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Method And System For s;bgle View Image 3 D Face Synthesis

FIELD OF INVENTION

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

image BD face syn’thesns

BACKGROUND

Automatsc generatuon of reahstsc 3D hvman faces isa chal!engmg task in the ﬂeid
of computer vision and computer graphlcs it is recognised that various applications such

- as avatar creation for human comptter interaction, virtual reahty, 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 éynthesis, unsupervised 3D
face reconstruction can be achieved without any off-line operations. This can facilitate
real-time applications like video p‘hc}ny and video conferencing. However, cumrently,
some single view-based algorithms are only capable of coping with front-view inputs
while some algorithms require signiﬁéént user interaction an;f manual work to mark out
facial features. o ,

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 abtématicaliy detect only fbur feature points at eye
comers and eye centres. These feature points are called reference points. The positions
of all other feature points are denved from anthropometnc reiatlonsths between the
references ‘points and these other feature points. A: 30~mesh model can be constructed
directly from the obtamed feature polnt set. ‘

In a similar étudy, Zhang et .al. [2004, Video-based fast 3d individual facial
modefing, In Proceeding of the 14" International Conference on Artificial Reality and
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Telexistence, pages 269-2‘72] used the RealBoost—Gabor ASM algorithm taught in
Huang et. al. [2004, Shape %ocahzatlon by statistical learning in the Gabor feature space.
In ICSP, pages 167-1 76] to automa’aca!ly detect feature pomts The radial-basis function
(RBF) deformatson method is used tc: deform a generic mode! 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 sxgnmcant problem W!th the above emstmg techmquas 1s that a frontal face

o ' Elmage ;s typ;cally reqwred ithas. been recogmsed that w:thout imposing strict and ngad
‘.10. i - :restnct:ons on how a person is- gomg to pos:tlon hls/her iace m order to capture the face
! ;nmage zt is substantzaiiy difficult to capture a purely frontai image of the face from eg. a

normal webcam That is, while a frontal image can ‘be captured it is typical that the
frontal i mage exhnb:ts 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 exiracted feature points together with RBF
deformation and planar projection of texture mapping cannot produce satisfactory
results,

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

SUMMARY

According to a first aspect of the present mventton, there is provided a
method of single view image 3D face synthesis comprising the steps of a) extracting
feature points from the smgin view smage b} transformmg the feature points into 3D
space; c) caiculatmg racilai basrs functson (RBF)- parameters in 3D space based on
the transformed feature pomts and correspondmg pomts from a 3D generic model;
d) applying 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 b)
comprises symmetrically aligning the feature points, and step e) comprises
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projecting the geheric 3D model or fhe model for the synthesized 3D face into 2D
image space and applying RBF de}‘onnation to the projected generic 3D model or
the projected model! for the synthesized 3D face.

Step e) may comprise caiculatlng RBF parameters in 2D image space based
on the feature pomts and correspondmg points in the genenc 3D meoedel projected

into 2D . tmage spaoe and appiymg RBF deformatnon to the pro;ected generic 3D
‘mode! ’

S K Step e) may cornpnse catculahng RBF-‘ parameters m 2D image spaoe based :
"on the feature pomts and correspond!ng pom& in the model for the synthesxzed 3D
‘face pro;ected mto 2D image spaoe anci applying RBF deformaﬁon to the pro;ected

model for the syntheslzed 3D face. ..

Step a) may comprise applying a face detection aigorithm to detect a face
region in the single view image.

The method may further cgniprise using an active shape model to exiract 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 transfbrming the feature points
into 3D space; means for calculating radial basis function (RBF) parameters in 3D
space based on the transformed feature poinis and corresponding points from a 3D

- generic model; means for appiymg RBF deformation to the - genenc 3D model based

on the RBF parame‘ters © determme a mode! for the synthesxzed 3D face; and
means for datermmmg texture: coordsnates for the syntheszzed 3D face in 2D i lmage
space, wharem the means for tzansformmg the feature points symmeirically - ahgns
the feature pomts and the means for detenmmng the texture coordinates pmjects
the generzc 3D mode! or the model for the synthesxzed 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. -



4

According to a third aspeci: df fhe present invention‘ there is provided a data
storage medium hawng computer code means for mstruatmg a computer fo exescuie
a method of smgie 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) calcuiafing radial basis function (RBF) parameters in 3D
space based on the fransformed feature points and correspondmg points from a 3D

lgenenc mode! d) applymg RBF deformamn o the genenc 3D model based an the

o RBF parameters o determine - a- ‘model for the. synthésized 3D face; and. e)
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' fi-'_ Adetermmmg texture coordmates far the synmasxzad SD face in 2D image space
-'whkrem step b) compnses symmemcaiiy ailgnmg ‘the feature points, and step e)
‘camprzsas projectmg the generlc 3D model or the model for the synthesized 3D face

into 2D :mag= space and appiymg 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 inyenﬁon. there is provided a
method of single view image 3D face synthesis comprising the sieps of a) extracting
feature points from the single view image; b) fransforming the feature points into 3D

' épaoa; c) calculating radial basis Efimc:tion'(RBF) pérameteirs in 3D space based on

the fransformed feature points and corresponding points fi}om a 3D genéric 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 texiure
coordinates for the synthesized 3D face in 2 D image space; wherein step b)
comprises symmetrically aligning the feature points.
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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:

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

in an example embodiment.

Figure 2 shows the results of the face contours according to an example

embodiment.

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 synthe:s:ized 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 ahglés according to the example embodiment.

Flgure 4 zs a schematic lliustrataon of a computer system for tmpiementmg a

Zmethod and system of 3D face generatlon inan example embodrment

DETAILED DESCRIPTION

Figure 1" s:ho'ws a ﬂowz:ha'rt:~ ﬁOO iliustrating 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
fransformed into 3D space. At step 1086, radial basis fpnciion (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 deformatlon is applied fo the
generic 3D model based on the RBF parameters o determzne a model for the
synthesized 3D face. At step 1‘10 texture coordinates for the syntheszzad 3D face in
2D space are detemmed

In embodiments of the present invention, step 104 comprises symmetrically
aligning the feature points and/or step 110 comprises projecﬁhg the generic 3D
model or the mode| for the synthésfzed 3D face into 2D image space and appiying
RBF deformation to the pro;ected genenc 3D model or the pmjected model for the
syntheszzed 3D face

Exampie embod;ments descnbad below cari provnde a system for automaﬂc and
real-time 3D photo—reaixstic face synthesxs from & smgle frontai face i :mage The system
can employ a generic 3D head ma_det approach for 3D face synthesis which can
generate the 3D mapped face in real-time. The system ma}; first automnatically detect
face features from an input face image that corresponds fo landmark points on a generic

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

detecied features. The texture from the input face image can then be mapped onio the
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deformed 3D head model to create az bhoto-reaﬁstic 3D face. The system can have the
advantage of being totally automatic and in real-fime. Good results can be obtained with
no user intervention. Such a system may be useful in many applications such as the
creatton of avatars for virtual worlds by end-users with no need for manual and fedious

ﬂprocesses such as manuai feature piacemenm on the face mages

sore | borﬁoh“s of tﬁ‘e' description which : fou'ows :ér‘e explicitly or implicitl
presented n terms of aigonthms and functlonal c\' symbnhc representaﬁcms of
opnratlons on data w:thm a computer memory. "hese algontnmsc descripiions and
functlonai or symboilc: representahons are the means used by those skilied in the data
processmg arts to convey most effectweiy the substance of thelr work to others skilled in
the art. An algonthm is hers, and generally. conceived o be & self-consistent sequence
of steps leading to a desired result. The steps are those requmng physical manipulations
of physical quantities, such as eledﬁca!, magnetic or optical signals capable of being
stored, transferred, combined, compared, and otherwise m_anigulated.

Unless specifically stated otﬁerwise, and as apparent from the following, it will be
appreciated that tﬁroughout the present specification, discussions utilizing terms such as
“scanning”, “calculafing”, “determining”, “replacing’, “generaﬁng", “initiafizing”,
“‘outputiing”, or the like, refer to the; action and processes of a computer system, or
simitar elecironic device, that manipulates and fransforms data represented as physical
guantities within the computer systerﬁ into other data similarly represented as physical
guantiies within the computer system or other information” storage, transmission or
display devices.

The present spacrﬁcatton a!so discloses appara’ms for perfonmng the operaﬁons
of the methuds Such apparatus may bﬂa spec:aiiy canstructed for the requ;red purposes
or may compnse & general purpose camputer or othet devu:e selectively activated or
reconfigured by a} computer program stored in the computer. The aigorithms and
dispiays presented herein are not inhérentiy retated to any particular computer or other
apparatus. Various general purposis% machines may be ;used with programs in
accordance with the feachings herein, Alternatively, the construction of more specialized
apparatus to perform the required method steps may be apprbpriate. 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 impiicitly discloses a computer
program, in that it would be apparenjt'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 fo ‘Be limited to any particular programming language

and lmplementatlan thereof it wﬂl be appreczated that a vanety of programming
;languages and cadmg thereof may be used to umplement the teachangs of the dlSdOSUTB
1contamed herem Moraovar the computer program is not antended to be limited. to any
‘,partscular cantrot ﬂow There are many other vanants of the campu‘ter progz‘am “which

can use drﬁerent controi flows w:thout departing from the spu’rt or scope of the invention.

Furthermore, one or more cf;f the steps of the cc}aner program may be
performed in paraliel rather than séquéntia!ly. Such a computer program may be stored
on any 'computer-. readable medium. The computer readable medium may include
storage devices such as magnetié or optical disks, me,mo;fy chips, or other storage
devices suitable for interfacing with a general purpose compuijer. The compuier readable
medium may also inciude a hard%wired medium such as é_xempi'rﬁed in the internet
system, or wireless medium such as :é;xempliﬁed 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 parficular,
in the hardware sense, a module zs .a functional hardware t}nit designed for use with
other components or moduies. F’of exampie, a moduie may be implemented using
discrete electronic. components or it. can form a portion of an entire electronic circuit
such as an Appilcaﬁon Specrﬁc integrated Crrcu:t (AS!C) Numerous other passrbximes
exist. Thase skilied | in the. art will . apprecxa‘ze that the system can also be impiemented
as a combmaﬁan o‘f hardware and safiware modules. o

In the folioWing, details of stebs 102 to 110 in Figure 1 will be described for ons
example empodiment.

in order o 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 RoMéy face detector [Rowley et al. 1888] for detecting
the face from the input image is used.

To extract :t’ne featurejpoint'sjfrfom the detected face région, the exiended active

‘shape mode! (ASM) method ‘presented by Milborow and Nicolls [2008] is used in this
:examp[e embodlment ASM was fi rsﬂy presented by Cootes et al. [1982]. The underlying
Ipﬂno;ple rs that from the set of exampies of a shape, a statlsﬁcai shape mode[ is bemg
:bullt Each shape m the trammg sat zs represented bya sat of n labeled iandmark points,
iwhlch mus& be conszstent from one ‘shape fo the next By varysng the shape model

parameters within- limits i=arnt from the training set, the new shape can be generated
Based on this model, the Active Shape Model iterafively deforms the shape of the object
to fit the object in example images. T};e results of the face contours are shown in Figure
2, s .

in general iérms. the task of model fitling is to adapt a generic 3D head meshfo
fit the set of face féature points. in this example embodiment, a 3D modeling sofiware is
used to create a high-resolution 3D head mesh and then landmark points are annotated
on the mesh to correspond to the pqsmons 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 comespond fo the
fandmark points on the 3D head mesh.

A scattered data interpolafion process uses the set of feature points and
landmark points to compute the pbsﬁion of the mesh verfices, as will be explained in
more detgiled beiow The same prccess is appiled for vertex postt:ons in texiure space,
again as wsﬁ be dascnbed in more datas!eﬁ below. Because m this example embodiment
there i$ rio depth m?ormatlon of feature points from the smg¥e face image, the depih-
values are amstted The target is to have the face contour, eye mouth and nose confour
to look simitar to those in face i ;mage

To transform the feature points from image space to $D model space (compare
step 102 in Figure 1), two caordiﬁate 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 to left eye
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comer, The Z diréction in the irnage fépace points outwards perpendicular to the image

(in 3D space it is the direction perpsfndicu!ar o the face). The Y direction is the cross

product of Z and X. The unit length vin'image space and model space is half the distance
between the sye comers Thus, in order to fransform a feature point into the model
Zspace from a feature point in the :mage space, the coordmaﬁcn of that feature point in

o fthe esfabf shed coordmatlen systeml :s computed
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Let I ,,(x, y) ‘and S (x, y.z} be respective sets of uetected feature pom‘t in the

image and set of iandmark points in modei space.

Let O , O° be the middle pbihts of two feature/landmark points at left eye and
right eye cormners in the image space and the model space respectiveiy, where

O =05, (5,7) + L (5 3)

0 = 055, (5, 1,2) + 5, (5, 9, 2))

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

e, = normalized(l,y, = 0') = (I~ OY|I,,, - O]

: = normalized(S g, ~ 0 )= (S, ~ OIS, O]

The Y directions of the r&apecﬁve coordmaﬁon systams are the X directions
rotated by 90 degrees cloc:szse, such that : ‘

f o ol |
ex=ey, ey=—ex

LI PRSP
e,,x-e,y, eyy—- €.X

The Y directions of the respééti#e coordination systems are the cross products of
the Y and X directions, such that . - ‘



— i i
€. =¢,xe,
- l&s'

~5
e, =€, %,

Let 7' = }I,m ~0|, F= iIW -o

Leii(O",E,Z,ZJ*‘)?» ; (0% el,e;,el,l%) define the respective coordinate

systems m the imagé and the model épace;

. The normalized ffk(x, y) s calculated as:
10 ‘ S

Lix = (I,(x, ) =0l /1

Tiy =L, (x,y) -~ O")e) /I

Next, fk(x,y)-are symmefrized to symmeirically afignj the feature points in the
image space. |
15
Fux = Tux—0.5Tex+1x)

Iox=Ipx— 0.5('1:1:1.7: + 1)

Nekt, the I'x(x,y) are transformed fp the mﬁdéifsf;;ac% SI(x,y.z) as
20 S LT S
S{x = I‘kxi
STy=TIiy
S§Tz=0

25  The ST(x,y,z) are further transformed in the 3D model space as follows:
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Si(r,y) =0 +F €)ST(x,y)

Weset Sjz=0 aiso.

The S' (x, y,z) (i e transfomed from b (%, y)) and the S (x,y,z) are then used

fas sets of target and source pomts to enter Radra! Basxc Functxon (RBF) defonnatlons

To makg.the defqnnatxon more prgqssn they are aligned one more.tsme by subtracting
the valug of center mass (subscript g’} from their values, sué;h that

ZS;C 25
f*" W=

5 =5-8, 85=8-5, -

in generalitérms, the taskf 6?: scattered data.;in’;erptt{tation is to find a2 smooth
vector value £(p) fitted fo the khoﬁrgn 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 qsed in [Pighin et al. 1898] and [Noh and Neumann
2001] for face model! fitting. RBF has a function of the form:

f(p)m};fvfhyﬂkp—p,-ﬂ)

where h(r) is a radially syiﬁn}etric basis 'Tﬁné;tioh. :":I:'his RBF form is used by
Zhang et al. [2004), [2005]. In thié éﬁ;ampie embodiments, a more general form of this
interpolant is used. The more general form adds some iow—forder polynomial ferms to
model global afine deformation. Similar to [Pighin 1988] and [Cohen-or et al. 1998], an
affine basis is used as part of the interpolation algorithm and thus the RBF in this
example embod;ment has a functlon of the form:

Foy= S willp-pf)+ M’p v
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To detennme the coefﬁc:\ents W, and affine components M and t (compare step

108 in thure 1) a set of imear equatrons is solved that include the interpolation
.cans‘zramts ui f ( p) as weﬂ as the constramts ZW ,.0 and ZW 7 =0, Which remove

fafF ine contnbutsons from the radlal basrs functxons For h(r) thzs embodiment chooses

h(r) s ”‘ ' The constant K has value range from 10—100 over which range no

no‘ace'ab\e drﬁerence was observed i m» different exarnpie embodiments.

By Definition of the RBF,
Si = RBF(S.)

So every pomt P of the genenc mode! in the model space will be deformed o
point P’ (compare s’tep 108 in Flgure 1) by equation '

P RBF(P~SW)+S;,,

For texture mapping, since all ASM methods detect the face contour and feature
points which best fit the stafistical model, the inver;tors fjave recognised that the
extracted face confour and feature ;':oihts will not lay exactly at the real image contoizrs
As such, the use of planar projection for texture mappmg leads to errors. In the example
embodiment, .RBF with affine transformatlon is used mstead io generate texture ,
coordinates. ' .

First the values of the !mage detec’ced feature pomts are normalized to [0,1]
range as follow:

Ik(xay) - mm<[k(x>y)) + Ci(x>y>
max({; (x, y))~min(Z, (x,)) + 2C'(x, y)

Ci(x,y) are specific constaﬁté:.‘

L(x,y)=



10

15

20

25

14

- g(mwmmx» €} =04t y-rinL, )

On the othnr hand the landmark pomt in SD space after deformation became

és descnbed above

The (defonned) 1andmark pomts and the points uf the new mode!l for the
synthesized 3D fate are projectad by pianar projection to texture space and nomalized
oall, 11 range, such that :

Si(x,y,2)=C" mm(x »,z)
C‘ (x,y,2)— C‘ (x,y,z)

I "’(x= ¥, Z)

P(x y-Z) C’mm(x ¥, 2)
CE(%,3,2) = Chi (x,3,2)

F@nn'

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 1,"(x,y,0) and I}(x, y,b)' are respective sets of target and source points o

enter the RBF deformation. To make the deformation more precise, the respeciive sets
are aligned one more fime by subtré;ting the value of center mass from their values,
such that '

A

T e

. jk":t Ikn_f;mn' j:= I:'""I:;
By Definition of the RBF,
I,"= RBF(I7)

So every point A’ will have iexfure coordinate 7 (u, v, 0) by equation
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T(u,v,0)= RBF(P"= I )+1,,"
US’”Q the ongmal tmage as texture the ﬁna! tex’ture com‘dmate (T'u, T) for e\rery
pofnt =4 wul! ba : . .

T =Tu* (max(Ikx) = (7, )+ 20 %) i, + 101 1,2 L i

v Tv*(max(!ky) nnn(f,,y)+2Cy)/IM +mm1(kx)/f,mg,,,

In the abové described éxamp'ié embodiment, the RB'F; with affine transformation

o generate texture coordmates 18 usmg the new model for the synthesized 3D face and
~the defarmed landmark points [wmch are eguivalent to the extracted feature points from

the image as transformed into 3D space] However, in another exampie 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 iexture coordinates based on the model for the synthesized 3D face and the
deformed landmark points. : :

in the described example embcdimem an automatio}mage-based method and
system for 3D face synthesis using foniy a single face image é’re provided. The example
embodiment uses ;jan approach {o ge'riaé.rate‘a symmetri@aiiy-aijgned set of feature ;ioints
which advantageously helps to obtéiri'better results for the 36 'synthesized face and also
an approach that employs RBF in texture mapping to advantageously correctly map the
mode! points o the texiure space. The embodiment has the advantage of being fully
automatic and running in real-time. Expenments conducted show that good results can
be obtained with no user intervention, as ilustrated in Figures 3, which shows
comparative resulfs. More particular‘,. Figure 3a) shows a single view input image,
Figures 3 b) and c) show display of the synthesized 3D face. i:sing prior art technigues,
whereas Figure 3d), Se) and 3f) show the synthesszed 3D face according to an example
embodiment, obtazned fully automatlca!iy in less than 2 seconds on a normal PC.
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The automatic 3D face . synthes:s sys‘:em and - ‘method of the example

iembocixment can be a building biock fora complete system capable of automatic 3D face
:synthests and ammat:on A!so there are many ways to enhance and extend. the
Itechmque in drﬁerent embodlments such as:. (1) Depth estimation: With depth
:lnfonnaﬁon SD model reconstmchan will be easier and also more accurate; (2)
Rehghtmg inthe exampie embod:ment texture is from 1mage acquired at certain lighting

conﬁgurataon To enable it o ba used in other apphcattons or fighting conditions,
relighting technique can be deveioped and incorporated.

The method ahd system of the example embodiménts can be implemented
on a computer system 400, SChqmgﬁcally shown in Figure 4. it may be implemented

-as software, such as a computer  program 'being'exeéﬁted within the computer
‘system 400 ancl mstructmg the computer system 400 to conduct the method of the
: exampie embod;ments o

The computer system 400 ;omprises a computer rﬁodule 402, input modules
such as a keyboard 404 and mouse 406 and a plurality of oufput devices such as a
display 408, and printer 410.

The computer module 402 .is connected fo a corﬁputer network 412 via a
suitable transceiver device 414, to enable access to e.g. the intemet or other
network systems such as Local A‘re_'a Network (LAN) or Wide Area Network (WAN).

“The ch;éutér modute 402;Zin5the example ;mch:."l:dés a processor 418, a
Random Access Memory (RAM) 420 and a Read Only Memory (ROM) 422. ‘The
computer moduie 402 aiso inciudés a number of -inpuﬂdutput (i/Q) interfaces, for
example /O interface 424 to the display 408, and VO in‘teﬁace 4285 to the keyboard
404, '

The components of the corrﬁbuter module 402 typically communicate via an
interconnected bus 428 and in a manner known o the perfson skilled in the relevant
art. -
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The application prégram is'typicaliy supplied to the user of the computer
system 400 emoded on a data stmage medsum such as a CO-ROM or flash

-memory camer and read utvltsmg 8 conespondmg data storage medium drive of a
jdata storage devuoe 430 The- appincatlon prcgram is vead and controiled m its
'execut;on by the pmoessor 418 jntermed;ate stqrage,uof program data maybe

accompitshed us:ng RAM 420

It will be appreciated by a person skilled in the art that numerous variations
and/for modrf cations may be made to the present mvenﬁcn as shown in the specific
embcdlments without departing from the spirit or scope of the invenfion as broadiy
descnbed The present embod:ments are, therefore, to be conSIdered in ali respects to

be diustrative and nat restnctlve
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CLAIMS B | .
1. - A method of single :\lie_w image 3D face synthesis comprising the steps

a) extractmg feature pomts from the szngle view. zmag
) transformmg the featurn pomis info 3D space '

¢) caloulafing radial basis funciion (RBF) parametérs in 3D space based on
the transformed feature points and. correspondmg points from a 3D genearic model;

d) appiymg RBF defomaucn to the generic 3D model based on the RBF
parameters o determine a model for the synthesized 3D face; and
g) determining texture coc}rdinat&a for the synﬁ-fes'i:zed 3D face in 2D image
space; - . : - ' ‘.
' wherem step b) compnsns symmeﬁ*rcaily ahgnmg the feature pomts and
step e) compnses projectmg the generic 3D modei or the mods! for the

'synthesszed 3D face into 2D imagé space and appiymg RBF deformation o the

projected genenc, 3D model or the pro;acted model for the synthesized 3D face.

2. The method as claimed in claim 1, wherein siep e) comprises
calculating RBF parameters in 2D image space based on the feature points and
corresponding points in the gene:n'c; 3D model projected into 2D image space, and
applying RBF deformation o 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
cormresponding pdinfs in the model for the synthesized 3D face projected into 2D
image space, and applying RBF - defomaﬁon o the pro;ected mode! for the
synthesized 3D face. '

4, The method as claimed in any one of the preceding claims, wherein
step &) compnses applying a face detectlon algorithm fo detect a face region in the
single view image.

5. The method as ciai‘m:ed in claim 4, further cémprising using an active
shape model to extract the feature points from the detected face region.
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56. : A system for smgie vxew image 3D fac., synthes;s comprising:

_‘méans for extracttng feature pom’zs from the smgle view image;
}means for t;ansfonmng the feature points into SD space _
:mnans for calcuiatmg rad:ai baszs function (RBF) parameters in 3D space

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

model; ‘ : .

means for applying RBF deférmaﬁon to the generié 3D model based on the
RBF pafameters tﬁ determine a model for the synthesized 3D face; and

means for- cjetermtnmg texture coordinates for the synt!';nsrzed 3D face in 2D

image space;

wherem the means for transfcrmmg the feature potnts symmeinca{iy aligns

the feature pomis and

the means for dntermmmg th= fexture coordmates projects the generic SD

‘model or-the model! for the synﬁmamzed 3D face into 2D |mage space and applies

RBF deformation to the projected 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) emctmg mature pcsmts fmm the smgin view mage

b) i:ransfarmmg the feature: pomis into 3D space

¢} catcu.aﬁng radial basis functxon (RBF) parame’:ers in 3D space based on
the transformed feature points and corresponding points frqm a 3D generic modei,

d) appiying RBF deformatbn to the generic 3D model based on the RBF
parameters to determine a mode! for the synthesized 3D face; and

e) de‘term’lh‘mg texiure codsdflha‘cas for the synthesized 3D face in 2D image
space; '

wharein sfep b) comprises symmeirically aligning the feature points, and

step e) compnses pro;actmg the generic 3D modal or the model for the
synthaszzed 3D face into 2D |mag=- space and appiy;ng RBF deformation o the
projected generic 3D model or the projected modal for the synthesnzed 3D face.
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8 : A meﬁhc;d of' singie vtew 'image 3D facé synthesis comprising the steps

a) axtrachng feature pomts from the smgle wew rmag

by transformmg the feature pom’cs into 3D space : .

) caicuiaﬁng radial basis functton (RBF) parameters in 3D space based on
the transformed feature points and .ccrrespond:ng points from a 3D generic model:

d) applymg RBF deformatlon 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 synthass;ed 3D face in 2 D image
space; :. i S
,Wﬁéreirj stépfb) cqmpﬁsesjsymmetxical!y aiigﬁing tri‘:e,..feature points.



