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Abstract 
In this paper a system level MPEG transcoding scheme is 
proposed. The MPEG-2 system standard specifies two 
kinds of streams: transport stream (TS) and program 
stream (PS). Each is optimized for a different set of 
applications. The transcoding between TS and PS has an 
important application, which can be applied to convert the 
digital television (DTV) broadcasting bitstreams to the 
bitstreams for digital video disc (DVD) application. An 
important technical issue for transcoding between PS and 
TS is the rate control algorithm. Usually, for DVD 
application, the video is encoded by variable bit rate 
(VBR) in order to provide constant quality over whole 
sequence, while for DTV application due to buffer 
requirement the video should be encoded by constant bit 
rate (CBR). In this paper, a novel VBR rate control 
algorithm is proposed for the on-line video transcoding 
process. In this algorithm, the bit allocation strategy at 
picture level, which is based on a bit producing model and 
hyperbolic R-Q function, is first discussed. Then, the rate 
control algorithm at macroblock level with R-D 
optimization is proposed. Experiment results show that 
the proposed VBR transcoding algorithm achieved the 
better image quality compared with CBR transcoding at 
the same bit rate. 

1. Introduction 
In this paper a system level MPEG transcoding scheme is 
proposed. The purpose of this transcoding is to convert 
the MPEG-2 transport stream to program stream. The 
major application of this transcoding is to convert the 
digital television (DTV) broadcasting audio and video 
bitstreams to the audio and video bitstreams for digital 
video disc (DVD) application. The system architecture of 
the transcoding is shown in Figure 1. The transcoding 
process consists of three steps. Firstly, the transport 
stream is demultiplexed into video and audio elementary 
stream. For Digital television broadcasting, the video 
contents are encoded to MP@ML (Standard-Definition 
Television) or MP@HL (High-Definition Television), and 
usually are encoded by constant bit rate (CBR). However, 
the video stream in recorded DVD contents must be 
MP@ML, and usually is variable bit rate stream. 
Therefore, it is necessary to develop an MPEG-2 video 

transcoder, which is able to convert CBR video stream to 
VBR video stream in order to recorder the DTV program 
to DVD with better image quality. Finally, the transcoded 
video stream and the audio stream are multiplexed into 
MPEG-2 program stream for DVD recording.  

In our work, the input of the transcoder is the video 
bitstream of MP@ML with the constant bit rate at 5~6 
Mbps, and the output is the bitstream of MP@ML with 
variable bit rate at the average bitrate of 3 Mbps. 
Therefore, the function of the proposed transcoder aims at 
reducing the bit rate and at the same time converting CBR 
video stream into VBR video stream. The output VBR 
video stream can then be able to be encoded to DVD 
medium in an efficient way. During the past decade, there 
are many papers, which address video transcoding 
problems [1-6]. For bit-reduction video transcoding, 
usually there are three types MPEG-2 video transcoder 
architectures: cascaded architecture, open-loop 
architecture and closed-loop architecture [3]. But the 
problem of transcoding video stream from CBR stream to 
VBR stream is not fully addressed yet. In this paper, the 
proposed video transcoder is based on the close-loop 
architecture. A novel VBR rate controller is proposed and 
implemented with this architecture to solve the problem of 
converting CBR video stream into VBR video stream and 
at the same time converting the high bit rate to the lower 
bit rate. During this process, we try to use the information 
contained in CBR stream as much as possible. 

 

2. System Description 
In this paper, we select close-loop architecture as our 
video transcoder which is shown in Figure 2. Based on the 
information extracted from the original CBR video stream, 
one novel VBR rate controller is proposed for this on-line 
transcoding process. The algorithm works in two-steps:  
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 Target Bit Allocation: this step estimates the 
number of bits available to code the next picture 
based on one bit produced model. After the target 
number of bits is estimated, the reference value of 
the quantization parameter for each macroblock can 
be calculated according to the linear R-Q 
relationship. 

 Macroblock Rate Control: this step ensures that the 
target number of bits for each picture is met, at the 
same time achieves as best video quality as possible. 

 
2.1. Target Bit Allocation 

For the proposed VBR rate control algorithm, kT is the 
target number of bits for picture k in VBR video stream, 
which is set according to Equation (1) [7], 

( ), ,k c k c kT R Q
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Where ,c kR  and ,c kQ are the produced number of bits 
and the average quantization parameter for picture k in 
CBR video stream respectively, α and β are function 
parameters. In our work, the power parameter β  is set 
to 0.5, and the parameter α  is calculated as Equation 2,  
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Where ,v iR is the produced number of bits for picture i in 
VBR video stream, W is the slide window size which is 
set to the half of picture rate, and totB is the total bit 
budget which can be calculated as Equation 3, 
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Where ,v avgR is the average bit rate for VBR video 
stream, N is the total picture number and F is the picture 
rate, i.e., the number of pictures per second. 

In our algorithm, the relationship between R and Q can be 
modeled as follows, 

R Q X× = .                   (4) 

This model is used in MPG-2 test model 5 [9], and X is 
the model parameter which represents the coding 
complexity for each picture. According to this R-Q 
function, the reference value of the quantization parameter 

,ref kQ  for picture k in VBR video stream can be 
calculated as Equation 4,  
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2.2. Macroblock Rate Control 
In macroblock rate control step, we firstly ensure to meet 
the target number of bits for each picture. At the same 
time, one R-D optimization method is proposed to 
modulate the reference value of quantization parameter 
for current picture so as to minimize the transcoding 
distortion. 

For each macroblock, the distortion d and the number of 
bits r can be represents as follows. 
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Where ,c kr and ,c kq are the number of bits and the value 
of quantization parameter for the same macroblock in 
CBR video stream, kx is the complexity for current 
macroblock. In order to achieve the minimum distortion, 
the problem can be formulated as  

( )∑
=

M

k
kk qd

1

min , subject to ( ) Tqr
M

k
kk ≤∑

=1

.     (7) 

Were T is the target number of bits for the picture. 

We can use the Lagrangian optimization method to solve 
this minimum problem, and calculate the quantization 
scale for each macroblock. 
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Then, the reference value of quantization parameter for 
each macroblock can be represented as 
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At last, the value of quantization parameter for each 
macroblock is set as follows. 

1. For macroblock j, jB  is the number of bits which 
has been produced for current picture, and the 
residual target number for current picture is dj , it 

can be written as jBTdj −= . 
2. The reference value of quantization parameter for 

macroblock j can be calculated  as follows, 
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3. Compute the difference between the reference value 
of quantization parameter for macroblock j and the 
reference value of quantization parameter for current 
picture, it can be written as follows, 

refj Qqq −=∆  

2, 2if q q∆ < − ∆ = − , 
2, 2if q q∆ > ∆ =  

4. The value of quantization parameter for macroblock j 
is qQref ∆+ . 

2.3. Rate Control Algorithm 
According to above description, we can derive our VBR 
rate control algorithm as follows. The following is a 
step-by-step description of our algorithm. 

1. Fill the slide window buffer with the first W pictures 
from CBR video stream and extract the product bit of 
number and the average quantization parameters for 
these pictures. The information of these W pictures 
can be represented as, 

( ) ( ) ( )1, 1 2, 2 ,, , , W WL R Q R Q R Q=  

The residual bit budget resB is set to the total bit 

budget totB , and the residual picture number resN is 
set to the total frame number N. 

res totB B= ,  resN N=  

2. Remove the first picture in the buffer and transcode it 
for DVD recording. The target number of bits T and 
the reference value of quantization parameter for this 
picture refQ can be calculated as,  
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3. Compute the value of quantization parameter for each 
macroblock as the description in section 2.2. After 
encoding all macroblocks for current picture, the true 
number of bits of this picture is vR . 

4. Fill the next picture from CBR video stream into the 
buffer, cR and cQ are the produced number of bits 
and the average quantization parameter for this 
picture. Update the buffer information L, the residual 
bit budget resB and the residual picture number 

resN as follows, 
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5.  Repeat step 2, 3, 4, until all pictures are transcoded. 

3. Experiment Results 
In our experiments, four video sequences are used, which 
are spliced from several CCIR.601 format MPEG test 
sequences. All these sequences are firstly encoded to the 
compressed bitstream at 6 Mbps with CBR rate control. 
Then, these 6 Mbps CBR bitstreams are transcoded to 3 
Mbps VBR bitstream. For the purpose of comparison, 
Transcoding CBR video stream to CBR video stream is 
are also implemented. The experiments results are listed 
in the Table 1 and Figure 3-6. From these results, we can 
conclude our VBR rate control algorithm can achieve 
better video quality for DVD recording. 



Table 1. Experiment results for four test sequences 

Type CBR_3M (dB) VBR_3M (dB) 

Sequence 1 31.56 31.86 

Sequence 2 33.44 33.77 

Sequence 3 28.20 28.64 

Sequence 4 39.68 40.35 

4. Conclusions 
In this paper, an MPEG-2 system level transcoding 
scheme has been proposed. A novel algorithm of CBR to 
VBR conversion, which is the key technical issue of this 
transcoder, has been proposed. The simulation results 
have shown the proposed VBR encoding algorithm can 
reach the better image quality at the same bit rate 
comparing with the CBR encoding. 
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Figure 3. PSNR comparison in Sequence 1  

Figure 4. PSNR comparison in Sequence 2 

 
Figure 5. PSNR comparison in Sequence 3  

Figure 6. PSNR comparison in Sequence 4 
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