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1 METHOD FOR REPLACING OBJECTS IN IMAGES Field of Invention
The invention relates to digital image processing systems. More
particularly, the invention 5relates to a method and an image processing
system for synthesizing and replacing faces of image objects. Background
Digital image processing has many applications in a wide variety of fields.

Conventional lodﬁi:'ial Image processing systems involve Processing
two-dimensioMAFBLPR G KRR LA e ClE GIRAN IMAEES for

subsequent uses. In one application, digital image processing is used in
the field of security for recognising objects such as a human face. In this
FASdERBIENVRHERBon's unique facial features are 15 digitally stored in a face

ecognition system, The.face recognition system then compares the facial .
TR T o A S e Y o ke Ry T mvention
réteiepteraanethmdnothan apaplie ptooessigitey stamge pepubssirindgsand ecpilading faces of
ifi%Ide%{)véEtt%al reality where 20 an image of one object such as the human
TR A5 image is manipulated or replaced with another object of another

human face. In this manner, a face of a figure in a role-playing game is
é:%?{grgizr%)le with a gamer own personalized face. However, conventional

(ﬂgl image processing systems are susceptible to undesirable 25 errors
Digitk ritifggegpitoedssimphdacmoy epplcangrhéenramile facetyitf fietdheConventional
d?gu(lz{%ﬁ‘@ Ces 'éggséinn?gag%%uﬁ&&v (;;5?88%.'@: v%gg{rr"ﬁenntggﬂgl Irpages. The
ging conditions. These variations are inheren
28uninggespre digitell v duesseath iz bseareithaggs-capturing source.

30Hence, in view of the foregoing limitations of conventional digital image

processing systems, there is a need to provide more desirable
Iperfeapphcaiimeligitah itoage prdetesitigrisarsddeptheetiedthnf ecurity for recognising

objects such as a human face. In this example, a person’s unique facial features are
digitally stored in a face recognition system. The face recognition system then compares
the facial features with a captured image of the person to determine the identity of that

person.

In another application, digital image processing is used in the field of virtual reality where
an image of one object such as the human face in an image is manipulated or replaced with
another object of another human face. In this manner, a face of a figure in a role-playing

game is customizable with a gamer own personalized face.

However, conventional digital image processing systems are susceptible to undesirable
errors in identifying the human face or replacing the human face with another human face.
This is notably due to variations in face orientation, pose, facial expression and imaging
conditions. These variations are inherent during capturing of the human face by an image-

capturing source.

Hence, in view of the foregoing limitations of conventional digital image processing
systems, there is a need to provide more desirable performance in relation to face detection

and replacement.
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Summary Embodiments of the invention disclosed herein provide a
method and a system for replacing a first object in a 2D image with a
second object based on a synthesized three-dimensional (3D) model of
the second object. S In accordance with a first embodiment of the
invention, a method for replacing an object in an image is disclosed. The
method comprises obtaining a first image having a first object, the first
SiH'iﬁ@@Being two-dimensional and the first object having a plurality of

ortions., The method rlses ener ting firs
S o et T T <D S BV oL DIab i fofystem fo
rebmmaj abjwtcﬁb;mttheaﬁm inmage, whte ats;e:ctrmfopg:eﬁtelsaemirmnausrmdtaméd three-
orientatio sion of the f ject. The method further
dggﬁ% & E @rb 3/ (E‘;O[P S S%‘fﬂpe{@? gﬂ model being representative of a
second image object, the three dimensional model having model control

omtscspereon ﬁlnd at Ie eofm %ulatln and dlsﬁ[t)n

accordarice with a firs ent o%"ﬁ the ing an object
8 mensional mo Ir%ase %je Pprope ies o ?

iolajecmadeeisneidudokyebt ftmeenemmpneemnmmm;rarwatlﬁleslzetagmageing a first
e R B R RO SR e 1 g IRAPHIIAE vy of

gsp aced three-dimensiona e syn Resized 6 ject Ravin
fmtagepmtmmc@mmﬂmdelammmlﬁee geoeietiogrirst poagstdfeeesee @odhts on the

Jma fere associated rality of imag rfion
B oS B AR e e
op;ﬁctts)tonereléssmmagerrgfebwtteoplemmtm sudbsboneasiore platenianst @bject The

0 Bishopiec DSt imagaa e synihesized ohiephdn 2ecardanttive of o

WI h a second em iment o e |nvent|0n a mac ine rea
seoondpllmagﬂg(m]eobjelm ithiza-thmaegesisndisologdedhaegractiheostidhblents thereon,

I
ENRASR AR5 0L FREERDRING BRHLER AU IS psed on e
oiumgeolmnrtgea fifsthsbjBett whient. thd iestrietizee Welinky ihe-dinmepidsenatapturing a
DG sy g&eﬁbF‘ﬁYﬁﬁ%pé%ﬂ#'&.%Jeoa&éé& P@W"t’ﬂ% JE*\SaET{OcQ{@W{é%pmated
ns tructions a 0 causet chine to generate first Image rererence

apdirstispiacete ﬁr@ecrhmenandabxtrnadei dﬂmecsyptbpemdsoﬂ]ehe fiawingbjeetond image
ARy TP R ORI I AR S EOBRIRP R B Flference points

orientation an ension of th sto jeCt € programming | truction
baisg cssseiated mdtthinenbiialyidef aithage-girtimsionkltheodgntherzed object, and

tati [ ject. e e
et St S AL g oints fo
sab@@isptaepigcmemrefetheafumgmamﬁddel ivaagavdithtine eyjdgsized object.

properties of the first object. The programming instructions further cause

the machine to capture a synthesized image containing a synthesized _
| D BRsOr AeEgIve telfag [eesonorenbpehanipbibel ivendieplagsachine readable medium for

ré f§8 785 8&%%ﬁ’ﬂﬁhﬁ‘é’@&%&%é&’”%%%9@?&5&5%%%8&’%%'H&%%eplural|ty

ference po nts derived from the 5 model control points, and registers the
%@é@@r@mﬁug@ insteveHensstnied thetednfivshiehaeercgupehise theiisimegtions cause the

e TS LUCAN ot o L) %Ehﬁa(/rﬁbog’}ﬁgt'% %tf'r\%gi‘eaﬂ%%mq?ﬁage being two-

synthesized object. Briet Description Of The Drawings 10Embodiments of
d!ﬁ@iﬁmﬂléﬁ%ibedfﬁétdﬁaéchéﬁéfmf@plmml%i@fréeﬁéfﬂnﬁh@@lﬂéwﬂﬁ@%mﬁgrammlng

ifPHERi G dacang Ihe Yk R AR YERLFART AR AUGE A8 dHEE HailRAGR the first

having a first object; 15 FIGS. 2a and 2b shows a graphical representation

Obfeslsadd RISt RIYRCh ATARGHaseB bR olhieic BRE. BOsRANR Brgrapausal where the
o REESRERHAR Adhpiust 3B)Eeeentation and dimension of the first object. The

programming instructions also cause the machine to provide a three-dimensional model
being representative of a second image object, where the three-dimensional model has

model control points thereon, and at least one of manipulating and displacing the three-
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20 FIG. 4 shows a graphical representation of the first 3D mesh after
global deformation is completed; FIG. 5 shows a graphical representation
of the 3D mesh after the mesh reference points is displaced towards the
image reference points; 25 FIG. 6 sho®s a graphical representation of a
3D model based on the second object of Fig. 2a; and 4 Detailed
Description A method and a system for replacing a first object in a 2D

dimaBeaNrhAaslet Biged et s RRIBc PR kiRealzig HidledBiRtEnsiBRArOgramming

iﬁ%@cﬂ&@e_k%ﬁé? sa6endrRbieaERR dRSEH ﬁﬁ‘er‘%r@mﬁ%iﬁ‘éﬂaﬁ‘ﬂ&@(@sﬂéﬁtaining a
the foregoing problems. 5 For purposes of brevity and clarity, the ] ]
SyERiz6ePBIEH AT HifoR! i #vhitBE HE?B%H@@@%H@&%@@MB&%%W”S'OW

nUECHIBBIRARGH R AR INORRRS HESiS BOENRIORTEHJR BBIMECIARIRE From the

embodiments of the invention from other applications that require similar

RSl ERY B ReIRRRE. RS TRIS dAR RN & HRRYBrREe S RRer PRkRIS A the first image
refdRGiBEeso N o A uBBRR asHnRpIaRhiBe IBV eRtinfAEBjeeMMaR traueieitwith the
the various embodiments. Exemplary embodiments of the invention

SyRkEszEt PRIRSIafter are in accordance with FIGs. la to 7 of the drawings,
in which like elements are numbered with like reference numerals. 15 FIG.
la_shows a graphical representation of a first 2D image 100. The first 2D

BriglfaesetRLI BeRr A BRMIHEES from a first image frame, such as a
Edfiisali peptoarans inkenioy & duabsamairinhRes PN ERRIHEE f60iMeAlrawings, in
video sequence. The first 2D image 100 preferably contains at least a first
t 102 having first image reference points 104 as 20 shown in FIG. Ib.
In a first embodiment of the invention, a system is provided for obtaining
the first 2D image 100. The first object 102, for example, corresponds to

FASSS. 47 ATH P 7 GBI R eGP A OIGt A1 g PG Wspobiect

has a plurality of object properties that 25 defines the characteristics of the

first face. Examples of the object properties include object orientation or
PR 2R QoIS A R BOBASL 5P SR BRI ek G ol tREEH g 2 second
ofsieex; The system preferably extracts the properties of the first object 102

through methods well known in the art such as knowledge-based

methods, feature invariant approaches, template matching methods and
FagpeareealpasicaRtindseriitibCof Zpesiensargeaphical representation

of a second 2D image 100. The second 2D image 200 is preferably
obtained from a second image frame. The second 2D image preferably

FeGntaisisoalslaagiapriesionrgrebiacitith2dfiaking rseconchistagheaicttopaicdeformation is
oinfs 8‘8
completed;

FIG. 5 shows a graphical representation of the 3D mesh after the mesh reference points is
displaced towards the image reference points;

FIG. 6 shows a graphical representation of a 3D model based on the second object of Fig.

2a; and

FIG. 7 shows a graphical representation of the first image of Fig. 1a with the synthesized

object that corresponds to the second object of Fig. 2a.
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5 shown in FIG. 2b. For example, the second object 202 corresponds to a
face of a second human subject having feature portions 206. Similar to the
first object 102, the second object 202 has a plurality of object properties,
5 such as the foregoing ones relating t¢ object orientation, dimension,
facial expression, skin colour and lighting. The plurality of object
perties defines the characteristics of the face of the second human
[EQJB]@& DeserépRfim extracts the object properties of the second object
A PRefrbSURges %érﬁ?m%mﬁﬂhgfathﬁsfﬁ@ﬁ eéithe i'r%hi‘r\ﬁﬁ@é‘ WithioCsa¥Bhd object

the face of the second human subject. 10 Aternatlveghl the second 2D

baseeyemaEYSBE kTS TREnsing iRy dTedrl OB eenrariphiger are described

hERIMEFtE fbf%&é@sﬁ'?@tﬁ@‘f@i@ée’iﬁh BRAL0 contains two or more
objects. More specifically, the second object 202 corresponds to one of

the two or more objects contained in the first 2D image 100. 15 The

FRYSiarpdResferalbyRickAa harigsRRCHechRRRT iRl thechtRieRdinaeaN Hercinafter

objects 102, 202 in a memory. In particular, the system preferabl

t%@r?@n'b‘i@éoﬂfe Rlaeth Ryebiserdrelagns 10425 1magRs:t 25%3@&"&%, does not
pREcRIRWAIIBS EmbRdimBARIGHRE IR fitihimeaetRE IR ARIALIHER4eaRre similar

used for the subsequent replacement of the face of the first human

OB RAMRITIRE %ace IdiEHE 0NN ARSI A CriienSHEBA RARles of the
erabRMRARABINIEIAdeatibigardlarevieiRrolinsatkedrng evsstients.

extractor. Specifically, each of the second image reference points 204 has
3D coordinates. In order to obtain substantially accurate 3D coordinates of

E?(@ﬁ’ﬂbléﬁ%&ﬁ@ﬁﬂﬁfbﬁﬁagﬁt@|hfﬁft§?]fﬁ6ﬁﬁi@wﬂtﬁ3@%réh%f@atdf@ pxlessRdance with
irst requires training in whic ature extractor Is ta tto
RS o SRR SR 1 S e oA iR eyl reference

nimagels.that are manually labeled and are normalized at a fixed ocular
distance. For example, using an image in which there is a plurality of
image feature points, each image feature point (x, y) is first extracted

RIS nmmhdurfesgdameaz xpeberitaRiretsts thet A0aneatpkenoin EiglfirgiffEraniage 100
scal Iuth{n and from s ﬁrdlfferent rlentatlo s to there%/ roduce

'ffd%?/ ARHRIRED AT AL S T8 RfedUGH Brdertd QQWé’ﬁ taken by a
dsgﬁwafpraasenfaf mearsemynseapmm fytraationiby tegUeaitire Extraiar 2D image 100

PO HE BB ot ST A1) AL Ry e R A dELSE ot 104
stavghtitoFERECcLiihese aofuaoleaqtﬂsldjmvfémcmedﬁeanuentoaistemkImpmwded for
o TR T LT TERE o o RETCOH MG (el RhOUFTBE e drncs to a fec

ofarfipdeh)aem Stvjedtin a correspondlng stack "B". Both stack "A" and
stack "B" are preferably stored in the memory of the system. With the
forty-eight dimensional feature vector being produced, dimensionality
Trlwllﬂmiboljjea:eqoilemf ahel ﬁ&ﬁm@miage'r@@rhasipabmmwnmm&ﬂeal)m@perties that

PCA). Hence d S|on lj ction is perfor 10 bot

éBEﬁ éhga?%”%% X\SA% % NSL{ Egstive SR 85 (Igtz[}%oﬁl)e“ properties include
object orientation or pose, dimension, facial expression, skin colour and lighting of the
first face. The system preferably extracts the properties of the first object 102 through
methods well known in the art such as knowledge-based methods, feature invariant

approaches, template matching methods and appearance-based methods.

FIG. 2a shows a graphical representation of a second 2D image 100. The second 2D
image 200 is preferably obtained from a second image frame. The second 2D image

preferably contains at least a second object 202 having second image reference points, as



10

15

20

25

30

The separability between the positive samples and the negative samples
is optimized using linear discriminant analysis (LDA). The computation of
the linear discriminant analysis of the positive samples is performed by
first using the positive samples and negative samples 15 as training sets.
Two different sets, PCA A(A) and PCA A(B), are then created by using the
rojection of PCA A. The set PCA A(A) is then assigned to class "0" while
Sﬁ%‘/ﬁéf‘m AbB)figr2apmde (hecp2e8nd 0bierd BRZCRRESPIEEithintse ef a second

ndfinedisinmibmi seaulgar@isstiognant analysis on the basis of a
two-class problem. The linear discriminant analysis of the set PCA A(A) is

obtained by computing LDA A(PCA A(A)) as the set must 20 generate a

SithiNglue trRimikropjdae 1L aneiscomingsieanpigsiadh bR asiy 6 obi&) iSroperties,
obtained by computing LDA A(PCA A(B)) as the set must generate a "1"

syl A5 HREMSeIRINIANSS HHIBUAB IEP RIS RTIRAREM BRI a k4] RxfHERsioN, skin

ceminaiRdligaRayataive pRIANIGS BFULGeS IpripRefe Adainbdhe BnlAWENStics of the
instead of using the sets, 25 PCA A(A) and PCA A

) ﬁ%), the sets PC_A_I%(A)
fagsPbER S TR BIGH, SEBRY HREREHASE ARG PISGIRIBREEHRY Qrihe second

oBHERON feasUSe R repldtdiPEBNOhe koW BT W i if IRASSE SuR) IO the face
LDA A(1) 30X PCA B LDA B(2) 7 proposition is that two discriminant

of fhesHeNdrBuiAhePistteach class using a decision rule that is based on
the statistical distribution of the projected data: f(x) = LDA A(PCA A(4)(3)
Sg(x)=LDA I?)%LDCA Bé:%s@ Set "A" and set "B" are defined as the )
A#@é‘ﬂé}we%& ST9RA R Mg L RORISEE dBINe- SR RIS frame as the first
ipagedimensionaliclosiersmarscsiingd: imAge 900)cdritamstive 6{MAODKRts. More

SE%IE bg@.llThe derivation of the mean, x, and standard deviation, a- of 10

e RS BRi AIRSI 0P FALIESRONER, 1eROREA I n B Ve, THaRre Objects

coptapLiEi. the¢irePpSanRigdieos. of the means and standard deviations of
FA, FB, GA and GB are expressed as (.7CFA CFA) (7CFB CFB (.7GA
CGA) and ()TGB CFB respectively.  For a given vector Y, the

ThkOiCtion D riftheh KestomrRY tHsingpbeaitw g iperimsénsmhtufiaiang teded objects 102,
28 tﬁinae%:e}/r];oer. (\I/%(ggr){%lﬁa?,(%gg(g}sfeTnFrﬁ%fegEE/lde%(rsaﬁels_tﬂé(%"ﬁ%t image reference
points 104 on the first 2D image 100, as shown in FIG. 1la. In particular, the first image
reference points 104 are used for the subsequent replacement of the face of the first human

subject with the face of the second human subject.

The second image reference points 204 of Fig. 2b are preferably marked using a feature
extractor. Specifically, each of the second image reference points 204 has 3D coordinates.
In order to obtain substantially accurate 3D coordinates of each of the second image
reference points 204, the feature extractor first requires prior training in which the feature
extractor is taught to identify and mark the second image reference points 204 using
training images that are manually labeled and are normalized at a fixed ocular distance.
For example, using an image in which there is a plurality of image feature points, each
image feature point (x, y) is first extracted using multi-resolution 2D gabor wavelets that
are taken in eight different scale resolution and from six different orientations to thereby

produce a forty-eight dimensional feature vector.
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Further, let yfa - )117 yga - and ygb - SFASFBsSGAsGB 20The vector Y is

classified as to class "A" or "B" according to the pseudo-code expressed

as: if (min(yfa, yga) < min(yfb, yg1)11 then label = A; else label = B; 25RA

=RB =0 if (yfa> 3 .09)or(y ga >3.09p5RA =1, if (yfb > 3.09 )or(ygb >3.09)

RB =1; if (RA = Oor(RB = 0 label = B; if (RA = Oor(RB = 0) label = B; 30if

RA = 01or(RB =0 label = A; 8 The system subsequently generates a first
triBaRICSF e HBRSB)ECE S SharReessref 388 eSO TetiErdiohibute feature

ei&rﬁ@fé‘?@@%ﬂ%ﬁﬁn@ﬁéh@a&h@ﬁbPﬂoﬁ‘?gj?%d?frﬁé? 55@&@?\@ §Rﬁ9ﬂdtﬁ@}%§i§n of the
102, 202. This is achieved by using a 3D mesh 300, which comprises

iapsc gttty [S‘fS\ﬁB”@tﬂ%e% e dratne axkrdeibiavahiclo reject these
sBitliRmgIoRfl bk aa&IRC bt el GecloPd S REBARNIS LSRN SBATIS P fadfeature point

first 3D mesh for generating the first 3D model of the second 2D image

aghefstordinp H3ekn A00VhHS B%%E?éfﬁ'f@d’?ﬁ%ﬁ QEFéMHE(eSBBIH%‘% so known as
nefstiosieh srREJralrabie 394 rriasbatiRe slatR MBneBRASatefe®NEeRd stack “B”

points 302. Each of the model control points 10 304 is used for deformin

] b [ 1 .
ate PErfetaistI§sb oS MR RAR DR 18B0. MUFE L dartyRiohhlimensional
feMsiemdRRRIRIRIas saacaR dRhrABIEALREINEIRRHhasaepivéac ABigRIFsINRed using

and_ dimension properties of the first object 102. Global deformation

PHUVIRACIBIOREM AR EH ARGEIn tHESReALAISA OhadibdRENSHO tigerformed for
bbEBIReeSHIAOSarhpIeal PefarmplintRmiatRiBespRrd (Pealveys localised

changes to a specific portion within the 3D mesh 300. In this first
embodiment of the invention, the system extracts object properties of the

THgteparability between the positive samples and the negative samples is optimized using
linear discriminant analysis (LDA). The computation of the linear discriminant analysis of
the positive samples is performed by first using the positive samples and negative samples
as training sets. Two different sets, PCA_A(A) and PCA_A(B), are then created by using
the projection of PCA_A. The set PCA_A(A) is then assigned to class “0” while the set
PCA_A(B) is assigned to class “1”. The best linear discriminant is defined using the fisher
linear discriminant analysis on the basis of a two-class problem. The linear discriminant
analysis of the set PCA_A(A) is obtained by computing LDA_A(PCA_A(A)) as the set must
generate a “0” value. Similarly, the linear discriminant analysis of the set PCA_A(B) is
obtained by computing LDA_A(PCA_A(B)) as the set must generate a “1” value. The

separability threshold present between the two classes is then estimated.

Separately, a similar process is repeated for LDA_B. However, instead of using the sets,
PCA_A(A) and PCA_A(B), the sets PCA B(A) and PCA_B(B) are used. Two scores are
then obtained by subjecting an unknown feature vector, X, through the following two

processes:

X = PCA_A=LDA_A (1)
X = PCA_B=LDA_B )

Ideally, the unknown feature vector, X, gets accepted by the process
LDA_ A(PCA_ A(X)) and gets rejected by the process LDA_B(PCA_B(X)). The
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object 102. Global deformation preferably involves object properties that

are associated 20 with object orientation and dimension. The system

preferably deforms the first 3D mesh 300 for generating the first 3D model

based on the global deformation properties of the first object 102. The

object orientation of the first object in the first 2D image 100 is estimated

prior to 25 deformation of the first 3D mesh 300. The first 3D mesh 300is
PrABeINI 2Btk dorh iRy diserHRIRANN BRgieNT RES GBS b eh 83k CHiSSHelEg a decision
rRArHdEag e tHeinE RN QUAR ERIesHIPBRINONGRE fddinas the Canny

edge detector. Edge maps are then computed for the first 3D mesh 300

along the azimuth angle from -90 degrees to +90 degrees in increments of

5 degrees. Preferably, {ig)firgi30 meplgdoq xmaps are @ymputed only

once and stored in 30 the memory of the system. 9 shown) of the 2D

image 100. Each of theg BD-+ld3A-e8¢RCAapB(is)fompardd)to the image

edge map to determine which object orientation results in the best

overlapping of the 3D mesh-edge maps. To compute the disparity

Seetwaengite 42 MEShaadaRfitaRs athene uclidaae dighancadiaratare (Bdihing sets
of the image edge map is computed. For each pixel in 5the image ﬁ&i)geFB f(B)

reRRRE v i SEARES iR HEAHRe AR hlviRTS this: Y6 HRediStAnce

tw t el h [ rp. pi fthe ,
ErR e A e T e e SR
etiebro€ ahafotadonendi vestibmdtnostersyvhichPBeagused BB, dispaiily computed. The

between the 3 esh-edge s, and, 10the ima pis
PR SO TR (155 A ARG IR BT for (R Ergre expressed
8118, N s 1 Caidipality of ses AFmdtotal ambesdonasrero pixels in the

3D mesh-edge map EM). F is the average distance-transform value 15 at

the nonzero pixels of the image edge map. The object orientation for
FWPHJQ]iU%ﬁ %E‘ESFQ?’EE’;J'}Q@&%%_%?@@%&?@ ey hE AP WS MR Cfunctions

F is the estimated object orientation for the first 2D image 100. Typically,
aghodtaedieformation model for the global deformation of the first 3D

mesh 20300 is used and the W@g?@erence poixgi are used for

determining a solution for theaffine ‘parameters. A typical affine model

used for the global deformatigpy is ggpyessed as: X6yb

f —mF f —mFB f— f —mGB
curther, ot yia = T MFAL g Y -mPBl Y -mGA e < Y -MGEl
sFA sFB SGA sGB

The vector Y is classified as to class “A” or “B” according to the pseudo-code expressed
as:

if (min(yfa, yga) < min(yfb, ygb)) then

label = A; else
label = B;
RA=RB=0;
if (yfa > 3.09)or(yga > 3.09) RA=1;
if (yfb > 3.09)or(ygb > 3.09) RB =1;
if (RA=1)or(RB =1) label = B;
if (RA=1)or(RB =0) label =B;
if (RA=0)or(RB =1) label = A;
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1'gb _Zgb alla21 0al12a220-1a2001+-a222 172 (8) 25where (X,
1', Z) are the 3D coordinates of the vertices of the first 3D mesh 300, and
subscript "gb" denotes global deformation. The affine model appropriately
stretches or shrinks the first 3D mesh 300 along the X and Y axes and
also takes into account the shearing occurring in the X-Y plane. The affine
deformation parameters are obtained by minimizing the re-projection error

TOHRYSHRBS RURTRIEHUE pafRESaSHS tRd Statel Mersintednepd object of the second 2D

image 200. The first 3D model is generated based on the object properties of the first and
second objects 102, 202. This is achieved by using a 3D mesh 300, which comprises
vertices tessellated for providing the 3D mesh 300 that is deformable either globally or
locally. FIG. 3 shows a graphical representation of a first 3D mesh for generating the first
3D model of the second 2D image 200.

The first 3D mesh 300 has predefined mesh reference points 302 and model control points
304 located at predetermined mesh reference points 302. Each of the model control points
304 is used for deforming a predetermined portion of the first 3D mesh 300. More
specifically, the system manipulates the model control points 304 based on the orientation

and dimension properties of the first object 102.

Global deformation involves, for example, a change in the orientation or dimension of the
3D mesh 300. Local deformation, on the other hand, involves localised changes to a

specific portion within the 3D mesh 300.

In this first embodiment of the invention, the system extracts object properties of the first
object 102. Global deformation preferably involves object properties that are associated
with object orientation and dimension. The system preferably deforms the first 3D mesh
300 for generating the first 3D model based on the global deformation properties of the
first object 102.

The object orientation of the first object in the first 2D image 100 is estimated prior to
deformation of the first 3D mesh 300. The first 3D mesh 300 is initially rotated along the
azimuth angle. The edges of the first 3D mesh 300 are extracted using an edge detection
algorithm such as the Canny edge detector. Edge maps are then computed for the first 3D
mesh 300 along the azimuth angle from —90 degrees to +90 degrees in increments of 5
degrees. Preferably, the first 3D mesh-edge maps are computed only once and stored in

the memory of the system.

To estimate the object orientation in the first 2D image 100, the edges of the 2D image 100

is extracted using the foregoing edge detection algorithm to obtain an image edge map (not
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first 3D mesh 300 and the corresponding first image reference points 104
in the first 2D image 100. The 2D projection (xf , yf )of the 3D mesh
reference points (X f, Yf, Z f) on the deformed first 3D mesh 300 is
expressed as: ciiiXf +ct12Yf +bl f 1d2 113 [X =[111 al2Xf+a22Yf
+b2 (9) Yf

shown) of the 2D image 100. Each of the 3D mesh-edge maps is compared to the image
edge map to determine which object orientation results in the best overlapping of the 3D
mesh-edge maps. To compute the disparity between the 3D mesh-edge maps, the
Euclidean distance-transform (DT) of the image edge map is computed. For each pixel in
the image edge map, the distance-transform assigns a number that is the distance between

that pixel and the nearest nonzero pixel of the image edge map.

The value of the cost function, F, of each of the 3D mesh-edge maps is then computed.
The cost function, F, which measures the disparity between the 3D mesh-edge maps and

the image edge map is expressed as:

>, DT (i j)
E = (hiehay 7
v ™
where A, ={(, J):EM(, j)=1}and N is the cardinality of set A, (total number of

nonzero pixels in the 3D mesh-edge map EM). F is the average distance-transform value
at the nonzero pixels of the image edge map. The object orientation for which the
corresponding 3D mesh-edge map results in the lowest value of F is the estimated object

orientation for the first 2D image 100.

Typically, an affine deformation model for the global deformation of the first 3D mesh
300 is used and the image reference points are used for determining a solution for the

affine parameters. A typical affine model used for the global deformation is expressed as:

11 a12 O X bl
21 a22 O Y + b2 (8)

1 1
Zgb 0 0 Ean +§a22 yA 0

where (X, Y, Z) are the 3D coordinates of the vertices of the first 3D mesh 300, and
subscript “gb” denotes global deformation. The affine model appropriately stretches or
shrinks the first 3D mesh 300 along the X and Y axes and also takes into account the
shearing occurring in the X-Y plane. The affine deformation parameters are obtained by

minimizing the re-projection error of the mesh reference points on the rotated deformed
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2122123 R12 (al +a22)zZf2 5 where Ri2 is the matrix containing
the top two rows of the rotation matrix corresponding to the property
relating to object orientation for the first 2D image 100. Using the 3D
coordinates of the first image reference@oints 104, equation (3) can then
be reformulated into a linear system of equations. The affine deformation

parameters 10P =J[ail ,, a22, , 122 ] T are then determinable b obtai_ninﬁ; )
figsfedR BgEMHRA0 @1s) ths1 GaBIS BriHHNgy Bishd @ﬁ%tﬂﬁ&@ew%swun the first 2D

imeRB80 imalobAlRimed agcoring Bohass ReramRIEEIfRYEX . v, Z,) on

ensuring that the resulting 3 madél conforms to the approximate shape

tief teofinscohiecsDReIERIGiskshessedgraphical representation of the
first 3D mesh 300 after global deformation is completed.

a X, +a,Y, +b;

X f rll r-12 rlS ]
:{ a, X, +a,Y, +b, 9

y f r21 r22 r23 _

%/—

1
Rz E (a11 +a, )Z f

where Rj; is the matrix containing the top two rows of the rotation matrix corresponding to
the property relating to object orientation for the first 2D image 100. Using the 3D
coordinates of the first image reference points 104, equation (3) can then be reformulated
into a linear system of equations. The affine deformation parameters
P=[a,,a,,8,,3,,0,,b,]" are then determinable by obtaining a least-squares (LS)

solution of the system of equations.

The first 3D mesh 300 is globally deformed according to these parameters, thus ensuring
that the resulting 3D model conforms to the approximate shape of the first object 102.
FIG. 4 shows a graphical representation of the first 3D mesh 300 after global deformation

is completed.

The system then proceeds to deform the first 3D mesh 300 based on object properties of
the second object 202 relating to local deformation. The system first identifies and locates
the feature portions 206 of the second object 202, as shown in FIG. 2b. The feature
portions comprise, for example, the facial expression of the face of the second object 202.
Thereafter, the system associates the feature portions 206 to image reference points 204 on
the second object 202. Each of the image reference points 202 has a corresponding 3D

space position on the first 3D mesh 300.

The system subsequently compensates the mesh reference points 302 of the first 3D mesh
300 towards the image reference points. FIG. 5 shows a graphical representation of the

3D mesh after the mesh reference points is displaced towards the image reference points.
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The system then proceeds to deform the first 3D mesh 300 based on
object properties of the second object 202 relating to local deformation.
The system first identifies and locates 20 the feature portions 206 of the
second object 202, as shown in FIG. 2p1 The feature portions comprise,
for example, the facial expression of the face of the second object 202.
Thereatter, the %%tem associates the feature portions 206 to image

TRAGHSEE ARETE MRS LB Bl 0P CERerHBfafes e 3D mesh 300 to

obipRanesiPQIRES ARAd508 ePHIRSRAANSLIEEPege PRSIRE 8D thRdEFb00 is then
3D mesh 300. 25 The system subsequently compensates the mes

h h
maRdREleed HBAReS J8D BEINERFSPRIECHBLIPYHES R hes thel inbige 102, such as the
f6PIGERNS DMAINSAG & ShaMhoBEtien! rRBrasekiAtienef RBPMENhting, to

after the mesh reference points is displaced towards the image reference
OpiHther firgh 3R BRde il G niaponie dikiaBbierl "EREeetatAR of the first 3D
nsteferemed first 3D mesh 300 to obtain the first 3D model 600 of the second

object 202. The first 3D model 600 is then manipulated based on the other

object properties of the first object 102, such as the foregoing ones
ARERHAGENDOFHOBy BTN IR p{ASIS) SRrERSIOBITOIALSADIESE ton the local

5obtain the first 3D model 600. FIG. 6 shows a graphical representation of

dgfarmatiab RRsEIB0B! 0T AR AR HRIQRREIRN RERRBUIStes thES fiRgagp that the
s8a88hce¥? hanrfliRAdhes0sahBRIESMMIgAIRCIerties Biahsadhsoglobal
deformation properties. This means that the 10sequence of manipulation

is variable for obtaining the first 3D model 600. The system then captures
TasYyiesizekimageuiemthefirst Zedmadgec @nT hResYithesizefAdmA0600. The
contains a synthesized object 700 th tglas the secorl%i age reference
Skﬁ%ﬁ%?é'%ﬁ! SOBEESi AV S e RS RRIGRSIARD 302! a5 Lp3FRPRG {Hagreference

pinagegeferacechbhnamigd fepéribe fipito bRt P& pbhe BysiemrihRnage reference
plrcggésters the second image reference points 204 to the first image

F08Lh IR THRPISH ggstem subsequently replaces the first object
102 from the first image 100 with the synthesized object 700 that
Tﬁ)rres onds to the second object 202 to 200l¥tain a reglace face WB:hi

R RYSIEMADEN GERE TNEnTRENS VRIS F IR pPEE PRAIS P OR IR APEt
réfepged POimitn dhe Fyetbpsireduiitiently replaces the first object 102 from the first

image 100 with the synthesized object 700 that corresponds to the second object 202 to

rFirst image

obtain a replaced face within the first image 100.

FIG. 7 shows a graphical representation of the first image 100 with the synthesized object
700 that represents the second object 202. In particular, the synthesized object 700 has
replaced the first object 102 of the first image 100 while the rest of the first image 100

remained unchanged.

In applications where local deformation properties of the first image 100 are desirable to
be present in the replaced face, the system preferably provides a second 3D mesh (not
shown) for generating a second 3D model based on the local deformation properties of the
first object 102. The second 3D model is then used in the foregoing image processing
method based on local deformation for generating the synthesized image containing the
synthesized object 700. The synthesized object 700 therefore includes local deformation

properties of the first image 100.
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700 that represents the second object 202. In particular, the synthesized
object 700 has replaced the first object 102 of the first image 100 while the
rest of the first image 100 25 remained unchanged. In applications where
local deformation properties of the firstlignage 100 are desirable to be
present in the replaced face, the system preferably provides a second 3D
mesh (not shown) for generating a second 3D model based on the local

FyetsRRion Prosestess & rapadlehind: Brerssingk MERe bRre8DTATBRR0E @ video

s@ﬁﬁ@rﬂé@qgr' PepeciRGESIRIDY ﬂﬁ%?@@ﬂ]’é@@ﬁ\sﬁi@%ﬂé%thﬁgd@%ﬁ@n &R of the multiple
deformation for generating the synthesized image containin

the
IRaaeEame ey ires. Swg%fﬁé%qjﬂé@%]¥&W@R§%if@fd?g@‘?ﬁ5r@8@§emem The
pieeab el pRAgei or PERRAEI SR Al bR, iR i ag enkOferiar drtRer Baieninerhe system

system is capable of processing multiple image frames of a video

5% RRAREEM NS CRG RiRsEsPehdregs i Bamasiie ORialp imBesPeaFAeddeo sequence
vigcihOb R MHbIBlIsHiRRGR Hamasointagerets DaHRNepliciadividually
processed for object replacement. The processed image frames are
preferably stored in the memory of the system. The system 5subsequently

| GRHRRFGS R PaTRIdd MRERT AReS PsRipteior adpIRERESE #iMdSsject in a 2D image

sequence with the one or more object in the video image frames heing

VYHRIACEEONA BReeRS R g iarvidhesiZefb o dnaral Q&6 r%*fil%f&ﬁbe Slescribed

atiEskdinie € iBrab3BifeAGeoN e S PRGN FbiegddrasanOa ea¥NHIRSERHS lﬂaregomg
model of the second abject are descriped 10 accordlng to embodiment

dethemRAS oA 4 ER- 88 ) R el BRBL S ftRer ARG BiIRY 1S d'SC'OSEd it will be
agjsacveniageskAlEwiaiheaty mnembedimeaiseidh@dnvantiomésous changes and/or

disclosed, it will be arent to one Skl|| d in the art in view of th

&4 IR0 §3 A V@EH%%%%H@/ MJORRRAIH AN PR %a invention.
W|thout departing from the spirit and scope of the invention. 13 Claims 1.
A method for replacing an object in an image, the method comprising:
obtaining a first image having a first object, the first image being
two-dimensional, the first object having a plurality of feature portions;
5generating first image reference points on the first object from the
plurality of feature portions of the first object;
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extracting object properties of the first object from the first image, the
object properties comprising object orientation and dimension of the first
object; providing a three-dimensional model being representative of a
second 10image object; the three-dimagsional model having model
control points thereon; at least one of manipulating and displacing the
three-dimensional model based on the object properties of the first object;
cHéfﬂ?ﬁring a synthesized image containing a synthesized object from the at

1least g pfhBtafiPpIsd R shdBRiacRhHiIagE TRNHBIIAGH BXESisiRE:
synthesized 15 object having second image reference points derived from

the model caPRIBNSIngs fiisk ¥Bedh AaMiBg e rBfeteiechothts singnage being two-
asSOCHREhYBRa BbfHEYBidEIRaiRGHipRFMtsT RAtepEedaRlect; and

registering the second image reference points to the first image reference

points for sulSSBEIEAE HRaLBABRETr SRECHRSITBDRIEITA THE MidierhHgaigplurality
the 2QsyypuieriZRAtRIC6E tRe Fifg Hhpdbed as in claim 1, wherein the

three-dimensional image is generated using a three-dimensional mesh.

253.The metRFEPSUNG CRIFRTDRPRILISS BisPIaciHe tRRIBSteEMBAsIRRIMage, the
modebpsesopeohiedampRemicsbsherishabiest EamRrsRy onaietTing object

the three-dimensjonal mesh with the object properties of the first object.

14 5. The meRYAHirAcaNF ARG RIRMS] iRRIDR SSRIGHEGLYENEM a second
image; ey ubpiantialihriEenamtin Gorldeoeshesl R im6tRIMohiNNEERE thereon;

first image shows at least a portion of a 5Shuman figure. 7. The method as

in claim 1, wABIEATH90%i: BRERUIaUNE ARd fisRlaCiadTing thErpgimanpional model
claim Basatereinetbpjsagsogdmeast shoWsesipast a portion of a

capturing a synthesized image containing a synthesized object from the at
least one of manipulated and displaced three-dimensional model, the synthesized
object having second image reference points derived from the model control
points, the second image reference points being associated with a plurality of
image portions of the synthesized object; and

registering the second image reference points to the first image reference
points for subsequent replacement of the first object in the first image with the

synthesized object.

2. The method as in claim 1, wherein the three-dimensional image is generated using

a three-dimensional mesh.

3. The method as in claim 2, wherein displacing the three dimensional model based

on object properties of the first object comprises:
matching the three-dimensional mesh with the object properties of the first

object.

4, The method as in claim 1, wherein the first image and the second image are

substantially identical.
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10human figure. 9. The method as in claim 1, wherein the second object
is @ human face. 10. The method as in claim 1, wherein the synthesized
image comprises a three- 15dimensional mesh manipulatable by the
model control points. 11. A machine regflable medium having stored
therein a plurality of programming instructions, which when execute, the
instructions cause the machine to: obtaining a first image

Shavind BEfiFSEBRRAS the HAdMntadéBEaRY WioTIZ difadies Akt saRd image are

objectshpatiidial i qf feature portions; generating first image
reference points on the first object from the plurality of feature portions of
the first object; extracting object properties of the first object from the

efirst inagemdRRPIBCIPERRRTIE SR SHAOrRBI A AR NGNS @Rdst a portion of a
dimension of the first object; 25providing a three-dimensional model being
repredBRAMIVIZHIG second image object; the three-dimensional model
having model control points thereon; at least one of manipulating and
displacing the three-dimensional model based on the object properties of

the firdt6EJSEROLASH A RS Ve gf ORISR AT Y FiFR sized
object from the at 30 least one of manipulated and displaced
three-dimensional model, the synthesized object having second ima

Sreferehbe PERIFSDSINGN tHEGHIRLME SRERSIDBNAEE ﬁ‘?@‘@%é&r‘ﬁf‘?ﬁ%ﬁ%ﬁion of a

referepgmarPfiyereeing associated with a plurality of image portions of the
synthesized object; and 15 registering the second image reference
points to the first image reference points for subsequent replacement of

othe firgtrebieehdal daricsiimaoeeliithressatirsobpstoRia¢udir hoe
machine readable medium as in claim 1, wherein the three-dimensional
image is generated using a three-dimensional mesh. 13.The machine

1eadalyigemestion as im daiim 12, whersiin the treeesiraensiagal coetitises a three-
dimensional mesh manipulatable by the model control points.

11. A machine readable medium having stored therein a plurality of programming

instructions, which when execute, the instructions cause the machine to:

obtaining a first image having a first object, the first image being two-
dimensional, the first object having a plurality of feature portions;

generating first image reference points on the first object from the plurality
of feature portions of the first object;

extracting object properties of the first object from the first image, the
object properties comprising object orientation and dimension of the first object;

providing a three-dimensional model being representative of a second
image object; the three-dimensional model having model control points thereon;

at least one of manipulating and displacing the three-dimensional model
based on the object properties of the first object;

capturing a synthesized image containing a synthesized object from the at
least one of manipulated and displaced three-dimensional model, the synthesized
object having second image reference points derived from the model control
points, the second image reference points being associated with a plurality of

image portions of the synthesized object; and
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is matched with the object properties of the first object. 10 14. The
machine readable medium as in claim 11, wherein the first image and the
second image are substantially identical. 15. The machine readable
medium as in claim 11, wherein the firgsimage and the 15second image
are substantially different. 16. The machine readable medium as in claim

11, wherein the first image shows at least a portion of a human figure.
2017.The mdeBipiertaadasecenrchinirogsafe@nsmreintyites fifskifage reference

objectjsia P ubiagaentGephR shrshivetieFHakiejaresium apdnisliaiwith the
wherein the second image shows at least a portion of a human figure. 25

19. THYH®SHFRE FRIS8BbIe medium as in claim 11, wherein the second
object is a human face. 20. The machine readable medium as in claim 11,
wherein the s%)(]r_\thesized image 30comprises a three-dimensional mesh

1%1anip-m§tgﬁﬂ Wt%%%@@&%%ﬁ&&ﬂrﬁ@im 1, wherein the three-dimensional image

is generated using a three-dimensional mesh.

13. The machine readable medium as in claim 12, wherein the three-dimensional mesh

is matched with the object properties of the first object.

14.  The machine readable medium as in claim 11, wherein the first image and the

second image are substantially identical.

15. The machine readable medium as in claim 11, wherein the first image and the
second image are substantially different.

16.  The machine readable medium as in claim 11, wherein the first image shows at

least a portion of a human figure.

17.  The machine readable medium as in claim 11, wherein the first object is a human

face.

18. The machine readable medium as in claim 11, wherein the second image shows at

least a portion of a human figure.

19.  The machine readable medium as in claim 11, wherein the second object is a

human face.

20.  The machine readable medium as in claim 11, wherein the synthesized image

comprises a three-dimensional mesh manipulatable by the model control points.





