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Abstract: In this paper, an efficient rate control algorithm
based on rate prediction is proposed for maintaining a
smooth buffer variation and a small buffer size. The pro-
posed method adjusts the quantization scaling factor by
using the predicted bit-rate to meet the target bit budget
exactly. Experimental result show that the proposed
prediction-based rate control scheme can regulate the bit-
rate across scene changes more effectively and achieve
better PSNR performance than existing rate control
mechanisms such as the MPEG-2 Test Model 5 (TM5) and
the Adaptive Scene Analysis (ASA).

1. Introduction

For digital video transmitted over a constant bit-rate
channel, rate control is important to visual quality. Various
video rate control techniques have been proposed to
achieve a target bit-rate with consistent visual quality.
Recent some techniques use the models derived from
previous coded bits for the current macroblock encoding
[11-[8], [10]. Other techniques use models estimated off-
line from the training sequence for the current macroblock
under a stationary assumption [7]. In aforementioned
techniques, the coding parameters and quantizer scaling
factors are determined based on information derived from
previously coded data. These methods may suffer from
degradation at scene changes. To solve this problem, a
large buffer can be used to smooth out the variation in
compressed data. But, larger buffer size will cause longer
frame delay.

In this paper, an efficient rate-prediction method and
a video rate control algorithm using the predicted rate are
proposed. The proposed method adjusts the quantization
stepsize using the bit-rate predicted at each slice or each
macroblock in order to distribute bits for uniform quality.
One advantage of the approach is that the method is
accurate and robust for different sequences even in
maintaining a small buffer. Another advantage is that the
algorithm can maintain the visual quality of image frames
with scene changes uniformly. Simulation results of the
proposed technique will be composed to those of TM5 and
ASA rate control techniques, which are the most popular
rate control techniques.

This paper is organized as follows. In Section 2, the
proposed rate prediction and rate control algorithms are
presented. Experimental results are given in Section 3. And
conclusions are given in Section 4.

2. Proposed Prediction-based Rate Control

Before presenting the proposed rate control scheme, we
explain the rate prediction method based on the DCT-based
activity.

2.1 Rate Prediction using the DCT-based Activity

In this paper, we use the sum of AC coefficient absolute
values as the activity measure for the 8 x8 DCT block as
follows:
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where C; s the jth AC coefficient of the 8 x8 DCT block.

The activity measure in (1) has been known to be the most
accurate [3]. The nth order predictor using the activity
factor is given by

Fo=ay+taA+a,d’ +-+a, A", (2)

where 7, represents the predicted bit-rate for the ith DCT
block and a={ao,al,~--,a,, } is the set of the predictor

coefficients. To obtain the optimal coefficient set, we use
the discrete least square approximation scheme given by
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where E(ay,a;,---,a, ) is the error function, N is the
number of blocks used for the design of the predictor, and
# is the real coded bit-rate for the jth block. Minimizing

the error function in (3) is equivalent to solving the
equation given by
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In Section 3, the parameter » is derived experimently using
the relationship between the activity factor and the real
coded bit-rate. According to the quantization stepsize Q, 31
sets of the predictor coefficients {a,,Q=12,---,31} are

also determined using the test image sequences.
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Fig. 1. Functional block diagram of the proposed rate control algorithm.

2.2 Proposed Rate Control Scheme
Since | frame often causes the congestion in the network,
we consider separate rate control schemes for I frame and P,
B frames.

For I frame, the proposed rate control is performed at
each slice. According to quantization stepsize Q, slice bit-

rates k(l) ~ IAQ(3 1) are first predicted as

M
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where M is the number of blocks within a slice, 7,(Q) is

the predicted block bit-rate associated with the ith block
within the slice, and H is the number of coded bits for the
slice header. In the second step, the encoding slice bit-rate
is adjusted by using the minimum Q satisfying

RQ)<T,, 6)
where T, is the target slice bit-rate given by
h—h,
T2 Re@) -
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where T, represents the target frame bit-rate of I frame
which can be determined by TMS, 4 is total number of
slices within a frame, %, is the number of slices to be
processed in the current frame, and R,(Q,) is the number

of coded bits for the kth slice.
In our algorithm, TM5 is used for rate control for P,
B frames. But, the sum of 7,(1)’s of blocks in the macro-

block is utilized instead of the block variance. Fig.1 shows
the functional block diagram of the proposed rate control
which is consist of the activity measure, the rate predictor,
and the rate control algorithm can be added to a classical
MPEG coder. It should be noted that it is completely
MPEG compatible and transparent to decoders.

3. Simulation and Results

To evaluate the video rate control performance of the
proposed algorithm, we compare the results of the
proposed technique with those of TM5 and ASA. For our
simulation, we use four video sequences, with 110 frames,
Flowergarden, Mobile, Tennis, and Football video
sequence. These sequences are encoded according to

CCIR601 4:2:0 format, 240 lines by 352 pels, and GOP
(6,3) coding structure. The picture rate is 25 frames/s and
the video data rate is set to 0.6 and 1.2 Mbps.

3.1 Performance of the bit-rate predictor
In order to determine the predictor coefficients, we used
aforementioned four images to examine the relationship
between activity measures and the number of coded bits.
Fig. 2 is experimental results associated with a fixed
quantization stepsize Q=4, where each point represents the
number of coded bits versus the activity value of the
8x8 MPEG image block. Note that the relationship
between the coded bits and the activity value can be well
approximated by a piece-wise linear line with five disjoint
activity regions, as shown in Fig. 3. In each disjoint region,
we derive the piece-wise linear bit-rate predictor given by
Fo=ag+aA (8)

This method to design the predictor is similar to the method
proposed by Cheng and Hang [4].

Table 1 shows predictor coefficients associated with
Q=4. Fig. 4(a) shows the relationship between the real
coded bits and the predicted bits obtained by using the
prediction coefficients in Tablel. For comparison, the real
coded bits versus the variance values of TMS5 is shown in
Fig. 4(b). It is seen that the proposed method produces the
linear approximation, while TMS using variance does not.
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Fig. 2. Encoded bits versus activity for Q=4.
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Table 1. Prediction coefficients associated with
each activity region.

Activity region Prediction coefficients
A a a;
0~99 0.4879 0.5514
100 ~ 299 24.40 0.3375
300 ~ 699 65.89 0.2075
700 ~ 1499 120.41 0.1246
1500 ~ 176.68 0.0882
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Fig. 3. Rate prediction model with Q=4.
(a) A=0~99. (b) A=100~299. (c) A=300~699. (d) A=700~1499. (e) A=1500 ~.

Thus, the piece-wise bit-rate predictors are used for the
proposed rate control algorithm.

3.2 Simulation of the proposed rate control algorithm
The peak signal to noise ratio (PSNR) and the frame bit
counts associated with Flowergarden, Mix video sequences
are presented in Fig. 5 and Fig. 6. Here, Mix is a video
sequence which is composed of the Flowergarden and the
Mobile sequences at the video data rate 0.6 Mbps. Thus,
Mix has a few scene changes (in frames 21, 41, 61, and 81),
although Flowergarden has no scene change. Fig. 5(b)
shows that the bit-rate generated by TMS exceeds the
desired | frame target bit-rate at [ frames between the 59th
and the 95th. In Fig. 6(b), the encoded bit-rates of 1 frame
obtained by TMS5 and ASA are also over the | frame target
bit-rate at several I frames. On the other hand, the proposed
scheme controls the output bits rather precisely to match
the designed target.

We calculated the average deviation for actual
numbers of bits of [ frames from the target 7; [2], [6] which
is given by

N —_
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where N is the number of [ frames in the tested sequence,
T, is the target bit-rate of I frame, and T} is the real coded
bits of the &th I frame.
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Fig. 4. Coded bits versus activity. (a) Coded bits versus
predicted bits. (b) Coded bits versus variance.

Table 2. Average deviation from the target bit-rate of
I frame (in percent). (R: the video data rate)
D(%) D(%)

(R=0.6 Mbps) (R=1.2 Mbps)

TMS5 | ASA | Proposed | TM5 | ASA | Proposed

Flowergarden | 10.25 | 2.54 0.96 10.08{ 9.89 0.24
Mobile 12.26] 8.03 1.4] 8.05 | 895 0.66
Tennis 11.18]18.60| 3.85 19.46 | 25.61 2.62
Football 22.78(11.41 1.40 (3083[1826) 0.82

Mix 10531 3.72 1.56 13.0814.72 0.44

image
Sequence

Table 3. Average PSNR.

PSNR(dB) PSNR(dB)
(R=0.6 Mbps) (R=1.2 Mbps)
TMS5 | ASA | Proposed | TMS | ASA | Proposed
Flowergarden | 22.32|21.75| 22.60 |2592]2647| 26.57
Mobile 2093(20.74| 21.50 [24.08]26.02] 2501
Tennis 28.92(30.04| 29.75 |3232}3395| 33.19
Football |25.27[26.57| 2591 [2834]|30.19] 29.20
Mix 21.52(21.61{ 22.00 [2479]2599| 2821

Image
Sequence

Table 2 illustrates that the proposed rate control
scheme can regulate the bit-rate more effectively than TM5
and ASA. The proposed scheme also achieves better PSNR
performance than TMS and ASA as shown in Table 3.
The proposed one produces smaller coded bits than TM5
and ASA especially under scene changes: The results in
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this section indicate that the proposed one can not only
avoid the buffer overflow, but also produce uniform visual
quality.

4. Conclusion

In this paper, we have proposed a video rate control
algorithm using activity based rate prediction. It was shown
that the proposed algorithm exhibits better performance
than existing rate control schemes such as TM5 and ASA.
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Fig. 5. Results of the flowergarden video sequence at the
video data rate 0.6 Mbps. (a) PSNR (dB). (b) Bit-rate.
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Fig. 6. Results of the Mix video sequence at the video data
rate 0.6 Mbps. (a) PSNR (dB). (b) Bit-rate.
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