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Method And System For Sir\gle View image 3 D Face Synthesis

FIELD OF INVENTION

The present invention relates broadly to a method and system of single view

image 3D face synthe3|s

 BACKGROUND

Automatlc generatlon of reahstlc 3D human faces isa challenglng task in the ﬂeld
of computer vision and computer graphlcs It is recognised that various applications such
as avatar creation fqr human computer interaction, virtual realrty, computer games, video
conferencing, immersive telecommunications, and 3D face animation can benefit from
photo-realistic human face models.

For techniques using a single view image for 3D face synthesis, unsupervised 3D
face reconstruction can be achieved without any off-line operations. This can facilitate
real-time applications like video pheny and video conferencing. However, currently,
some single view-based algorithms are only capable of coping with front-view inputs
while some algorithms require signiﬂeant user interaction an_d manual work to mark out

facial features.

For example, in Kuo et. al. [2002, 3-D Facial Model Estimation from Single Front-

“View Facial Image, In IEEE Trans. on Cir. and Syst. For Video Tech., vol. 12, no. 3] a

method is proposed which can aut_OmaticaIIy detect only feur feature points at eye
comers and eye centres. These feature points are c_alled reference points. The positions
of all other feature points are deriVed from anthropometric‘relationships between the
references pomts and these other feature points. A: 3D—mesh model can be constructed
directly from the obtamed feature ponnt set.

In a similar study, Zhang et .al. [2004, Video-based fast 3d individual facial
modeling, In Proceeding of the 14" International Conference on Artificial Reality and



15

20

25

30

WO 2011/075082 PCT/SG2010/000465

Telexistence, pages 269-272] used the RealBoost-Gabor ASM algorithm taught in
Huang et. al. [2004, Shape Iocallzatlon by statistical learning in the Gabor feature space.
In ICSP, pages 167-176] to automatically detect feature pornts. The radial-basis function
(RBF) defonnation method is used tc deform a generic model according to the detected
feature points. Both Kuo et al. and Zhang et. al. used planar projection to project texture
image onto the generated models. -

One srgnrﬁcant problem w1th the above exusttng techmques is that a frontal face

;ﬂ. | Etmage |s typrcally requrred It has. been recogmsed that wrthout imposing strict and ngld
_1()" - jrestnctlons on how a person is- gomg to posrtron hls/her face m order to capture the face
3 jrmage |t is substantlally diffi cult to capture a purely frontal |mage of the face from e.g. a

normal webcam That is, while a frontal image can: ‘be captured it is typical that the
frontal unage exhlblts a face that is slightly turned to the left or right and/or upwards or
downwards. The eye shape contour also typically varies depending on where the
subject looks. Thus, the feature point set obtained for face synthesis is typically
asymmetric. In such cases, using the extracted feature points together with RBF
deformation and planar projection of texture mapping cannot produce satisfactory

resdults.

Therefore, there exists a need for a method and system of 3D image generation
that seek to address at least one of the above problems.

SUMMARY

According to a first aspect of the present mventlon there is provided a
method of single view image 3D face synthesis comprising the steps of a) extracting
feature points from the srngle view image; b) transformmg the feature points into 3D
space; c) calculatlng radial basrs functnon (RBF)- parameters in 3D space based on
the transformed feature points and correspondlng pomts from a 3D generic model;
d) applying RBF deformatlon to the g_enenc 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 2D image space; wherein step b)
comprises symmetrically aligning the feature points, and step e) comprises
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projecting the generic 3D model 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 model for the synthesized 3D face.

Step e) may comprise caleulaﬁng RBF parameters in 2D image space based
on the féature 'points and correspohding points in the geheric 3D model projected
into 2D |mage space and applylng RBF deformatlon to the pro;ected generic 3D

'model

Step e) may compnse calculatlng RBF parameters |n 2D image space based :

,face pro;ected |nto 2D image space and applying RBF deformatlon to the pro;ected

mode! for the syntheSIZed 3D face. -

Step a) may comprise applying a face detection atgorithm to detect a face

region in the single view image.

The method may further cqmprise using an active shape model to extract the
feature points from the detected face region.

According to a second aspect of the present invention, there is provided a
system for single view image 3D face synthesis comprising means for extracting
feature points from the single view image; means for transfurming the feature points
into 3D space; means for calculating radial basis function (RBF) parameters in 3D
space based on the transformed feature points and comresponding points from a 3D

- generic model; means for applying RBF deformation to the fgeneric 3D model based

on the RBF parameters to deteh'hthe- a model for the synthesized 3D face; and
means 'for‘ determinihg texture courdtnates for the syhthesiied 3D face in 2D image
space; wherem the means for transformmg the feature points symmetrically - allgns
the feature pomts and the means for deterrmmng the texture coordinates pro;ects
the generlc 3D model or the model for the synthesrzed 3D face into 2D image space
and applies RBF deformation to the projected generic 3D model or the projected
model for the synthesized 3D face.
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According to a third aspect of the present invention, there is provided a data
storage medium having computer. opde means for instructihg a computer to 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
points into 3D space; c) calculating radial basis function (RBF) parameters in 3D
space based on the transformed feature points and corresponding points from a 3D

igenenc model d) applylng RBF deformatron to the genenc 3D model based on the

' t:Z"‘ ERBF parameters to determme a model for the synthesuzed 3D face; and e)
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j .determmlng texture coordlnates for the synthesrzed 3D face in 2D image space
'.10; ’whereln step b) compnses symmetncally allgnmg the feature points, and step e)

’comprlses pro;ectlng the generlc .3D model or the model for the synthesized 3D face

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

According to a 'fourth aspect of the present inyention, there is provided a
method of single view image 3D face synthesis comprising the steps of a) extracting
feature points from the single view image; b) transfom‘iing the feature points into 3D

' space; c) calculating radial basis Efu_n_ction'(RBF) parameters in 3D space based on

the transformed feature points and corresponding points from a 3D generic model;
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.

According to a fifth aspect: of the present inventton, there is provided a
method of single view image 3D face synthesis comprising the steps of a) extracting
feature pomts from the single vnew 1mage b) transformmg the feature points into 3D
space; ¢)- calculatlng radlal basrs functlon (RBF) parameters in 3D space based on
the transformed feature pomts and correspondlng ponnts from a 3D generic model
d) applylng RBF deformation to the generic 3D model based on the RBF parameters
to determine a model for the syhthesized 3D face; and e) determining texture
coordinates for the synthesized 3D face in 2D image space; wherein step e)
comprises projecting the generic 3D model or the model for the synthesized 3D face
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into 2D image space and applying RBF deformation to the projected generic 3D
model or the projected model for the synthesized 3D face.

Accordingito a sixth aspect-of the present invention, there is provided a
system for slngle view image 3D face synthesis compnsmg means for extracting
feature pomts from the single wew |mage means for transforming the feature points
into 3D space; means for calculatmg radial basis function (RBF) parameters in 3D

_ 'space based ‘on the transformed feature pomts and correspondlng points from a 3D
o fgeneric modei means for applylng RBF deformation to the genenc 3D model based

_10; ‘on the RBF parameters to. determme a model for the synthesnzed 3D face and

means for determining texture coordinates for the synthesrzed 3D face in 2D i image
space; wherem the means for transformmg the feature pomts symmetrically aligns
the feature pomts

According to a seventh aspect of the present invention, there is provided a
system for single view image 3D face synthesis comprising means for extracting
feature points from the single view .image; means for transforming the feature points
into 3D space; means for calculating radial basis function? (RBF) parameters in 3D
space based on the transformed feature points and corresponding points from a 3D
generic model; means for applying RBF deformation to the generic 3D model based
on the RBF parameters to determine a model for the synthesized 3D face; and
means for determining texture coordinates for the synthesized 3D face in 2D image
space; wherein the means 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 proiected generic 3D model or the projected model
for the synthesnzed 3D face.

Accordmg to an elghth aspect of the present invention there is provuded a
data storage medlum havmg computer code means for instructing a computer to
execute a method of single view image 3D face synthesis compnsmg the steps of a)
extracting feature points from the snngle view image; b) transforming the feature
points into 3D space; c) calculating 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 to the generic 3D model based on the
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RBF parametersﬁ to determine ajrnodel for the synthesized 3D face; and e)
determining texture coordinates for_the synthesized 3D face in 2D image space;
wherein step b) comprises symmetrically aligning the feature points.

According to a nineth aspect' of the present inventior\ there is provided a data

;storage medlum havmg computer code means for mstructlng a computer to execute
a method of smgle view lmage 3D face synthesrs compnsnng the steps of a)
rextractmg feature pounts from. the slngle vrew lmage b) transformmg the feature
‘points 1nto 3D space c). calculatlng radlal basis functron (RBF) parameters in"3D

space based on the transformed feature points and. correspondlng points from a 3D
genenc model d) applylng RBF deformatron to the genenc 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 2D image space;

- wherein step €) comprises projectihg the generic 3D model 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 model for the synthesized 3D face.
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the inventio:n will be better understood 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:

Figure 1 is a schematic ﬂowchart for iliustrating a method of 3D face generation

in an examplie embodiment.

Flgure 2 shows the results of the face contours accordmg to an example
embodiment. o

Figure 3a) shows a single vievr Vinput image

Figures 3 b) and c) show dispiay of the synthesized 3D face from the input image
of Figure 1a) using prior art techniques. '
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Figure 3d) :shows the syntheetzed 3D face from the 4input image of Figure 3a)
according to an example embodiment. Figure 3e) and 3f) ehow the snapshots of the
reconstructed 3D face at different a’ngles according to the example embodiment.

Flgure 4 |s a schematic lllustratlon of a computer system for lmplementmg a

Imethod and system of 3D face generahon in an example embodlment

DETAILED DESCRIPTION

Figure 1 shows a ﬂowcha'rtz 1 00 illustrating a method of 3D face synthesis
from a single view image according.to example embodiments. At step 102, feature
points are extracted from the single jview image. At step 104, the feature points are
transformed into 3D space. At step 106, radial basis function (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 deformation is applied to the
generic 3D model based on the RBF parameteré to determine a model for the
synthesized 3D face. At step 110, texture coordinates for the synthesized 3D face in
2D space are determlned

In embodiments of the present invention, step 104 comprises symmetrically
aligning the feature points and/or step 110 comprises projectihg the generic 3D
model or the model for the synthestzed 3D face into 2D image space and applying
RBF deformation to the pro;ected genenc 3D model or the pro;ected model for the
synthesized 3D face '

Example embodlments descnbed below can provude a system for automatlc and
real-time 3D photo-reahstlc face syntheS|s from a smgle frontal face |mage The system
can employ a generic 3D head model approach for 3D face synthesis which can
generate the 3D mapped face in real-time. 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 match the

detected features. The texture from the input face image can-then be mapped onto the
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deformed 3D head model to create a_: photo-realistic 3D face. The system can have the
advantage of being totally automatic and in real-time. Good results can be obtained with
no user intervention. Such a system may be useful in many applications such as the
creatron of avatars for virtual worlds by end-users with no need for manual and tedious

.processes such as manual feature placements on the face |mages

éome : portion:s of the descrtption which': follbWs :a're explicitly or implicitly
presented in’ terms of algonthms and functlonal or symbolrc representatrons of
operatlons on data wrthm a computer memory. These algonthmrc descriptions and
functlonal or symbollc representatlons are the means’ used by those skilled in the data
processmg arts to convey most eﬁectrvely the substance of therr work to others skilled in
the art. An algonthm is here, and genera|ly, conceived to be a self-consistent sequence
of steps leading to a desired result. The steps are those requrnng physical manipulations
of physical guantities, such as electrical, magnetic or optical signals capable of being
stored, transferred, combined, compared, and otherwise m,anipulated.

Unless specifically stated otherwise, and as apparent from the following, it will be
appreciated that throughout the present specification, discussions utilizing terms such as
“scanning”, “calculating”, “determining”, ‘“replacing”, “generating”, “initializing”,
“outputting”, or the like, refer to thez action and processes of a computer system, or
similar electronic device, that manipulates and transforms data represented as physical
quantities within the computer system into other data similarly represented as physical
quantities within the computer system or other information} storage, transmission or

display devices.

The present specifi catlon also discloses apparatus for performrng the operatlons
of the methods Such apparatus may be speclany constructed for the requrred purposes
or may compnse a general purpose computer or other devrce selectively activated or
reconfigured by a_ computer program stored in the computer. The algorithms and
displays presented herein are not inherently related to any particular computer or other
apparatus. Various general purpose machines may be Eused with programs in
accordance with the teachings herevin.j Alternatively, the construction of more specialized
apparatus to perform the required method steps may be appropriate. The structure of a
conventional general purpose computer will appear from the description beiow.
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In addition, the present speciﬁcation also implicitly discloses a computer
program, in that it would be apparent'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 to be limited to any partlcular programming language

‘and lmplementatlon thereof It wrll be apprecrated that a variety of programming
jlanguages and codmg thereof may be used to |mplement the teachlngs of the dlsclosure
:contamed herem Moreover the computer program is not mtended to be limited. to any
jpartrcular control ﬂow There are many other vanants of the computer program “which

can use drﬁerent control flows wrthout departing from the spmt or scope of the invention.

Furthermore, one or more of the steps of the cornputer program may be
performed in parallel rather than sequentially. Such a computer program may be stored
on any computer readable medium. The computer readable medium may include
storage devices such as magnetic or optical disks, mernory chips, or other storage
devices suitable for interfacing with a general purpose computjer. The computer readable
medium may aiso include a hardéwired medium such as exempliﬂ_ed in the Internet
system, or wireless medium such as -exemplified in the GSM'jrnobiIe 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, a moduie isia functional hardware unit designed for use with
other components or modules. For' example, a module may be implemented using
discrete electronic. components or it can form a portion of an entire electronic circuit
such as an Apphcatron Specrﬁc Integrated Circuit (ASIC) Numerous other possrbllltres
exist. Those skilied in the art will apprecnate that the system c¢an also be |mptemented
asa comblnatlon of hardware and software modules.

in the folloWing, details of steps 102 to 110 in Figure 1 will be described for one
example embodiment.

In order to extract the face’s feature points in step 102, the system first detects
the face region from the input image.‘ This face region can be detected by any face
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detector. In one embodiment, a Rovyley face detector [Rowley et al. 1998] for detecting
the face from the input image is used.

To extract the feature pomts from the detected face regron the extended active

‘shape model (ASM) method presented by Milborrow and Nicolis [2008] is used in this
:example embodlment ASM was ﬂrstly presented by Cootes etal. [1992]. The underlying
Ipnnuple |s that from the set of examples of a shape, a statlstlcal shape model is belng
-built. Each shape tn the tralnlng set lS represented by a set of n labeled landmark points,
‘whlch must be consrstent from one “shape to the next By varylng the shape model

parameters within limits learnt from the training set, the new shape can be generated.
Based on this model, the Active Shape Model iteratively deforrns the shape of the object
to fit the object in example images. The results of the face contours are shown in Figure
2. . -

in general terms, the task ot model fitting is to adapt a generic 3D head mesh to
fit the set of face feature points. in this example embodiment, a 3D modeling software is
used to create a high-resolution 3D head mesh and then landmark points are annotated
on the mesh to correspond to the positions which will correlate to the feature points
extracted from the input face image. In other words, given:the input face image, the
extracted set of feature points are those that are supposed to 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 position of the mesh vertices, as will be explained in
more detailed below The same process is applied- for vertex posntlons in texture space,
again as wnll be described in more detalled below. Because m this example embodlment
there is no depth mformatlon of feature points from the smgle face image, the depth.
values are omrtted The target is to have the face contour, eye mouth and nose contour
to look similar to those in face i |mage

To transform the feature points from image space to 3D model space (compare
step 102 in Figure 1),. two coordinate systems in image space and model space
respectively are established, | and S. For both systems, the origins are middie points
between the eye comers. The X direction is the vector from right eye comner to left eye
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comer. The Z direction in the imag'efs'pace 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 :in' image space and model space is half the distance
between the eye comers Thus, in order to transform a feature point into the model

Ispace from a feature point in the lmage space, the coordmatlon of that feature point in

- . fthe estabﬁshed coordlnatlon system I |s computed

10.
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L'et I (x y) ‘and S (XY, z) be respective sets of detected feature pomt in the

image and set of Iandmark points in model space.

Let O, O° be the middle points of two feature/landmiark points at left eye and
right eye corners in the image space and the model space resoectively, where

O' = 0.5, (3%, 9) + Lo, (%))

O = 0.5(S)e (%, 352) + Sy (%,,2))

The X direction of the respecti\re coordinate systems are:

—

= normalized(l,,,, —0') (1' -0, - |:

—_—

s

e = normqlized (S,eye - Os)% (S, = O’

sl

X

The Y drrectlons of the respectlve coordlnatlon systems are the X directions
rotated by 90 degrees clockw:se such that :

P i Py i
ex=ey,ey=-ex

S 8 251, — _pS
eyx—exy, eyy— €.X

The Y directions of the respectit/e coordination systems are the cross products of
the Y and X directions, such that ‘
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€, =€, xe,
€. =€,x¢,

o1 =[1 0], =10

Lei j(O”,e;,e;,e;,'I")ﬁ (Off,ﬁeiej,ej,l’) d_éﬁrie the respective cpordiﬁate

systems |n the ima‘ge: and the modél épace.

The normalized Ti(x,) is calculated as:
10 | | S
Lix = ([, (x,y) - 0).el 11T
Tty = (L, (x;) - Oy /1"

Next, I, (x,.y)>are symmetrized to symmetrically aligr‘i the feature points in the
image space. |
15
I'ux = Tux—0.5Iux +Iix)
Iex=Twx=0.5(Iux+1ex)

I'uy=Iey=05Iuy+Iry)
Nekt, the I;.k(x_, y) are tlj'an:s;fdfrr:ne.'d to the m:odélfspaccéef ST (x,y,z) as
STx=1Ix
Sty=I'ry
S;iz=0

25 The S/ (x,y,z) are further transformed in the 3D model space.as follows:
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SL(x, ) =0+l €lST(x,y)

We set S;z=0 also.

The S (x y,z) (| e transformed from lk (x, y)) and the S (x,y,2) are then used

jas sets of target and source pomts to enter Radlal Baslc Functlon (RBF) deformat:ons

To make the deformatlon more precuse they are aligned one more_time by subtracting
the value of center mass (subscript ‘crn’) from their values, sueh that

¢ 28 o LS

s s

5 =8-S, 58=8-S, -

In generalife_rms, the task{df; scattered data_;inte_rpd}a‘tion is to find a smooth
vector value f(p) fitted to the knoyvn datay, = f(p,), from which we can compute

u; =f(Pj)-

The family of RBFs is understood in the art to 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:

f(p)= Zwihi mp —D; ")

where k(r) is a radially syinrnetfic basis "fdnetion. This RBF form is used by
Zhang et al. [2004], [2005]. In this e)kample embodiments, a more general form of this
interpolant is used. The more general form adds some Iow{order polynomial terms to
model global affine deformation. Similar 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 embodlment has a functlon of the form:

=S whllp-p |+ Mpe
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To determirre the coefficients W, and affine componehts M and t (compare step

106 in Flgure 1) a set of Ilnear equatuons is solved that include the interpolation

’constrarnts u = f(p) as weII as the constrarnts ZW 0 and Zw’ p,” =0, Which remove

faﬁ' ne contnbutlons from the radlal ba5|s functrons For h(r) thrs embodiment chooses

h(r) e"’K -' The constant K has value range from 10—100 over which range no

noticeable difference was observedvm_ different exampte embodiments.

By Definition of the RBF,
Sy = RBF (gk)

So every pornt P of the genenc model in the model space will be deformed to
point P’ (compare step 108 in Flgure 1) by equation

P RBF(P—SM)+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 po_ihts will not lay e)ractly at the real image contours.
As such, the use of planar projection tOr texture mapping Ieads to errors. In the example
embodiment, RBF with affine transtormation is fused’ﬁ instead to generate texture .

coordinates.

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

range as follow:

1, (e, p) —min(Z, (x, y)) +C' (x, )
max(J, (x,y)) —min(J, (x,)) +2C" (x, )

C'(x,y) are specific constahts.-

L(x,y)=
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C = Ilg(m_axlkx—minlkx)? C; =0.4(max ], y—minl,y)

On the other hand the Iandmark pomt in BD space aﬁer deformation became

' I’S,{, as descnbed above '

The (deformed) Iandmark pomts and the points of the new model for the
synthesized 3D face are projected by planar projection to texture space and normalized
to a0, 1] range, such that

10 I"'(x )= Si(x,,2) = C'ain(x,,2)
’ Cs (x9yaz) C (x yaz)

Pﬂ(x y’z); P(x ySZ) Cmm(x y!z)

(35, 3,2) = Ch (%,3,2)

Next, a RBF function is constructed which will map texture coordinates of each

vertex to image space, which are used as final texture coordinates.
15 _ :

The 1,"(x,y,0) and I}(x,y,0) are respective sets of target and source points to
enter the RBF deformation. To make the deformation more precise, the respective sets
are aligned one more time by subtrecting the value of center mass from their values,
such that '

20 o
I " ZIM
=T
A =Ik"—1¢:m"’ =L-I,
By Definition of the RBF,
25

1,"= RBF(I})

So every point P’ will have texture coordinate T (u, v, 0) by equation
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T(u,v,0)= ;RBF(P"-'I:,',,) +1"
Usmg the onglnal tmage as texture the fi nal texture coordlnate (T’u TV) for every

pomt P’ wnll be

T'w = Tu* (max(Iyx) —min(1,x) + 2C'x)/ 1,y +min 1, x)/ L,

ight

T = Tv* (max(L,y) —min(1,y)+2C'y)/ I,,,,,, + min I(;x)/ I,,

In 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 Iandmark points [whlch are equivalent to the extracted feature points from

the image as transformed into 3D space]. However, in another example embodiment,
the RBF with afﬁne transformation to generate texture coordinates can instead be based
on the generic 3D model and the landmark points of the generic model, and otherwise
foliowing 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. ' v

In the described example e‘m:b'odiment an auto_maticf:image-based method and
system for 3D face synthesis using fonty a single face image are provided. The exantple
embodiment uses an approach to gerterate a symmetn'calty-al,igned set of feature pbints
which advantageously helps to obtairt;better results for the 3D synthesized face and also
an approach that employs RBF in tex_ttjre mapping to advantageously correctly map the
mode! points to the texture space.' The embodiment has the advantage of being fully
automatic and running in real-time. Expeﬁments conducted ehow that good results can
be obtained with no user intervention, as illustrated in Figures 3, which shows
comparative resulis. More particular,_ Figure 3a) shows a single view input image,
Figures 3 b) and c) show display of the synthesized 3D face. using prior art technigques,
whereas Figure 3d), 3e) and 3f) show the synthesrzed 3D face according to an example
embodiment, obtamed fully automatlcally in less than 2 seconds on a normal PC.
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The automatic 3D face . synthesis system and - ‘method of the example

i embodiment can be a building block for a complete system capable of automatic 3D face
:syntheSis and animation Also, there are many ways to enhance and extend. the
Itechnlque |n different embodlments .such as:: (1) Depth estimation: With depth
:information 3D model reconstruction will be easier and also more accurate; (2)

Relighting Inthe example embodiment texture is from i image acquired at certain lighting
configuration. To  enable it to be -_used in other appllcatlons or lighting conditions,
relighting technique can be developed and incorporated. :

The method and system of the exampie embodiments can be implemented
on a computer system 400, schematically shown in Figure 4. It may be implemented

fas software, such ‘as a computer program being executed within the computer
j system 400 and mstructlng the computer system 400 to conduct the method of the
: example embodiments i '

The computer system 400 comprises a computer module 402, input modules
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 -is connected to 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 Area Network (LAN) or Wide Area Network (WAN).

The Computer module 402;iin ‘the example'includes a processor 418, a
Random ‘Acce'ssiMemory (RAM)E 420 and a Read Only lVlemory (ROM) 422. The
computer module 402 aiso includes a number of lnpuvdutput (VO) interfaces, for
example V/O interface 424 to the dispiay 408, and /O interface 426 to the keyboard
404. ‘

The components of the computer 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 applidation program is'typically supplied to the user of the computer
system 400 encoded on a data storage medlum such as a CD-ROM or flash
memory. camer and read utlllsmg a correspondlng data storage medium drive of a

fdata storage devrce 430 “The appllcatlon program is read and controlled m its
'executlon by the prooessor 418 Interrnedlate storage of program data maybe

accomphshed usmg RAM 420

it will be appreciated by a person skilled in the art that numerous variations
and/or modifi catlons ‘may be made to the present mventlon as shown in the specific
embodlments without departing from the spirit or scope of the invention as broadly
descnbed The present embodlments are, therefore, to be consudered in all respects to

- be |llustratwe and not restnctlve
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CLAIMS » : _
1. A method of sin_gie yiew image 3D face synthesis comprising the steps

'a) extracting feature pomts from the smgle view: image
b) transformmg the feature pomts into 3D space '
c) calculating 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 deformatlon to the generic 3D modei based on the RBF
parameters to determme a model for the synthesized 3D face; and

e) determining texture cocrdinates for the synthesi?ed 3D face in 2D image
space; | . : |
| 'whereiri step b) c0mprises: symmetn'cally alighing th'e feature points, and
step e) compnses proiecting the generic 3D model or the model for the

'synthe5|zed 3D face into 2D image space and appiying RBF deformation to the

projected generic 3D model or the pro;ected model for the synthe5|zed 3D face.

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

3. The method as claimed in claim 1, wherein step e) comprises
calculating RBF parameters in 2D image space based on the feature points and
corresponding points in the model for the synthesnzed 3D face projected into 2D
image space, and applying RBF -deformation to the projected model for the
synthesized 3D face. :

4. The method as claimed in any one of the preceding claims, wherein
step a) compnses applying a face detection algorithm to detect a face region in the

single view |mage

5. The method as claimed in claim 4, further ccmprising using an active
shape model to extract the feature points from the detected face region.
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56. A system for single - Vi'e‘w image 3D face synthesis comprising:

_ lmeans for extractlng feature pomts from the smgle view image;
Emeans for transforrmng the feature points into 3D space _
fmeans for calculatlng radlal basns function’ (RBF) parameters in 3D space

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

mode!; :
means for applying RBF defdrmation to the generic 3D model based on the
RBF parameters to determine a model for the synthesized 3D face; and

means forzdetermining texture coordinates for the synthesized 3D face in 2D
image space; ‘ - ,

wherem the means for transformmg the feature pounts symmetrlcally aligns

the feature pomts and

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

.model or the model for the synthe8|zed 3D face into 2D |mage space and applies

RBF deformation to 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) extractrng feature pomts from the snngle view |mage

b) transforrmng the feature: pomts into 3D space

c) calculatlng radial basis functlon (RBF) parameters in 3D space based on
the transformed feature points and corresponding points fro_m a 3D generic model;

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) detennining texture codrdinates for the synthesized 3D face in 2D image
space; '

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

step e) comprises projecting the generic 3D model or the model for the
synthesized 3D face into 2D imag':e space and applying‘.ﬁRBF deformation to the
projected generic £3D model or the pr'ojected model for the synthesized 3D face. .
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8 3 A method of' Sin_gle v1ew image 3D face synthesis comprising the steps

fa) extractmg feature pomts from the srngle V|ew |mage
'b) transfonmng the feature pomts into 3D space
c) calculatlng radial basis functlon (RBF) parameters in 3D space based on
the transformed f_eature points and correspondmg points from a 3D generic model;

d) applying RBF defonnation to the generic 3D model based on the RBF
parameters to determirle a modelifd_r the synthesized 3D face; and
e) determining texture coordinates for the synthesiaed 3D face in 2 D image
spacs; B o
,v‘vherein step b) comprises symmetrically aligning the,feature points.

9 j:: :. Ahethod of s‘i'n‘gle view 'image 3D face syntﬁesis comprising the steps
ok o |

a) extracting feature points from the single view'i_‘ma‘ge;

b) transforming the feature points into 3D space;

c) calculating 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 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 2D image
space; i - o

wherein step e) comprises projecting the ge’neric 3D model 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 model for the synthesized 3D face.

10. A system for singie view image 3D face synthesis comprising:

means for extracting feature points from the single view image;

means for transforming the feature points into 3D space;

means for calculating radialj 'basis function (RBF)'parameters in 3D space
based on the transformed feature ?pcints and corresponding points from a 3D generic
model; ‘ Z _ o

means for applying RBF defcrmation to the generic 3D model based on the
RBF parameters to determine a model for the synthesized 3D face; and
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means for: determlnlng texture coordinates for the syntheS|zed 3D face in 2D
lmage space : o '
whereln the means for transformmg the feature polnts symmetrlcally allgns

the feature pornts

M. A system for single 'view image 3D face syntnesis comprising:

means for extracting feature points from the single V|ew |mage

means for transforming the feature points into 3D space;

means for calculating radlal basis function (RBF) parameters in 3D space
based on the transformed feature pornts and correspondmg points from a 3D genenc

f model

means for applyrng RBF deformatron to the. genenc 3D model based on the

RBF parameters to determine a model for the synthesized 3D face; and
_ means for: deterrmnlng texture coordinates for the synthesrzed 3D face in 2D

|mage space;

wherein the means 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 3D model or the projected model
for the synthesized 3D face. ' X

12. A data storage medrum havrng computer code means for instructing a
computer to execute a method of srngle view image 3D face synthesis compnsrng
the steps of: j

a) extracting feature points from the single view image;

b) transforming the feature points into 3D space; »

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

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 2D image
space; . . .

wherein step b) comprises jsymmetrically aligning the feature points.
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13 A data storage medlum havmg computer code means for mstructlng a

fcomputer to execute a method of smgle view |mage 3D face synthesis compnsmg

the steps of - _ o

a) extractlng feature pounts from the single view lmage

b) transforming the feature points into 3D space; -

c) calculating radial basisfu:r{tction (RBF) parameters in 3D space based on
the transformed feature points and corresponding points from a 3D generic model;

d) applying RBF deformatio_r_l to the generic 3D model based on the RBF

‘parameters to determine a model'for the synthesized' 3D face' and

e) detenmmng texture coordlnates for the synthesnzed 3D face in 2D |mage

" space

whereln step e) comprises prOJectlng the genenc BD model or the model for

the synthesnzed 3D face into 2D lmage space and applying RBF deformation to the

projected generic 3D model or the pro;ected model for the synthesuzed 3D face.



