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Abstract : Bit allocation is a critical problem in video
encoding such as MPEG. To improve the quality of the re-
constructed sequence for a given bit rate, the assigned target
bits for a group of pictures (GOP) must be allocated to each
picture efficiently. In this paper, we derive a target bit allo-
cation algorithm for more efficient rate control, by assuming
that the average rate-distortion curve for an input source
is logarithmic. This target bit allocation is based on Shan-
non’s rate-distortion theory, which deals with the minimiza-
tion of source distortion subject to a channel rate constraint.
Simulation results show that the proposed target bit alloca-
tion algorithm provides better performance than the one in
MPEG-2 Test Model 5 (TM5).

1. Introduction

The rate control algorithm plays a crit-
ical role in the hybrid DPCM/DCT video
coders like the MPEG [1]. Data com-
pression in these coders is achieved by
the quantization operation which maps
the samples of block DCT coefficients
into a finite set. To exploit the nonuni-
form distribution of the block energy over
DCT coefficients, the quantized DCT co-
efficients are encoded using a variable
length code, typically a Huffman/run-
length code, which generates a variable
rate bit stream. In order to transmit the
variable rate bit stream over a fixed rate
channel, a channel buffer regulating the
output bit stream, is required. To pre-
vent the buffer from overflowing or un-
derflowing, the fluctuation of the output

bit rate should be limited within a rea-
sonable range. And this control can be
achieved by adjusting the quantization
level {1]. Typical technical issues associ-
ated with the channel buffering technique
include the size of the channel buffer, and
the frequency and degree of adjustment of
quantization levels.

To determine the proper quantization
step size for a given buffer fullness, an
analytical model of the relationship be-
tween buffer fullness and quantization is
used in the MPEG-2 [1]. A probabilis-
tic model in the coding rate prediction
was also tried [2]. To improve the qual-
ity of the reconstructed image sequence
further, buffer control methods based on
the distortion-rate sense were considered
13, 4]. To apply these methods to various



pictires in the GOP, however, the appro-
priate estimation of bits needed for each
tvpe of pieture is itmportant. The exist-
g target bit allocation schemes where
the complexity for pietures is assumed to
be constaut [5. 6], are not efficient in a
rate-distortion sense.

In this paper, we derive a new formula
for target bit allocation. This target bit
allocation scheme is based on Shannon’s
rate-distortion theory, and is induced by
assuming the exponential rate-distortion
curve for an input image. The algo-
rithm minimizes the average distortion in
a GOP for a given target bit rate. Iis
coding performance is examined and com-
pared with the standard MPEG-2 coding
scheme.

2. Rate-Distortion
Framework for
Target Bits

Let us consider the relationship between
the distortion and rate for a GOP; an av-
erage rate-distortion curve R(D)} or av-
erage distortion-rate curve D(R). It is
noteworthy that R(D) depends on a set of
quantizers, entropy coder, and statistics
of the input image [7]. It is well known
that a high resolution uniform quan-
tizer yields an exponential distortion-rate
curve when the distortion is a mean
square error {MSE). It is also known that
the average distortion-rate curve of many
Input images can be assumed to be expo-
nential [3].

Let us assume that the average coding
bit rate for I, P, and B-pictures are de-
noted by R;, Rp, and Ry, respectively;
and the numbers of I, P, and B-pictures
in a GOP, are denoted by Ny, Np, and
Ng. Then we have the following relation.
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Here Regop i the total tareet mimber of
bits for all the pictures in a GOP. We now
consider a target bit allocation problem in
a rate-distortion sense. The constrained
problem which minimizes the average dis-
tortion D(R) for a target average bit rate
R can be converted to an equivalent un-
constrained problem by using a Lagrange
multiplier A [8]. Thus the unconstrained
problem becomes the minimization of the
Lagrangian cost function which is defined
as

J(A) = D(R) + \R. (2)

It can be shown that at R-D optimal-
ity, all pictures operate at points with
a constant optimal slope on their rate-
distortion curves [9]. Thus, by assuming
that a rate-distortion curve for an input
image is exponential, we will drive the al-
gorithm which minimizes the average dis-
tortion of a GOP for a given R.

3. Proposed Target Bit
Allocation Scheme

Let us assume that the average
distortion-rate curve for each picture type
is exponential(3, 7], i.e.,

Di{R;) = U?LV}—R],

Dp(Rp) = opap™,

Dy(Rg) = 005", (3)
where 0%, ¢%, and 0% are the variances
and a;{> 1), ap(> 1), and ag(> 1) are

the parameters. Since A; = Ap = Ap at
optimal points, we have
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Using Eqs. (1}, (3). and (4}, and defin-
ing the parameters

Cp = (}‘ﬁ, Inap,
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we can derive the following relations.
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where R, denotes NpRp+NpgRp. Eqs.
(6-8) represent the average bit rate for
cach picture type in steady state. To
apply these expressions to the motion
compensated hybrid DPCM/DCT video
coders like the MPEG [1], by using Egs.
(3-5), we can modify them as follows.
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where 1y, Tp. and Ty denofe the target
numbers of bits for the next I, P, and
B-picture in the GOP: S;, Sp, and Sy
are the mumbers of bits gemm ted imm i
last encoded picture; and D}, Dp, and
Dy are the resulting distortion (MSE),
respectivelv. Kp and Ky denote univer-
sal constants which are dependent on the
quantization matrices; N, and N}, are
the numbers of remaining P-pictures and
B-pictures in the GOP; and R, represents
the number of remaining bits for encoding
i the GOP. bii_rate denotes the trans-
mission channel rate, and bit_rate/(8 x
picture rate) is the minimum number of
bits which should be assigned to each pic-
ture in the worst casc.

Rate control in video coding follows
three steps; target bit allocation, rate
control, and adaptive quantization, which
is the same procedure as in MPEG-2
TMS5. At the beginning, target bit al-
location step estimates the number of
bits which is available for picture cod-
ing by using Eqs. (6-8). In general, this
step assigns more bits to I-picture than
P-picture, and P-picture than B-picture.
When a picture is encoded, a value of dis-
tortion Dy, D}, or Dy is updated, and a
new target number Ty, Tp, or Ty is ob-
tained for the next picture coding. Then,
the quantization parameter for a mac-
roblock is obtained by using the rate con-
trol and adaptive quantization step as in
TM5.

4. Experimental
Results and
Discussions

To show the feasibility of the proposed
rarget bit allocation algorithm. we apply



this algorithm to the TM5 by modifving
its bit allocation scheme [1]. The simula-
tion is carried out on five video sequences;
30 frames of Flower garden, Mobile & cal-
endar, Cvclegirl, Table tennis, and Susie
sequences, respectively. FEach sequence
has a resolution of 352 pixels x 240 lines
and 30 frames per second. The sequences
are encoded with a rate of 1.5 Mbps. A
GOP consists of one intra frame, four pre-
dicted frames, and ten bidirectionally pre-
dicted frames. The motion vector has a
half pixel resolution, and covers a search
range of -8 to 7.5 pixels in both the hori-
zontal and vertical directions. The buffer
size of 25 x 16,385 bits is prepared and
the initial buffer state is set to the value
of 20/31 x 1,500,000/30 corresponding to
the initial virtual buffer fullness of the in-
tra frame in the TMS5.

Coding performance of the proposed
target bit allocation scheme is compared
with the previous target bit allocation
schemes [1, 5, 6] (see Table 1). The
MPEG-2 TMS5 is also tried for the refer-
ence. Asshown in the table, the proposed
scheme outperforms the existing meth-
ods in PSNR comparison. [ig. 1 shows
the simulation graphs for the Flower gar-
den and Table tennis sequences. The fig-
ure illustrates the PSNR and buffer oc-
cupancy of various schemes for these two
video sequences. As expected, the pro-
posed scheme is superior to the MPEG-2
TMS5 scheme, and controls the buffer full-
ness well to prevent buffer overflow and
underflow.

5. Conclusions

This paper presents an eflicient and
suboptimal rate control algorithm which
improves the performance of hybrid
DPCM/DCT video coders for a given bit

rate constraint. In this algorithm, an in-
put image is assumed to have a expo-
nential rate-distortion characteristic. The
target bit allocation scheme minimizes
the average distortion in a GOP for a
given bit rate. This algorithm is easily ap-
plicable to a real-time MPEG-2 encoding
system with a reasonable extra computa-
tional burden. The experimental results
show that the proposed scheme improves
PSNR performance compared with the
ordinary MPEG-2 rate control scheme.
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TM5 Rp = Kp = 1.0 27.23dB [ 25.78 dB | 31.46 dB | 33.66 dB | 40.00 dB
Wang's [5] 12809 dB | 26.57 dB | 32.41 dB | 34.37 dB | 40.18 dB
Keesman's [6] Kp = Ky = 1.0 27.02dB | 25,55 dB | 31.62 dB | 33.60 dB | 39.87 dB
Proposed Kp - K = 1.0 28.70 dB | 27.09 dB | 33.56 dB | 34.71 dB | 11.41 dB
TM5 Ap = 10Ky =14 [28.00dB | 26.49 dB | 32.41 dB | 34.17 dB | 40.59 dB

Table 1 Average PSNRs obtained from MPEG-2 coding by using various picture target
bit. allocation schemnes.
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Figure 1: Performance and buffer occupancy of MPEG coding by using two picture target
bit allocation schemes for (a) Mobile and calendar and (b) Table tennis scquences,
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