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According to a third aspecf of the present invention, there is provided a data

storage medium ﬁaving computer. c{a}ﬂe means for instructiﬁg a computer {o execute

a method of single view -image: 3D face synthesis comprising the steps of a)

extracting feature‘; points from the Single view image; -b) transforming the feature

5. points into 3D space; ¢) calculating radial basis function (RBF) parameters in 3D

' space bésed on the transformed featura points and corresponding points from a 3D

‘ lgenenc mode! d) apptymg RBF defoxmatton o the genenc 3D modei based on the

' ERBF parameters 1o determine - a modei ‘for the. synthésized 3D facs; and e)

' \ .determmmg texture coordmates fcr the synthesxzed 3[) face in 2D image space

10 :wherem step b) compnses symmetnwﬂy akgnmg ‘the feature points, and step e)

- ~<:ac>r'ﬂpnses pro;ectmg the generlc .3D model or the rnodel for the synthesxzed 3D face

into 2D image space and applylng ‘RBF deformation to the projected generic 3D
model or the projected mode! for the synthesized 3D face.

15 | According to a fourth aspect of the present inyeniion, there is provided a
method of single view image 3D face synthesis comprising the steps of a) exiracting
feature points from the singie view lmage, b) h‘ansforrmng the feature points into 3D

‘ space c) calculating radial basis functnon (RBF) parameters in 3D space based on
the transformed feature points and corresponding points f;om a 3D generic model;

20 d) applying RBF deformation to the generic 3D model based on the RBF parameters
to determine a model for the synthesized 3D face; and e) determining texture
coordinates for the synthesized 3D face in 2 D image space; wherein step b)
comprises symmetrically aligning the feature points.

wzsnwwwAweFdiﬁgwte—a##ﬁa—waspeet#@Fﬁ*@—prese%nveaﬁen—-themwavidedmaww
method of single view image 3D face synthesis compnsmg the steps of a) extr,amr@///
feature pomts from the single vaew 1mage b) transionmng the feature-points info 3D
space; ¢} calcuiatmg radlal bas:s functson (RBF) pa@m ers in 3D space based on
the transformed feafure pclnts and _c:o eS|

: ing pomts from a 3D generic moéei
30 d) appiymg RBF deformatic e‘g,enenc 3D model based on the RBF parameters

fo determine a Gﬂei/ft:wr:he s'yn:thesized 3D face; and e) determining fexture
/cooruinéﬁt:e synthesized 3D face in 2D image space; wherein step e)

»-~%mpﬂses«pmjeeting#:&geneﬁe%%e@er—themaée#%ﬁhe—synthesizedwwwfaeewmm
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into 2D image space and applymg RBF deformation {o the projected generic
modei or the pro;ected mode! for tbe synthesized 3D face. i

According:to a sixth aspécfof the present invention, there is provided a
system for single view image 3{) face synthesis compﬁ#ing means Aor extracting
feature poins froh‘i the singie view irhage‘ means for transforming the feature points
into 3D space; means for caicuiatmg radial basis functton (RBF parameters in 3D

) ‘space based on the transfonned feature pomis and correspon ng points from a aD
Ll :-genenc modet means for appiymg RBF deformatuon to the nerlc 3D model based
on the RBF parameters fo. determme a model for ‘the ~.nthesm.ed 3D face and

means for determmmg texture coordmates for the synt 2 srzed 3D face in 2D'i image
space wherem the means for transfon'nmg the featdre points symmetrically aligns
the feature pom&

According to a seventh aspect of the dresent invehtion, there is provided a
sysiem for single view image 3D face sypithesis comprising means for extracting
feature points from the single view .{mag ¥ means for transfonning the feature points
into 3D space; means for caicuiéting radial basis fyncﬁod (RBF) parameters in 3D
space based on the transformed fe: ure points and cbrreébonding points from a 3D
generic mbdei; means for apply'm' RBF deformation to the generic 3D model based
on the RBF parameters to defermine a model for the synthesized 3D face; and
means for determining textupé coordinates for the synthesized 3D face in 2D image
space; wherein the meaps for determining the texture coordinates projects the
generic 3D model or the/model for the synthesized 3D face into 2D image space and

applies RBF deformation to the prOJected generic SD model or the projected model

extracting feature points from the smgie view smage, b) ,transfcﬂnmg the feature
points into 3D space; ¢) caiculating radial basis function (RBF) parameters in 3D
space based on the transformed feature points and corresponding points from a 3D
generic model; d) applying RBF deformation fo the generic 3D model based on the
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determining texture coordinates fof_the synthesized 3D face in 2D image space:
wherein step b) comprises symmetrically aligning the feature points.

1s provided a data
_'" g a compliter to execute

5 According to a nineth aspect of the present mvenﬁon th
' ;storage medlum havmg computer code means for mstru
a method of smgle vsew rmage 3D face synth
'extrachng feature pomts from. the smgle v‘

‘s compasmg the steps of a)
smage, b) transformmg the feature
adial basis funct:on (RBF) parameters in"3D
ature points and correspondmg points from a 3D
BF deformatlon fo the genenc 3D model based on the
5 determine a- model for the synthesxzed 3D face; and e)

'pomts mto 3D Space e} calculat!ng

10 space based on the transforme
' genenc model d) apply;
RBF paramete;s

ynthesized 3D face into 2D image space and applying RBF deformation o the
projected-generie-3b-model-or-the-projected-model-for-the-synthesized-3D-face——

15

BRIEF DESCRIPTION OF THE DRAWINGS

20
Embodiments of the invention will be better undersiood and readily apparent
to one of ordinary skill in the art from the following written description, by way of
example only, and in conjunction with the drawings, in which:
25 Figure 1 is a schematic flowchart for iliustrating a method of 3D face generation

in an example embodiment.

Flgure 2 shows the resuii:s of the face contours accordmg fo an example
embodiment. o
30

Figure 3a) shows a single view input image

Figures 3 b) and ¢) show display of the synthesized 3D face from the input image
of Figure 1a) using prior art fechniques. ‘
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Figure 3d) :shows the synthe$§zed 3D face from the linput image of Figure 3a)
according to an example embodiment. Figure 3e) and 3f) show the snapshots of the
reconstructed 3D face at different angles according to the example embodiment.

anure 4 zs a schematic x!lustratlon of a computer system for lmplementmg a

‘.method and system of 3D face generatron inan exampie embodiment

DETAILED DESCRIPTION

Figure 1" shows a ﬂowchértf _'-100 illustrating a method of 3D face synthesis
from a single view image according.to example embodiménts. At step 102, feature

~ points are extracted from the single :view image. At step 104, the feature points are

transformed into 3D space. At step 1086, radial basis funciion (RBF) parameters in
3D space are calculated based on the transformed feature points and corresponding
points from a 3D generic model. At step 108, RBF defonnataon is applied to the
generic 3D model based on the RBF parameters fo determme a model for the
synthesized 3D face. At step 110, texture coordinates for t’ne synthesized 3D face in
2D space are deterrmned

in embodiments of the present invention, step 104 comprises symmetrically
aligning the feature points and/or step 110 comprises projectibg the generic 3D
mode! or the model for the synthésized 3D face inio 2D image space and applying
RBF deformation to the pmJected genenc 3D model or the pro;ected model for the
synthesuzed 3D face

Example embodiments descnbed below cari pro\nde a system for automatlc and
real-time 3D phot&reaiistlc face’ synthesus from a smgie fronta! face i nmage The system
can employ a geheric 3D head mode! approach for 3D face synthesis which can
generate the 3D mapped face in reaktime. The system may first automatically detect
face features from an input face image that corresponds to landmark points on a generic

- 3D head model. Thereafter, the generic head model can be deformed to maich the

detected features. The texture from the input face image can then be mapped onto the
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deformed 3D head mods! {o create a:, bhotweaiisﬁc 3D face. The system can have the
advantage of being totally automatic and in reaktime. Good results can be obtained with
no user intervention. Such a system may be useful in many applications such as the
creation of avatars for virtual worlds by end-users with no need for manual and tedious

.processes such as manua! feature placements on the face tmages

: Some porﬁons of the descr:ptaon whuch foilows are exphcsﬁy or 1mpitcrt§y
presented i terms of algonthms and functzonal or symbohc representahons of
operat:ons on data w:thm a computer memory. These aigonthmtc descriptions and
functsonal -or symboilc representatmns are the means’ used by those skilled in the data
processmg arts to convey most eﬁectlvely the substance of thear work to others skilled in
the art. An aigonthm is here, and generai\y. conceived to be a self-consistent sequence
of steps leading to a desired result. The steps are those requnjmg physical manipulations

~ of physical quantities, such as ele@:tzfical, magnetic or optical signals capable of being

stored, transferred, bombined, compared, and otherwise m_anipuiated‘

Unless specifically stated otherwise, and as apparent 'ﬁ‘om the following, it will be
appreciated that iﬁroughout the present specification, discussions utilizing terms such as
“scanning”, “calculating”, “determining”, ‘replacing”, “Qenerating”, “initializing”,
“outputting”, or the like, refer to the‘: action and processes of a computer system, or
similar elecironic device, that manipulates and transforms data represented as physical
quantities within the computer systerﬁ' into other data similarly represented as physical
quantiies within the computer system or other im’onnationf storage, transmission or
display devices.

The present specrﬁcatton a!so discloses apparatus for performmg the operat:ons
of the methods Such apparatus may be speczaﬂy constmcted for the required purposes
or may cqmpnse a general purpos_e_t;omputer or other dev:_ce selectively activated or
reconfigured by a: computer program stored in the compi;fter. The algorithms énd
displays presented herein are not inhérenﬂy related to any particular computer or other
apparatus. Various general purposlé machines may be Eused with programs in
accordance with the teachings herein. Alternatively, the construction of more specialized
apparatus to perform the required method steps may be apprépriate. The structure of a
conventional general purpose computer will appear from the description below.
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In addition, the present épe’ciﬁcation also implicitly discloses a computer
program, in that it would be appareni‘to the person skilled in the art that the individual
steps of the method described herein may be put into effect by computer code. The
computer program is not intended'{o ~Se limited to any particuiar programiming language

and lmpiementatlan thereof it w;it be apprecxated that a vanety of programming
jlanguages and codmg thereof may be used to mpiement the teachmgs of the dlsclosure
:contalned herem Moreover the computer program i not lntended to be fimited. to any
tparticular contrcl ﬂow There are many other vanants of the computer pmgram “which

can use dlﬁerent control flows w;thout departmg from the spmt or scope of the invention.

Furthermore, one or more cf:‘f the steps of the compm‘er program may be
performed in paraliel rather than sequéntially. Such a computer program may be stored
on any computer readable medium. The computer reada_b!e medium may include
storage devices such as magneti{: or optical disks, me__mofy chips, or other storage
devices suitable for interfacing with a general purpose computer. The computer readable
medium may also include a hardx:-wired medium such as éxempiiﬁed in the Intermet
system, or wireless medium such as -exemplified in the GSM.mobile telephone system.
The computer program when loaded and executed on such a general-purpose computer
effectively results in an apparatus that implements the steps of the preferred method.

The invention may also be implemented as hardware modules. More particular,
in the hardware sense, 2 module is.a functional hardware tgnit designed for use with
other components' or modules. F'or' example, a module may be implemented using
discrefe electronic. components or it. can form a portion of an entire electronic circuit
such as an Apphcatlon Specrﬁc integrated Circuit (ASIC) Numerous other possnblimes
exist. Those ska!ied m the ar'c will appremate that the’ system can also be mp&emented
asa comb:natuon sf hardware and software modules.

in the fofloWing, details of ste;is 102 to 110 in Figure 1 will be described for one
example empodiment.

In order fo _extract the face's feature points in step 102, the system first detects
the face region from the input émage.~ This face region can be detected by any face
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detector. In one émbodiment, a RoWiey face detector [Rowiey et al. 1898] for detecting
the face from the input image is used.

‘l‘o extract the feature- pomts from the detected face reglon the extended active

ishape modei (ASM) method pfesen’eed by Milborrow and Ntco[is [2008] is used in this
:examp[e embodiment ASM was ﬁrstly presented by Cootes et al. [1992]. The underlying
Iprmcupie zs that from the set of examp!es of a shape, a statnsﬁcal shape modet is bezng
: bu:lt Each shape m the tralnmg sat lS :epresented by a set of n {abeled landmark paints,
"whtch must be cons:stent from one ‘shape to the next By varyang the shape model

parameters within limits learnt from tﬁe training set, the new shape can be generated.
Based on this model, the Active Shape Model iteratively defoms the shape of the object
to fit the object in example images. The results of the face contours are shown in Figure
0 . .

in general térms, the task of modei fitting is to adapt a generic 3D head meshto
fit the set of face féature points. in this example embodiment, 2 3D modeling software is
used to create a high-resolution 3D head mesh and then landmark points are annotated
on the mesh to correspond fo the positions which will corrélate to the feature. points
extracted from the input face image " In other words, givenAthe input face image, the
extracted set of feature points are those that are supposed fo correspond to the
landmark points on the 3D head mesh.

A scattered data interpolation process uses the set of feature points and
landmark points to compute the pbéition of the mesh vertices, as will be explained in
more detailed below The same process is applied: for vertex posmons in texture space,
again as wu!l be descnbed in more detalled below. Because m this example embodsment
there i$ no depth mformat%on of fea‘cure ‘points from me smgie face image, the depth "
values are om:tted The target is to have the face contour, eye mouth and nose contour
fo look s;mtlar to those in face image..

To transform the feature points from image space to SD mode! space (compare
step 102 in Figure ‘E),' two coordiﬁate systems in image space and model space
respectively are established, | and S. For both systems, thé origins are middie points
between the eye comers. The X direction is the vector from right eye comer fo left eye
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comer. The Z direction in the image fepace points outwards perpendicular to the image

(in 3D space it is the direction perpendicular to the face). The Y direction is the cross

product of Z and X. The unit length jin' image space and model space is half the distance
between the eye comers Thus, in order to transform a feature point into the model

Lspace f*rom a feature point in the mage space, the coordmatxon of that feature point in

; fthe estabﬁshed coordmatlen system Tis computed

10.

15

20

25

30

i.ét: (x y) ‘and S (x, y,z) be respective sets of detected feature pomt in the

image and set of Iandmark points in modei space.

Let O, O* be the middle poihts of two feature/landmark points at left eye and
right eye comners in_ the image space and the model space reseeciiveiy, where

=0. 5(1,eye(x,y)+f (=, y))
= 0.5(S,0, (%, 25 2) 45 (3, »,2)

The X direction of the respecti\}e coordinate systems are:

¢, = normalized(l,p,, — 0') = (I, ~ 0|1, — O'|

—

&} = normalized(S,,, — 0 )= (8, ~ O[S, ~ O]

The Y dxrer:ttons of the respecbve coord;natmn systems are the X directions
rotated by 90 degrees ciockw:se such that : '

P P
ex=ey, ey=—e€x

S e 5 P s
eyxue,y, eyy-w-exx

The Y directions of the respectiire coordination systems are the cross products of
the Y and X directions, suchthat . - |
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2 E-< -4 )
€.=¢€,xe,
&5 =8 xE’

Lot 7 = 5,0, I =0

T T ek et mem—

Lt (0"el.ep.e,") - (O'yel e}, ei,1%) define the respective coordinate

systems in the image and the model é;’)ace;

. The normaitized ‘fk (x,y) is éaiéu!ated as:
10 _ | S
Tex = (L, (5, ) -0 11
Tiy = (1, (s y) -0} /T

Mext, fk(x,y)are symmetrized to symmetrically a!igr{ the feature points in the
image space. -
15
I'ux = Tux—0.5(T ux+Iwx)
I'ex=Tpx—0.5ux+Iex)

Pay=Toy=05Tay+Tup) -

Nekt, the 7 k (x,y) are transformed to the méadélfsﬁac%; S7(x,y.z) as
a0 L ST )

ST x=1 'kxt

Sly=TI'y

STz=0

25 The S (x,y,z) are further transformed in the 3D model space.as foliows:
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S =0"+1 s )

We set 'S,';:: =0 also.

The S‘ (x, y,z) (l e transformed from lk (X, y)) and the Sk(x, y,z) are then used

?as sets of target and source pomts to enter Radra! Baszc Funct&on (RBF) deformatzons

To make the deformatson more prectse they are aligned one more fime by subtracting
the value of center mass (subscript'crir’) from their vaiues, sur;h that

g 25 ZS'
i BT

Si=8-5, 5=8-5, "

in ‘generazifgms. the task of scattered data‘;int_erpc‘-)}ation is to find a smooth
vector value f(p) fitted to the khoiyn datay, = 1(p,). from which we can compute
u; = f(p,). | |

The family of RBFs is understood in the art fo have powerful interpolation
capability. For example, RBF is used in [Pighin et al. 1998} and [Noh and Neumann
2001} for face model fitting. RBF has a function of the form:

@ =Y whip-rl)

where h(r) is a rad;aliy symmetnc basis functlon Thls RBF form is used by
Zharyg et al. [2004), [2005]. In thls exampie embodiments, a more general form of this
interpolant is used. The more general form adds some iow-orcier polynomial terms to
model global affine deformation. Simitar to [Pighin 1998] and [Cohen-or et al. 1998], an
affine basis is used as part of the -interpolation algorithm and thus the RBF in this
example embodiment has a func’uon of the form:

f@)mz‘w,.hmp»p..u)w;m
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To determme the coefﬁc:ents W, and affine components M and { (compare step

108 in Flgure 1) a set of Ilnear equataons is soived that include the interpolation
’const;amts u = f(p,) as well as the constramts ZW 0 and ZW: p” =0, which remove

iafﬁne contnbutlons from the rad:al basrs functaons For h(r) th:s embaodiment chooses
h(r) e"”‘ | The constant K. has value range irom 10-100 over which range no

'nohceab}e difference was obsewed’m different exarnp}e embodiments.

By Definition of the REF,
= RBF (S;k)

So every pomt P of the genenc mode! in the model space will be deformed to
point P’ (compare step 108 in Fsgure 1) by equation ‘

P RBF(P -S,)+S.,

For texture mapping, since all ASM methods detect the face contour and feature
points which best fit the statistical model, the inventors have recognised that the
extracted face contour and feature poihts will not lay e)éactty at the real image contours.
As such, the use of planar pro;ecteon for texture mappmg ieads to errors. In the example
embodiment, RBF with affine transformaﬂon is - used mstead fo’ generate texture .
coordinates. : :

First the values of the lmage detected feature pomts are normalized to [0,1]
range as foliow:

I (x,y)—min(Z, (x, y)) +C'(x, )
aX(Ik(x,y)) min(Z, (x, 7)) +2C'(x, y)

C'(x,y) are speclﬁc constants

Lx,y)=
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45—
= —I%(max Lx-minlx); C, = 0.4(max I,y—min1,)

On the other hand the iandmark pomt in 30 Space aﬁer deformation became

' I‘S,;, és descnbed above

T'h'e: (defoiméd) landmark 'pb’ints and the points of the new model for the
synthesized 3D face are projected by pianar projection to temure space and normatized
to a [0,1] range, such that i

. Sl:(xsyaz) Csm-(xsyrz)
C‘ (X Y, Z) = C (x, ¥,z2)

P(xsysz) CM(JC:}’,Z)
C: (x,y,2)~ Cs (x,5.2)

I "'(x,y, z)=

fP"(x 7, z) :

Next, a RBF function is constructed which will map texture coordinates of each
vertex to image space, which are used as final texture coordinates.

The I,"(x,y,0) and I}(x, y,'O)‘ ‘are respective sets of target and source points fo

enter the RBF deformation. To make the deformation more precise, the respective sets
are aligned one more time by subtractmg the value of center mass from their values,
such that

ZI,;' SN
o Vk"l = II ml '
: fk"x Iﬁ"""‘.[cm", f:; IZ’_IZR
By Deﬁnition of the RBF,

1,"= RBF(T)

So every point A’ will have fexiure coordinate T (u, v, 0) by equation
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T(u,v,0)= RBF(P" = I3} +1,"
Us"‘g the 059*?133 amage as texture the fi nai texture conrdmate (T u, T) for every
pomt =4 wﬁi be . .

T'u=Tu* (’_maxa,,x) —min(Jyx)+ 2C'%) / Iy +min IG5}/ 1

T = Tv*{max(l,y) ”min(fz;}fz)z“" 2C"y) /L ppighy ~+ T0ID I(éx) ! Ligh

ln the above descnbed example embodiment, the RBF" with affine transformation

to generate texture coordinates is usmg the new model for the synthesized 3D face and
~ the deformed !andmark points {whxch are equivalent to the exi:acted feature points from

the image as transformed into 3D space] However, in another exampie embodiment,
the RBF with afﬁne transformation fo generate texture coordinates can instead be based
on the generic 3D model and the landmark points of the generic model, and otherwise
following the same steps as described above for RBF with affine transformation to
generate texture coordinates based on the model for the synthesized 3D face and the
deformed landmark points. : ‘

in the described example e'm}éodiment an automaticr'imagehbased method and
system for 3D face synthesis using Eon!_.y a single face image éfe provided. The example
embodiment uses an approach to generate a symmetdéal!y-gligned set of feature points
which advantageously helps to obtéiri'better results for the 3D 'syntheSized face and also

~ an approach that employs RBF in texture mapping to advantageously correctly map the

model points o the texture space. The embodiment has the advantage of being fully
automatic and running in real-iime. Expanments conducted s_how that good results can
be obtained with no user intervention, as illustrated in Figures 3, which shows
comparative resulis. More particuiarv,‘ Figure 3a) shows a Esingle view input image,
Figures 3 b) and c) show display of the synthesized 3D face. ';ssing prior art technigues,
whereas Figure 3d§, 3e) and 3f) shdm{ ;_the synihesizedi.éi:) facée‘ according to an example
embodiment, obtained fully automatidaliy in less than ﬁsecontifs on a normal PC. - .
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The automat:c 3D face . synthe&s system and - ‘method of the example

Iembodtment can be a bu:ldmg block for a compiete system capable of automatic 3D face
:syntheSIs and ammatnon Also, there are many ways to enhance and extend. the
Itechmque sn dtfferent embodlments such as:. (1) Depth estimation: With depth
.'mfonnatton 3D modei reconstrucixon will be easier and also more accurate; (2)

Rehghtmg Inthe example embodlment texture is from i tmage acquired at certain lighting
conﬁguration To enable it to ba used in other appi:catsons or lighting conditions,
relighting fechnique can be developed and incorperated.

The method ahd system of the example embodim}ants can be implemented
on a computer system 400, sc':hematicaliy shown in Figure 4. it may be implemented

Eas software, such ‘as a computer program bemg executed within the computer
j system 400 and mstrucﬁng the computer system 400 to oonduct the method of the
-example embodtments '

The computer system 400 cpmprises a computer nﬁodule 402, input nioduies
such as a keyboard 404 and mouse 406 and a plurality of output devices such as a
display 408, and printer 410.

The computer module 402 !S connected fo a computer network 412 via a
suitable transceiver device 414, to enable access to e.g. the Internet or other
network systems such as Local Arez_a Network (LAN) or Wide Area Network (WAN).

The comréutér module 40:2:_-iin'the exaﬁxple:'inclédés a processor 418, a
Random AAccéss Memory (RAM)E 420 and a Read Only Memory (ROM) 422. The
computer module 402 also includé$ a number of ‘input/C'Diutput ({/O) interfaces, for
example VO interface 424 1o the display 408, and VO 'mtei_'face 426 to the keyboard
404. '

The components of the confmbuter module 402 typically communicate via an
interconnected bus 428 and in a manner known to the person skilled in the relevant
art. - '
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The appii&aﬁon prégram is typically supplied to the user of the computer
system 400 encoded on a cia’m storage medlum such as a CD-ROM or fiash
memory. carner and read utailsmg a correspondlng data storage medium drive of a

idata storage devzce 430 The appiicatlon prcgram is read and controiied m its
‘executton by the processor 418 lntermed:ate storage of program data maybe

accomphshed usmg RAM 420

i will be éppreciaied by a bérson skilled in the art that numerous variations
and/or modrﬁca’aons may be made to the present mventton as shown in the specific
embodrments without departing from the spirit or scope of the invenfion as broadly
descnbed The present embodtments are, therefore, to be cansxdered in all respects to

o be l[lus’frative and not restnchve
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1. Amethod of single view image 3D face synthesis comprising the steps

a) extrac’ang feature pom’a; from the sangie View lmage
b) transformlng the feature pomts into 3D space;
c) oatcuiatmg radial basis function (RBF) parameters in 3D space based on
the transformed feature poinis and. correspondmg points from a 3D generic model;

d) appiymg RBF defcmatton to the generic 3D mociei based on the RBF
parame{:ers fo determme a model. for the synthesized 3D face; and

&) determining texture coc}rdinates for the synthesized 3D face in 2D image
space; - . : : 'I
‘ whereln step b) compnses symmetnca!iy ailgnmg the feature pomts and .
step e) compnses projectmg the generic 3D modei or the model for the

'synthesmed 3D face into 2D image space and applymg RBF deformation to' the

projected generic 3D model or the pr_o;ected model for the syntheszzed 3D face.

2. The method as claimed in ciaim 1, wherein step e) comprises
calculating RBF parameters in 2D image space based on the feature points and
corresponding points in the geneﬁric; 3D model projected into 2D image space, and
applying RBF deformation to the projected generic 3D model.

3. The method as ctatmed in claim 1, wherein step e) comprises
calculating RBF parameters in ZD image space based on the feature points and
oorrespondmg pomts in the maodel for the synthesxzed 3D face projected into 2D
image space, and applying RBF - deformation to the projected model for the
synthesized 3D face. '

4. The method as cta‘m‘ied in any one of the ﬁreceding claims, wherein
step a) compnses applying a face detection algorithm to detect a face region in the
single view 1mage

5, The method as claimed in claim 4, further comprising using an active
shape mode! to extract the feature points from the detected face region.
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6.0 A sysiem for single view image 3D face synthesis comprising:

_ lmeans for extractmg feature pomts from the smgie view image;
fmeans for transfonnsng the feature points mto SD space :
3mearzs for caicuiatang radxal ba51s function (RBF) parameters in 3D space

based on the transformed feature’ pomts and corraspondmg points from a 3D generic

model; . .

means for ‘applying RBF defom'natlon o the genenc 3D model based on the
RBF parameters to determine a model for the synthesized 3D face and

means for:determmmg texture coordinates for the synﬁwesmed 3D face in 2D

image space;

wherem the means for transfonmng the feature pomts symmetnm!!y aligns

the feature pomts and

the means for detemmmg the texture coordmates projects the generic 3D

‘model or-the mode! for the synthes;zed 3D face into 2D amage space and applies

RBF deformation fo the pro;ected genenc 3D model or the projected model for the
synthesized 3D face.

7. A data storage medium having computer code means for instructing a
computer to execute a method of single view image 3D face synthesis comprising
the steps of ‘

a) extractmg feature pomts from the smgie view :mage

b) transformmg the feature: poanis info 3D space

c) caicuia’ang radial basis functzon (RBF) parametevs in 3D space based on
the transformed feature points and corresponding points fm_m a 3D generic mocfel,

d) applying RBF defonnatidn to the generic 3D miodel based on the RBF
parameters {o determine a model for the synthesized 3D fa¢e; and

€) detarmining texture coordinates for the synthesized 3D face in 2D image
space; o

wherein step b) comprises symmetrically aligning the feature points, and

step &) compnses project:ng the generic 3D modei or the model for the
synthesized 3D face into 2D smage space and appiymg RBF deformation to the
projected generic .SD model or the projected model! for the synthes;zed 3D face.
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8 : A rriet?hod of' Singie v:ew image 3D facé synthésis comprising the steps

’ fa) extractmg feature pcmts from the szngie waw mage
'b) transformmg the feature pomts into 3D space ‘ ‘
) calcuiatmg radial basis functxon (RBF) parameters in 3D space based on
the transformed feature points and ccrrespondmg points from a 3D generic model;
d) applymg RBF deformat:on to the generic 3D model based on the RBF
parameters to determine a mode!. for the synthesized 3D face; and
e) determining texture coordinates for the synmasuzed 3D face in 2 D image

_Wﬁéreiri step'b) comprises;séymmemcally aligning the feature points.
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a) extracting feature points from the single view'ima'ge;
b) transforming the feature points into 3D space;
¢) calculating radial basis function (RBF) parameters in 3D spacebased on
the fransformed feature points an@l i;crresponding points from a 3D gefieric model;
d) applying RBF deformation to the generic 3D ;fﬁod sed on the RBF

paramete‘rs to determine a model ;fo,r the synthesized 3D faec®; and

e) determining texture codrdinates for the synthesized 3D face in 2D image
space; : - P
wherein step e) comprises projecting’the généric SD model or the model for
the synthesized 3D face into 2D imag pace and applying RBF deformation to the
projected generic 3D model or the projected modet for the éynthesized 3D face.

N

10. f single view image 3D face syn‘tﬁesis comprising:

ns for calculating radialj basis function (RBF)"‘_parameters in 3D space
based on the transformed feature ipéints and corresponding points from a 3D generic
odet: ‘ :

means for applying RBF def?qrmaﬁon to the g‘enericj 3D model based on the

F-parameters-to-determine-a-modelfor the-synthesized-3D face;-and
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means for: determmmg tex'ture coordmates for the synthesxzed 3D face it 2D
umage space : ) . .
wherem the means for transformmg the feature pomts symmetrically aifgns

the feature pomts

M. A system for single 'viéw image 3D face syntﬁesis coriprising:

means for extracting feature points from the single view image;

means for transforming the feature points info 3D spa' ‘

means fer ca!cuiatmg radlal ‘basis function (RBF) arameters in 3D space
based on the transformed feature pomts and oorres;)ond! g points from a 3D genertc

means for appiymg RBF deformaﬁon fo the »enenc 3D model based on-the
RBF parameters to deterrmne a mode| for the sy esized 3D face; and

, means for: deterrmmng texture coordinafés for the syntheszzed 3D face in ZD
:mage space;

wherein the means for determinjng the texture coordinates projects the

generic 3D model or the model for the nthesized 3D face into 2D image space and
applies RBF deformation to the projetted generic 3D model or the projected model
for the synthes:zed 3D face. ‘ ’

12. A data storage edtum havmg computer code means for mstructsng a
oomputer_:to execute a method of s;ngie view image 3D face synthesis compnsmg
the steps of ' I ' '

a) extracting fedture points from the single view image;

wherein step b) comprises :symmetriwiiy aligning thé feature points.
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{3,'f CA data storage med:um havmg computer code means for instructiy

'computer o execute a method of smgie view !mage SD face synthesis compfising

the steps of - . :
a) extractlng feature pomts fram the single view m-;age
b) transforming the feature points into 3D space; -
c) caiculaﬁng radial basis .ﬁ@réction (RBF) parameters in 3D gpace based on
the transformed feature points and corresponding points frcf)m a 3D generic mode!;
d) applying RBF deformaiibn to the generic 3D mode)/based on the RBF

‘parameters to determine a model for the synthesszad 3D fac and

e) determmmg texture coordmates for the synthes: ed 3D face in 2D :mage

wherem step e) compnses pro;echng the gen ic SD modei or the model for

the synthesized 3D face into 2D image space and /Applying RBF deformation to the

projected generic 3D model or the projected mogél for the synthesized 3D face.




