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Abstract 
 
Illumination variance in texture is an important aspect of 
facial animation. Traditional facial animation techniques 
consider only facial feature geometric changes, but subtle 
texture changes in illumination are ignored. In this paper, 
by applying subtle illumination changes we present a novel 
technique to get realistic 3D facial animations. Firstly, we 
give the concept of PERI (partial expression ratio image) 
and the approach to get PERI. Then we parameterize the 
PERI according to the FAP (facial animation parameter) in 
the MPEG-4 based facial animation framework and 
develop the multi-view PERI technique, which makes 3D 
facial models have expressive expression at different 
viewpoints. Experimental results show that our technique 
can make facial expressions more expressive and 
convincing. 
 
1.  Introduction 
 
Research in realistic 3D facial animation has been a hot 
topic of computer animation in the last 30 years. Facial 
animation can be used widely in the filed of advertisement, 
computer game, net meeting, HCI and medical research etc. 
 
Traditional facial animation methods usually use a facial 
image with neutral expression, and pay much attention to 
the geometric warping of the face model[1-5]. By mapping 
the texture onto the 3D mesh, the texture will stretch and 
bend according to the deformation of the mesh. However, 
facial expression cannot be simulated by only the 
displacement of facial feature points. It also includes many 
subtle texture changes in illumination. These subtle 
changes are critical to generate expressive expressions, but 
to implement these subtle changes using traditional method 
need very complex facial models and complex deformation 
control. Although traditional methods can also generate 
various kinds of expressions, these expressions are not 
expressive due to the lack of subtle changes of expression. 
A novel approach is to use the variance of illumination in 
the texture image to simulate the visual effects of subtle 
change in facial expression. 
 
Researchers have done many researches to simulate these 
subtle facial expression changes in recent years. Guenter[6] 
etc. place marks on the human model and then use six 
cameras to get the facial expression. After the 
reconstruction of the 3D mesh, they mapped the texture 
image without marks to the 3D mesh to get realistic 3D 

face model. They can get very realistic facial expressions 
because the texture images are generated using the original 
facial image instead of warping the neutral facial image. 
But their animation can be applied only to specific face 
model and the process to get facial animation is complex 
and thus can not generate real time animation. Pighin[7] 
etc. also use multiple cameras to get basic facial 
expressions, and then use these basic expressions to get 
more rich expressions. Since they set up the real facial 
expression database, the animation result is vivid. Their 
method has the same disadvantage: the animation can only 
be applied to specific face model and thus not a general 
approach. Liu[8] etc. put forward a novel approach based 
on the ratio of two expression images. One image has 
neutral expression and another has a specific expression. 
They compute the ratio of the two images for one model 
point by point and then apply the ratio to another model 
with neutral expression to generate the desired expression. 
Their experimental results are encouraging, but their 
approach can only be used to clone 2D full facial 
expression image. 
 
In this paper, we present a novel facial animation method 
that can express subtle facial expression changes. Firstly, 
we sample the illumination change of the region where 
there are subtle facial expression changes, and we call 
these illumination changes PERIs (partial expression ratio 
images). In this way, we set up a database of PERI. 
Secondly, we parameterize the PERI and thus parameterize 
the subtle facial expression change in facial animation. 
According to the FAP(facial animation parameter) [9] in 
the MPEG-4 based facial animation framework, we use the 
FAP to get the coefficient of the PERI and thus control the 
illumination of the subtle expression change, and in this 
way we parameterize the subtle expression change in 3D 
facial animation. At last, we present the multi-view PERI 
method, which can generate realistic facial expression in 
different viewpoints. Some of the subtle expression (such 
as the dimple) will have different textures in different 
viewpoints due to occlusion. In order to solve this problem, 
we set up two PERIs for the same region with subtle facial 
expression changes: one is for the frontal face and the other 
side face. According to the rotation angle of the face, we 
compute the weights of the two PERIs and then use these 
two weights to apply the frontal PERI and side PERI onto 
the texture image. In this way, we can get realistic 3D 
facial expressions in different viewpoints. 
 
Compared with Guenter[6] and Pighin[7], we use only one 
neutral expression texture, and there is no need to get 
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textures from the facial expression video sequence. The 
database of PERI in our system need only to be set up once 
and can be applied to different facial models, and thus has 
the advantage of more general, convenient and automatic. 
Compared with Liu[8], we put emphasis on special face 
features while they clone the whole facial expression. And 
we have also effectively parameterized the PERI in the 
MPEG-4 based facial animation framework and have 
successfully applied it to the 3D facial animation. 
 
The structure of the paper is as follows: the second part 
introduce the principle of PERI and the method to get 
PERI; the third part gives method to correlate the PERI 
with the MPEG-4 FAPs and in this way parameterize the 
PERI; in the fourth part we put forward the multi-view 
PERI, which can let we see realistic facial expressions in 
different viewpoints; the fifth part gives the experimental 
results and at last we give the conclusion. 
 
 
2.  PERI  
 
2.1. Principle of ERI  
 
ERI(expression ratio image) was first introduced by Liu[8]. 
Let A be the neutral face, A’ be the expression face for the 
first face model, and let B be the neutral face and B’ be the 
expression face for the second face model with the same 
expression as the first face model. If we know A, A’ and B 
and the faces have been aligned and the illumination 
conditions are the same, we can get B’ by the following 
equation: 
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where (u, v) is the image coordinate. From equation (1) we 
get: 
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Where R(u,v) is the ERI for this expression. ERI can be the 
ratios of the RGB channels or the ratio of illumination, and 
it is generally better to use the ratio of illumination. Figure 
1 is an example of ERI, where (a) is the neutral face, (b) is 
the face with frown expression and (c) is the ERI for the 

frown expression. For the purpose of display, figure 1(c) 
transforms the ratios of pixel illumination to gray values, 
and so do the other figures in this paper. 
 
ERI expresses the ratio of the illumination of two images. 
For the face image in figure 1, ERI denotes the 
illumination change of the frown expression face with 
respect to the neutral face. In this paper we get realistic 3D 
facial animation based on this feature of ERI. 
 
2.2. PERI 
 
Based on the ERI introduced by Liu, we give the concept 
of PERI. The difference between Liu’s ERI and our PERI 
is that PERI does not necessarily cover the whole face. 
Instead it may cover regions where we are interested in and 
where there are subtle texture changes, such as the frown 
on the forehead, the dimple at the mouth corner etc. In the 
following section we take the dimple at the left mouth 
corner as an example to illustrate how to get the PERI. 

(a)             (b)            (c)           (d)           (e)          (f)          (g)
Figure 2. Process to get PERI  (a): Neutral face (b): Smile face
(c):Zoom in figure for selected region of neutral face (d)Zoom in
figure for selected region of smile face (e)region to be copied
(highlight region) (f)Neutral expression after modification
(g)PERI for the dimple

 
Step 1. Select the required region. Select left mouth 
corner regions from the neutral face and the smile face. 
Figure 2(a), 2(b) are neutral face and smile face 
respectively. Figure 2(c) and figure 2(d) are the selected 
regions from figure 2(a) and 2(b). 
 
Step 2. Align the neutral face and the smile face. The 
purpose of PERI is to get the subtle illumination change of 
texture, and in this example is to get the illumination 
change of the dimple texture. If we use equation (3), figure 
2(c) and 2(d) to compute PERI, we will get not only the 
illumination change of the dimple region, but also that of 
the lip region. During animation, texture change of the lip 
region depends on texture image warping. If we also apply 
the PERI to the lip region, the texture of the lip region will 
be not realistic. As figure 3(b) shows, the upper lip in the 
mouth corner is too dark and the lower lip has specularity. 
We have to align the lip of the neutral face with the smile 
face to fix this problem. One of the solutions is to warp the 
neutral face to align it to the smile face[8], but this solution 
cannot align the lip very well. In this paper we copy the lip 
region of the smile face directly to the neutral face instead. 
 
Step 3. Eliminate the outside edge phenomenon. The 
illumination of the edge points of the selected region in 
figure 2(c) and figure 2(d) may not be the same. If we 
apply the PERI directly to the face model, the edge points 

(a)                              (b)                             (c) 
Figure 1. ERI for the expression of frown (copied from
Liu’s paper[8])
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may be too distinct. As shown in figure 3(b), it will look 
like a patch in the image. To eliminate this edge we should 
let figure 2(c) and figure 2(d) have the same illumination 
on the edge and extends gradually to the non-edge region 
of the image. In this paper we select a little larger region 
than the feature region in the first step and copy the edge 
region of the smile face to the corresponding region of the 
neutral face, thus ensure the two face images have the same 
illumination at the edge region. Considering the region 
need to be copied in the second step, the overall region 
needed to be copied from the smile face to the neutral face 
is shown in figure 2(e). 

 
Step 4. Smooth the inside edge of the copied region. 
After copying a region of the smile face to the neutral face, 
there will be an obvious edge in the copied region of the 
neutral face. Using a 5*5 window Gaussian filter in the 
edge region, we can smooth the image. After step 2, 3 and 
4 we get the neutral face shown as in figure 2(f). 
 
Step 5. Compute the PERI. Take figure 2(f) as the neutral 
face and figure 2(d) the smile face. We can get the PERI 
for the dimple using equation (3). The result of PERI is 
shown in figure 2(g). Figure 3(c) illustrates the right 
expression after using the right PERI. 
 
2.3. Library or PERI 
 
According to the method introduced in the last section, we 
get a database of the PERI. This database includes the 
PERIs for dimple, wrinkle on forehead, wrinkle on the 
glabella and wrinkle on the canthus etc. Figure 4(a) shows 
the neutral expression, frown expression and PERI of the 
glabella from left to right respectively. Figure 4(b) shows 
the neutral expression, wrinkle expression and PERI of the 

canthus from left to right respectively. Figure 4(c) shows 
neutral expression, wrinkle expression and PERI of the 
forehead from top to bottom respectively. 
 
 
3.  Parameterization of the PERI 
 
The subtle facial expressions change gradually during the 
animation. As shown in figure 5, there are two parameters, 
which control the changes: shape and visibility. The shape 
deformation can be expressed by the parameters that 
control geometric warping of the facial mesh, but there is 
no general parameterization approach that controls the 
visibility. We observed that the visibility is proportional to 
the exaggeration of the facial expression. Take the wrinkle 
on the forehead as an example. We can see that the 
visibility of the wrinkle is proportional to the upward 
movement of the eyebrow. In the MPEG-4 based facial 
animation framework, there is a set of FAP. The FAPs 
control the movement of the facial features. In this paper 
we use the FAP as the parameter that controls the visibility 
of the PERI and in this way we parameterize the visibility 
of the PERI. 

(a)                         (b)                        (c) 
Figure 3. Problem met when get PERI (a) Expression with no
PERI (b) Expression with incorrect PERI (c) Expression with
correct PERI 

 

Figure 5. Relation between the visibility of the wrinkle and the FAP

3.1. Parameterization of the facial animation 
in MPEG-4 
 
MPEG-4 is an object-oriented multimedia compression 
standard. Since the human being plays an important role in 
multimedia systems, there is a standard for human facial 
animation in MPEG-4. We need little data to drive the 
MPEG-4 based facial animation system. Furthermore, it 
needs little computing work, so it is suitable for real time 
animation on low-band network. 
 
In the MPEG-4 standard, FAP is used to denote the facial 
animation parameter. There are altogether 68 FAPs, each 
of them express the motion in a specific direction on 
specific region of the face. For example, FAP19 denote the 
vertical movement of the left eye lip. Combining all these 
FAPs we can get complex facial expressions. FAP is a set 
of general parameter, and one specific set of FAPs denotes 
one expression. It’s independent of the facial model. 

(a) 

 
3.2. Parameterization of PERI in MPEG-4 
based facial animation framework 

(c) (b) 
Figure 4. PERI database (a) PERI for glabella (b) PERI for
canthus (c) PERI for forehead
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The subtle texture changes are implemented by applying 
the PERI on texture image. The PERI can be applied to 
static image using equation (2), but for facial animation we 
have to consider the visibility of the PERI, so we cannot 
use equation (2) directly. We use the value of FAP as the 
parameter for the visibility of the PERI. Take the wrinkle 
on the forehead as an example. There are 6 FAPs (FAP31–
FAP36) that control the vertical movement of the eyebrows. 
We use the average of the 6 FAPs as the parameter for 
visibility of the wrinkle on forehead. Let the average value 
be F and the possible maximum value be Fmax, equation (2) 
can be modified as: 

max),(),(),(' F
F

vuRvuBvuB =                     (4) 
Equation (4) has the following properties: when F=0, 

, it means in neutral state, PERI has no 
influence. When F=F

),(),(' vuBvuB =

max, , PERI 
has the maximum influence to texture. For the case of 
wrinkle on the forehead, it means when F=0 there is no 
wrinkle. When F= F

),(),(),(' vuRvuBvuB =

max the visibility of PERI should be the 
same as in the rightmost image of figure 5. In the same 
way, we can find FAPs that parameterize other subtle 
texture changes. 
 
To apply the PERI onto the facial animation, we should 
also locate the PERI on the facial texture image. Because 
all the PERIs we have are in rectangular shape, we need 
only to locate the left upper corner and right lower corner 
of the facial texture image to apply the PERI. We may also 
need to scale the PERI to fit the selected region. 
 
 
4. Multi-view PERI 
 
4.1. Problem of applying the PERI to 3D facial 
animation 
 
When we rotate the 3D facial model, most of the subtle 
texture changes need no further processing to look realistic, 
but some special features, such as the dimple looks wrong, 
as shown in figure 6(a). The reason is that the mesh 
corresponding to the dimple should be concave, but due to 
the coarseness of the mesh, the mesh corresponding to the 
dimple is not concave. After applying the PERI, when we 
look from the front, it looks like dimple, but when look 
from the side, there is some shadow on the face and it is 
not correct. 
 
4.2. Multi-view PERI 
 
In order to get correct facial expression in different 
viewpoints, we get the PERI for both the frontal face and 
the side face. Let the frontal PERI for dimple be R1(u,v), 
side PERI be R2(u,v). FAP49 is the FAP that controls the 
horizontal rotation of the face, and let its value be F49. 

FAP53 is the FAP that controls the outward motion of the 
left mouth corner, and let its value be F53. Let the 
maximum possible value for FAP53 be F53max. Then the 
equation to compute the texture change of left mouth 
corner with head rotation angle F49 range from 0 degree to 
90 degree is: 
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Equation (5) considers both the frontal and the side subtle 
texture changes. When the rotation angle of the face is 0, 
i.e. the face is a frontal face, only the frontal PERI affects 
the dimple. When the rotation angle of the face is 90 
degree, i.e. the face is a side face, only the side PERI 
affects the dimple. When the rotation angle is between 0 
degree and 90 degree, the dimple is affected by both the 
frontal PERI and the side PERI. In this way we eliminate 
the wrong shadow during face rotation, as shown in figure 
6(b). 

(a) 

(b) 
Figure 6. PERI for the dimple when head rotates. (a)
Face with only frontal PERI (b) Face with weighted
frontal and side PERI

 
 
5. Experimental results and analysis 
 
We generate facial animation sequences for various facial 
expressions based on the method above. Figure 7 is the 
animation sequence for the expression of surprise, where 
figure 7(a) has no PERI, and figure 7(b) has the PERI of 
the wrinkle at forehead. We can see that the more surprise, 
the wrinkle becomes more obvious. Figure 8 is another 
animation sequence for smile expression. Figure 8(a) has 
no PERI, and figure 8(b) includes not only the dimple but 
also the wrinkle at the canthus. Figure 9 is an expression 
between anxiety and surprise. Obviously, after applying 
the PERI on the face model, it looks more realistic and 
natural.  
 
The experiments show that with the parameterized PERI 
and the multi-view PERI we can generate more realistic 
and individualized 3D facial animation.  
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6. Conclusions 
 
In this paper, we present a novel approach to get realistic 
3D facial animations by applying subtle texture changes. 
Firstly, we give the concept of PERI and the approach to 
get PERI. Then we parameterize the PERI according to the 
FAP in the MPEG-4 based facial animation framework and 
develop the multi-view PERI technique, which makes 3D 
facial models have expressive expression at different 
viewpoints. The technique we presented overcomes the 
defect of traditional methods that pay attention only to 
facial feature geometric changes but not subtle illumination 
changes of texture. Because we use the control scheme in 
the MPEG-4 based facial animation system[10] and use the 
FAP as the parameter to control the visibility of PERI, our 
method has the advantage of scalable compared with other 
motion control scheme based on MPEG-4. Future work 
can set up a more complete database for the PERI. For 
each subtle facial feature region, we can set up several 
PERIs so that for each facial model we can select the most 
appropriate PERI, and in this way we can get more realistic 
and individual facial animation. 

(a) 

(b) 
Figure 7.  Animation sequence of surprise. (a)without PERI;
(b)with PERI 
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(a)

(b) 
Figure 8. Animation sequence of smile. (a)without PERI
(b)with PERI 

(a)                             (b) 
Figure 9. An expression between anxiety and
surprise. (a) no PERI (b) with PERI 
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