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ABSTRACT 

 
Facial expressions convey very important information 
which is sometimes indispensable for people to fully 
understand the speech during communication. When the 
volume of video data is overwhelming and channel 
resources are limited, very low bit rate video coding 
becomes a solution for teleconferencing. In this paper, we 
propose an efficient and robust very low bit rate face 
coding method via visual face tracking. After the face is 
located in the video frame, the generic facial geometric 
model is adapted to the face, and facial texture for the 
model is extracted from the first frame of the video. The 
facial motion is then tracked and synthesized. The facial 
motion parameters, synthesized residual error and video 
background are transmitted at very low bit rate. 
Experiments show that our method can achieve better 
PSNR around facial area than H.26L at about the same 
low bit rate and have better subjective visual effects.  
 
 
1. INTRODUCTION 
 
Human face is a very unique and crucial communication 
tool people rely on heavily in every day life. The 
information contained in the facial expression 
incorporating with the speech is sometimes indispensable 
for people to fully understand each other during 
communication. Because of this reason, there is a 
substantial growing of the demand for videophone, 
teleconferencing applications in which the key problem is 
how to transmit video sequences at low bit rate given the 
foreground is known as human face and shoulder, and 
possibly simple background.  
 
To accommodate the needs of transmission of large 
volume of video data over limited channel, several video 
coding standards, such as MPEG-1, MPEG-2, H.261, 
H.263 and H.26L[1][2][3][4] have been proposed. These 
standards are characterized by coding schemes that 
consist of block-based motion-compensated prediction, 
and quantization of prediction error with discrete cosine 
transform. Because these approaches only utilize the 

spatial-temporal redundancy statistics of the video signal 
without a prior knowledge of the semantic content of the 
video, they are well applicable for general purpose video 
data compression where the scene in video frame is 
arbitrary. In the mean time, due to the difficulty to extract 
redundancy from video, a high coding rate usually also 
accompanies a high coding latency for certain video 
quality[4]. This hinders these approaches from 
applications where real-time video transmission is needed. 
 
For the applications where human face is known as the 
major foreground object, model-based coding has been 
proposed to improve coding efficiency[5][6][7]. In these 
approaches, the human face geometry is characterized 
with a 3D mesh model. The facial motion is 
parameterized as rotation and translation for rigid motion, 
and action unit or facial muscle weights for non-rigid 
facial expression. These parameters together with the 
video background can be transmitted over channel at very 
low bit rate, and the video can be reconstructed via 
synthesis of the facial area based on the transmitted 
parameters. While this idea seems simple and intuitive, 
currently there is still not completely model-based coder 
presented because it is difficult to extract these facial 
geometry and motion parameters from video 
automatically and robustly.  
 
People have proposed many approaches to extract face 
parameters from video. In [8], a face model Candide is 
fitted to the face by localizing the facial features in the 
video frame by frame, such as eye, mouth, nose, chin, etc. 
The facial features are estimated by image segmentation 
and deformable template matching, and the 3D face 
model parameters (size, orientation, and local facial 
feature geometry) can be adapted based on perspective 
projection and human face symmetry assumption. In [9], 
the head pose and facial expression can be estimated 
iteratively based on successive scaled orthographic 
approximation after key facial features are identified. In 
stead of only employing spatial information and adapting 
face model to face in video frame by frame, another 
popular approach is to employ the temporal motion flow 
information in video and track the face dynamically after 
face model is adapted to the face in the first frame. In 
these approaches, the rigid and non-rigid motion are 



usually estimated simultaneously [10][11][12][13][14]. 
The facial deformation and head motion is characterized 
as a rigid face plus some linear combination of non-rigid 
facial deformation bases subjected to spatial translation 
and rotation. Depending on how rotation is parameterized, 
the parameters are retrieved in different ways. One 
approach [11][14]parameterizes rotation as angular 
changes. A linearized model between optical flow of the 
mesh node on the face and motion parameter 
displacements can be established, and the motion 
parameters can be calculated using a least square 
estimator given the optical flow as input. The second 
approach [12][13] parameterizes rotation as three 
orthonormal vectors, which forms a rotation matrix, using 
factorization, the rotation matrix and the vector of facial 
deformation coefficients can be obtained given rank 
deficiency condition of the optical flow and 
orthonormality constraints of the rotation matrix.  
 
In this paper, we propose an efficient and robust very low 
bit rate face coding method via visual face tracking that 
can achieve real-time data compression. After face is 
located in the video frame, the generic facial geometric 
model is adapted to the face, and the facial texture for the 
model is extracted from the first frame of the video. The 
facial motion is then tracked and synthesized thereafter. 
The facial motion parameters, synthesized residual error 
and video background are transmitted at very low bit rates. 
Experiments show that our method can achieve better 
PSNR around facial area than H.26L at about the same 
low bit rate and have better subjective visual effects. In 
Section 2, we will describe our system in details, and the 
experimental results will be shown and analyzed in 
Section 3.  
 
2. CODING FACE AT VERY LOW BIT 

RATES VIA FACE TRACKING 
 
2.1 SYSTEM OVERVIEW  
 
The architecture of the system we developed is shown in 
Figure 1. The video is first sent to a face tracker that 
extracts face motion parameters, and the facial motion is 
synthesized via a face synthesizer based on the motion 
parameters. The synthesized face and the original video 
frame are then sent to a Foreground/Background splitter, 
which split the foreground (facial area) and background 
into two regions. The foreground is replaced with residual 
errors between the synthesized face and the original face 
in video. The video background and synthesized 
foreground residuals are then sent to H.26L coder. The 
background will be coded as ordinary video frames by 
H.26L codec, and the foreground residuals are coded by 
Intra_16X16 mode. At receiver, the decoder synthesizes 
the facial motion according to the received face motion 

parameters, reconstructs the foreground and background 
regions, and recovers the foreground facial area by 
summing up the synthesized face and foreground 
synthesized residuals. As most of the facial motion details 
are carried in the facial motion parameters, the foreground 
residual tends to have small amplitude, we can choose to 
code the video with very lot bit rates without losing much 
information of the foreground. 
 

 
Figure 1. The System Architecture Overview 

  
2.2 FACE TRACKER AND SYNTHESIZER 
 
We have developed a robust 3D facial motion tracking 
system based on a piecewise Bezier Volume deformation 
model[11][15]. This model characterizes non-rigid facial 
motion as linear combination of some action unit bases 
which are composed of key facial expressions and 
visemes, namely, V=Lp where V is the non-rigid facial 
motion, and L is a matrix with each column as a action 
unit basis, and p is the coefficient vector for the action 
units. And the key facial expressions and visemes are 
characterized with mapping from 3D facial motion 
control points to the 3D deformation of the facial surface 
piece-wisely using Bezier volume techniques, namely 
L=BD, where B describes the mapping function 
composed of Bernstein polynomials, and each column of 
D stands for the 3D displacement of control points of one 
specific action unit. The composition of the piece-wise 
Bezier volume is shown in Figure 2. 
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Figure 2. The composition of Piece-wise Bezier volume 

 
This model allows the user to generate action units from 
facial fiducial points, which is independent of the 
topology of the actual mesh model.  This property is 
crucial when deforming face models of different 
geometry. Based on this model, the facial motion can be 
characterized as TLVR ++ )( 0 p , where 0V  is the neutral 

face, pL defines the non-rigid deformation, and R, T 
stand for 3D rotation and translation respectively. After a 
linearized model between the derivatives of head pose 
parameters R, T, motion unit weights P and low-level 
optical flow of facial area is derived, the motion 
parameters can be retrieved by solving a set of linear 
equations. The optical flow calculation is done in a multi-
resolution manner so that the robustness and accuracy are 
largely improved [11].  
 
The face synthesizer takes facial texture in the first frame 
of the video, and maps it to the generic face model. The 
texture mapped face model is then deformed and rendered 
thereafter based on the motion parameters R, T, p.  
 
2.3 EMBEDDING SYNTHESIZED FACE IN 

H.26L CODEC 
 
After the synthesized face is obtained, the residual error 
can be calculated by subtracting it from the original frame, 
and the video frame is divided into foreground residual 
and background region. For the background, we can still 
employ the advantage of H.26L and do the coding based 
on spatial-temporal redundancy analysis. For the 
foreground residual, it contains mostly high frequency 
signal components, therefore we specify Intra_16X16 
mode as the coding mode for macroblocks in the 
foreground residual region. The advantage of this is that 
the facial motion details mostly captured by the motion 
parameters will not be lost when the video is coded at the 
lowest bit rate.  
 
3. EXPERIMENT RESULTS 
 

The face tracker runs at 25 fps in rigid tracking mode and 
14 fps in non-rigid tracking mode. The H.26L codec 
software was obtained from International Multimedia 
Telecommunications Consortium (IMTC) FTP website 
[16].After the tracking system is integrated with the 
H.26L codec software, some reconstructed video frames 
are shown in Figure 3.  We took a sequence of about 147 
frames of size 352 by 240 as input. The video is coded at 
about the same bit rate of 18-19kb/s using our approach 
and H.26L codec respectively. The first row shows two 
key frames of the synthesized facial motion after face 
tracking. The second row shows the reconstructed frames 
using synthesized facial motion, and the third row shows 
the reconstructed frames using H.26L codec. It is easy to 
see that the facial motion details are preserved better in 
the reconstructed frames using synthesized facial motion 
than the reconstructed result of H.26L codec, and thus 
have better subjective visual effect. For the reconstructed 
video with facial motion synthesis, the Peak Signal to 
Noise Ratio (PSNR) around facial area is 29.28, while for 
the reconstructed video using H.26L codec, the PSNR is 
about 27.35. Besides, we specified Intra coding and 
forward predictive (P) coding modes to code the 
background, while H.26L utilizes bidirectional coding 
approach as default option and explores a bigger space to 
search for an appropriate mode for the macroblocks. 
Therefore it took on average only 1.4 seconds to code a 
frame in our approach, while 5 seconds to code a frame 
for H.26L codec.    

 
4. CONCLUSIONS AND FUTURE WORK 
 
This paper presents an efficient and robust very low bit 
rate face coding method via visual face tracking. With 
facial motion parameters extracted from the video via face 
tracking technique and transmitted over the channel, the 
facial motion synthesis residual errors and video 
background can be coded at very low bit rates. The video 
can be reconstructed according to reconstructed 
background, residual errors, and synthesized facial motion 
based on received facial motion parameters. Experiments 
show that our method can achieve better PSNR around 
facial area than H.26L at about the same low bit rate and 
have better subjective visual effects. As the performance 
of face tracking is the bottle-neck for model-based coding 
approach, our next step is to further improve on face 
tracking. In the mean time, we will also look into better 
approach to code the synthesis residual errors.  
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Figure 3. Comparison of the reconstructed video frames 
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