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Equal Bit Rate Control for Low Bit-rate Coder
based on Frame Statistics
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Abstract

This paper presents an equal bit rate control algorithm utilizing the statistical change between the previous
frame and the current frame. The previous studies on the model-based rate control have focused on the
models of bit rate and distortion in types of coders, in terms of the quantization parameter. The proposed
algorithm improves the typical model~based rate control by updating a model parameter instead of modeling a
better model of the rate and distortion. The proposed algorithm updates this model parameter by recognizing
the change in statistics between the previous frame and the current frame. We implement the proposed
algorithm in MPEG-4 coders and verify its performance while comparing it to the TMN8’s approach (up to
0.6dB of improvement).
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The control is to

quantization parameters so that source distortion

1. Introduction objective of rate

select the

Real time video transmission has gained importance
in recent years, thus generating the need for a stable
and fine video compression algorithm. This provides

the motivation to investigate rate control algorithm.
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minimized for a given coding bit budget [1][2].

In earlier studies of rate control, the buffer control
algorithm has only been considered. The buffer control
schemes typically have the objective of preventing
overflow and underflow. After that time, improving
image quality as well as controlling the buffer are
techniques as Lagrangian

considered by such
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optimization and Dynamic programming [3]. In these
approaches, all of rates and distortions are computed in
order to design the optimal quantiiers. Due to high
computational complexity, these schemes are not
suitable for real time transmission of video data.

For ’"real-time” applications, a classical framework
for rate control techniques is to use a model-based
theory, which deals with the
minimization of the model when measured for source
distortion {4-6]. Most
algorithms create models for measuring the encoding

bit rate and distortion not from the current frame but

rate—distortion

model-based rate control

from the previous frame. This modeling technique
creates a problem in that bits are allocated unsuitably
without regard to the statistics of the current frame.
For instance, if too many bits are allocated to the
earlier macroblocks of a frame due to complexity of
the previous frame, few bits are allocated to the later
macroblocks.

In this paper, we introduce a model-based bit-rate
control algorithm by using the statistics more suitable
to the current
complexity. In order to resolve the unsuitable bit

frame with low computational
allocation problem, we must recognize the change in
frame statistics. Because the existing methods set up
initial model parameters calculated from the statistics
of the previous frame, the identified quantizer for the
current frame is affected by the previous frame. If we
find a large amount of variance in the statistics
between frames, we must encode the current frame by
using the initial model parameter, which is obtained
from the statistics of the current frame.

This paper is organized as follows. In Section II,
we introduce models of bit rate and distortion in the
TMNS8 [6]. The problem of existing model-based rate
control is defined in Section M. In Section 1V, we
show how to allocate bits suitably by using the
statistics of the current frame. Finally, Sections V and
VI present our experimental results and conclusions,
respectively.

I1. Model of Rate and Distortion

In a typical block-based video coder such as the
H.263 and MPEG-4, bit-rate
macroblock(MB) are controlled by using a quantizer
parameter. Therefore, TMNB8[6] defines the model used
for determining bit-rate R (Q) and distortion D (Q)

by using a quantizer step size of a given MB

and distortion of

explained as follows:
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where A is the number of pixels in the MB, C is
the length of the header, @ is the quantizer of the ¢
-th MB, ¢? is the variance of i-th MB, and o is the
distortion weight of i-th MB, and /N is the number of

macroblocks in one frame.

In order to find the optimal solution for the bit
allocation, the rate control algorithm must obtain the
» Qn:
which minimizes the distortion subject to the constraint

N
B, must be equal to

set of optimal quantization step size, Q;, Q,,--

that the total number of bits,

=
a given rate B. This bit allocation problem is defined
as equation (3) and equation (3) is changed into the
unconstrained problem as equation (4) by using a
Lagrange multiplier (A) [7].
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The TMNBS8 solves the bit allocation problem with a
differential equation in terms of the Lagrage multiplier
and quantization step size of each MB. As a result,
equation (5) is obtained as referred in [6]. As shown
equation (5), it is useful to determine the quantizer by
using the statistics related to the variance and the
number of bits of ¢-th MB. The value of K in
equation (5) stands for the statistics of i-th MB. The
performance of this model-based rate control is up to
whether the model parameter, K may catch up with
the statistics of the current frame. So, we improve the
overall gain by using more suitable model parameter to

the current frame.
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III. Mismatched Model Statistics

Fig. 1 illustrates the typical features of "Foreman”
sequences, which in the earlier part of frames are filled
with white blocks and the later parts of frames are

(a)

(b)
Fig. 1. "Foreman” sequence.

(a) 68-th frame, (b) 69-th frame.

composed of complicated blocks such as object’s face,
jacket collar, and hand. Here, we can easily guess that
the earlier parts of the frames need only few bits,
because these can be encoded by using only motion
estimation. On the other hand, the complicated parts,
such as the face and hand contain more information,
so they must be allocated more hits than the earlier
parts of the frames. In the TMNS8, however, bits are
unsuitably allocated, without regard to the information
of the real current frame.

As you can see in Fig. 2, the TMNS8 rate control
allocates many bits in the earlier parts of a frame,
which consists of a white wall and a white helmet. On
the other hand, fewer bits are allocated in the later
parts of a frame, because too many bits are used in
the earlier parts. This problem indicates that bits are
allocated unequally, since the initial model parameter

for the current frame is calculated from the statistics
of the previous frame. If the statistics between the
current frame and the previous frame change
extremely, the problem of unsuitable bit allocation
occurs. In this case, the model parameter cannot catch

up with the statistics of the current frame. For

Bit Numbers

0 20 40 60 80
Macroblock number

(a)

250

Bit Numbers

Macroblock number

(b)
Fig. 2. Bit ditribution in the TMN8 (48kbps).
(a) 68-th frame, (b) 69-th frame.

example, if the previous frame is complicated, the
earlier parts of the current frame use too many bits.

IV. Model Parameter Update Rate Control
based on frame statistics

In equation (4), parameters such as ¢«; and o; can

be obtained independently at each MB. Then, these
parameters have no relation to other MBs. However,
the model parameter, K has dependency with the other
MBs, which are presented as follows.

It is assumed that the current frame has similar
statistics of the previous frame. The TMNS8 encodes
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the first MB of the current frame using the model
parameter calculated at the previous frame. It encodes
the rest MB of the current frame using the weighted
average value of the model parameter at the previous
frame. In the TMNS8, the model parameter obtained
from previously encoded MB of the current frame like
as equation (6).

K= I?lw 4 I?i%l )

where K is the average value of the model prameter

obtained from previously encoded MB and R is the

average value of the model parameter at the previous
frame.

The TMNS8 finds the quantization step size using
equation (5) with the model parameter, K in equation
(6). Then, the model coded
macroblock is calculated by using the real rate and
variance of the coded MB as equation (7). The value

parameter of the

of K is the average value of the K.

2
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where, Bc; is the real bits of the i-th coded MB
and @FP is the quantization parameter of the coded
MB.

We do not know the model parameter of the current
MB because the current frame is not coded yet. So,
The TMNS8 guesses that the model parameter of the
current MB and the remaining MB is estimated by the

model parameter of the previous frame. The K

substitudes the model parameter of the uncoded MB in
the current frame.

The role of the model parameter is the controller of
bit rate and distortion in a given MB. We can consider
it as the statistics of a given frame. When there is a
great difference in statistics between the current frame
and the previous frame, there is a great difference
between the model parameter of the current frame and
the model parameter of the previous frame. After all,
we can recognize a great change in statistics by

comparing the current value of K with the j( value

obtained after encoding all MB’s. We recognize the
statistical change when the value of KA does not

satisfy the condition of |K — K] < Th + K. The

threshold value (Th) is selected as 0.1 experimently.

Consequently, if a change of statistics is found, we
must encode again by using KA obtained after encoding
all MB’s. In this re-encoding process, we only need
quantization, inverse quantization and inverse DCT in
terms of a new selected quantization parameter by

—— TMN8
~---- Proposed RC

Bit numbers
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Macroblock number

Fig. 3. The bit distribution of each macroblock
comparing TMNS8 and the proposed algorithm
("Foreman” sequence, 48kbps, 68-th frame)

Bit numbers
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Fig. 4 The bit distribution of each macroblock
comparing TMNS& and the proposed algorithm
("Foreman” sequence, 64kbps, 69-th frame)

using the updated K value. There is no doubt that
when there is a small change, we need not encode the

current frame again.

V. Experimental Results

We implement our algorithm in MPEG-4 coders and
compare its performance using R-D characteristics
with the TMNS8 and the optimal rate control algorithm
work [8]. The proposed

which is our previous
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algorithm evauated on the "Foreman” and "Susie”
sequences which are in the standard QCIF format. We
encoded these sequences based on experimental
conditions that the target frame rate was 10 and Intra

update did not exist for various bit rates between
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Fig. 5 Rate-Distortion curves comparing, the TMN8
the optimal approach, and the proposed algorithms.
(a) “Foreman” sequence, (b) “Susie” sequence, (c)

"News” sequence.

24-140 kbps. We used QP =5 for the first I frame,

interceded the rest as P frames using rate control.
Figure 3 and 4 show a bit distribution for each MB,
which concerns the TMN8 and the proposed rate
control agorithm. In the figure, the vertical axis
denotes the number of bits used for each MB and the
horizontal axis indicates the MB’s index number for
each frame in which there are 99 blocks in a frame.
We can verify that the proposed rate control algorithm
resolves the unequal bit allocation problem in the
TMNBS8. The proposed algorithm allocates bits in each
MB in accordance with the real complexity in a given
frame. In Fig. 3, the proposed algorithm allocates 273
bits on the first 33 macroblocks While TMNS allocates
1211 bits on the same macroblocks. In Fig. 4, the
proposed algorithm allocates 751 bits on the first 33
macroblocks while the TMNS8 allocates 2147 bits on
the same macroblocks. As you can see in Fig. 3 and
4, the proposed algorithm allocates a substantial
amount of bits especially in the complicated blocks
such as the hands and the jacket of the worker.
Figure 5 represents the R-D plot of the TMNS, the
proposed algorithm, and the optimal rate control
method. We could identify about 20 frames of 94
frames that there is a great change in statistics. As
we know from Fig. 4, our proposed algorithm has a
more efficient performance average of 0.2 dB and
maximally of 0.7 dB. Comparing frames which have
the change of the statistics, our proposed algorithm
has 2 dB gain maximally. Table 1 represents R-D gain
after converting the same PSNR for comparing. It

shows the rate gain at the same PSNR.

Table 1. R-D gain comparing.

TMNS8 | Proposed | R-D gain
PSNR(AB) (kbps) RC(Ilibps) (%g)
28 28.20 25.64 9.08
Foreman 32 85.09 82.85 2.63
35 139.61 131.41 587
32 43.16 41.60 361
Susie 35 88.68 84.60 4.60
38 120.79 113.58 5.96
32 32.79 31.94 2.59
News 35 64.90 60.49 6.79
39 122.70 112.91 797
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VI. Conclusions

To reduce the huge amount of computations required
for offline rate control, significant efforts have been
undertaken to speed up the process of video encoders.
Those efforts have been mainly focused on the models
used for bit rate and distortion in terms of the
quantization parameters. Because previous research on
the rate control schemes were related to the
model-based rate control, which are based on the
statistics of the previous frame, the previous
model-based approaches occur the problem such that
bits are allocated unequally without regard to current
frame statistics. The problem needs to be addressed. In
this paper, we propose an equal bit allocation scheme
using the current frame statistics and solve the above
problem through updating the initial model parameter.
The experimental results show that the proposed
method can achieve significant coding gains over
TMNS's approach (up to 0.6 dB in PSNR).
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