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A Target Bit Matching Algorithm for MPEG-2 Video Coding
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SUMMARY  The MPEG-2 Test Model 5 (TM3) algorithm describes a
rate control method which consists of three steps: bit allocation, rate con-
trol and modulation. In TMS5, however, buffer overflow and picture quality
degradation may occur at the end of the GOP because the target bits and the
actual coding bits for each picture do not match well. This paper presents
a new bit rate control algorithm for matching the target and the actual cod-
ing bits based on accurate bit allocation. The key idea of the proposed
algorithm is to determine quantization parameters which enable us to gen-
erate the actual coding bits close to the target bits for each picture, while
improving the picture quality. The proposed algorithm exploits the rela-
tionship between the number of the actual coding bits and the number of
the estimated bits of the previous macroblock within a picture.
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1. Introduction

When we transmit digital video signals over band-limited
transmission channels or store in digital storage media, we
need to employ video compression techniques to reduce
data bandwidth while minimizing picture quality degrada-
tion. The MPEG-2 video coding standard [1], which is
widely adopted for digital multimedia applications, exploits
both temporal correlation and spatial correlation of video
sequences [2]. Temporal redundancy of the video sequence
can be removed by motion estimation and motion compen-
sation. After temporal prediction, the remaining spatial re-
dundancy in prediction errors can be further reduced by
adaptive field/frame discrete cosine transform with adap-
tive quantization. To achieve data compression, DCT co-
efficients are quantized and encoded using a variable length
code, typically a run-length and Huffman code, generating a
variable rate compressed bitstream.

When the variable rate bitstream is transmitted over a
fixed rate channel, a channel buffer is usually employed to
smooth out the dynamic fluctuation of the output bitstream.
In order to prevent the channel buffer from overflow or un-
derflow, we should employ a proper rate control algorithm.
For rate control, we generally adjust the quantization pa-
rameter based on buffer fullness and characteristics of the
picture to be encoded. Since visual quality of reconstructed
pictures heavily depends upon the quantization parameter,
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we need both to adjust the rate of the bitstream and to stabi-
lize, the visual quality of reconstructed pictures.

In order to obtain good video quality with a given bit
rate constraint, we should assign coding bits appropriately in
the picture so that the distortion is visually uniform through-
out the picture. It is a well-known fact that human visual
sensitivity to quantization errors is inversely proportional to
the amount of the texture present in the picture. Our eye
can tolerate more distortions in highly textured areas than in
smooth areas. Therefore, smooth areas should be coded us-
ing a fine quantizer [3]. In addition, coding bits must be al-
located appropriately so that the visual quality remains con-
stant across the picture frames that are temporally adjacent.
These points are important in the MPEG video coding algo-
rithm, where different coding modes are used. Intuitively,
if a scene has no motion, most bits should be allocated to |
pictures. On the other hand, if a scene has complex motions,
more bits should be assigned to P and B pictures.

Although the rate control is not a normative part of the
MPEG-2 standard, the MPEG-2 Test Model 5 (TM5) [4] is
popularly adopted in various MPEG-2 video coding applica-
tions. However, there are two well-known problems associ-
ated with the TMS5 algorithm. First, it does not guarantee to
maintain uniform picture quality within the picture [5], [6].
Secondly, it cannot handle scene changes efficiently [7], [8].
Because the TMS5 algorithm utilizes information obtained
from the previously coded picture in estimating target bits
for the currently coded picture, information obtained from
the previously coded picture is no more useful if a scene
change occurs, and it can even cause visual quality degrada-
tion in the picture following the scene change.

In TM5, we estimate the reference quantization param-
eter before we adjust the actual quantization parameter for a
MB. If we examine the reference and the actual quantization
parameters for each MB in TMS, two parameter values are
often quite different because they are not correlated closely
to each other in terms of the bit rate. In other words, the tar-
get bits and the actual coding bits of the picture do not match
well. Consequently, if more coding bits than the allocated
target bits are exhausted, the remaining bit resource in the
GOP may not be enough. In such a case, insufficient coding
bits can be allocated to the pictures at the end of the GOP,
which may result in severe degradation of picture quality
or buffer overflow. As a result, it does not support uniform
picture quality over the frames.

In this paper, we propose an algorithm for generating
the actual coding bits close to the target bits, while improv-






