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According to a third aspect of the present invention, there is provided 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) 
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 
generic model;: d)-applying RBF deformation to the generic 3D model based on the 
RBF parameters to determine a;--mode! for the- synthesized 3D face; and- e) 
•determining tekture;coordinates:for:th@ synthesized 3D face in 2D image space; 
wherein ;£tepbj 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 image space and applying 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 invention, 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) 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; 

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. 

30 

method of single view image 3D face synthesis comprising the steps 
feature points from the single view image; b) transforming fie featurer^bints into 3D 
space; c) calculating radial basis function (RBF) ;pa^met^fsin 3D space based • on 
the transformed feature points and: <»njgsporf3lng^oints from a 3D generic model; 
d) applying RBF defonrnatip^Js-tHegeneric 3D model based on the RBF parameters 
to determine a^moaeTfor the synthesized 3D face; and e) determining texture 
coo) ifes for the synthesized 3D face in 2D image space; wherein step e) 

-faee-
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2D image space and applying RBF deformation to 
mode! or the projected model for the synthesized 3D face. 

projected generic/3D 

According to a sixth 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 tfoe feature points 
into 3D space; means for calculating radial basis function (RBFVparameters in 3D 
space based on the transformed feature points and corresponding points from a 3D 
generic mbdel; means for applyirig;RBF deformation to the generic 3D model 
on the' RBF parameters; to!, determine a mode! for the synthesized 3D face; and 
means for -determining texture coordinates for the synthesized 3D face in 2D image 
space; wherein the means for transforming the feature points symmetrically aligns 
the feature, points; 

According to a seventh aspect of the present invention, there is provided a 
system for single view image 3D face syflfhesis comprising means for extracting 
feature points from the single view.imagef 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 meapls for determining the texture coordinates projects the 
generic 3D model or the^nodel 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^D face. 

to an eighth aspect of the present invention, there is provided a 
data storage medium having computer code means for instructing a computer to 
execute jL 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 

into 3D space; c) calculating radial basis function (RBF) parameters in 3D 
spfece 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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According to a nineth aspect of the present invention, th^refls provided a data 
storage medium having computer code means for instruptitfg a computer to execute 
a method of. single view image 3D face synth^sls^comprising the steps of a) 
extracting feature pointsfroni the' single image; b) transforming the feature 
points into 3D: space; cj^caiculatirig^dial basis function (RBF) parameters in 3D 
space based on the. transfomred-ieature points and. corresponding points from a 3D 
generic model; d)' applyipg^RBF deformation to the generic 3D model based on the 
RBF parameters^tfaetermine a model for the synthesized 3D face; and e) 
determining^xture coordinates for the synthesized 3D face in 2D image space; 
wherptn step e) comprises projecting the generic 3D model or the model for the 
Synthesized 3D face into 2D image space and applying RBF deformation to the 

20 
BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention 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: 

25 Figure 1 is a schematic flowchart for illustrating a method of 3D face generation 
in an example embodiment. 

Figure 2 shows the results: of the face contours According to an example 
embodiment. 

30 
Figure 3a) shows a single view input image 

Figures 3 b) and c) show display of the synthesized 3D face from the input image 
of Figure 1a) using prior art techniques. 
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Figure 3d) shows the synthesized 3D face from the input 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. 

Figure 4 is a schematic illustration of a computer system for implementing a 
method and system of 3D face generation in an example embodiment 

DETAILED DESCRIPTION 

Figure 1 shows a flowchart 100 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 view 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 parameters to determine a model for the 
synthesized 3D face. At step 110, texture coordinates for the synthesized 3D face in 
2D space are determined. 

In embodiments of the present invention, step 104 comprises symmetrically 
aligning the feature points and/or step 110 comprises projecting the generic 3D 
model or the model for the synthesized 3D face into 2D image space and applying 

25 RBF deformation to the projected generic 3D model or the projected model for the 
synthesized 3D face. 

Example embodiments described below can provide a system for automatic and 
real-time 3D photo-realistic face synthesis from a single frontal face image. The system 

30 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 
creation of avatars for virtual worlds by end-users with no need for manual and tedious 
processes such as manual feature, placements on the face images. 

$ome portions of the description which; follows are explicitly or implicitly 
presented in terms: of algorithms, and functional. or symbolic representations of 
operations on'data within a computer memory. These algorithmic descriptions and 
functional or symbolic representations are the means used by those skilled in the data 
processing arts to convey most effectively the substance of their work to others skilled in 
the art An algorithm is here, and generally, conceived to be a self-consistent sequence 
of steps leading to a desired result. The steps are those requiring physical manipulations 
of physical quantities, such as electrical, magnetic or optical signals capable of being 

15 stored, transferred* combined, compared, and otherwise manipulated. 

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", 

20 "outputting", or the like, refer to the 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 

storage, transmission or quantities within the computer system or other information 
display devices. 

The present specification also; discloses apparatus for performing the operations 
of the methods. Such apparatus maybe specially constructed for the required purposes, 
or may comprise a general purpose computer or other device selectively activated or 
reconfigured by a computer program stored in the computer. The algorithms and 

30 displays presented herein are not inherently related to any particular computer or other 
apparatus. Various general purpose machines may be used with programs in 
accordance with the teachings herein. 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 below. 
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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 

5 computer program; is not intended to be limited to any particular programming language 
and implementation thereof. It will; be appreciated that a variety of programming 
languages andcoding thefeofmay.beiused to implemehttheteachings of the disclosure 
•contained;herein. Moreover, the computer program is not intended to be limited; to any 
particular control flow. There are many other variants of the" computer program, which 

10 can use different control flows without departing from the spirit or scope of the invention. 

Furthermore, one or more of the steps of the computer 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 

15 storage devices such as magnetic or optical disks, memory chips, or other storage 
devices suitable for interfacing with a general purpose computer. The computer readable 
medium may also include a hardwired medium such as exemplified in the Internet 
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 

20 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 module is a functional hardware unit designed for use with 
other components or modules. For example, a module may be implemented using 

25 discrete electronic components, or it. can form a portion of an entire electronic circuit 
such as an Application Specific Integrated Circuit {ASIC). Numerous other possibilities 
exist. Those skilled in the art will appreciate that the; system can also be implemented 
as a combination of hardware arid software modules. V 

30 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 Rowley face detector [Rowley et a!. 1998] for detecting 

the face from the input image is used. 

To extract the feature points from the detected face region, the extended active 
shape model (ASM) method presented by Milborrow and Nicolis [2008] is used in this 
example embodiment. ASM was firstly presented by Cootes et al. [1992]. The underlying 

:principle: is that from the set of examples of a shape,- a-statistical shape model is being 
built. Each shape in the trainings®! is represented by a set ofn labeled landmark points, 
which rriust be consistent from one shape to the next. By varying the shape model 

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

2. 

15 in general terms, the task of 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 

20 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 

25 more detailed below. The same process is applied for vertex positions in texture space, 
again as will be described in more detailed below. Because in this example embodiment 
there is no depth information of feature points from the- single face image, the depth 
values are omitted. The target is to have the face contour, eye, mouth and nose contour 
to look similar to those in face image. 

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, I and S. For both systems, the origins are middle points 
between the eye comers. The X direction is the vector from right eye comer to left eye 
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comer. The Z direction in the image space 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 corners. Thus, in order to transform a feature point into the model 
space from a feature point in the image space, the coordination of that feature point in 
the estabpshed coordination system* Is computed. - . 

Let It(x,y) and Sk(x,y,z) be respective sets of detected feature point in the 

image and set of landmark points in model space. 

Let O', Os be the middle points of two feature/landmark points at left eye and 
right eye corners in the image space and the mode! space respectively, where 

15 Of = 0.5(/^(^)+/^(^^» 

0s = 0.5(5'^(x5j/,z)+5r^(x,>;,z)) 

The X direction of the respective coordinate systems are: 

25 

20 4 = normalized^ - O') = {1^-0)1 

e*x = normalized(Sreye-Os)=(S^-0s)/ 

I -o'\ ^reye 

Sr^-O* 

The Y directions of the respective coordination systems are the X directions 
rotated by .90 degrees clockwise, such that 

e'yX^e'jr, e'Jly = -efxx 

esyx = esxy, esyy = ~esxx 

30 
The Y directions of the respective coordination systems are the cross products of 

the Y and X directions, such that 
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el = e'yx e'x 

Let;/' 

Let (0'5e»y) (,p%"je^,c*-,c*,r-) define the respective coordinate 

systems in the image and the model space. 

10 

15 

The normalized h(x,y) is calculated as: 

Ikx^ihix^-O^itv 
'7ky^(2i(x;y)-0')7y/r 

Next, Ik(x,y) are symmetrized to symmetrically align the feature points in the 

image space. 

fux —1 ux -0.5(1 k!X+1 b-x) 

rkrX = Ib-X-Q.5(IklX + IkrX) 

I'tiy = r h-y = 

Next, the I 

S^x - fkx 

Sly = fky 

Slz - 0 

are transformed to the model-space Sl(x,y.z) as 

25 The Si(x.y^z) are further transformed in the 3D model spacers follows: 
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S'l{x,y) = 0'+lfx ejfT{x,y) 

We set = 0 also. 

The; 5^ (Xj yt z) (i.e. transformed from 'k (x. y)) and the :£* (*,>>,z) are then used 

as sets of target and; source points to enter Radial Basic Function (RBF) deformations. 
To make the deformation more precise they are aligned one more.time by subtracting 

value of center mass (subscript 'cm') from their values, such that 

10 

15 

Ysk , Ys'k 
Sam - |S| S*n ~ ^ 

In general terms, the task of scattered data interpolation is to find a smooth 
vector value f(p) fitted to the known data w, =/(/?,.), from which we can compute 

-fipj)-

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: 

20 

25 

where h(r) is a radially symmetric basis 'function. This RBF form is used 

Zhang et al. [2004], [2005]. In this example embodiments, a more general form 
interpoiant is used. The more general form adds some low-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 embodiment has a function of the form: 

/O) = S w>h§P ~Pil)+MP+t 
t 
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To determine the coefficients wi and affine components M and i (compare step 

106 in; Figure 1), a set of linear equations is solved that include the interpolation 
constraints uf =/Cp,).'as well as the constraints •£•*>, = o and =o. which remove 

;affine contributions from the radial, basis functions.; For Mr);, this embodiment chooses 
h(r)~e^!K ^ The constant K has value range from" 10-100, over which range no 
noticeable difference was observed in different example embodiments. 

By Definition of the RBF, 

Sl=RBF(^t) 

So every point P of the generic model in the model space will be deformed to 
int P' (compare step 108 in Figure .1) by equation 

20 

25 

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 points will not lay exactly at the real image contours. 
As such, the use of planar projection for texture mapping leads to errors. In the example 
embodiment, RBF 
coordinates. 

with affine transformation is used! instead to generate texture 

First the values of the image detected feature points are normalized to [0,1] 
range as follow: 

rk(x,y) = h (*> y) ~ mm(4 (x, yj) + C (x, y) 
max(/jt (x, y)) - min(Ik (x, y)) + 2C (x, y) 

30 C'(x,y) are specific constants. 
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C[ = — (max /tx - min /*x); CJ, = 0.4(max Iky - min Iky) 

On the other hand, the landmark, point in 3D space,; after deformation became 

'Srki as described above. 

The (deformed) landmark: points and the points of the new model for the 
synthesized 3D face are projected by planar projection to texture space and normalized 
to a [0,1] range, such 

10 

15 

I"(x,y,z)-

iD"(x,y,z) 

S'k (x, y, z) - CWQc, y, z) 
CLx O, y, 2) ~ (x, y, z) 

'Jf"(x,y, z) r- 6s mm (x, y, z) 

CLc (*> y> z) - CL (x> y, 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 0) and l^(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 subtracting the value of center mass from their values, 
such that 

™ |v| ' ~ |r| 
1/=//-/^'', If =/*-/* 

25 
By Definition of the RBF, 

V= MFfc) 

So every point P' will have texture coordinate T (u, v, 0) by equation 
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Using the original image 
point P' will be ; 

as texture, the final texture coordinate {TuJ'v) for every 

T'u = Tu* (max(Ikx) - min(Ikx)'+ 2C*x) / + min I(k x) 11M 

Tv = Tv * (max(4 j) -f 2C'y) 1+mml(kx)/li 

In the above described example embodiment, the RBF with affine transformation 
to generate texture coordinates is using the new model for the synthesized 3D face and 
the deformed landmark points [which 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 
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 embodiment an automatic image-based method and 
system for 3D face synthesis using only a single face image are provided. The example 
embodiment uses an approach to generate a symmetrically-aligned set of feature points 
which advantageously helps to obtain better results for the 3D synthesized face and also 
an approach that employs RBF in texture mapping to advantageously correctly map the 
model points to the texture space. The embodiment has the advantage of being fully 
automatic and running in real-time. Experiments conducted show that good results can 
be obtained with no user intervention, as illustrated in Figures 3, which shows 
comparative results. 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 techniques, 
whereas Figure 3d), 3e) and 3f) show the synthesized .3D face according to an example 
embodiment, obtained fully automatically in less than 2 seconds on a normal PC. 
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The automatic 3D face synthesis system and method of the example 
embodiment can be a building block for a compiete. system capable of automatic 3D face 
synthesis;" and animation: Also, ihere are many ways to; enhance and extend the 
technique in "different embodiments, isueh as: (1)i Depth; estimation: With depth 
informaSdh, 3D model reconstruction will be easier and; also more accurate; (2) 
Relighting: In the example embodiment, texture is from image acquired at certain lighting 
configuration. To enable it to be used in other applications or lighting conditions, 
relighting technique can be developed and incorporated. 

10 The method and system of the example embodiments can be implemented 
on a computer system 400, schematically shown in Figure 4. It may be implemented 
as software, such ;as a computer, program being executed within the computer 
system ;4ti0, and instructing the computer system 400 to conduct the method of the 
example embodiments. 

15 
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. 

20 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 in the example includes a processor 418, a 
25 Random Access Memory (RAM) 420 and a Read Only Memory (ROM) 422. The 

computer module 402 also includes a number of Input/Output (I/O) interfaces, for 
example I/O interface 424 to the display 408, and I/O interface 426 to the keyboard 
404. . 

30 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 application program is typically supplied to the user of the computer 
system 400 encoded on a data storage medium such as a CD-ROM or flash 
memory: carrier and read utilising a corresponding data storage medium drive of a 
;data'; storage; devfce:430. The application program is read and controlled in Its 
execution; by the- processor 418;.; Intermediate storage :of program data maybe 
accomplished using RAM 420. 

It will be appreciated by a person skilled in the art that numerous variations 
and/or modifications may be made to the present invention as shown in the specific 

10 embodiments without departing from the spirit or scope of the invention as broadly 
described. The present embodiments are, therefore, to be considered in all respects to 
be illustrative and hot restrictive. ; 
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CLAIMS 

1. A method of single view image 3D face synthesis comprising the steps 
•of: /• 

a) extractmg 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 generic modei; 
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 symmetrically aligning the feature points, and 
step e) comprises 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. 

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 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 synthesized 3D face projected into 2D 

25 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) comprises applying a face detection algorithm to detect a face region in the 

30 single view image. 

5. The method as claimed in ciaim 4, further comprising using an active 
shape model to extract the feature points from the detected face region. 
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. 6.; - 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 

5 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 
10 image space; 

wherein the means for transforming the feature points symmetrically aligns 
the feature points, and 

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 

15 RBF deformation to the projected generic 3D mode! 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 

20: the steps of: 
a) extracting feature points from the singie 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; 
25 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 symmetrically aligning the feature points, and 

30 step e) comprises projecting the generic 3D mode! 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. . 
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8. • A method of single view image 3D face synthesis comprising the steps 

;a)' extFB;cti6g -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 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. 

15 

25 

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-leased on 

transformed feature points and corresponding points from a 3D generic model; 
d) applying RBF deformation to the generic 3D modekbased on the RBF 

parameters to determine a model for the synthesized 3D and 
e) determining texture coordinates for the syptftesized 3D face in 2D image 

space; 
wherein step e) comprises projecting^fhe generic 3D model or the model for 

the synthesized 3D face into 2D imaap^pace and applying RBF deformation to the 
projected generic 3D model or th^5rojected model for the synthesized 3D face. 

10. A systemjdrsingle view image 3D face synthesis comprising: 
means for extracting feature points from the single view image; 
meansxftfr transforming the feature points into 3D space; 
me^ns for calculating radial; basis function (RBF) parameters in 3D space 

basjsd'on the transformed feature points and corresponding points from a 3D generic 
odel; 

means for applying RBF deformation to the generic 3D model based on the 
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means for idetermining texture coordinates for the synthesized 3D face in 2D 
image space;- / 1 

wherein the means, for transforming the feature points symmetrically aligns 
the feature points; V / 

11. A system for single view image 3D face synthesis corjnprising: 
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 mode! 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 sjmthesized 3D face into 2D image space and 
applies RBF deformation to the projected generic 3D mode! or the projected model 
for the synthesized 3D face. 

12. 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) 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 transformea 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 
) determining texture coordinates for the synthesized 3D face in 2D image 

wherein step b) comprises symmetrically aligning the feature points. 
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13." 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) extracting feature points from the single view image; / 
5 b) transforming the feature points into 3D space; / 

c) calculating radial basis function (RBF) parameters in 3D s£ace based on 
the transformed feature points and corresponding points from a 3D^eneric model; 

d) applying RBF deformation to the generic 3D rhodej/based on the RBF 
parameters to determine a model for the synthesized 3D face/and 

10 e) determining texture coordinates for the synthesized 3D face in 2D image 
* space;- ! ' ; • • 

wherein step e) comprises projecting the genehc 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 mo^el for the synthesized 3D face. 


