the object

becomes more uniform and to ensure that fewer parts of the surface of the

object is left in snadow. The waveguide can besplit into more than two to

make the illumination even more uniform and with even fewer areas in

shadow.

It is also possible to have a third, fourth etc. light source to illuminate the

object being scanned. If wave guides are used then it may be natural to have

one wave guide per light source.

As an alternative to a white light second light source 330 and a color second

camera 320 it is possible to have a secondlight source 330 that emits near-

monochromatic light and a black-and-white camera 320 andstill obtain color

images with large depth of field. One way to dothis is to have a secondlight
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source 330 that can changecolor. At different times the light source can emit

red, green and blue light. This is possible with a second light source

comprising ¢.g. red, green, and blue LEDs that can be turned on and off at

different times. The second light source could then emit red, green, and blue

light in sequence. The black and white second camera 320 can then obtain

the corresponding red, green, and blue images. These images can then be

combined to one full-color image. If the acquisition of the red, green, and blue

images is sufficiently fast, then there is substantially no relative motion

between the scanner and the object being scanned, even thought the

apparatus is hand-held and thus moved, andit is straight-forward to combine

the three images into one color image. Sufficiently fast could mean that the

three images are acquired within e.g. 1/20 s.

The acquisition of color images with the second camera 320 does not

necessarily imply that the camera only records red, green, and blue

components of the image. High-precision color analysis may require more

than three individual color components. This could be the case for e.g.

determination of tooth shade when scanning teeth. The visible spectrum

could be covered with a larger set of individual colors. Such detailed color

analysis is generalizable from the color image schemes described in the

above.

Fig. 7 shows examplesof colorfilters for use in the second camera.

Fig. 7a shows one period of a Bayercolorfilter array for obtaining color

images in a camera, which can be used in the second camera and thusin the

apparatus. This type of colorfilter array is well knownin the art.

Fig. 7b shows one period of a colorfilter array with a larger set of individual

colors, which can be usedin the second camera andthus in the apparatus..

Each number corresponds to a colorfilter with a pass-band transmission

schematically indicated in fig. 7c.
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Fig. 8 shows an example of a focus scanning apparatus configured for

performing a spectral analysis.

Here one dimension of the 2D second camera 320 is used as a spatial

dimension while the other dimension of the 2D second camera 320 is used

as a spectral dimension. This is achieved in the following way: Light rays are

selected by a small second optical element 300, e.g. mirror, in the aperture

27/0of the first optical system 240 and imaged onto a slit 390. The slit selects

a 1D portion of the image which then is spectrally analyzed by projecting the

1D portion onto a diffractive optical component 400, such as a grating, where

the diffractive optical componentis arrangedto diffract each section of the 1D

portion of the image into a plane perpendicular to the 1D portion. Additional

optics guides the diffracted light rays onto the 2D sensorarray in the second

camera 320 such that it obtains a spectrum for each portion of the 1D portion

of the image. In this case the second light source can preferably be a white-

light source, and it is understood that the second light source can comprise

collimation optics.

Fig. 9 shows an example on how the second camera may be used for

spectral analysis.

A portion of the light rays returning from the object 290 are selected by the

second optical element and imaged onto a slit 390 which then selects a 1D

portion 391 of the 2D distribution of the light rays. The 1D portion 391 is then

projected onto a diffractive optical component 400, such as a grating, where

the diffractive optical component 400 is arranged to diffract each section 401,

402 of the 1D portion 391 into a plane perpendicular to the longitudinal axis

of the 1D portion 391. Additional optics may be arranged to guide the

diffracted light rays onto the 2D array of sensor elements 321 in the second

camera such that different colors of the light in one sectionis diffracted into a

wavelength specific angle and hence onto a wavelength specific sensor

element. There is hence a correlation between each sensor element in the
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array of sensor elements and the wavelength of light rays in a section of the

selected 1D portion. From knowledge of this correlation, obtained e.g. by a

prior calibration of the scanner, a spectrum can be obtained for each section

401, 402 of the 1D portion 391. A light ray received by sensor elements 322

is hence originating from the same portion 291 of object 290 as the light ray

received by sensor element 323, but has a different wavelength. On the other

hand the light ray received by sensor element 324 has the same wavelength

as the light ray received in sensor element 322 but originates from a different

portion 292 of the object 290. When scanning the object by moving the

scannerrelative to the object, the surface can be scanned to obtain both

spatial and texture information.

The geometrical data obtained from the 1D portion may also be used for

registration of the color data into a previously obtained 3D model of the

object.

In this scanner embodiment, the second light source should preferably be a

broadband source, such as a white-light source. It is understood that the

second light source can comprise collimation optics.

This embodiment hence provides that one dimension of the second camera

is used to obtain information relating to the spatial properties of the object,

while the other dimension of the second camerais used for obtaining spectra

information.

Fig. 10 shows an example of a focus scanning apparatus which enables the

object being scanned to be seen from two different perspectives in the

scanning.

The light from two light sources 110 and 111 emitting light of different

colors/wavelengths is merged together using a suitably coated plate 112, e.g.

a dichroic filter that transmits the light from light source 110 and reflects the

light from light source 111. At the scan tip a suitably coated plate 171, eg. a

dichroic filter, reflects the light from one light source onto the object and
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transmits the light from the other light source to a filter or mirror 172 at the

end of the scantip.

During scanning the focus position is moved by meansof the focus lens 151,

such that the light from light source 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 light source 110 is

switched off and light source 111 is switched on and the focus position is

moved suchthat the light from light source 111 is used to project an image of

the pattern to a position below 172. The 3D surface of the objectin the region

below 172 is recorded. The region covered with the light from light sources

110 and 111 respectively may partially overlap.

In this example, the dichroic filters or mirrors 171 and the mirror 172 are

purposely put at an angle with respect to each other. This means that the

scan volumes 190 and 191 below the filters or mirrors 171 and 172 have an

overlap, and the object being scanned is thus seen from two different

perspectives in these volumes 190, 191. Together the dichroic filters or

mirrors 171 and the mirror 172 act as a reflective optical element which

provides that two different perspective views on the acquired images can be

obtained without moving the scannerrelative to the object.

Fig. 11 shows an example of a focus scanning apparatus with a color

measurement probe.

The scanner 200 comprises a color measuring probe 380 rigidly attached to

the 3D scanner.

The color measuring probe 380 is arranged such that it is suitable for

measuring the shadesof the object 290, e.g. tooth, which the focus scanning

optics are obtaining the 3D geometryof.

The color measuring probe 380 is configured to perform the color

measurement in at least one point on a tooth. In some cases the color may

be measured in e.g. two points or more on a tooth. The color of a tooth may

be different along its length due to e.g. different thickness of the tooth.
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The position of the point measurement and/or the orientation of the color

measurement probe 380 relative to the object 290 is derivable due to the

rigid attachment of the color measuring probe 380 relative to the scanner

200.

The color measuring probe 380 may be arranged perpendicularly to a

surface of the object 290.

The color measuring probe 380 may comprises a probetip including one or

more light sources and a plurality of light receivers, spectrometer system(s)

for measuring the color of the object, a processor for processing the

measured data etc.

In the figure the color measuring probe is shownto be arranged in top on the

scanner. However, the probe may be arranged anywhere suitable on or in

the scanner, such as on the side, below,in the front, in the backetc.

Fig. 12 shows an example of a set of teeth with regionsof different color.

The set of teeth 1100 comprises a numberof teeth, e.g. the upperfront teeth.

The teeth may be color measured with a color measuring probe, see fig. 10.

The color measurement showsthat the tooth 1101 comprises three different

color regions, where color region 1102 is the region closest to the gingival,

and this region may have the color A5. The region 1103 is the center region

of the tooth 1101 and this region may have the color A6. The region 1104 is

the region closest to the incisal edge of the tooth and this region may have

the color A7.

The color measurement further shows that the tooth 1108 comprises two

different color regions, where color region 1105 is the region closest to the

gingival, and this region may have the color A6. The region 1106 is the

region closest to the incisal edge of the tooth and this region may have the

color A7.
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The color codes A5, A6, and A7 are randomly chosen and may not have any

relation to real color codes of teeth.

Fig. 13 shows an example of a focus scanning apparatus comprising a

miniature second camera arranged in the aperture.

Instead of having a mirror 300 placed in the aperture 270 to reflect a part of

the light returned from the object 290 and transmitted through the other

optical elements 280, the second camera 320 is here a miniature camera

arrangedin the aperture 270.

Since the second camera 320 is small compared to the dimensions of the

aperture 270 when using a miniature camerait is only a small fraction of the

light rays returned from the object that are collected by the second camera

320. Since the second camera 320 is placed in the aperture ofthe first optical

system 240 thefield of view of the first camera 230 is not reduced. The depth

of field of the image on the second camera 320is preferably so large thatall

parts of the object being scanned 290 are in focus at the same time. One

miniature camera which can be used is the NanEye 2B 1mm 62k pixels

miniature camera provided by AWAIBA. The size of this camera is: 1mm x

1mm x 1.5mm (WL H). Anther suitable miniature camera is the IntroSpicio™

120 from Medigus. This viceo camera has a diameter of 1.2 mm and a length

of S mm.

Fig 14 showsa singlé-camera embodiment capable of obtaining both shallow

and large depthof field images.

Compared to the embodimentillustrated in Fig. 2, the embodimentof Fig. 14

comprisesafirst optical element 271 instead of the second optical element,

second optical system, and second camera of Fig. 2. The changeofthefield

of depth between a relatively smaller first depth of field and a relatively larger

second depth of field on the first camera is provided by a change in the

effective area of the aperture 270. Thefirst optical element 271 may be a
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automatically adjustable iris diaphragm arranged with its center at the optical

axis of the focus scanning apparatus. When the aperture of the iris

diaphragm is reduced, the depth of field by which the light rays returning from

the object are imaged ontothefirst camera increases.

Thefirst optical element 271 may alone define the aperture 270 such that the

two are one integrated component.

Fig 15 shows the use of a focus scanning apparatus with a color

measurement probe attached. Here the color measuring probe 380 is seen

as being rigidly attached to the focus scanning apparatus 200 but it could

also be an integrated part of the focus scanning apparatus.

Fig. 15a illustrates how the focus scanning apparatus can be arranged when

it is moved relative to the object 290 in order to obtain data for the 3D

geometry of a surface of the object. The dotted lines 205 indicate the

boundaries of the scan volume of the focus scanning apparatus.

When acquiring data relating to the color of the object 290, the color

measuring probe 380 is brought into close proximity with the object surface

as illustrated in Fig. 15b. The relative arrangement of the color measuring

probe 380 and the focus scanning apparatus 200 (or the remaining

components of the scanner) is such that the color measuring probe 380 can

obtain color data from one section 207 of the object 290 while geometrical

data simultaneously can be acquired from another section 206 of the object

290 by the focus scanning optics of the focus scanning apparatus. The

geometrical data acquired for a certain color measurement can be used for

aligning the measured color with the 3D model derived from the geometrical

data obtained with the scanner arranged as seenin Fig.15a. A registration of

the color data for one or more sections of the object can then provide that the

3D model of the object is colored according to the true color of the object.

The coloring of the 3D model may utilize a smoothing algorithm configured
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for smoothly changing the color of the object between colors measured at

different sections of the object.

The scanning of the surface to obtain the 3D geometry can be performedfirst

such that the 3D geometry is Known before the color data are acquired. In

this case, the registration of the color data into the 3D model of the object

can be performed during the color data acquisition and the color data can be

displayed together with the geometrical data. An advantage of this approach

is that an operator based on the visualization of the color and geometrical

data can determine when he has acquired a sufficient amount of color data.

Alternatively, the color measurement can be performed before the 3D

scanning of the object and stored ina memory unit. When the 3D geometryis

obtained, the registration of the color data onto the 3D geometry can be

performed.

Although some embodiments have been described and shownin 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 utilized 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 sameitem of hardware. The merefact 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,
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steps or components but does not preclude the presence or addition of one

or more otherfeatures, 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 hardwiredcircuitry instead of software or in combination with

software.
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Claims:

1. A scannerfor obtaining and/or measuring a 3D geometry of at least a part

of a surface of an object, said scanner comprising:

- a first camera comprising an array of sensor elements,

- afirst means for generating a probelight,

- means for transmitting the probe light rays towards the object thereby

illuminating at least a part of the object,

- means for transmitting light rays returned from the object to the array of

sensor elements,

- afirst optical system for imaging with a first depth of field on thefirst camera

at least part of the transmitted light rays returned from the object to the array

of sensor elements,

- meansfor varying the position of the focus plane on the object,

- meansfor obtaining at least one image from said array of sensor elements,

- means for 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

- meansfor transforming the in-focus data into 3D coordinates.

2. Ascannerfor obtaining and/or measuring a 3D geometry of at least a part

of a surface of an object, said scanner comprising:

- a first camera comprising an array of sensor elements,

- afirst means for generating a probelight,

- means for transmitting the probe light rays towards the object thereby

illuminating at least a part of the object,

- meansfor transmitting light rays returned from the object to the array of

sensor elements,
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- a first optical system for imaging with a first depth of field on the first camera

at least part of the transmitted light rays returned from the object to the array

of sensor elements,

- meansfor varying the position of the focus plane on the object,

- meansfor obtaining at least one image from said array of sensor elements,

- meansfor 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

- meansfor transforming the in-focus data into 3D coordinates:

- meansfor selecting a portion of light rays returned from the object, where

the light rays have been transmitted through at least a part of the first optical

system; and

- a second camera for capturing at least some of the selected light rays with

a second depth of field which is substantially larger than the first depth of

field.

3. The scanner according to any one or more of the preceding claims,

wherein the second camera is adapted for forming at least one image in 1D

and/or 2D of at least some of the selected light rays.

4. The scanner according to any one or more of the preceding claims,

wherein the second depth of field image has a fixed perspective relative to

the perspective of the first depth of field image(s).

5. The scanner according to any one or more of the preceding claims,

wherein the second depth of field image has substantially the same

perspective as thefirst depth of field image(s).
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6. The scanner according to any one or more of the preceding claims,

wherein the second depth of field image is substantially unaffected by varying

the position of the focus plane on the object.

7. The scanner according to any one or more of the preceding claims,

wherein the means for selecting a portion of light rays returned from the

object is arranged in an aperturein thefirst optical system.

8. The scanner according to any one or more of the preceding claims,

wherein the meansfor selecting a portion of light rays is arranged between

the first optical system and focusing optics of the scanner.

9. The scanner according to any one or more of the preceding claims,

wherein the means for selecting a portion of light rays is a second optical

element arranged in the aperture to select light rays from a region of the

aperture for obtaining the second depth offield image(s).

10. The scanner according to any one ocr more of the preceding claims,

wherein the region of the aperture, where light rays is selected from, is small

relative to the total area of the aperture, such as less than 50% ofthe area of

the aperture, such as less than about 40% of the area of the aperture, such

as less than about 30% of the area of the aperture, such as less than about

20% of the area of the aperture, such as less than about 10% of the area of

the aperture, such as less than about 5% of the area of the aperture, such as

less than about 2% of the area of the aperture, such as less than about 1% of

the area of the aperture.

11. The scanner according to any one or more of the preceding claims,

wherein the selected light rays are deflected in a different direction than the

direction of the first optical system.
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12. The scanner according to any one or more of the preceding claims,

wherein the deflected rays are directed to a second optical system for

imaging onto the second camera.

13. The scanner according to any one or more of the preceding claims,

wherein the first camera and the second camera are adapted to operate

simultaneously.

14. The scanner according to any one or more of the preceding claims,

wherein the second optical element in the aperture is a mirror.

15. The scanner according to any one or more of the preceding claims,

wherein the second optical element in the aperture is a beam splitter.

16. The scanner according to any one cr more of the preceding claims,

wherein the second optical element in the aperture is a filter adapted to

select light rays of one or more specific wavelengths.

17. The scanner according to any one or more of the preceding claims,

wherein the second optical element in the aperture is small relative to the

total area of the aperture, such as less than 50% of the area of the aperture,

such as less than about 40% of the area of the aperture, such as less than

about 30% of the area of the aperture, such as less than about 20% of the

area of the aperture, such as less than about 10% of the area of the aperture,

such as less than about 5% of the area of the aperture, such as less than

about 2% of the area of the aperture, such as less than about 1% of the area

of the aperture.

18. The scanner according to any one or more of the preceding claims,

wherein the first optical element is configured to switch between selecting
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substantially all light rays impinging the aperture and only selecting a portion

of the light rays impinging the aperture.

19. The scanner according to any one or more of the preceding claims,

wherein the selected portion of light rays impinging on the aperture is small

relative to all the light rays impinging the aperture, such as less than 50% of

all light rays, such as less than about 40% ofall light rays, such as less than

about 30% ofall light rays, such as less than about 20% ofall light rays, such

as less than about 10% ofall light rays, such as less than about 5% ofall

light rays, such as less than about 2% ofall light rays, such as less than

about 1% ofall light rays.

20. The scanner according to any one or more of the preceding claims,

wherein the first optical element configured to switch comprises a liquid

crystal.

21. The scanner according to any one cr more of the preceding claims,

wherein the first optical element and/or the second optical element is

configured for controlling the polarization of the light rays.

22. The scanner according to any one cr more of the preceding claims,

wherein means for polarizing the light rays is arranged in front of thefirst

meansfor generating a probe light and/or in front of the second camera.

23. The scanner according to any one or more of the preceding claims,

wherein the probe light is substantially white light.

24. The scanner according to any one or more of the preceding claims,

wherein the scanner comprises a second means for generating a probelight

which is not used for determining the in-focus positions.
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25. The scanner according to any one or more of the preceding claims,

wherein the second meansfor generating a probe light generates white light.

26. The scanner according to any one or more of the preceding claims,

wherein the second camera is a color camera.

2/7. The scanner according to any one or more of the preceding claims,

wherein the color camera comprises a 2D array of photo sensors and a color

filter array.

28. The scanner according to any one or more of the preceding claims,

wherein the colorfilter array is a Bayerfilter array.

29. The scanner according to any one or more of the preceding claims,

wherein the colorfilter array comprises more than threefilters.

30. The scanner according to any one or more of the preceding claims,

wherein the color camera comprises a trichroic beam splitter and three

different sensors to obtain imagesof the individual colors.

31. The scanner according to any one or more of the preceding claims,

wherein the color of the probe light generated by the second meansis

adapted to be changed.

32. The scanner according to any one or more of the preceding claims,

wherein the second means for generating probe light is LEDs of different

colors.

33. The scanner according to any one or more of the preceding claims,

wherein the differently colored LEDs are adapted to be activated at different

times, and whereby black and white images are adapted to be recorded with
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the second camera, and where the black and images are adapted to be

combinedto a full-color image.

34. A scanner for obtaining and/or measuring a 3D geometry of at least a

part of a surface of an object, said scanner comprising:

- afirst camera comprising an array of sensor elements,

- a first means for generating a probelight,

- means for transmitting the probe light rays towards the object thereby

illuminating at least a part of the object,

- means for transmitting lignt rays returned from the object to the array of

sensor elements,

- a first optical system for imaging with a first depth of field on the first camera

at least part of the transmitted light rays returned from the object to the array

of sensor elements,

- meansfor varying the position of the focus plane on the object,

- meansfor obtaining at least one image from said array of sensor elements,

- meansfor 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

- meansfor transforming the in-focus data into 3D coordinates:

wherein the scanner further comprises a color measuring probe rigidly

attached to the 3D scanner.

35. The scanner according to any one or more of the preceding claims,

wherein the color measuring probe is a probe suitable for measuring tooth

shades.
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36. The scanner according to any one or more of the preceding claims,

wherein the color measuring probe is configured to perform the measurement

in at least one point on a tooth.

37. The scanner according to any one or more of the preceding claims,

wherein the position of the point measurement and/or the orientation of the

color measurement probe relative to the object is derivable due to the rigid

attachment of the color measuring probe relative to the scanner.

38. The scanner according to any one or more of the preceding claims,

wherein the color measuring probe is adapted to be arranged perpendicular

to a surface of the object.

39. The scanner according to any one or more of the preceding claims,

wherein the color measuring probe is a spectrophotometer system

comprising:

- a probe tip including one or more light sources and a plurality of light

receivers;

- afirst spectrometer system receiving light from a first set of the plurality of

light receivers;

- a second spectrometer system receiving light from a second set of the

plurality of light receivers;

- a processor, wherein the processor receives data generated by the first

spectrometer system and the second spectrometer system,

wherein an optical measurement of the object is produced based on the data

generated bythe first and second spectrometer systems.

40. The scanner according to any one or more of the preceding claims,

wherein the color measuring probe is for determining optical characteristics

of a translucent dental tooth, comprising:

- a probe with a tip adapted to provide light to a surface of the tooth from at
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least one light source, and to receivelight from the tooth through at least one

light receiver, the at least one light source and the at least one light receiver

being spaced apart to define a minimal height as a predetermined distance

from the surface below which nolight from the at least one light source thatis

specularly reflected from said surface is received by the at least one light

receiver,

- light sensors coupled to the at least one light receiver for determining the

intensity of light received by the light receiver, when the probeis at a point

away from the surface of the tooth but less than the minimal height; and

- a computing device coupled to the light sensors.

41. A scanner for obtaining and/or measuring a 3D geometry of at least a

part of a surface of an object, said scanner comprising:

- afirst camera comprising an array of sensor elements,

- afirst means for generating a probelight,

- means for transmitting the probe light rays towards the object thereby

illuminating at least a part of the object,

- means for transmitting light rays returned from the object to the array of

sensor elements,

- afirst optical system for imaging with a first depth of field on thefirst camera

at least part of the transmitted light rays returned from the object to the array

of sensor elements,

- meansfor varying the position of the focus plane on the object,

- meansfor obtaining at least one image from said array of sensor elements,

- means for 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

- meansfor transforming the in-focus data into 3D coordinates;

0307



0308

WO 2012/083967 PCT/DK2011/050507

10

15

20

25

30

70

wherein the scannerfurther comprises at least one reflective optical element

arranged in the scanner suchthat the reflective optical element provides for

that at least two different perspective views on the acquired images is

obtainable without performing movementof the scanner.

42. The scanner according to any one or more of the preceding claims,

wherein a first set of images with a first perspective view and a secondset of

images with a second perspective view are acquired simultaneously or

concurrently.

43. The scanner according to any one or more of the preceding claims,

wherein the first perspective view is fixed relative to the second perspective

view.

44. The scanner according to any one or more of the preceding claims,

wherein the scanner comprises means for switching between different

perspective views of the images.

45. The scanner according to any one or more of the preceding claims,

wherein the scanner comprises means for combining images with different

perspective views acquired.

46. The scanner according to any one or more of the preceding claims,

wherein the at least one reflective optical element is arranged in thetip of the

scannerwhichis configured for pointing towards the object to be scanned.

47. The scanner according to any one or more of the preceding claims,

wherein the at least one reflective optical element comprises two dichroic

mirrors orfilters.
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48. The scanner according to any one or more of the preceding claims,

wherein the at least one reflective optical element comprises a multi-facet

mirror.

49. The scanner according to any one or more of the preceding claims,

wherein the at least one reflective optical element comprises a digital light

processing (DLP).

50. The scanner according to any one or more of the preceding claims,

wherein the at least one reflective optical element and/or the other optical

elements is/are adapted to generate one or more patterns to be imaged on

the object while scanning.

51. The scanner according to any one or more of the preceding claims,

wherein the tip of the scanner is exchangeable, and where at least two

different tips are adapted to fit on the scanner, where one of the tips

comprises one or more mirrors arranged at about 38 degreesrelative to an

axis perpendicular to the optical axis, and where another of the tips

comprises one or more mirrors arranged at about 45 degrees relative to an

axis perpendicular to the optical axis.

52. A scanner for obtaining and/or measuring a 3D geometry of at least a

part of a surface of an object, said scanner comprising:

- a first camera comprising an array of sensor elements,

- a first means for generating a probelight,

- means for transmitting the probe light rays towards the object thereby

illuminating at least a part of the object,

- means for transmitting light rays returned from the object to the array of

sensor elements,
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- a first optical system for imaging with a first depth of field on the first camera

at least part of the transmitted light rays returned from the object to the array

of sensor elements,

- meansfor varying the position of the focus plane on the object,

- meansfor obtaining at least one image from said array of sensor elements,

- meansfor 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

- meansfor transforming the in-focus data into 3D coordinates:

wherein the scanner further comprises means for performing spectral

analysis of the light returned from the object.

53. The scanner according to any one or more of the preceding claims,

wherein the meansfor performing spectral analysis is in a 1D array.

54. The scanner according to any one or more of the preceding claims,

wherein the points in the 1D image are spectrally analyzed.

55. The scanner according to any one or more of the preceding claims,,

wherein the 1D spectral analysis is performed on the second camera

comprising a 2D array, where one axis of the camera array corresponds to a

spatial coordinate on the object being scanned and the other axis of the

camera array corresponds to a wavelength coordinate of the light returned

from the object.

56. The scanner according to any one or more of the preceding claims,

wherein the spectrally analyzed light is a portion of light rays returned from

the object and transmitted through at least a part of the first optical system.
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57. The scanner according to any one or more of the preceding claims,

wherein the spectral analysis is performed by means of a diffractive optical

component.

58. The scanner according to any one or more of the preceding claims,

wherein the diffractive optical componentis a grating.

59. The scanner according to any one or more of the preceding claims,

wherein the spectral analysis is performed by meansof a prism.

60. The scanner according to any one or more of the preceding claims,

wherein the spectral analysis is performed by meansof a color gradientfilm.

61. The scanner according to any one or more of the preceding claims,

wherein the 3D scanning is an intra oral scanning of at least part of the

patient's set of teeth, a scan of at least part of an impression of the patient’s

set of teeth, and/or a scan of at least part of a model of the patient's set of

teeth.

62. An optical system for obtaining and/or measuring a 3D geometry of at

least a part of a surface of an object, said optical system comprising:

- a first camera comprising an array of sensor elements,

- a first means for generating a probelight,

- means for transmitting the probe light rays towards the object thereby

illuminating at least a part of the object,

- means for transmitting light rays returned from the object to the array of

sensor elements,

- afirst optical system for imaging with a first depth of field on the first camera

at least part of the transmitted light rays returned from the object to the array

of sensor elements,

- meansfor varying the position of the focus plane on the object,
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- meansfor obtaining at least one image from said array of sensor elements,

- meansfor 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

- meansfor transforming the in-focus data into 3D coordinates.

63. A scanner for obtaining and/or measuring a 3D geometry of at least a

part of a surface of an object, said scanner comprising:

- a light first source configured for generating a probe light;

- a first camera comprising an array of sensor elements, where said camera

is configured for obtaining at least one image from said array of sensor

elements:

- an arrangement of optical components configured for

transmitting the probe light rays towards the object such that at least a part

of the object can be illuminated;

transmitting light rays returned from the object to the array of sensor

elements; and

imaging with a first depth of field at least part of the transmitted light rays

returned from the object onto the array of sensor elements;

where the arrangement of optical components comprises focusing optics that

defines a focus plane for the scanner,
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- a positioning device configured for varying the position of the focusing

optics, such that the position of the focus plane relative to the scanneris

changed,

- a data processing device, configured for

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 for transforming the in-focus data into 3D coordinates.

64. The scanner according claim 63, wherein the scanner comprises:

- optics for selecting a portion of light rays returned from the object, where

the light rays have been transmitted through at least a part of the first optical

system; and

- a second camera arranged to capture at least some of the selected light

rays, where the second camerais configured for obtaining a second depth of

field image with a second depth of field which is substantially larger than the

first depth offield.

65. The scanner according to any one or more of the preceding claims,

wherein the ratio between the second depth of field and the depth of a scan

volume of the scanneris in the range of about 0.1 to about 10, such as in the

range of about 0.2 to about 5, such asin the range of about 0.25 to about 4,

such asin the range of about 0.4 to about 2.5, such as in the range of about

0.5 to about 2, such as in the range of about 0.7 to about 1.5, such as in the

range of about 0.8 to about 1.25, such as in the range of about 0.9 to about

1.1.
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66. A method for obtaining and/or measuring a 3D geometry of at least a part

of a surface of an object, said method comprising:

- generating a probe light by means of a first means for generating probe

light,

- transmitting the probe light rays towards the object thereby illuminating at

least a part of the object,

- transmitting light rays returned from the object to an array of sensor

elements in a first camera,

- imaging with a first depth of field on the first camera at least part of the

transmitted light rays returned from the object to the array of sensor elements

by meansof a first optical system,

- 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 the in-focus data into 3D coordinates.

67. A method a method for obtaining and/or measuring a 3D geometry of at

least a part of a surface of an object, said method comprising :

- generating a probe light by means of a first means for generating probe

light,

- transmitting the probe light rays towards the object thereby illuminating at

least a part of the object,

- transmitting light rays returned from the object to an array of sensor

elements in a first camera,
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- imaging with a first depth of field on the first camera at least part of the

transmitted light rays returned from the object to the array of sensor elements

by meansof a first optical system,

- 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 the in-focus data into 3D coordinates,

- selecting a portion of light rays returned from the object, where the light rays

have been transmitted through at least a part of the first optical system; and

- capturing at least some of the selected light rays with a second depth of

field substantially larger than the first depth of field by means of a second
camera.

68. A method for obtaining and/or measuring a 3D geometry of at least a part

of a surface of an object, said method comprising:

- generating a probe light by means of a first means for generating probe

light,

- transmitting the probe light rays towards the object thereby illuminating at

least a part of the object,

- transmitting light rays returned from the object to an array of sensor

elements in a first camera,

- imaging with a first depth of field on the first camera at least part of the

transmitted light rays returned from the object to the array of sensor elements

by meansof a first optical system,

- 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

- transforming the in-focus data into 3D coordinates,

wherein the method further comprises performing spectral analysis of the

light returned from the object.

69. A method for obtaining and/or measuring a 3D geometry of at least a part

of a surface of an object, said method comprising :

- generating a probe light by means of a first means for generating probe

light,

- transmitting the probe light rays towards the object thereby illuminating at

least a part of the object,

- transmitting light rays returned from the object to an array of sensor

elements in a first camera,

- imaging with a first depth of field on the first camera at least part of the

transmitted light rays returned from the object to the array of sensor elements

by meansof a first optical system,

- 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 the in-focus data into 3D coordinates,

wherein the method further comprises performing a color measurement by

means of a color measuring probe rigidly attached to the 3D scanner.
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70. A method for obtaining and/or measuring a 3D geometry of at least a part

of a surface of an object, said method comprising:

- generating a probe light by means of a first means for generating probe

light,

- transmitting the probe light rays towards the object thereby illuminating at

least a part of the object,

- transmitting light rays returned from the object to an array of sensor

elements in a first camera,

- imaging with a first depth of field on the first camera at least part of the

transmitted light rays returned from the object to the array of sensor elements

by meansof a first optical system,

- 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 the in-focus data into 3D coordinates,

wherein the method further comprises providing that at least two different

perspective views on the acquired images is obtainable without performing

movement of the scanner by meansofat least one reflective optical element

arranged in the scanner.

71. A computer program product comprising program code means for

causing a data processing system to perform the method of any one or more

of claims 63-67, when said program code means are executed on the data

processing system.
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72. Acomputer program product according to the previous claim, comprising

a computer-readable medium having stored there on the program code
means.
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earlier application orpatent but published onorafter the international documentofparticular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
document which may throw doubts on priority claim(s) or which is step when the documentis taken alone
citedtoalee nepeyton date of another citation or other documentof particular relevance;the claimed invention cannot be
SP ° . .. considered to involve an inventive step when the document is
document referring to an oral disclosure, use. exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

documentpublishedpriorto the international filing date but later than document member ofthe samepatent familythe priority date claimed

Date of the actual completion of the international search Date of mailing ofthe international search report
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

LL. T] Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. C] Claims Nos.:
because they are dependentclaims and are not drafted in accordance with the second andthird sentences of Rule 6.4(a).

Box No. HI Observations where unity of invention is lacking (Continuation of item 3 offirst sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
There are at least 4 unrelated inventions, see extra sheet.

Asall required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

Asall searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

As only someof the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-33, 64-65, 67

Remark on Protest C] The additional search fees were accompanied by the applicant's protest and, where applicable, the
paymentof a protest fee.

CJ 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.

[] Noprotest accompanied the paymentofadditional search fees.
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(Continuation of boxIII)

 
A: Claims 2-33, 64-65, 67. A scannerfor obtaining and/or measuring a 3D geometry of at least a
part of a surface of an object characterised in that the second depthoffield is substantially larger
than the first depth of field.

B: Claims 35-40. A scannerfor obtaining and/or measuring a 3D geometry of at least a part of a
surface of an object comprising a color measuring probe suitable for measuring tooth shades.

C: Claims 41-51, 70. A scannerfor obtaining and/or measuring a 3D geometry ofat least a part of a
surface of an object comprising at least one reflective optical element arranged in the scanner.

D: Claims 52-61, 68. A scannerfor obtaining and/or measuring a 3D geometry of at least a part of a
surface of an object comprising meansfor performing spectral analysis of the light returned from

the object.

Document EP 1941843 A2 (CADENT LTD.) 09.07.2008 (hereinafter denoted D1) describes a
method and a scannerfor obtaining and measuring a 3D geometry of at least a part of a surface of
an object, the method and scanner comprising:

- a first means generating a probelight(first illumination means (section [0023)),
- meanstransmitting the probelight rays towards the object therebyilluminating at least a part of
the object (a light focusing optics (section [0023)),
- meansselecting a portion oflight rays returned from the object (fig 13, mirror (620)), where the
light rays have been transmitted through atleast a part ofthe first optical system (the 2D colour
imageof the 3D structure that is being scannedis also obtained, but typically within a short time
interval with respect to the 3D scan, section [0015], [0111], fig 13, objective lens (166)),
- a first camera comprising an array of sensor elements imagingafirst depth-of-field (first detector
having an array of sensor elements measuring intensity of each ofa plurality of light beams
returning, section [0023]),
- meansvarying the position of the focus plane on the object (a translation mechanism for
displacing said focal plane, section [0023)),
- meansobtaining at least one image from said array of sensor elements (a processor coupled to
said detector),
- meansdetermining the in-focus positions of each of a plurality of the sensor elements for a range
of focus plane positions (spot-specific position, section [0010], [0011],[0023)}),
- meanstransforming the in-focus data into 3D coordinates (data representative of the topology of
said portion, section [0001], [0010], [0023)),
- a second camera (CCD)(section [0016], fig 13, (660)) capturing at least some of the selectedlight
rays with a second depth-of-field. The second camerais used for obtaining a 2D colour imageto

overlay with the coordinates in the 3D entity (section [0112]).

The subject matterof claims 1, 34, 62-63, 66, 69 and 71-72 is therefore already known,andis not
patentable.

Hereinafter, claims 2, 35, 41, 52, 68 and 70 do not share any special technical features which go
beyond whatis known from D1. Accordingly, there is no inventive concept binding the claims
together and unity can not be acknowledged between inventions A, B, C and D.

Form PCT/ISA/210 (extra sheet) (July 2009)
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