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Abstract 
In this paper, a new video coding algorithm suitable 
for the very low bit rate video application is present- 
ed. It takes advantage of the prior knowledge of the 
image type to segment the image into different re- 
gions, then codes each region with different coding 
criterion and method according to the different im- 
portance. An adaptive region-classified vector quan- 
tization strategy is also exploited in this algorithm. 
With the segmentation of the frame and high cor- 
relation between frames, better codebooks of vector 
quantization are constructed to improve the quality. 
According to  the simulation results, acceptable qual- 
ity at about 10kbits per second can be obtained for 
the typical test sequences. 

1. Introduction 
Recently a new interest has been arisen in the field 
of the very low bit rate video application. The mo- 
tivation of this new interest lies in the development 
of new applications such as videophones, video con- 
ferencing, and many others. The major requirements 
for these applications are the low capacity for trans- 
mission and storage, in order to use the existing Pub- 
lic Switched Telephone Networks (PSTN) or mobile 
channels. 
Numerous algorithms have been explored to imple- 
ment the high compression system, such as model- 
based [l] and object-based [2] methods. However, 
above two methods were involved with complicat- 
ed computation and irreqular data flow, which made 
real-time implementation difficult. 

2. Segmentation-Based Algorithm 
In this paper, we consider subjective view, compres- 
sion ratio, and hardware complexity to propose a 
segmentation-based algorithm suitable for the high 
compression video application. Figure 1 shows the 
overall video coding system. It mainly consists of 
three parts : The segmentation, codebook genera- 
tion and coding parts. With the prior knowledge of 
the image type, the segmentation part segments the 
current frame into different regions, especially the 

Figure 1: The Block Diagram of the Video Coding 
System 

face region from the other regions. Since observer- 
s tend to concentrate on the face region, a careful 
coding method should be adopted for a better sub- 
jective view. In addition, it is believed that better 
results can be obtained for vector quantization in the 
inside training manner. Because of high correlation 
for videophone or video conference sequences, using 
decoded images as training image basis is similar to 
the inside training condition. By combining with the 
concept of region, an adaptive region-classified vec- 
tor quantization strategy is used as the main profile 
of the video coding system. The codebook generation 
part generates the region codebooks according to the 
region information from the segmentation part and 
each decoded frame. The coding part performs the 
coding-decoding process with those region codebooks 
generated from codebook generation part. 
There is a setup period at the beginning of the trans- 

mission of the images, which lasts approximately sev- 
eral seconds. During this period, the encoder sends 
an intraframe to the decoder, and uses this frame 
to construct all of the initial region codebooks. At 
the same time, the encoder segments this frame and 
sends the side informations of regions to the decoder 
to provide the informations for region codebook gen- 
eration. Some parts of the succeeding frames can be 
reconstructed using those region codebooks. 
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Figure 2: The Flow Chart of the Segmentation Algo- 
rithm 

2.1 Segmenta t ion  
Figure 2 shows the flow chart of the segmentation 

algorithm. It finds the contours in the reference win- 
dow which is constructed either by the previous frame 
or another heuristic method for normal or setup pe- 
riod respectively. During the setup period, since the 
face region is unknown, extra process of ’highest dif- 
ference point’ is executed to  find the top of the head. 
The reference window which provides an approximate 
location of face region is constructed according to this 
top point. The binary threshold is computed only 
during the setup period because of the high corre- 
lation between frames, thus bit map of each frame 
can be obtained to  provide the contour tracing basis. 
At last, the face region and the further segmentation 
are obtained by detecting the boundaries of the most 
suitable contour. 

2.2 Codebook Generation 
The most popular method for the codebook gen- 

eration of vector quantization is LBG [3]  algorithm, 
which is good but time-consuming. Here a codebook 
generation method for on-line training is presented, 
as shown in Figure 3 .  For each region, given the ini- 
tial codebook, the following actions are executed for 
each training word. 

1. Given the codebook, C,, update the distance ta- 
ble which records the distance relations between 
any two codewords, and find the minimum dis- 
tance from the values in the distance table. 

Measure Updated 

Codebook 
Updated 

Figure 3: The Flow Chart of the Codebook Genera- 
tion 

2. Given the n+l’ th  training word, compute the 
distances to the codewords, and find the mini- 
mum distance of these distances. 

3 .  Preform the test between values obtained in step 
1 and step 2. If the value obtained in step 1 
is larger, merge n f l ’ t h  training word with the 
codeword closest to  it as a new codeword. Oth- 
erwise, merge those two closest codewords as one 
new codeword and use the n+l’ th  training word 
as another new one. 

The block size of 4 x 4  and 8 x 8  is applied for the face 
and the other regions respectively. The training set 
of each region for the setup period is generated by 
shifting the partition position by 0, 1, 2, 3 and 0, 2, 
4, 6 for the block size of 4 x 4  and 8 x 8  respectively 
in the horizontal and vertical directions, thus results 
in 16 times the size of original region as the training 
image. For the normal condition, if the block with 
its error part is coded, it is added to the training set. 
The codebook will be adapted when a frame has been 
coded. 

2.3 Coding 
Figure 4 shows the flow chart of the coding algorith- 
m. The coding process classifies each block to  motion 
( Motion-Compensation [4] ), still, or intra ( Motion- 
Failure ) block. For each MF-block, the adaptive 
region-classified vector quantization is applied. For 
the face region, a detail-classified method is used to  
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Figure 4: The Flow Chart of the Coding Algorithm 

further segment the eye part and mouth part from 
the face part. If the error distortion of the MF-block 
is larger than a perset threshold, the block truncation 
coding [5] is applied to  improve the performance. The 
information for motion compensation and block trun- 
cation coding is further compressed by the method of 
variable-length coding ( VLC ). 

3. Simulation Results 
In this experiment, three sequences, 'Miss America', 
'Elsa' and 'C.M.J.' are tested, and the frame number 
for each sequence is 47, 51, and 530 respectively. As 
the segmentation algorithm described above, the seg- 
mentation result of 'Miss America' is shown in Fig- 
ure 5. Figure (a) (e) shows the intersection between 
the reference window and the original frame for set- 
up time or normal time respectively. Figure (b) ( f )  
shows the contours with some parts inside the refer- 
ence window, and the parts of the contour exceeding 
the reference window are traced also. Figure (c) (g) 
shows the face region of the frame. Figure (d) (h) 
shows the further segmentation of the frame, that 
is, the frame is further segmented into eye region, 
mouth region, left shoulder region, right shoulder re- 
gion, breast region and background. 

For each region, the codebook size is approximate- 
ly a specific percentage of the size of training words. 
There are more intra blocks in the face region be- 
cause the eye part and mouth part of the face region 

(d)(h) Segmentation result 

Figure 5: 
(Setup Period or Normal Condition) 

Segmentation Result for Miss America 

correspond to the motion failure part of the image, 
and also the coding criterions for these regions are 
more strict in order to keep a good subjective view 
in the face region. The average bits and average P- 
SNR for a frame is recorded for the face region and 
overall region respectively, as listed in Table 1. Fig- 
ure 6 shows the result of PSNR and bits vesus frame 
number for the face region and overall region respec- 
tively for 'Miss America' sequence. A comparison 
is made between the proposed algorithm and the C- 
CITT H.261 [ 6 ] ,  as shown in Table 2, and Figure 7 
for the 'Miss America' sequence. According to  the 
experimental results, acceptable quality around 10k 
bits per second can be obtained for the typical test 
sequences. 

4. Conclusion 
In this paper, a new algorithm for the very low bit 
rate video coding system is presented. This algorith- 
m contains segmentation, codebook generation, and 
coding parts. The segmentation part segments the 
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Table 1: Performance of the test sequences 
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Figure 6: Coding Result of ”Miss America” 
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Table 2: Comparisons with the H.261 
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Figure 7: Comparisons Between Proposed Algorithm 
and H.261 for ”Miss America” 

current frame to different regions of different impor- 
tance. The codebook generation part generates the 
region codebooks from each decoded frame and seg- 
mentation informations in an adaptive manner. The 
coding part performs more detail coding in the more 
important region according to the region informa- 
tions and region codebooks. The experimental results 
show that the image quality is acceptable at about 
the transmission rate of 10k bits per second. 
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