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INTERNATIONAL SEARCH REPORT International application No.
PCT/US 1616891

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GOBK 900 (2016.01)
CPC - GOBT 7/0075; GO61 220//10012; HO4AN 13/023%
According (o Interwational Patent Classification (IT'C) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols
CPC: OB 007 DR 0T 00 3 LA S e g o ol 6. GO1B11/2441: GO1BI/02007; GO1J/50

IPC{8); GOBK 9/00 (2016.01)

Dacumentation searched other than minjmum decumentation to the extent that such documents are ncluded in the fields searched
USPC: 382/154; 356/12; 382/144; 345/419; 356/73; 600/109; 600/118; 250/228; 250/208.1; 264/2.1; 252/562; 252/588; 356/328;

356/326; 600/476; 348/333.02; 348/50; 348/E13.074; 235/462.32; 235/472.01; 250/363.03; 250/363.02; 250/459.1; 250/208.1; 703120

Electronic data base lted during the i ipnal search (name of data base and, where practicable, search terms used)

Pat Base (AU BE BR CA CH CN DE DK EP ES Fi FR GB IN JP KR SE TH TW US WQ), Googla Patent, Google Schalar; Search
terms.imaging optical detect flsld-of-view controllar 3D topography second mode specific filter in out flucrescence emission tacking
module position hyperspeciral co-register preoperative paripheral interface figure picture iradiata

C. DOCUMENTS CONSIDERED TQ BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
¥ US 2014/0226150 A1 (COLONNA DE LEGA) 14 August 2014 (14.08.2014) para [0005], (0008], | 1-23
[0011], [0Q14], [0038).[0044], [0048], [0051], {0064], [0065], [0069]; figuras 1 and &; ¢lairm 18
Y US 2010/0063355 A1 (MATSUURA) 11 March 2010 (11.03.2010) para {0012}, [0013], [0019], 1-23
[0021], [0028], [037), [0038], [0054), [0055], [0075]; figure 2; absiract
hi US 20070210244 A% (HALWIS et a1.) 13 September 2007 (13.09.2007) para [0003], [0011], 4
[0021)-[0023]
Y US 2011/0133056 A1 (DATTNER et al.) 9 June 2011 {(09.06.2011} para {0005], {0022], [0030], |5
[oos7]
US 2008/0088840 A1 (BODKIN et al.) 17 April 2008 (17.04.2008) para [D003], (0008} 7
US 6,774,370 B1 (UCHIDA et al.) 10 August 2004 (10.08.2004} col 1, In 85-67; col 2,iIn1and In | 10
37-65,; absiract
Y US 2008/0272312 A1 (TUSCHEL) 6 November 2008 (08.11.2008) para [0008), [0009], [0011], | 13-14
{0026, (0040}, [006); figure &
¥ US 6,377,910 B1 (HSU et al.} 23 April 2002 (23.04.2002) cdl 2, In 56-58; ool 3, In 5-6; col 4, In 17-18
11-15; figure 3
Further documents are listed in the continuation of Box C. D
*  Special categories of cited documents: “T" later document published after the international filing date or priority
“A™ document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
1o be of particular relevance the principle or theory underlying the invention
“E"  earlier application or patent but published on or after the intemational “X™ document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to invelve an inventive
by dp&menl wlls:'l:_:];h mlfa‘y ﬂlrgl\y «k;um.:.i on p?'ori:yuflajm(s)_ or whictl.1 is step when the document is taken alone
cited to establi e publication date of another citation or other “y*  dacument of icular rel the claimed i jon cannot be
apecial reason (as specified) ) Considered td Tnvolve an_ (mveniive step when the document is
“O™  document referring 10 an oral disclosure, use, exhibition or other combined with one or more other such decuments, such combination
means being obvious 1o a person skilled in the art

“P"  document published prior to the international filing date but later than  «g» f
the prinrh)?dme clal'r':'lnd : &" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the inteenational search report
1 June 2016 ((1.06.2016) 2 4 J U N 20‘[6

Name and mailing address of the ISA/US Autherized officer:

Mall Stop PCT, Attn: ISA/US, Commissioner for Patents Lea W. Young

P.O. Box 1450, Alexandria, Virginia 22313-1450 PCT Helpdoek: 571-2724300

Facsimile No.  571-273-8300 PCT OSP: 571-272-7774

Form PCT/154/210 (second sheet) (January 2015)
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INTERNATIONAL SEARCH REPORT International application No.
PCTIUS 1616991

Box No. [1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)a} for the following reasons:

1. D Claims Mos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2, D Claiins Nos.:

because they relate to parts of the intemational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3 D Claims Nos.:

because they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4(a).

Box No. I  Observations where unity of invention is lacking {Continuation of item 3 of firgt sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

This application contalns the following inventions or groups of inventions which are not so linked as to form a single general inventive
concapt undsr PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.
Group I Claims 1-23, directed to an optical imaging system to image a target objact,

Group 1I: Claims 24-30, directed to an optlcal imaging syslem to image a non-flat target object.

Graup llI: Claims 31-35, directed 10 a method of registering images of a target object.

Group IV: Claims 36-37, dirscted to a method of oplical scanning of a target objsct

**ploace coo tho continuation at the end of this farm*

1, D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2, I:l As all searchable claims could be searched without effort justifying additional fees, this Anuthority did not invite payment of
additional fees.

3 D As only some of the required additional search fees were timely paid by the applicant, this intemational search repott covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional scarch fees were timely paid by the applicant. Consequently, this international search report is
1rezsgicted 10 the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:l The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D ‘No protest accompanied the payment of edditional search fees.
Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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C {Continuation). ~ DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to glaim No,
Y US 2012/0133778 A1 (SHiH et al.) 31 May 2012 {31.05.2012) para }0010], [0027]; clalm 1; 20
figure 5; abstract
Y US 2009/0275831 A1 (HALL et al.) 5 November 2009 {05.11.2008) para [0003], {0007), [0023], | 21-23
[0037]-{0038]
A US 2014/0378843 A1 (VALDES et al.) 25 December 2014 {25.12.2014); the entlre document 1-23

Form PCT/ISA/210 (continuation of second sheet) (Tanvary 2015)
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"gontinuation of Box Il {Lack of Unity)**

The inventions listed as Groups I-IV do not relate o a single general Inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the sama or comresponding spacial technical features for the following reasons:

Spacial Technical Featura:

Group | does not require a non-flat target objact; and wherein the controller Identifies the relative distance between a plurality of pertions
of the ron-flat surfaca and the light emitter module to ganerate a corrected projection image, wheraupon the comected projaction image
Is projectad by the light emitter module, as required by group 1.

Group Il does not require that the controller controls the light emitter and the image detection module, such that in a second mode tha
image detection module captures a specific image of the target object, as raquired by Group 1.

Group | does not require registering images of a target object; acquiring a first specific image of the target object from a first image
detection medule; acquiring a second specific image of the target objsct from a second image detection module; acquiring a distance of
the target object relative to two or more image detection modules to oblain a topography image of the target object; calculating a
transformation matrix based on the first specific image, the second specific imaga, and the distance; and registeting the first specific
image ta the second specific image based on the transformation matrix, as required by group Il

Group Il does hot requira an optical imaging system to image a target object; a controller: a light emitter module coupled 1o the
contraller {0 illuminate the target object with light; and an image dstection module coupled ta the controllet, the image detectlan module
having a field of view to image the target object; wharein the controller controls the light emitter and the image detection module, such
that In ena moda the image datection module captures a three dimenslonal {3D) topography Image of the target objact, and in a second
mada the image detection module captures a specific image of the target objact, as required by Group |.

Greup | does not requira optical scanning of a target objact; lluminating the target object by a polarized light; processing the light
retumed from the target object by an analyzer as analyzed light; and detecting the analyzed light as a tepography image of the target
object, as raquired by group IV,

Greup IV does not fequire an optical Imaging system to image a target oblect; a controller; a light emitter module coupled to the
controllar to illuminate tha targat object with light; and an image detection module coupled to the controller, the image detection medula
having a field of view to image the target object; wherein the controfler controls the light amitter and the image detection maodute, such
that in ons made the image detection module captures a thres dimensional (30) topography image of the target object, and in a second
mode tha image detectlon module captures a specific image of the target abject, as required by Group |.

Group !l does not require registering Images of a target oblect; acquiring a first specific image of the target object from a first image
detection moduls; acquiring a second specific imaga of the target objact from a second image detaction module; acquiring a distance of
the target object relative to two or more image detection modules to obtain a topography Image of the target object; calculating a
transformation matrix based on the first specific image, the second specific image, and the distance; and registering tha first spacific
image to the second specific image based on the transformation matrix, as required by group Il

Group Ill does not require an optical imaging system to Image a non-flat target objact; a controller; a light emitter madule coupled to the
controller to illuminate the target object with light; an image detection module coupled to the contraller, tha image detection module
having a field of view to image the non-flat target object; wherein the controller controls the light emitier and the image detection module,
such that tha image detection module captures a three-dimensional (3D) lopography image of the target object, and wherein the
contrallar identifies the relative distance betwaen a plurality of portians of the non-flat surface and tha light amitter module to generate a
corrected projection image, whareupen the comected projection image Is prejected by the light emitter module, as required by Group Il.

Group Il does not raquire optical scanning of a target object; illuminating the target object by a polarized light; procassing the light
retumnad from the targat object by an analyzer as analyzed light; and detecting the analyzed light as a topography image of the target
objact, as required by group V.

Group IV does not require an optical imaging system to Image a non-flat target object; a controller; a light emitter module coupled to the
controlter ta illuminate the targel object with light; an image detection module caupled ko the controllar, the image dataction modute
having a figld of view to image the non-flat target ohject; wherein the contraller controls the light emilter and the image detection module,
such that the image detaction madule captures a three-dimensional (3D) topagraphy image of the target objaect, and wherain the
controller identifles the relative distance betwean a plurality of portions of the non-flat surface and the light emitter module to generate a
comected prejaction image, whereupon tha correcisd projection Image is projectad by the light emitter module, as required by Group Il

Graup Il does not require optical scanning of a larget object; illuminating the target object by a polarized light; processing the light
returned from the target object by an analyzer as analyzed light; and detecting the analyzed light as a topegraphy image of the target
oblect, as required by group IV,

Group IV does nol requira registering Images of a target object; acquiring a first specific image of the target object krom a first image
detection module; acquiring a second specific image of tha target object from a second Image detection module; acquiring a distance of
the target object relative to two or more image detection medules to obtaln a topography image of the target object; calculating a
transformation matrix baged on tha first specific imags, the second specific image, and the distance; and registering the first specific
image to tha second specific image based on the transformation matrix, as required by Group [lI.

*‘please ses the next pags for continuation™
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Commaon tachnical features:

Groups | and )l shara the technical feature of an optical imaging system to image a target object; a controlier; a light emitter module
coupled to the controller to ifuminate the target object with light; an image detection module coupled to the controller; the image
detaction medule having a field of view to Image the target object, wharsin the controller controls the light emitter and the image
detection module, such that the image datection medule captures a three-dimensional {3D) topography imaga of tha target objsct.
However, these shared tachnical featuras do not represent a contribution over prior art, bocause tha shared technical featura is being
anticipatad by US 2014/0226150 A1 (Colonna de Lega). Colonna de Lega taechas an optical imaging system to image a target object
{para [0038}-[0040]; figure 1; an intederometry system 100 used to generate a 3D representation of shape and color of a surface of a
test object 105, using an lllumination module 110 which has illumination optics}), a controller (para [0038]; figure 1: control module 160Y;
a light emitter module coupled ta the controller to llluminate the target objact with light (para [0042); figure 1; Tha elactronic sontrol
rodule 160 is communicativaly coupled with the illumination rmodule 110 (light emitter module). Further, the slectronic contral module
160 s configurad to cause the light source module 120 to sequantially iluminate the surface of the test object 105 with the multiple
different spactral light distributions); an image datection module coupled to the controller (para [0042]; figure 1; The electronic control
medule 160 is communicatively coupled with the Imaging module 130 and the image acquisition module 150. The imaging medule 130
and the imaga acquisition module 150 combined can be thought as the light detection medule here. Further, the image acquisition
madulg 150 contains multi-alemant detector 155); the image detection madule having a field of view to image the target object (para
[0040], [0084], [0055); figure 1; Light is collected by the imaging modula 130 {part of the image datection maodule}, and forms & final
image of the test object surface onte a muiti-element detactor 155 of the image acquisition module 150. Furthar, the imaging module 130
has a field of view), wharein the controller controls the light emitter and the image detection module, such that the imaga datection
module capturas a three-gimensional (3D) topography image of the target object {para [0042], [0005]; figure 1; The slectronlc control
module 160 is communicatively coupled with the illumination module 110 {light emitter module), the imaging module 130 and the image
acquisition module 150. The imaging module 130 and the Image acquisition module 150 combined can be thought as the light detection
module here. Further, the image acquisition module 150 contains multi-element detector 155, The surface topography interferometers
aquipped with a multi-element detector and an ilumination system produces a true-color imaga of the measured object surface. The
calor Information may be presented as the true-color two-dimensional image or combined with the topography information to form a
three-dimansional (3D} rapresentation of tha shape and cator texture of the object, effectively creating for a human observer the
impresslon of looking at the actual part).

Groups | and Il share the technical feature of acquiring/capiuring the target objact from an image detection module; and obtain a
topagraphy image of the farget object. Howaver, these shared tachnical features do not represeant a contribution over prior art, bacause
the shared technica! feature is being anticipated by Colonna de Lega. Colonna de Lega teaches ecquiring/capturing the target object
from an image detection module; and oblain a topography image of the targat object (para [0046]-[0042), [0005]; figure 1; The imaging
module 130 and the image acquisition module 150 combined can be thought as the light detection module here, Further, the image
acquisition module 150 contains multf-elemeant detector 155. The surface topography interferomaters aquipped with a mult-alement
delsctor and an illumination system produce a true-color imaga of the measured object surfacs. The color information may be presented
as the trus-color two-dimensional image or combined with the topography information to form a three-dimansional {3D) representation of
the shapa and color texture of the object, effectively creating for a hurnan observer the impression of looking at the actual part).

Groups | and IV share the technical feature of illuminating the target object; detacting; and a topography Image of the targst object.
However, these shared technical features do not represent a contibution over prier art, because the shared technical featurs is belng
anticipated by Colenna de Lega. Colonna de Laga tsaches lliyminating the target object (para [0039]; figure 1; The lllumination medule
110 Indudes a light source module 120 and is configured to lfuminate & surface of the test object 105); deteciing {para [0040); figure 1;
forming a final Image of the test object surface onlo a mulf-alement 20 detector 155 of the image acquisition module 150); and a
topography Image of the target object (para (0039); figure 1; the light source modula 120 indudas a first light source sub-module 122
arranged and configured to provide illumination light 124 for acquiring surface topography data).

Groups Il and Il share the technical faature of agquiring/capturing the target object from an image detection module; obtain a
topography image of the target object; and distanca of the target object Howaever, these shared tachnical fsatures do not represent a
contribution over prior ar, because the shared technical feature is being anticipated by Colonna de Lega. Golonna de Lega teaches
acquiring/capturing tha target object from an image detection module; and obtaln a topography image of the target object (para [0040)-
[0042], [0005]; figura 1; The imaging module 130 and the image acquisition module 150 combined can ba thought as the light detection
module here. Further, the Image acquisition module 150 contalns multi-element detactor 155. The surface fopography interferomeaters
equipped with a multl-element detactor and an illumination system produce a true-colar image of the measurad object surface. The color
information may be presented as the true-color two-dimensional image or combined with the topography information to form a three-
dimensional (3D} representation of the shape and color texture of the object, effectively creating for a human obsarver the imprassicn of
locking at the actual part); and distance of the target objact (para [0059); distances between ths imaging module 130 and the tast objact
surfaca {target object)).

Groups Il and IV share the technical feature of iuminating the target object; detecting; and a topography image of the target objact.
However, thesa shared technical features do not represent a contribution aver prior art, because the shared technical faatura is being
anticipated by Colonna de Lega. Golonna de Lega teachss illuminating the target object {para [0039]; figure 1; The illumination madule
110 inciudes a light source module 120 and is configured to illuminate a surface of the tast object 105); detecting (para [0040]; figure 1;
forming a firnal image of the test object surface onto a multi-slemant 2D detector 155 of tha image acquisition module 150); and a
topography image of the target abject (para [00:39); figure 1; the light sourca module 120 Includes a first light source sub-module 122
arranged and configured to provide llumination light 124 for acquiring surface topography data}.

Groups Il and |V shara the technlcal featura of target abject; image; and light, However, these shared technical features do not
reprasent a conlribution over prior art, becausa the shared technical featurs Is being anticipated by Colonna de Laga, Colonna de Lega
teaches target object {para [0039); figure 1; test object 105); image {para [0005]; an illumination system to produce a trua-color image of
the measured oblect surface); and light {para [0011]; the interfarometry system can include a wavelanglth tunable light source {8.g., &
laser diode) configured to emit test light of two or more wavelengths).

**please see the next page for continuation™*
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Groups [V share the technical feature of larget object; image; and light, However, thesa shared technical features do not represent a
contribution over prior an, because the shared technical featura is being anticipated by Colonna de Lega. Colonna de Lega teaches
target object (para [0039]; figure 1; test cblect 105), image (para [0005]; an illumination system to produce a true-color image of the
measured object surface); and light (para [0011]); the interfaromatry systam can include a wavelength tunable light source (e.g., a (ager
diode) confgured lo emit test ght of two or more wavelengths).

As the sharad technical features were known in the art at the time of tha invantion, they cannot be considered common technical
features that would otherwise urify the groups. Therefore, Groups |-V lack unity under PCT Rule 13.

Note: clalm 37 is improparly depending from claim 32. For the purpose of completing this ISR, clalm 37 will be interpretted as it is
depending from claim 36.
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