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Abstract. This paper presents a prototype system, which synthesizes entertain-
ment-oriented cartoon face and translates text message to multimedia animation 
in mobile phone.  While a digital real facial photograph and some text are im-
puted, a piece of exaggerated facial animation with entertainment will be shown 
in the phone. Three steps are used to get this entertainment effect: first is the il-
lustration generation of the real face image, General-Scale-Edge (GSE) is 
adopted to take various scale of the edge into account, which can extract the 
feature edge on human’s face efficiently. The second is the expression warping 
to produce a caricature. The improved feature based warping method is em-
ployed. Finally, we generate the exaggerated facial animation based on the cari-
cature using TTVS method. In addition, we improved modified Active Shape 
Model to remove the background and control more feature points on the face. 
Experiments show the system work well with high performance on the PDA. 

1   Introduction 

In recent years, there is an increasing trend and demand for the digital entertainment 
on mobile animation. The traditional way for people’s communication by mobile de-
vice mainly is the speech or the text message. As the advance of 3G mobiles and net-
work, digital multimedia content fall in great demand in daily life. The facial anima-
tion plays an important role of it, and there are immense studies focused on it. The 
researchers from Microsoft Research (Asia) designed systems for the illustration gen-
eration. It can even abstract the movement data of a figure in the video stream, and 
synthesize a new animation. There are also some other studies on auto or semi-auto il-
lustration generation. At current stage, the illustration is created in black-and-white 
mode. The mobile animation is another active research field. Most of the animation is 
designed in interactive mode. This paper builds a novel system to synthesize multi-
media animation message. The most difference with other systems locates in two 
points. One is the approach that the caricature is created; the other is that the anima-
tion is based on a person’s caricature, not on a real face image. 
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The following parts of this paper are organized as follows: Section 2 describes 
some related works on the mobile caricature animation system, section 3 gives our 
system an overview. In section 4, we introduce how to modify the traditional ASM 
algorithm to fit our system. In the section 5, black-white illustration generation is 
stated, after that, the illustration is warped into a caricature and animated in section 6. 
It means the text is translated into facial animation for entertainment purpose. Also in 
this section, the experiment result is given. At last, in section 7, we draw conclusion 
for the system and give some ideas to improve the system in the future. 

2   Related Work 

2.1   Illustration Generation  

Illustration generation based on the real face photograph had been a hot topic in NPR 
(Non-Photorealistic Rendering) field. The traditional way to create photo’s illustration 
is to operate the software such as Adobe Illustrator in interactive mode. But this paper 
would pay more attention to the automatic way to generate illustration based on peo-
ple’s photos. 

Besides the approaches to generate illustrations by the interactive way, there are 
two ways to auto-create the illustration of the photographs. Bruce Gooch et al [3] pre-
sent a method for creating black-and-white illustrations. They give a threshold image 
based on the Blommaert and Martens’ model of human first, and generate a threshold 
luminance image by a simply translating the image to a two-tone one. Then multiply 
the two images into the result illustration. The other way to create the illustration is 
represented by the job from [5, 8]. They extract the sketch of the face to construct the 
illustration. 

2.2   Image Warping 

This paper tests two image warping approaches, so we briefly give them an introduc-
tion here respectively: 

Mesh Warping: Mesh warping is a two-pass algorithm that accepts a source image 
and two 2-D arrays of coordinates S and D. The S coordinates are the control pixels in 
the source image. The D coordinates specify the location to which the S coordinates 
map. The final   image is the source image warped by means of meshes S and D. The 
2-D arrays in which the control points are stored impose a rectangular topology to the 
mesh. The only constraint is that the meshes defined by both arrays be topologically 
equivalent i.e. no folding or discontinuities. Therefore the entries in D are coordinates 
that may wander as far from S as necessary, as long as they do not cause self-
intersection. The first pass is responsible for re-sampling each row, while the second 
pass is responsible for re-sampling each column independently.  

Feature Based Image Warping:  This method in [11] gives the animator a high 
level of control over the process. The animator interactively selects corresponding 
feature lines in the 2 images to be morphed.  The algorithm uses lines to relate fea-
tures in the source image to features in the destination image. It is based upon fields 
of influence surrounding the feature lines selected. It uses reverse mapping (i.e. it 
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goes through the destination image pixel by pixel, and samples the correct pixel from 
the source image) for warping the image. A pair of lines (one defined relative to the 
source image, the other defined relative to the destination image) defines a mapping 
from one image to the other. 

2.3   Mobile Face Animation 

There are many works on face animation based on MPEG-4 standard [13, 14]. Gener-
ally speaking, such systems define MPEG-4 compatible face topology, using 
FDP(Facial Definition Parameter), FAPU(Facial Animation Parameter Units) and 
FAP (Facial Animation Parameter) to recalculate the mesh coordinates and synthesize 
the new face texture.  

MW0

MNS0

ENS0

ES0 IRISD0

 

Fig. 1. The MPEG-4 FAPU and FDP definition 

All the parameters involving translational movement are expressed in terms of the 
FAPU. These units are defined in order to allow interpretation of the FAPs on any fa-
cial model in a consistent way. They correspond to fractions of distances between 
some key facial features (e.g., eye distance), and are defined in terms of distances be-
tween feature points. Nowadays, since 3D is still not well supported on mobile de-
vices, as reported, many mobile systems realize the animation via 2D way. However, 
the MPEG-4 FAPs framework provides basic solution for these 2D animation sys-
tems, as well as ours. 

[1] proposes a model-based and parametric 3D facial animation solution capable of 
representing and animating real people in a photo-realistic manner on real-time plat-
forms of the future. Their modeling methods allow for modeling new faces from a 
single 3D scan or even photograph within hours by benefiting facial variations ob-
tained from a large and varied facial database. Resulting heads are animated via 
MPEG4 data streams extracted from video sequences, thus facial animation data can 
be sent over low-bandwidth communication channels while the rendering hardware 
delivers real-time animation on the local mobile platform. 
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3   System Overview 

The system runs on a network with the Server and the Client as the Fig.2.  So the 
work involved in our system can be decoupled into two parts. One is the generation of 
the caricature, the other is the animation based on the caricature. The former takes 
place on the server, and comprises 3 steps. The first step is the face auto-location. The 
Active Shape Model (ASM) approach is adopted here; However, the traditional ASM 
approach does not output  feature points on forehead, so an effort is added to the tradi-
tional ASM in order to get a whole shape of the face. The second step is to generate 
the illustration. General-Scale-Edge (GSE) method is used to obtain adequate contour 
of the face. The third step is the caricature generation from the illustration. 

 

Fig. 2. An overview of the system 

The client represents the mobile device (such as phone, PDA etc.). People’s photo-
graph is captured there and is sent to the Server for generating the corresponding cari-
cature. Between the clients, the multimedia message is transformed. The content of 
the message include text and facial animation, and the facial animation content is 
made up of FAP frames according to the MPEG4, which can decrease greatly the 
Bytes needed to accomplish the animation by transforming the video stream. Once 
two clients build contacts, a picture of caricature with MPEG4 parameters will be 
transformed first. Then, the followed data transformed to the accept is the text and 
corresponding FAPs, which can animate the caricature. 

4   Improved Active Shape Model 

ASM is often adopted to get face shape effectively [7, 8]. However, the traditional 
ASM only considers the feature point array of the cheek, the eyes, the nose and the 
mouth (see Figure 3(a)). In this work, we improve this method to include some fea-
ture points on the forehead (see Figure. 3(b)). This improvement brings two  
advantages. 

Caricature 

Photo 

FAPs 

Server: 
Illustration & Caricature generation 

Mobile device: 
Caricature animation  
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Fig. 3. Advantage of improved ASM. (a) is the feature points extracted by traditional ASM, (b) 
is the feature points extracted by improved ASM algorithm, and (c) is the image decreased 
background, and (d) is the image which is warped into a big forehead 

One is obtaining pre-knowledge for decreasing the background. In image warping 
and animating stage, we always avoid the unreality that the object in the background 
is deformed while the face is warped. For example, a straight pillar is bended after 
warping. So we tend to remove the background information as much as possible. 
Meanwhile, we want to keep more hair information. Fortunately, once we get the face 
area, things becomes easier than ever. We constructed a Gauss function to achieve it. 
For the hair is always the nearest object around the face area, the function is designed 
to remove the pixels far away the area, while keep down the hair as much as possible. 
The collar is the other object that is close to the face area, so it is kept down as the 
hair. Our processing effect is good (see Figure 3(c)). 

The function is constructed as the following: 
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where: )( idf represents the return gray value; id is the distance between pixel i and 

the face area; iL is the original gray value of pixel i ; D  is the half width of the face 

area; A and B is practical coefficient. M and N are the width and height of the image 
respectively; S represents the face area obtained by ASM.  And ( yPxP ii , ) is the co-

ordinate of pixel i ; n is the sum of feature points in the edge of the face area. 

The second advantage of improved ASM is to help warping the face automatically. 
In section 6, the feature based warping method is adopted. However, the feature-based 
method need specify some feature points artificially, which lead to the disadvantage 
of this method. The improved ASM can auto-get the feature points, so it can give this 
method an offset well. Especially, if we want a warping effect like Figure 3(d), we 
can directly use the feature points on the forehead that the improved ASM can pro-
vide. The detail about feature based warping method is given in section 2.2 and  
section 6. 

     
(a)               (b)               (c)               (d) 
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5   Illustration Generation 

We designed an auto-generation approach for illustration based on the job in [12]. In 
face image, there are usually multi-scale edges. Such as the edges of cheek, it may be 
considered smooth or medium-large scale edges. In contrast, the edges round eyes and 
nose are considered small scale ones. To extract the facial edge as more as possible, 
while keeping the redundancy out, we proposal a method named GSE. Traditional 
edge detectors are almost all based on the frame of Smoothing plus Differentiating 
plus Binarizing, some of which such as Canny can not provide rich description for 
edge information as well as can not make exact edge localization. However, General-
Scale-Edge (GSE) takes the various scale of the edge into account, and can extract the 
feature edge on human’s face efficiently. To obtain an effect of hand-drawing style of 
the photo, in this paper, we first generate a two-tone image by a threshold, and then 
multiply it with a GSE image, which results in the Figure 4(d). We can find that Fig-
ure 4(d) generated by our method look like most a product by hand. 

  
(a)                            (b)                           (c)                              (d) 

Fig. 4. Compare of three methods, (a) is the original image, (b) is generated by binary when 
threshold = 125, (c) is the edges extracted directly from the photo by canny algorithm, and (d) 
is the GSE image multiplied with the binarizing image 

6   Face Warping and Animation 

6.1   Compare of Warping Approaches 

Now, we compare the performance of two algorithms: Mesh warping and Feature-
based Warping. The result shows they behave different in respective aspect. When we 
evaluate them with computational speed, the Mesh Warping algorithm is the better. 
For in Mesh Warping, the region is divided into a mesh and each mesh patch essen-
tially has a local influence region., so the computation takes place locally and inde-
pendently. Moreover, it allows for high level of parallelism. Thus, the mesh warping 
got high computing speed. Table 1 gives us the average warping time of two algo-
rithms in our experiments. In this paper, The points of the mesh are presented in  
Figure 3(b). 
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Table 1. Speed compare of two algorithms 

Algorithm Name Computation Time 
Mesh Warping 0.25 s with a 118 mesh 

Feature-based Warping 0.85 s with 3 feature lines 

However, when we compare them on warping quality, the Feature-based Warping 
algorithm is the better. For in this case, the image is calculated point by point, which 
ensures the pixels’ transition is smooth enough. Whereas in Mesh Warping, the 
movement is a block of pixels, so the transition on the region edge is not natural. 

It is obvious, to the Feature -based warping algorithm, there is another disadvan-
tage, that is, we must specify the feature lines artificially representing facial features 
such as eyes, mouth and nose. We use ASM to offset it by auto-providing the fea-
ture’s coordinates as analyzed in section 4. 

6.2   Caricature Generation 

To meet the need of mobile entertainment, considering the performance of the two 
warping method, we choose the second method to generate the caricature from illus-
tration. Through feature based warping, the control pixels specified by us are warped 
exactly from source position to target position as we want them to. All the other pix-
els are then blended smoothly based on the positions of the control pixels. This gives 
us a very high level of intuitive control while morphing. So it is convenient to gener-
ate caricature. 

As we had mentioned, there is a disadvantage of feature – based warping that we 
need specify feature lines artificially. But in our system, ASM is carried out first, 
which means the feature lines are obtained automatically. For example, if we need to 
warp the nose to a long one, we needn’t point out the beginning and end position of 
the nose. What we should do is to input the serial numbers of the beginning and end 
points of the nose into warping module. The ASM had located the nose in the face 
image and can map the serial number into pixel coordinate. 

6.3   Caricature Type 

For a given face, there are two ways to specify its type to warp, those are the regular-
ity way and the auto-discovery way.  

The first one is the regularity way. We provide some types to generate caricature, 
such as Big Mouth, Big Nose, and Small eyes. User can make a choice according to 
the characteristic of the input face. The regularities ensure the face will be warped by 
a set of parameters corresponding to the user’s choice. 
The second way is to decide the warping type by the computer. Here a mass of statis-
tic work is done. As we know, people perceive the characteristic of a face by compar-
ing the features on the face with those on the average face. Thus, we can equip the 
computer with experience of average face. In that case, the computer can make com-
pare between the new face and the average face, and decide what type to select for the 
new face. To do so, we let  the computer to do large face observation. In this paper, 
we collect 200 face photos(100 men,100 women), and compute 19 features to train 
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the computer. The measurement first is the feature’s length in terms of the number of 
pixels. We obtain the fractions between a feature and some stable feature (we use the 
pupils’ distance) to make normalization. Then the mean of each feature is calculated. 
At the same time ,the CV(Coefficient of Variation) is computed to reflect the fea-
ture’s distribution. Big CV means the samples is decentralized, and we should give 
the feature less weight when evaluating its characteristics. Now, the computer can re-
fer to the feature’s CV, compare the new face’s measurement with the mean feature, 
and make decision which feature should be warped and exaggerated. Meanwhile, The 
photos data are divided into man and woman classes to get more exact result. The  
negative data is the cosine of the angle. 

Table 2. The features of average face through faces stat 

Man Woman 

Features 
Mean CV Mean CV 

Width of face 2.067604 0.066138 2.022219 0.053108 

Height of face 2.222373 0.066138 2.139734 0.060036 

Width of forehead 1.947297 0.083178 2.047014 0.058766 

Height of forehead 0.893020 0.140041 0.988009 0.094346 

Length of left eyebrow 0.688442 0.086718 0.667038 0.058140 

Length of right eyebrow 0.677197 0.078372 0.664672 0.062956 

Height of left eyebrow 0.165621 0.166543 0.117994 0.136847 

Height of right eyebrow 0.166351 0.160293 0.116151 0.139513 

Camber of left eyebrow -0.379079 -0.398787 -0.575628 -0.163348 

Camber of right eyebrow -0.356109 -0.424414 -0.565815 -0.184313 

Length of left eye 0.496360 0.065297 0.511017 0.060266 

Length of right eye 0.493009 0.074105 0.510733 0.068320 

Height of left eye 0.186422 0.172021 0.220795 0.153888 

Height of right eye 0.188086 0.180755 0.222637 0.135417 

Width of nose 0.673716 0.072458 0.663565 0.063893 

Height of nose 1.090492 0.056667 1.107651 0.068989 

Width of mouth 0.801977 0.090224 0.816337 0.091548 

Height of  upper  lip 0.148985 0.199987 0.145735 0.171546 

Height of lower lip 0.165717 0.179043 0.177072 0.126474 
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6.4   Text Driven Exaggerated Animation 

1.   Traditional TTVS System Skeleton 

 Generally speaking, the framework of the multimodal synthesis system including 
text, audio and video can be described as Figure.5. In the figure, the white block 
represents the data in the system, and the grey block represents data processing. The 
detailed process is as followed: 

 

Fig. 5. The framework of a traditional TTVS system 

1) After text analysis, the text is processed through TTS, at the same time, system 
produce the phoneme sequence; 

2) The audio data and the duration of each phoneme can be obtained by TTS sys-
tem; 

3) With phoneme sequence and duration sequence, we can get sequence of Face 
Animation Parameter; 

4) With the method of ASM and pre-defined human face template, we can do face 
detection on the one special human face picture and get the data for special hu-
man face model; 

5) By the MPEG-4 method for human face, we can synthesize the human face ani-
mation by the human face mesh and FAPs; 

6) Finally, video and audio data is synchronized according to the time duration in-
formation. 

2.   Text Driven Exaggerated Animation 

To make contribution to entertainment, we synthesize animation based on the carica-
ture. So there is a little difference with ever. All affective should be expressed in ex-
aggerated mode. Therefore, we redefined 6 expressions parameters based on MPEG4. 
Figure 6 gives an example to compare of the smile expression defined in MPEG4 and 
redefined in our system. We can find that the smile expression in (c) takes more enter-
tainment effect than (b). 
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    (a)                                         (b)                                         (c) 

Fig. 6. (a) is a neutral face. (b) is smile expression generated from MPEG4 parameters, (c) is 
from our system. 

3.   The experiment result on PDA 

We choose the PDA (Personal Digital Assistant) as experiment platform. The hard-
ware condition is lenovo ET560 with Intel 400MHz CPU, 64M memory, and the OS 
is WindowsCE. We first capture a face photo with the camera in the PDA, then send 
it to the Server where a processing thread queue is running.  A processing thread just 
deals with one request from the PDA, transforms the photograph into caricature and 
returns it to the mobile device. On PDA, under WindowsCE environment, when in-
putting a sentence of text, the caricature is driven to synthesize animation. 

 
    (a)                    (b)                     (c)                    (d)                     (e)                     (f) 

Fig. 7. The experiment result under WindowsCE. (a) is the original photo captured by the mo-
bile camera. (b) is a common illustration. (c) to (f) are different type warped caricatures gener-
ated by our system. 

7   Conclusion and Future Work 

A novel mobile animation system based on local network is presented in this paper. It 
can transform people’s real photograph to caricature and transfer it to the mobile ter-
minal, where the text message is used to synthesize the facial animation .The anima-
tion based on the caricature is to bring people mobile entertainment.  
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This system is in schedule to run on the real 3G network in next years, and at that 
time, several challenging issues will be studied  One is to change the black-and-white 
face to a color one. As we know, the colorful animation is more attractive. Another 
important issue is to experiment other warping algorithm to improve the speed of car-
toon face synthesis. For in the embedded environment, the calculating resource is lim-
ited. The last one is to add gesture content in the animation, which is synchronous 
with the speech and the mouth movement, so the avatar can express more things to 
people than ever. 
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