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Abstract

A new self-organizing neuro-fuzzy network based rate control algorithm for MPEG-4 video
encoder is proposed in this paper. Contrary to the traditional methods that construct the
rate—distorion(RD) model based on experimental equations, the proposed method effectively exploits
the non-stationary property of the video date with neuro~fuzzy network that self-organizes the RD
model online and adaptively updates the structure. The method needs not require off-line
pre-training; hence it is geared toward real-time coding. The comparative results through the
experiments suggest that our proposed rate control scheme encodes the video sequences with less

frame skip, providing good temporal quality and higher PSNR, compared to VM18.0.
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I. INTRODUCTION

the rate
control strategy has become a key and plays a

In real-time video communication,

critical role in the video encoder. In order to
predict the output, it is very desirable to be able
to construct a source model that can estimate the
bits produced by a video encoder for a chosen set
of coding parameters.
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Several RD models for DCT-based video encoders
have been proposed in the literature. Some of them
(Ref. [6][10]) encode each image block several times,
and then intelligently select the best parameters, but
these approaches are generally not suitable for
real-time encoding because of their high computa-
tional complexity. Other approaches (Ref. [1](3][4])
select the quantizers based on different mathematical
models, where the control parameters are estimated
from the observed RD data of the coding system.
While they are adequate in real-time applications,
they can suffer from frequent frame skipping and
wasting  of bandwidth low-delay

channel in
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applications. Also, it is noted that to achieve high
coding performance, the RD algorithms are becoming
increasingly complex and more and more experiments
need to be done to get the experimental control
parameters. In order to simplify the construction
process, Ref. [2] proposed a self-organizing feature
map based rate control scheme, which constructed
the frame-based global RD model by a neural
classifier. Although it obtains a good result, Ref. {2]
requires off-line training, ie. using multiple video
samples with QP varying from 1 to 31 to collect
possible variations in the image characteristics,
which is not easy to update the configuration and
corresponding neural network structure.

In this paper, we propose a simple, yet effective
self-organizing neural network based rate conuml
scheme for DCT-based video coders in real-time
Our method

focuses on the frame-based rate control and the

video communication —environments.

basic idea is to self-organize the neural network that
accurately predicts the target number of bits and
encodes the series with less skipped frames. We
implement our new rate control strategy in a
MPEG-4 encoder, and compare its performance to
that of the well-known rate control algorithm in
VM18.0[9'11].

The paper i1s organized as follows: in Section I,
we introduce the basic idea on self-organizing neural
network. Section III develops a rate control algorithm
with this kind of neural network. Simulations are
carried out in Section IV. Finally, Section V is

devoted to conclusions.

II. SELF-ORGANIZING NETWORK

The main reason behind our method is that there
exist similarities among the adjacent frames, which
can be well modeled as a fuzzy system. At the same
time, the requirements that the inference system
needs not only the modeling accuracy, but also the
learning ability that can quickly and adaptively catch
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the non-stationary nature of the video lead us to a
neural network-based solution.

Recently, bringing the learning abilities of neural
networks to automate and realize the design of fuzzy
logic systems has become a very active research
area, However, current neuro-fuzzy systems have
some limitations. First, the number of partitions of
each input variable is determined a priori, which
means that the number of rules is fixed. Second, the
back-propagation for the current fuzzy model is
usudlly very slow. Normally, the difficulties grow for
the following reasons: First, the gradient descendent
learning scheme adopted by the BP network is
Second, the

massive distribution of the BP network requires the

inherently a slow learning process.
repeated presence of the training samples in order to
make the learning process convergent, leading to the
difficulty in self-organizing the system from the
data(Ref. [5][8)).

To avoid these problems, this paper adopts the
method from Ref. [12], which describes an improved
learning method for a self-organizing neuro-fuzzy
system. The method is based on Kohonen's learning
algorithms (Ref. [8]), Counter-Propagating Network
(CPN, Ref. [5]) and back—propagation algorithm with
adaptive leaming rate (Ref.[7]). The adaptive gradient
descent method has the merits of fast convergence
rate and easy computation. By combining both the
nearest-neighbor clustering scheme and the adaptive
method, the learmning process

faster than  the
back-propagation learning method. It is just because

gradient descent

converges  much original
of its simplicity and accuracy that we use this
method to construct the RD model and adaptively

update the structure online.

m. RD MODEL

In typical video coding techniques, such as 1263,
MPEG and other block-based video coders, the
picture quality for each image block is strongly
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dependent on the block’s quantization parameters and
corresponding RD model.

For the frame-based rate control algorithm in
MPEG-4 VMIB(, the quadratic RD model is used as
follows (Ref.[91[11]):

I

T= MAD - (L(L ﬁ)

QP " QP
where T denotes the target bits, MAD is the sum
of the absolute difference between the original image
frame and motion compensated reconstructed image

Start
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frame, QP is the quantizer, and X, and X, are RD
modeling parameters that should be updated after
finishing the encoding process for each image frame.
Instead of using empirical equations in MPEG
VMI80, we just regard the video RD model as a
time-varying nonlinear system mapping, which ca be
modeled as a neuro-fuzzy system Further, In order
to construct an accurate frame-based RD model for
discriminating image characteristics for specific video
sequences, several new parameters in addition to T,
MAD and QP are required. We found that there are
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Fig. 1. Block diagrams of rate control algorithm
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strong relationships between the adjacent target bits
allocation, so finally the global RD model for the

inter-frame is modeled as follows:

PR,=F(QP,_\, MAD,T,,T; \.R; 1) (2)

F is the framcbased RD model to be
approximated. T; and 7,-, are target bits for the
(i—1)
respectively. R,_, is the actually used bits for the

where

current frame 1 and previous frame

last frame and PR; is the bit-rate that is predicted
by the system.

The structure of the encoder is shown in <Fig.
1.> (Only IPPP... series are considered here.)

The proposed rate control algorithm consists of
following steps:
Stepl Encode the first I and P frames using
user-predefined quantizer.

Step? : Update the RD buffer or post frame-skip
control and collect the histogram data for the neural

network.

Step3 : Estimate QP by self-organizing network or
constructed neuro—fuzzy network:

1) Place the input vector to the input layer.

2) Get the prediction output from the neural
network, and predict the target output with QP
t2 (In order to maintain a consistent view
quality, we restrict the difference between the
adjacent frames do not exceed 12).

3) Find the winner: find the suitable QP that has
the nearest output with target bit allocation,

4) Assign this QP as quantizer.
Stepd : Encode the current image frame.
Step5 : Update the RD model. If the encoded frames

do not exceed N (a predefined constant for self-

organizing phase), the neural network continues the

(75)
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self-organization. Else, the neural network is

adaptively updated, and the total number of the
change
output

not Moreover,
the

parameters of the constructed network will

neurons  does anymore.

the structure or

be

according  to error,
changed as follows:

Because of the nature of the video sequence, to
predict the output with enough accuracy is not easy,
especially when there exists scene change. In order
to solve this problem, the update scheme for the
is divided If the

prediction of neuro—fuzzy network is closer to the

network into two categories.
actual output, parameters in the network will be
updated with online BP.

exceeds the threshold, current

However, if the error
input record will
overwrite the neural node that gets the largest
output. That

structure will be changed while the size of the

similarity means the fuzzy base
network remains the same. The objective of this
kind of update scheme is to adaptively tune the
network, which maintains the size of the network at
a suitable level that avoids oversize, and also catches
up the variation of the picture characteristics at the

same time.

Stepf : Buffer control. If the buffer status is above
80%, the next frame will be skipped just as the
standard VMI18.0.

Step7 : Encode the next frame (go to step 3) or exit.

It should be noted that when encoding the first N
frames, the model quickly constructed with
self-organization while the BP stage is not needed
until the structure is stabilized. This kind of scheme

avoids the complex computation and still maintaing a

is

good modeling accuracy.

IV. SIMULATION RESULTS

We used the
H.263-type

standard MPE(#4
and tested:

codec  with

quantization 1) the new
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self-organizing model based rate control, and 2) the
VM18.0. QCIF  video

sequences {source frame rate is 30 f/s) that are

rate  control in Several
widely used in MPEG applications were used in the
simiation. The first frame was intra-coded with
quantization step 10 and the other frames were all
inter-coded. The test was done on following cases:
@ Case 1 frame rate is 10f/s and target bitrate is
48Kkbits/s
@ Case 20 frame rate is 15f/s and target bitrate is
64khits/s
@ Case 3 frame rate is 30f/s and target bitrate is
128kbits/s

Table 1 shows comparisons of the average PSNRs
(in dB) of encoded bitstreams by the MPEG-4
VMIBO rate control and the proposed rate control

algorithms in various configurations.

Table 1. Test results on PSNR.

k-4 1. PSNR A& A7
Skipped . . .
Frames Average PSNR (Y)
Video Test =1 p— -
Sequences | Case MPEG This MPEG- This PSI\R
4 Work 4 Work Gain
VMI8.0 VMIBO0 (dB)
1 0 1 3565 (3611 +049
CONTAINER| 2 0 0 PR 3646 | +04
3 27 8 3748 | 37.80 | +0.32
1 1 0 308 | 3066 | 020
FOREMAN
2 0 0 3124 | 31331 +0.09
1 0 0 3714 | 3134 070
HALL 2 0 0 37.33 [ 3820 | +0.87
3 8 2 R4 3924 | +0.40
2 0 0 3R32 (38461 10.14
MAD
3 23 0 3960 [3982] +0.13
1 0 0 17 | A6 049
NEWS 2 2 1 476 | 3024 048
3 0 0 .72 | 3747 | 0.
2 0 0 3457 | 3494 | +0.37
SILENT —
3 6 2 3653 | 3718 | +0.65

From the <Table 1> we can easily see that the

proposed rate control scheme has better results in
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average PSNR and has less skipped [rames. At the
same time, it is shown that although our method
uses fewer parameters than the other neural
network-hased algorithm (In Ref. [2]. 6 parameters
are used for constructing the RD modcl, whereas o
parameters in our method) it still gets the detter
results. Moreover our method needs not the complex
and time-consuming pre-training, which is suitable
for the real-time processing.

It is also noted that in most of the cases our
method gets the better PSNR than the MPEG-4
VMI80, while in other case (such as bitstrcam
"FOREMAN" in test case 1), the proposed method
gets the less PSNR. But in casc of "FOREMAXN”,
it's difficult to get a certain answer that which
method is more suitable, because the psvchological
effect of the video quality is not clear at current
stage, which somewhat depends the motion of the
picture. Indeed there exist some trade-offs between
the temporal continuity and spatial resolution, and
the complexity Increases more especialy in  the
MPEG-4 where the frame rate can be changed. We
will address the optimization of frame rate, bitrate
and the continuity of visual effect 1 the f{uture

work.

V. CONCLUSION

In this paper, a self-organizing neural network-
based rate control scheme has been proposed. Based
on the methodology, a frame-based RD model is
self-organized with histogram data and is used to
predict the output of the target bits, which is totally
different from the traditional methods that construct
the RD model by experimental ecuation. In order to
adaptively catch up the constantly-change video
characteristics, except the normal BP algorithm for
optimization, the algorithm for quickly updating the
node is also taken effect especiallv when there’s a
scene change. This updating scheme shows good
the

real-time rate control. In comparison to VMI8O rate

flexibility and efficacy in expenments for
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control, our method skipped fewer frames, encoded
the sequences with higher PSNR. In particular, since
this rate control skipped fewer frames, the video
sequences are encoded with better motion continuity,

providing good subjective image quality.
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