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METHOD FOR REPLACI NG OBJECTS I N | MAGES Fi el d of

I nvention The invention relates to digital inage

wEe@ersHINg systens. More particularly, the i nREnsGLINS/000202
relates to a nmethod and an i mage processing systemfor

synt hesi zi ng and repl aci ng fgges of i nmage objects.

Background Digital image processing has many

applicatio i i [ fAhi . i fona

g tar i mabet BB R SEINE o BRI RS

t wo- di mensi onal (2D) inmages. The 2D inmages are

digitally processed for subsequent uses. In one

Eipld afdayv¢mdion di gital i mage processing is used in the

field of security for recogni sjng objec such as .a ) )

Fierarentine eclaiea digdeldmagpPoceagdy Sahs s Mt a%réw?“aé?/atile invention

. i tal . o _

R N B R PSR o S D D PR SRR r@incing fuces of

imagé abjefteat ures with a captured i mage of the person to
determne the identity of that person. In another
application, digital inage processing is used in the

Bikbfodfa virtual reality where an i mage of one object

such as the human face in an inmage is mani pul ated or ,

Digphlaivage wradssamhtemamh pridicaigdnsan gt Wise vapgnoff Belds. Gapventional
.his .manner, a.face, of . ' iF r ol.e- LN o

8 RSPl By Ve DR DL AR s The
HOWRMRE areCligivARtprocedbeddogiibatquenages.pr ocessi ng syst ens

- are susceptible to undesirable errors in identifying

the human face or replacing the human face with

IR AR QNI R imad hot Syl AR IHEIL NAELR Wiecognising

dbiergi nghcanalitunmnstacd hdsethisagxaatple res persen’s nimequenfacial features are
uring capturing of the human face by an ..

‘ﬁ%‘%‘@éé‘ﬂ?gﬂ‘? AR EgSreaniqmsEm. | A Gk P epiign s gy ghy compares

thé WAt Qbitf @RYphtddomdlge difGhd pbrsbiBy EetefRHMEIHE Mdkntity of that
systens, there is a need to provide nore desirable

ppeohor mance in relation to face detection '

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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and repl acement. Sunmary Enbodi ments of the invention
di scl osed herein provide a nethod and a system for

WO 2pbatidng a first object in a 2D i nage w t h aPGESGIIES/000202

obj ect based on a synt hesi ze% t hr eedi nensi onal (3D)

nodel of the second object. I'n accordance with a first
enbodi nent of the invention, a nethod for replacing an
§ﬁ%eg; in an inmage is disclosed. The nethod conprises
OBt 8N ng a first image having a first object, the

| LSt | [ - . j ec .
SRl A B DA ALERRS 80Tln BRAIA0S, DEIRG, 8 hstem for
ralblscinﬁg anfsi desctdenadainag With atsecandgebjece besednmea poithdsszed three-
on the first object and extracting object properties
Bmengienaf (%@t‘nB‘gﬁlé’gfhestB‘?ﬂdtoh’éecf'i rs? i rrjage, ?hepobj ect
properties conprising object orientation and di nension
of the first object. The nethod further conprises
Ipraowirdanvg veitlt b ifies-cdi boditeéns wéithempdentione k megthod for replacing an object

.representative o secopd, i mage object., th : -

D AREVaF Aot Asl- TBRIT Al FRBP Ao Re ol sh dngs havine o frs

JoRE ans . firgdNghat Bepds tw@BRndkiof@NanaUthat fildg oBjeet having a plurality of

di spl aci ng the three-di nensi onal nodel based on the |

fepusarortinmspdine inesshest alsheomprisss ssyasiog firsthmagafafpigngretoints on the
Lh . Ot UL | . . . '

G AR S, SRR BY LS 18] e g s, e

cﬁ):j;]ecﬂ@mgéttﬁﬁt @th@aithgdblsjpt tareatdtion emdddimensioondl thedotetl object.  The

the synt hesi zed obj ect, having second i ma ref erence )

pehed surhr COBATIFGSFHPY HErfo HEFe- BWPF‘SPaIdB%fﬁI?,e‘”tgrfgp"esema“ve of a

52 ﬁn]ﬁ]e{.gm ok eheBRERIRAHsHngl RBUAGhASSORIcAEEEL MOl Pofts thereon,
plurality of inmage portions of the synthesized object,

ad it teegl @teerfimanipiiatizpovind sl acge theghese shivenpoiah mpdglgbased on the

he first.im ref erence points for s uent . .
Uy GBI SRS B Rh yB BRI e comorie o
WhihBsibdeingapet psdifiag a0Bintetized BbRECABMAME &t Wedshofle of manipulated
Second enbodi nrent of the invention, a nmachine _readabl e

ard ddisprrgeslr thregflimednsignaln I‘r@gj:ledbe ismn@ﬁsi;%ggepg having second image
di.scl os ' ' it :
1 S35 USRS 08 PSRN TR TR0 AL e poms
RXRC Uieciatdde withs hr platalionf ciavsge pdrdomnclii the dyathebized robject, and
a first image having a _first aobject \Agere the first .
FHBGEN SN AU TR GBI PRI fhey SRt GBPEE el ERpt points for
S@b@qH&ﬁlréﬁlé(ce‘ﬂ{ent §RIETRstRB[ek! BNBe £ir5h n AT sPBthesized object.

In accordance with a second embodiment of the invention, a machine readable medium for
replacing an object in an image is disclosed. The machine readable medium has a plurality
of programming instructions stored therein, which when execute, the instructions cause the
machine to obtain a first image having a first object, where the first image being two-
dimensional and the first object having a plurality of feature portions. The programming
instructions also cause the machine to generate first image reference points on the first
object and extracts object properties of the first object from the first image, where the
object properties comprises object orientation 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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instructions al so cause the machine to generate first
i mge reference points on the first object and
W@2400/a48484 obj ect properties of the first objeckCT/E6I008/000202
the first imge, where the object properties conprises
object orientation and di nension of the first object.
The progranm ng instructions also cause the machine to
el [ n
(ﬁ{n%l\{é 8‘1%1 %(%JH ﬁgseg chg{l]lgct 5@: mﬁFHj; ﬁle kb? ﬂ@ﬁ?ﬁgfb%ﬁsffgg ¥&gramming
1ﬁndehoha§ummﬁe&um®nheohmmownnscmhemeanwmdﬁduad mﬁ@stunnmnmg a

one of pmani pul ati pg anpd di splacing th . . .
ShiesarhERSoral Hoabl-aB P gAY 6 ed i d breggimensiona
ﬁf)detl h@hd:k fied S}QMC%%d obet RACQEAMIne rofekdids thoffI$ derived from the
urther cause the machine to c%gture a synthesi zed
nmdﬁgl;eonmitmmsngichreg}smrhelm segond bjegst refareraet prantatto the first image

b 57Ebe 3Pl TR SR ST b G5 v G mpee vit
Hamesie&Psuledtrege reference points derived fron1the
nmodel control points, and registers the second inage
reference points to the first inage reference points

S. t of the first object in the
é“e @,Qnﬁﬁgﬁ rﬁﬁfhﬁﬁ% hesized object. Brief
Mebadimpits @f t{f inVéeraionr awdmgmsﬁﬂhmeihmﬁmt\sitlofefmh&ce to the drawings, in
i nvention are disclosed hereinafter with reference to
Wmé“dramﬁngs, in which: FIGS. la and Ib show a
graphi cal representation of a first 2D i mage having a
first object; FIGS. 2a and 2b shows a graphica
6t ésemt Bt stow opraghiseloopesabitioragde s gnagedwingd first object;
object; FIG 3 shows a graphical representation of the
first 3D nesh; FIG 4 shows a graphical representation
AGst be ahd DB hSk FRsdphatal Riprababadn 84 o¢dral 20Nin e having a second
conpl eted; FIG 5 shows a graphical representation of
qtieet:3D mesh after the mesh reference points is
di spl aced towards the i mage reference points; FIG 6
shows a graphical representation of a 3D nodel based
[G. BRRowes grghihj epitesaftatkingf tRafirsaBld mesh;

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;

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. la with the synthesized

object that corresponds to the second object of Fig. 2a.
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FIG 7 shows a graphical representation of the first
image of Fig. 1la with the synthesized object that
weornpgsonds to the second object of Fig. 2a. DRCEBGE8/000202

Description A nethod and a system for replacing a
first object in a 2D image wth a second object based
on a synthesized three-di nensional (3D) nodel of the

cond. object are described hereinafter for addressing
lfeﬁ‘é'?ﬁ‘lgl?%sﬁ‘lpg'émpr obl ens. For purposes of brevity and
Aﬁ |nﬂzlﬂyddya%ndt heydesdbi pdplaaingod firiebjaey éntiin imsgd ivithtaeskcond object

ereinafter to applications related to. object . .
baggdl e pMbesiFrd2 'qerf’d@l_égsmﬂﬁﬁi(%lgha\ﬂg@g?f e sEcaRgrobicet are described
RISGHRAR  uRE QU7 ﬁfgtIfﬁtq:Fmﬁg sotidmd he invention from
ot her applications that require simlar operating
performance. The fundanental operational and

uncti onal . pri.nci s .of the emhodi t f.the . . .
R PR O AT B DSt SOl 15 gguon s limited hereinatter
& RRHEABAL SelafedePbBEN RPREEHERNINS2Df intd¥Rs.i NVERtHoMever does not
descri bed hereinafter are in accordance with FIGs. la |
preslimleofaripheed bedimggts of itle ikerien|fioae otlepARAIcatigsghat require similar
numbered wi.th |i ke, ref . Al . WS, :
PR b TS TSR IBPAS o Bl Gy of e
ehibo8tmetiad bBEevERQon Sre pofMakloyglodit ienediofis enbadifrienst
i mge franme, such as a digital photograph taken by a
digital canmera or a screen capture froma video
BEMERE Bmp bt B RO MBS, AT E PRt SRNPbordance wit

mage

fi6f.erence of ohntiswits, as whivhwikei eleiRbi@s akbnuhherad fwithstike reference
enbogh ment of the invention, a systemis provided for
"WBYE'hi ng the first 2D i mage 100. The first object
102, for exanple, corresponds to a face of a first
human subj ect. The first object 102 of the first 2D
ﬁdlﬁr?geslm herephicpll raprgpantariopfof ejraicAD pregselQl; ekhet fiygt 2D image 100
.defi.nes the.character. st. f th I ISt 4f ,
Ry SR EREREE SOr ahige BorboSichf St B aqouranh aken by o
dPgitad Madlel0Br O s@POSE cafliefisihon videacieguereepr dhsifast 2D image 100
s_fln colour and lighting of the first face. Th _s%st em
neferabhagnjaiax et kasist {iFé OBicehéNd hadngfirytHags Felereghy agints 104 as
S g Loy AT Shlbof AR oLt TR Ly ¥ SIER is provided fo
obtaining the first 2D image 100. ,The first object 102, for example, corresponds to a face

of a first human subject.

The first object 102 of the first 2D image 100 has a plurality of object properties that
defines the characteristics of the first face. Examples of the object 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
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approaches, tenplate matchi ng net hods and
appear ance- based nethods. FIG 2a shows a graphica
WO 2peassam ati on of a second 2D i mage 100. The BETSGZIOZN0202
i mge 200 is preferably obtained froma second i mage
frame. The second 2D i mage preferably contains at
| east a second object 202 havi ng second i mage
AP
DS PE B8 PRy Akl bieey 392 DR REBIRL £t a second
hnmRulsjedjleeingfeatirgofteats 206. porti ons 206. Simlar to
the first object 102, the second object 202 has a
plurality of object properties, such as the foregoing
SeRAsr foetlh@tﬂrﬂgobﬁé?:tqm eht s@crdnﬁrﬂb?éc't 002 hed ARNFhIR, offAgdc@broperties,
expression, skin colour and lighting. The plurality o
sod} @cthe pchrogeng pees rdiating eCSOQJh@ oelhawaa@m aliingnsiers fesfialicypression, skin

b
cpﬁ%}r 88? él 1teub§ eg'gﬁphérg té/fo (ﬁ)é ne-ér-p ob&e\eﬁcnteg%gxlia&ﬁ%r?sucs of the

fedeRTREMQRbnd BPhas el The tsffk&elﬁ &Q&acﬁi tHehQ)J dot pﬁipehlfkﬁaﬂthe second
subject with the face of the second human subjec

ohjeck? atar \;gbsyquqqﬁ gepeenrsat oiohe ﬁg‘g@fzb@ﬁr% hgﬁpglshl@gct with the face

f frame as the first imge frane. In

{ﬁ%&k&%ﬁ% e Hgggnd 2D i mage 200 contains two or

nore objects. Mire specifically, the second object 202

B RATR e P02 B o ot RE S5 e frame a he

?&5?5 ﬁﬁlﬂpl Yn %195&%% the %e&ﬁﬁpﬁyhh f% RGeS odr h&i@ objects. More
second objects 1 ina menory. In

spanﬁwﬂl)l'l ahe; sedrmdsyyeen? G} @bepsmmsls denwrcapbghe Heof pir grore objects

e refer oi nt.s,104 on the first 2D inage 100,

ngmlﬁgﬁ%ﬂFﬁeﬁgﬁgﬁ RW particular, the first inage

reference points 104 are used for the subsequent

repl acenent of the face of the first human su

Thietshistemeprefgeabl o stofes dhas eeepaed Ve pFRRS s 19 de ﬁrsfrﬁ@i %f‘é@% gbjects 102,

er(T)g?E gl dneﬁglgrﬁg rlg%]@ﬂpch&trsthgg? 91];1 pF é@ragéb%&%%t&rtﬁg ?rﬁm‘rﬁge reference

eature extractor cal eac
pointé he4 se clenfirst mgmalgeﬂeﬁ encshopaiinttsG204 haparBBular, the first image
coordinates. In ord Hg obt ai n subst ant |
ée’ht

. t
reirEEe PNt 08S o PSed FURKBULRE ew‘?a'g@J 4%?33? SR fist human

sggje&tﬁltl‘?ﬁ% faéer@tlflee@cgﬁ@htﬁﬁﬁl{ apjer. first requires prior
training 1 n whi he feature extractor is taught to

i dentify and nark the second i mage reference points

ﬁ e selc'ldc’nd 1gnage 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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training imges that are manual ly | abel ed and are
normal i zed at a fixed ocul ar di stance. For exanpl e,
waQigi0ng48M i mage in which there is a plurality PET/BGHGE000202

feature points, each imge feature point (x, y ) is

first extracted using nmulti-resolution 2D gabor

wavel ets that are taken in eight different scale

r e ollnuéxdgxnto r\%rg&eo Séh)a(rpqnla;sfcﬁr Qtre Bhﬁné?ﬁ%%&ﬁa&%n by the feature
ereb rty el ght S|ona eat ur

e\k&%tef aINﬁKd anliimagd aruré @ointpr, Q&' ecoiuhEr shlatipmessund thehregion of the

response of the extrac |qg*bcié§e feature extrac

Iagt KRR gngdé YA Gphe feeg})lre YGRS taugf)t to reject these
S?RJU%H ORf e@er&E‘&j fdafiBe (/@(le@ '@al@(f kﬁ(ﬂfh‘n hdmaaiaanpls) B4 fature point

are col | ected and feature extractor 1s
alathghtstOtr@i inej gk ‘tAewhilsbe lﬁ@atmyectNSI of gguptarsadgtions (also known as

nown 0si N »
R BmHGh Oy oY R CorEPe PR SR e BB 18 pltpsack
& e RbNEabRESINOfhe CAMRALET ofS BeldylsRAS (\HltlSCthcklf@Mﬂe%&t dimensional
negative sanples) are stored in a correspondi ng stack

| feesure Betoti bsingchrodppeda dmapsigaplity gedugfign by é%lﬂswyd performed using
[%I‘l rp?l[jc&lﬂﬂ(glpigl %EI{% rglg{:A# ?‘Ie‘?‘lé{egta%%ns\{gﬁagxt)} R&iuction is pe&formed for

‘eaturé vector being produce

Hditlmla%gnaé kdypleeRCA iHrani sher reguii veed mphd (PELA &).med
usi ng principal conponent analysis (PCA). Hence,
di mensionality reduction is perforned for both the

’E%SSIG&' ré&lsigﬁglg@lw@én hBGBsift e BREHIENANEIAESVGe %ﬁﬂ'ﬁieﬁ% &p?l@ﬁzed using

rability between the positive sanples and
ltriear disxg'aniinafm asmatypiseébDwé dpt compedtiespfiye linparakiscriminant analysis of

FcIF aésgt:wrgdq i qsﬁ? %s rnéeﬁiatryy@sgu%?geih%on‘ggt gt | amé‘le% am} Pee%atlve samples
dsSraRghd QbR d vRyditfereht sitS] PO LAE) RAS IPUAV & (BRARY t@ﬁn artdted by using
negative sa Ies as training sets. Two dlfferent set

(RCAroMcApnan o CEA ATBY seaPEdrHeh it theatastenss tesslay Hhenhile the set
lp(f/? J/F(%; a'ééﬁéfl v\(ﬁ%—kfé’s “Thegfiee&) éigﬁ%dggﬁ)cn}n‘?natnp?srhegﬁ% QBﬁQ the fisher

e the s I'S assigne
lﬁieaxsélscrilmmaﬂhﬁlab&ﬁ ol thedakis dif acimiond]aamroblemdeFlieni@ekar discriminant

qlglzlg/glg O%Pheeasfef ?Xg‘%gﬂg@ggggt@g{eé%Ic%ggqqqtlgqgéz ! yf]i(gf %»&%tthe set must
g%g %S%DSO’O(I%\%QG S%l%‘laﬁﬁhémﬁ%ar'cﬁscﬁmlﬁérﬂ edalis Qﬁrmé“sétnl%/} _A(B) is

as the set nust generate"a "0" val ue.
cﬂﬁtmédaby )cpmlph&ng ildeard(BCd cA(B) naiic aa’qahy%@n@fatet me'1Semlue. The

Sle Hzga | {181 E&%fl‘esggfg@?\& il \%;ng glgsslésll:.)ﬁ—tfb‘é)e%sé %&7% I) . ;‘3

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(4) 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_ 4 (1)
X = PCA B=LDA B (2)

[deally, 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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Separately, a simlar process is repeated for LDA B

However, instead of using the sets, PCA A(A) and
wWOeQIAMBY4 the sets PCA B(A) and PCA B(B) are RBGESG2008/000202

scores are then obtained by apbjecting an unknown

feature vector, X, through tHe follow ng two

processes X=>PCA_ A=>LDA_ A(1l) X=>PCAB

pgl(é}%OSl g)élclé p][%e}t &lvgeaa%c#ymn%jg?ggtgﬁﬂ%%}; éi%%@jg é’z%fl)s? ss L%é]g a decision
rgRtiBatriepset ed tlm/stﬁtisecﬂrcbﬂﬁsmdnm tR{ CActedBladsy ) .

Theproposition is that two discrimnant functions are
defined for each class using a decision rule that is

based on the stat A4dk§p§%bqg§%n of Rhf pr oj ect ed

data: f(x) =LDA _ gl x) B[ PCA

_ B[ X)) (4) Set @‘ (pCE lﬂ&ﬁ defingd as “the

"feature" and ' noh:feature' training sets

respectively Further, four one di mensi onal clusters

are defined. GA =g[A), FB =/ W FAZ /[N, and GB

Set ()" andhsst dd¥ i it id)sﬁn?ﬁ ag msfaﬁurex aé‘ﬁn&O%ﬁ%ﬂﬁ‘&&r gfraining sets
hon f : nsi pn B f

SRR e B SEET lodPEL SRt PO ). £ ),

F,@QLP(%)%@M}B g‘) trihe dEBaDn ¥R theshadrdar, Céng%iéhaiﬂd@?sllatlon o, of

are expressed a s (" /

eacll b the fouf &ife- &lneslﬁénél ciiderf XK A4, I—FBIG,H'I)anEi GS@,@GE itheal gomputed. The
For azglven vector Y, the prOJectlon vect

striglne v i b s ¥ i1l Pl s Bype expressed
Y) 5) al Y) (£6), Fyr e vector Y
4 @léé@lfl@ﬂ ﬁg)é (ﬁﬁzaﬁ$i(”br 5§¥&%§88rdlng to the
pseudo code expressed as

For a given vector Y, the projections of the vector ! using the two discriminant functions
are obtained:

o =1 (¥) 5)

vg =g(r) 6)

— mFA —mFB f —mGA yf —mGB
e RO Vet RO e < DO i

Further, let yfa = > Y 5
sFA sFB sGA sGB

The vector Y is classified as to class “A” or “B” according to the pseudo-code expressed
as:
('/‘(min(yfa,yga) < min(y]’b, 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
if
if (R4 =0)or(RB =1) label = A

RA=1)or(RB =1) label = B,

H

or(RB = 0) label = B,

(
(R4
(

.
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Il [mm[y/a, yga) <m{y/b, ygb)) then |label =A; else

label = B; RA=RB =0, if [yfa >3.09)or[yga >3.09) RA
woeR009/14f4p4f b >3. 09)or[ygbh >3.09) RB =I ; if[ RAPGR/3G200880202

=l) label = B ; If[RA\)or(RB =q) label = B ; If[RA

=q)or[RB =I) | abel =A ; The system subsequently

generat es a first 3D nodel or head object of the

seya%m g)lfl%nag%tlé éﬁtﬂgl}%%ezfr :}32231)’;51@?8‘; heg‘c{ %ﬁﬁ:g{ af %Q: aﬁcond 2D

1@1*2!,;@2@(3& Iﬁ)e?ﬁrSEGD mddel $s geheathi sed ob yheustjery p&)p’&Bla&'Eff hhe first and
300, which corrg(g ses vertl ces essel | ated for
speci srds e 4B-midis sshiered Vsusagf%ﬁﬁameéh 8PP hwpich comprises

Bhhakdye1Bfed REHbVid Eltﬁ: 3% %QQMO@tlgﬁ‘?@héﬁ)ﬁlﬂable either globally or
eyl

representation for generating the
lb¢allgt FBO. Brelehs mglaphlealsxepwmtazibm qfagﬁaSQfUD meFhéorf genstating the first

has edef i hed nmesh reference points 302
ﬁﬂ’nﬁ%@élth"ci‘fﬁ?‘?%%b‘g?%@04 | ocated at predeterni ned
mesh reference points 302. Each of the nodel control

points 304 is used for deformdg a predeterm ned
Bv@rftlstoiD ofesh RO hpy predgimedwadsh 3pfgrenyp paintspili aniddapdey control points

%)ggoec(ﬁﬁ/ d a“? ergaperxgli'{we t Shl Qf%reﬁ?éj?$lll&%t2r (ﬁacﬁgf ﬂ}esin(’j)’&il ]gontro points

orien 1 on nmensi on proper

IOh&sté@tfoﬂldﬁﬁﬁlhnﬂgoa pr@e@&)ﬁimﬁeﬁ@nﬁﬁtdfmheIfWK)BDeSl,eslf 600. More
exa a cnange 1.n t he orlentatlo or di S1 oNn
SPHRNGH S VSN, M BHrtea 1P SR (CGRIro d%’”i‘thég%gﬁﬁ‘ e orientation

speci fic portion
a\RAB;é |1érgl%t§%lle&g%1h§5e tggg&g% e%tgliogffr st errbgdi ment of

the invention, the systemextracts object properties

ek S P P LR BB PRt o

WOinsh 00 endal iRbraRbdodi JERR QRer H}hﬁl SRR localised changes to a
preferably deforns the first 3D mesh
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 3
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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300 for generating the first 3D nodel based on the
gl obal deformation properties of the first object 102.

wab@nkg4ect orientation of the first object inP@HEG2008/000202

first 2D image 100 is estimatged prior to deformation
of the first 3D nesh 300. Thé first 3D mesh 300 is
initially rotated along the azinuth angle. The edges

f the . first. h r t [ -
SorblSt b 73) TR R D AR 25 A FaER o the imase
eﬁlgg(ﬂm@&psde&fr@iﬁdﬁﬁhicbmbjwt ederftaiiont fesulfsi inshe B&3t mwestta @@ of the 3D
along the azinmuth angle from-90 degrees tq +90
Heredee naPs: nc%er?@mpgteofhesgkﬁeﬂftée%étwweﬂ& abl yrespigdee maps, the

|cfifidan3 e SREEMTEPS Fike MRS AP IY cARFRe@NTor each pixel i
%{Cégéeaél CP?ltt errrermlrny of tl’t1e syst e?ngglroBés%(?rrgtg th(ér sach pretin
tbbjreage eligk @mpatheotistameetthrmsformsassi2m 4 magberlha, is thgedistance between

dges . of the 2D inmage 100 is extracted using the
tg%g”é?&’éia%tl}?dﬁ%reate’ioé‘g?ﬁoé)ﬁxeélogg i"PRRY ?nged’iﬁpai n an i mage
edge map (notshown) of the 2D image 100. Each of the
3D nesh-edge rmPs is conpared to the inmage edge nmap to
et wur alethaitiosthiunbiiers t, o icaelt af therly axashtcdee maphés E@gtcomputed-

SRR, 1, BRSO TR B s s

(Hé BhaRGagt maps{ erpresstl)s: of the i mage edge map is

conmput ed. For each pixel in the inmage edge map, the

di stance-transform assi gns a nunber that is the

di stance between that pixgl,and,the nearest nonzero

pi xel of the imge edge(lggﬁ‘l’ﬁé val ue of the cost

function, F, of eachFof~tHh&-3Bresh-edd® naps is then

conmput ed. The cost functi on],v F, which neasures the

Wispay | ty (hehuegn;t he $hhamsi Pty A1set NE, | BEE number of

e%e tp !{Q’}gxpr e(sl,’slgd lgé% DTQ]l;%g?L%r N where An ™ [ (] JUITRER O

donYero piMid in the BD-méh-edi@ hbp SM)he” gahebvahget distahceseinsform value

ALM (total nunber of nonzero pixels in the 3D | ,

arel3h nergro ripel MY . the image KdeavAPagd hai QY e CU1PFEAST GF nyhich the
t y i i e . . .

c\égje%é%tna@lgi Sretﬁ tngzgﬁ égéf g{ﬁb&%uﬁtﬁ%ﬁ hﬁgngwkmﬁle SH9€ iR -estlfA8ted 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:

Xgh ay  dy 0 X b,
Yy |=|ay daxy 0 Y |+|b, (8)
Zgy 0 0 —1—a“+la,, z 0

2 2 -

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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correspondi ng 3D nesh-edge map results in the | owest
value of F is the estimted object orientation for the

wo poogt1483D | mage 100. Typically, an affine def oPeESG208/000202

nodel for the gl obal defornaHion of the first 3D nesh
300 is used and the inmge refgrence poi nts are used
for determning a solution for the affine paraneters.

fﬁgtt %Iggﬁegés’}@ falg@%hé}@%@%sp?ﬁ%ﬂ%ff% i{glage ?Ag‘?@ﬂﬁe g&@&;@t ii_no(He first 2D

iAW e ThX2DYro@ticH €x 1,he)30he 0Or feshatetsent gohes (X .Y, ,Z,) on
vertices of the first 3D fresh 300, and subscript "gb"

tHe aebaseDfiebalb nikahd00wd ¢xphessdd: af f i ne nodel

appropriately stretches or shrinks the first 3D nmesh

300 along the X and Y axes jand_al so takes|into account

the shearing occurring in hé1 X7 Y $ilaned [The affine
defornationj%aﬂaﬂ?ﬂerszaré]quﬂyanJQy+ﬂj i mzi@y the
re-projectiqr,€rrigs of»theg mesh reference| points on

the rotated deformwedfi;Tst 3D fmésh+300Zand| t he

correspondi ng first inmge rlef érence poi nts 104 in the

first 2D image 100. The 2D projection (x , y t ) of

the 3D nesh reference points X1, Yf , Z1 ) on the

wiefro Rivasl tHei mattix 3Dntasig 518 Gop sveevoprsed stedrogsion wieeri e crésponding to

the matri x containing the to WO, I QWS .the ratatjon A
t%_tpl‘"?B?”é{orﬂaé‘éqﬁotﬁd‘i’qﬂﬁgt%‘et‘lf?élogrfIBbél?et @r%te%ﬁtlsnﬁge t@b‘ Usihe the 3D
RBiEEe08f BOEXiRAcd AfeltA& Fdikst102RJuaBEe(FH8n thési Midreformulated
the 3D coordinates of the first inmage reference points

ih04, aeduwmai ony{t8n cafh theatiobs ref bravukHined defognation parameters

| i near system of equatiqns. K The affine defornmation

Barldnet ers Bmpal; Papes theg xeterpyinaple by g?tslélvlgaaeleflﬂ-éﬂuafes (LS)
det er m.nabl e b taining a | east-squares (LS)
%@Vﬁ?@gﬂmémeWéﬁ% g?%ﬁ?bf equations. The first 3D nesh

300 is globally deforned according to these

rﬁaranegers, t hus ensuring that the resulting 3D node| ,
wrifish e meshi08 iaglbally dafoamed agrerding ihhess papmsisi dhus ensuring

Zhe Fhdinh SHINGaA ShARR Galind EHIERRMEALANR Aftht st object 102,
tgligr St r!é%t}r@sﬁ 3%% af ter gFoga]il glge)éror matéiaon nk st object 10
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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is conpleted. The system then proceeds to deformthe
first 3D nesh 300 based on object properties of the
WG wong4ob) ect 202 relating to | ocal defornatiRPCI/SGLHE8/000202
systemfirst identifies and |l.qcates the feature
portions 206 of the second object 202, as shown in
FIG 2b. The feature portions conprise, for exanple,
HRSLRf Mereaet ﬁﬁ?i% fls; bhieod RBCRD thGe SREAN ArPBIPREsh 300 to
2 erea ter e system associ at es the feature
¢heait itlen8rs2GB modélnmifeotribé ezcond ebjpoi 283 204 fiost Iherodel 600 1s then
Seg 20 ch of the image.reference poj ts
o oapHIaed desst Pastb gt SHREOST (oS S CHa. (Pr Speh as the

fé@gHﬁ%%n@@Qelafﬂi@ (S Yedig SHASAMHE TN SOrRSIBEALASu AR lighting, to
reference points 302 of the first 3D nesh 300

quwartl@mﬁmeﬂ magel 6@ eFEnce sioine raphia] repressoigion of the first 3D
8 %%?Q representation of the 3D nesh after the nesh
& ice points is displaced towards the inmage
reference points. The systemthereafter maps the first
obj ect 102 onto the deforned first 3D nesh 300 t
Alragtivebhethe; pestens pnapigelateg otheofiryt h@sé@%&%’oﬁé&d on the local
30 rod e
d%@(% nﬁEBE tp%ééﬂe‘?ﬁ s. @ ? p?tlg% g@%agge%gﬁg%mp{oﬁg%tﬁg fgg@%?é%s that the
sﬁ:ﬁ)\ﬁ&.ncs uf:h’naa@)utahen fisovaegblerfgr dnasingahafirsndDtmoqrd $00.i on
orientation, facial expression, colour and lighting,
to obtain the first 3D nodel 600. FIG 6 shows a
ﬂ{eaMkéﬁlthE@ Q%Sl%?&t atdyatheQbed mﬁa%e‘ i I TREAEBDORBdel 600. The
Al'ternatively, the sysStem nani ates the first 3D
syethihsi30Dinhegs entainst theynithws eed dbleot TR thehhpr Bperedndsimage reference
p{) ? 5?41 OT eeaeﬁgﬂ pal d%gernga%)clé{oll{}o%r ?cg)?r\rc;g Ir e t(l) theI f?rstn?r%gg' reference
& o4 Bgthbhfﬁstfdbje%t I@D model 600. The systemt hen
captures a synthesized image fromthe first 3D node
600. The synthesi zed i mage contains a synthesi zed
'@%l Sﬁ{? et hﬁ%st ASb NG SRE FGed TRICNEETBIRNO84 PRI fHeStirst image
4. e Seco I 'mage re er ence pol nt's 204 correspond
referdnde pbintsst04. nblgesysehesieneapiepdy nipgack® thedfirst bigedti 03tfrom the first
obj ect 102. The systemt.he isters the second
Peben B T 4 BPIEfie o0 et Sragen dp dhionicand dBreet 202 to
&B@dlﬂ%fﬁepl&)c‘&d Aheveistigsthsgauent |y replaces the first
obj ect 102 fron1the first
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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i mage 100 with the synthesized object 700 that
corresponds to the second object 202 to obtain a

WO epbaesad f ace within the first image 100. Fl GQCTSGH08/800202

a graphical representation of;sthe first imge 100 with
the synthesi zed object 700 that represents the second
obj ect 202. In particular, the synthesized object 700
a fir ] [ Hﬂﬁgg £ id
Iﬂggie Vﬁ(plje (flfrdeh é%r?%gt o a@@ f[’:gyrolgs% gg‘t“;}g’(ﬁé ilmabe | R of a video
smthaa@adqﬂhnngppéocmmuoﬂgaWMEme»mhmahmgeﬁanmatE@dlofﬂwrnmnpk
rties.qf the first i.ma e desirabl.e to be
R1oGR Eitnes Bt e 0 ieabire o Ran iy H e S b BFetsfy Cement. The
}ﬂbé@ébéae%a%emdalg%é}&%ﬁ (a&tkd ShehehOFy SEMEIsF5eMI Bhe system
second 3D nodel based on the | ocal defornmation
ibsgmeentiyeeoltatest the pfrmegsedolmaeetfram to Theain acppeess@ video sequence

s then foregoin essi ng
&Eﬁﬁg&mﬁggnﬁwegb oé%l“’w & e |dﬁ1 o? g?gﬁ&%?ng t he

synt hesi zed i mage contai ning the synthe3|zed obj ect

700. The synt hesi zed obj ect 700 therefore i ncl udes

Ingbeforersring manngna m)*péilr%q derssysiem 198 rqnlacng # fagebiect in a 2D image
3 of CESBeGre described

AP AR B AT, 12 08 o0 e PEORFEBRA dsriv

acepidag ogeronealiaentsarfehe jveation fort fukrassideait ilemmgene of the foregoing

I Each he mul ti i mage. franmes of th

CL%,%M@H& Spelt A anyelﬁﬁ%deegg B H5rinyH) ey s Ssclosedic wil be

;?%Ieﬁf:%r@ﬁt skll-letaemlqﬁ@ﬁﬁsﬁ Qv PRGR ditADRSe &€ nBmefsRE @Rhnges and/or
ored in the nenory of the system The system

isadi§egicartah pe ooide atitwut depapmgdens 8 sprrigedfseeneed thoinvention.

obtain a processed video sequence with the one or nore

object in the video image franes being replaced. In

the foregoi ng manner, a nethod and a system for

replacing a first object in a 2D imge with a second

obj ect based on a synthesized 3D nodel of the second

obj ect are described according to enbodi nents of the

i nvention for addressing at |east one of the foregoing

di sadvant ages. Al t hough only an enbodi nent of the

invention is disclosed, it will be apparent to one

skilled in the art in view of this disclosure that

numer ous changes and/or nodification can be nmade

wi t hout departing fromthe spirit and scope of the

invention.Clains 1. A nethod for replacing an object

in an i mage, the nmethod conpri sing:
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obtaining a first inmage having a first object, the
first image being twodi nensional, the first object

whamongg4ed pl urality of feature portions; generBtT/8G2008/000202

first imge reference points Qn the first object from
the plurality of feature portions of the first object;
extracting object properties of the first object from
é%ﬁngirst_inage, the object properties conprising
object orientation and di nension of the first object;
Ipr oviAlinregheal fohrepéacthignandjanal ammdet, theinreghod comprising:

representative of second i mage aqbject; the . .

thr co- di maR GG ﬁ&&élﬂaﬁ%\?ﬂﬁ‘@‘g r?ogét Occﬁ’éerﬁ’r%lf 554 Hpage being two-
t her eQRendbndl 8RS tir? B8jc&f hat i ayhatityer RadredictRbei ng

the three-dinensional” nodel "based on the object .
proper t i esgeotrating fifst igageolsfaserce poaps on itegfirgt object from the plurality
synt hesi zed | e ntai ni,ng.a synthesi zed object from

t he éﬁ%?éggpogﬁgsgfaﬁgﬁﬁﬁh %%@d and di spl aced

t hr ee- di menghanl obfeelepropédies 9y nhd ésitzajeabijr@at thbaitsingnage, the
second i mage reference points derived fromthe dﬁl )

cont rabiechBiopeics cprRPEHERS AR piigRTFIgR é%ﬁwné@inr?@w irst object;
bei ng assqgj | iR t i '@ﬁg Li-ghs af d

t he synthjg?ggggoﬁyég??h%hgﬁggéfg?ggi%é Eg&ggééhd @ seeon

i magemiagé ebjectc thephiieetdsmésidniabmbilelstavingagadet efrercdpomts thereon;
poi nts for subsequent replacenent of the first object

o The 11 AT g RS TSPt Eahy aiiee Bhiqpal model
met hags@fod e %b?h?r%p@r\’i@@éﬁh@ fitf@bfebs; €e- di mensi onal

image is generated using a three-dinensional nmesh. 3 .

The met hodtapeiring aciyathesized uhageedontagiisplaaynHigsizek obagtelsom the at

di mrensi onal del sed . obj e roperties of ,th . :
Fi rotebbpae ! domraace ClsBRERE v REARRRLLER, Rhad By qpribesized
mesh ghjdeh HabBgORice6d ipagPeefetedse Yoirthaletived traab] th€tmodel control

4. The method as in claim1, wherein the first inmage )
and tAeEntseds NCoth dBags geference 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.

[N

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

a three-dimensional mesh.

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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substantially identical.5 . The nethod as in claim1,
wherein the first imge and the second i mage are

waelmstiesavd al |y different. 6. The nmethod as i n BCEBG2008$/000202

wherein the first inmage shows,,at | east a portion of a
human figure. 7 . The nethod as in claim1, wherein
the first object is a human face. 8. The nethod as in
gl ai myl, 1%@6‘55@ irt Iafmﬁef:o{\‘lqerkm&% ffxlgp a%é ah&akd s@cond image are
portion of & human I gure . o as in claim
1, whabetantidllyedlifecond obj ect is a hunan face. 10. The
nethod as in claiml wherein the synthesized i mage
conpri ses a threedi mensi onal nesh mani pul at abl e by the
grodel TIEORERH RAhNSim 1lwhé¥efﬁa@@|ﬂ}§t ineadanbes B déddi portion of a
having stored therein a plurality of progranm ng
i nst rlugwdnoi@irewhi ch when execute, the instructions
cause the machine to: obtaining a first imge having a
first object, the first inmage bei ng twodi nensi onal ,
1.he fTiesthetdbd @€tn dlaivi NOwvigergih wieatlinst objadt if £htimae face.
portions; generating first imge reference points on
the first object fromthe plurality of feature
port 'ﬂ{ésmgﬂcho%i RE if | Lc ih IOQJ] efhn th%)gt?&ﬁ‘lgtl A3 QRHSE Lt least a portion of a
properties o the I rst object fron1the ?lrs I mage,
t he dbjnextfigraperti es conpri sing object orientation
and di mension of the first object; providing a
t hr ee- di nensi onal nodel being representative of a
s¢econthd JBG6d AP1£Akim | \ehdrdih @R LSRN @@ a ARESh face.
havi ng nodel control points thereon; at |east one of
mani pul ati ng and dlspIaC|ng the three- di nensi ona
Jdglch? aﬁ% o8, nast Ene c?aéllne L\gg?r:rggng{ i Ir],s?fsr’ltl%fsgtﬁ? euJaLgE comprlses a three-

synt h@feAgen kﬁhe@ﬁﬁnefnﬁ;ﬁﬂﬁt&me bthel iR6d cOMev] Points.
mani pul ated and di spl aced t hree-di nensi onal nodel, the

synt hesi zed obj ect having second i nmage reference

Plc.)i nt g 1q§<.rhii1¥eegea]::lﬁlﬂg1 &%umlingcgmerdo!herein 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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poi nts, the second image reference points being
associated with a plurality of inmge portions of the

wWaywheszed obj ect; andregistering the secondPCTaGE08/000202

reference points to the firstsinage reference points
for subsequent replacenent of the first object in the
first image with the synthesized object. 12. The
ITHChI ne r e%g@@llﬁ ﬁ%dgeygﬂ(ﬁﬁn Ql’é‘\ftl%llgg mt‘@@(‘?ﬂ%’fﬂstﬂﬂﬁgﬁ: reference
t hr ee- di MENSI ona I mag 5 usi n
thr e@odlntmsubmhemeqﬂaceir&nt dine ffiest bbjeet unehcdﬁbslt énage with the
medium as in claim12, wherein the three-dinensiona
mesh Y8AHEEHRICHi th the obj ect properties of the
first object. 14. The machi ne readable nmediumas in
claim 11, wherein the first inmage and the second inage
=% e sﬂmnminlneaﬂehglahlejmndnuoaas inkaimThevireghithrethresadiatshgonal image
um as |Q1 1 n§ first imge and the
secoHEgPﬁﬁﬂg H?EggdﬂgégH??gFW§IBF'¥erent. 16. The
machi ne readable mediumas in claim1l, wherein the
first imge shows at least a portion of a human
I3 gurkhe machinphsadppdhingdiupetsdaislamnige whaics the shigp glimensional mesh
11, ace. 18. The
mac h:l\ggla?éélg%(“{ﬁ ]é 5@%&%%;2&{1%5 Oszge ﬁngﬁﬁ]e%/\ther ein the
second i mge shows at |east a portion of a human
gure. 19. The machi ne readabl e mediumas.in claim
f1 wHisr B ph geadabls Hacdbeds 1y glaun ﬂdnﬁ‘ﬁlefe&b < 5t pge and the
rrach's@@m{d%ﬁggphl% JTBSL M gﬁdén@mgﬂ. aim1l, wherein the
synt hesi zed "mage conpri Ses a three-di nensional nesh
mani pul at abl e by the nodel control points.

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.



