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ABSTRACT

In this paper, we present an optimal bit allocation algorithm
for multiple video objects (MVO’s) in MPEG-4 video cod-
ing. We combine the rate-distortion models for texture and
shape information to achieve the accurate rate control. To
optimize the bit allocation for multiple video objects, we
use the dynamic programming (DP). The simulation results
demonstrate that the proposed algorithm outperforms the
MPEG-4 verification model not only in terms of buffer sta-
bility but the objective quality.

1. INTRODUCTION

In MPEG-4, a scene is viewed as a composition of video
objects (VO’s) with intrinsic properties such as shape, mo-
tion, and texture. Instances of video object in a given time
are called video object planes (VOP’s). A natural video ob-
ject consists of a sequence of VOP’s. In general, VOP’s are
generated by segmentation of the scene according to some
semantic meaning. For such scenes, shape information is
thus binary and is referred to as an alpha plane. The binary
alpha plane is coded on a macroblock basis by a coder that
uses context information, motion compensation and arith-
metic encoding.

Rate control plays an important role of digital video-
coding standards and applications. In many applications,
video sequences must be transmitted over constant bit-rate
(CBR) channels. However, the amount of information in
compressed video sequences is inherently variable. To solve
this problem, a buffer is placed between the video encoder
and the transmission channel. The rate control scheme is
then responsible for adjusting the coding parameters to en-
sure that the buffer never underflows or overflows. While a
stable buffer level is desired, the rate control scheme aims
to obtain the maximum picture quality. In [1], [2] and [3],
it was shown how the single video object (SVO) rate con-
trol can be extended to multiple video object (MVO) rate
control algorithm where SVO is used to describe the entire
frame in MPEG-4.

In this paper, we propose an optimal bit allocation algo-
rithm for MPEG-4 multiple video objects based on our com-
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bined rate distortion models for texture and shape informa-
tion. The organization of the paper is as follows. The next
section formulates the optimal bit allocation problem. In
Section 3, the rate-distortion models for arbitrarily shaped
video objects are presented and the optimal bit allocation
method is then given based on these novel models. We
then give the detailed rate control algorithm in Section 4.
We provide our experimental results and the concluding re-
marks in Sections 5 and 6, respectively.

2. PROBLEM FORMULATION

The optimal multiple video object bit allocation problem
can be formulated by:
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where D;(t) is the distortion and R;(¢) denotes the bit rate
for the ith VO. m and n are the number of the VO’s and the
number of frames, respectively. R(t) is the number of bits
for current frame, R4 1S the total number of bits for the
source information, and R; denotes the target bit rate. B(t)
and B; denote the buffer level and buffer size, respectively.

3. OPTIMAL BIT ALLOCATION

3.1. Rate-Distortion Modeling for Texture

We employ a quadratic rate-quantizer (R-Q) relationship for
texture information of the arbitrarily shaped VO [4]:

X1 X
Q Q@
where Riexture 18 the bits for current VOP, S is the encoding
complexity, () denotes the quantization parameter and X;
denote the model parameters that are updated by linear re-
gression method from previous coded parameters. We pro-
pose to use the sum of absolute difference (SAD) instead of

Rtexture = S( ) (2)
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the mean of absolute difference (MAD) since the SAD will

increase with the size of the VOP and thereby reflects the

larger number of bits required for encoding the larger VOP.
The distortion model is defined as [2]:

Dtcxturc = Yl X Q + YQ X Q2 (3)

where Dicxture 18 the distortion for current VOP and Y; de-
note the model parameters that are updated by linear regres-
sion method from previous coded parameters.

3.2. Shape Bit Rate Estimation

Besides considering the amount of bits used for header and
motion information, we need to consider the bits used for
shape information before we allocate the target bit rate for
texture information. We proposed an accurate rate-distortion
model for MPEG-4 shape coding in [5]. Generally, the
shape bit rate increase in proportion with the number of bor-
der blocks. Therefore, we derived a rate model as following:

Rshape,j = 0« + bg (4)

where o is the number of the border blocks, a; and b; are
model parameters, j denotes the conversion ratio (CR), i. e.,
0 is full resolution, 1is CR =1/2, 2 is CR = 1/4. It should be
noted that if o = 0, then Rgpape = 0. Considering the sim-
ilarity between successive VOP’s, we use linear regression
to estimate the model parameters.

3.3. Dynamic programming

To solve the problem described in Section 2, we use the
dynamic programming (DP) [6,7] to achieve the maximum
picture quality of the decoded video frame which consists
of multiple video objects under the bit rate constraint.

We define (referring to Fig. 1):

e Trellis: the trellis is made of all possible paths that
line the initial stage to nodes in the final stage.

e Stage: each stage corresponds to a VO to be coded.

e Node: each node is a pair (¢, j), wherei € 1,--- ,m
is the stage number, and j € Quin, - - , @max 1S the
quantizer.

e Branch: if quantizer j at stage ¢ has R-D character-
istics (R;;, D;;) then node (¢ — 1, 7) will be linked
by a branch of distortion d;; to node (i, 7) provided

1
SR < Riarget, Where Riarget 18 the target bit rate
I=1
for the texture of all VO’s.

e Path: a path is a concatenation of branches. A path
from the initial node to a final stage corresponds to a
feasible choice of quantizers for all VO’s.
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Fig. 1. Trellis diagram.

VA is to find the optimal result for trellis growth:

Step 0 : Choose an initial node and an end node as shown
in Fig. 1.

Step 1 : At each stage ¢ add permissible branches to the
end nodes of all surviving paths.

Step 2 : Of all the paths arriving at a node in stage i + 1,
the one having the minimum distortion cost under the
rate constraint is chosen, and all the paths exceeding
the rate constraint are “pruned”.

Step 3 : Increment ¢ and go to Step 1.

3.4. Temporal Smoothing

Considering the temporal smoothing, we allow the integer
quantizer of a VO varying within 25% of previous one. The
number of nodes at each stage is reduced as well.

4. RATE CONTROL ALGORITHM

The proposed rate control algorithm is as follows:
Initialization: We use the same stage of MPEG-4 VM
[8] to initialize the encoding parameters and assume a loss-
less shape coding for both VM and the proposed approach.
Buffer Control: The buffer occupancy filter can be for-
mulated by:

R,=By-B(t—1)+R, 5)

where R; is the target bit rate for the current frame, B(t—1)
denotes buffer level before encoding, 12, denotes the aver-
age number of bits to be drained from the buffer per frame,
and B, denotes the desired buffer level which is normally
set as half of the buffer size B, for the tradeoff between
buffer underflow and overflow. The target number of bits
for the texture of VOP’s is defined as:

Rtargct = Ry — Rucader — Rshapc (6)
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where Rpeader represents the amount of motion and header
bits used for the previous VOP’s, and Rghape is the bit rate
for the shape information estimated by (4). Further adjust-
ment is given by:

Rtarget = maX{Rtarget7 Rp/4} )

The lower bound R, /4 is used to ensure the minimum qual-
ity for texture information.

Optimal Bit Allocation: Given the rate constraint Ryarget
and temporal smoothing constraint, the optimal quantiza-
tion parameters for each VO can be obtained using the al-
gorithm described in Section 3.3.

Update the Model Parameters: The model parameters
for both the texture rate-distortion model and shape rate-
distortion model are updated based on the encoding results
of the current VOP as well as the past VOP’s within the slide
window. All the model parameters are solved by the least
mean squares (LMS) estimation. In the estimation process,
the outlier data points are rejected and the monotonicity is
checked.

Frame Skipping Control: After encoding a VOP, the
buffer level is updated:

B(t)=B(t—-1)+R.— R, ()

where R, denotes the actual encoding bit rate. To avoid
the buffer overflow, if the current buffer level B(t) is higher
than 80% of the buffer size B then the incoming frame
will be skipped. After the frame is skipped, the buffer level
is updated again.

5. SIMULATION RESULTS

The test conditions, such as the format, bit rate, and frame
rate, are indicated in Table 1.

The rate control algorithm [8] aims to control the buffer
level at half of the buffer size to avoid buffer overflow or un-
derflow, hence the buffer stability is a measurement for the
bit rate estimation accuracy. To examine the buffer stability,
we present the buffer level for each test video sequence as
shown in Figs. 2-5 . It is obvious that the proposed rate con-
trol scheme can achieve a more stable buffer than the VM
rate control. Our shape model can accurately estimate the
bit rate for the current shape instead of copying the informa-
tion from the previous shape as in the VM. Since the shape
bit rate is estimated accurately, the bit allocation for texture
information is appropriate. Moreover, using our new com-
plexity measure SAD, the estimated quantization parameter
( is more accurate since MAD cannot reflect the relation-
ship between the texture bit rate and video object size.

To further evaluate the performance of the proposed ap-
proach, we consider the decoded picture quality as well. Ta-
ble 1 provides the PSNR results. Unlike VM which uses

fixed bit allocation parameters to allocate bits for MVO’s,
we use DP to achieve optimal bit allocation based on the R-
D characteristics of the individual video object. Using our
optimal bit allocation algorithm , the PSNR results were im-
proved significantly.

6. CONCLUSIONS

In this paper, we present an optimal bit allocation algorithm
for multiple video objects based on our combined the rate-
distortion models for texture and shape information for the
arbitrarily shaped video object. As demonstrated by the
simulation results, the proposed algorithm outperforms the
MPEG-4 verification model both in terms of the buffer sta-
bility and the objective quality.
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Table 1. Simulation results.

Test Format | No. of | Bit Rate | Frame Rate | Average PSNR | Average PSNR | PSNR Gain
Sequence VO (Kbps) (fps) (VM) (dB) (Proposed) (dB) (dB)
Akiyo QCIF 2 128 30 40.09 41.66 +1.57
Akiyo QCIF 2 96 15 40.69 41.56 +0.87
Akiyo CIF 2 256 30 39.32 40.16 +0.84
Akiyo CIF 2 128 15 38.83 38.90 +0.07
News QCIF 4 256 30 39.71 40.11 +0.40
News QCIF 4 128 15 35.98 37.48 +1.50
News CIF 4 512 30 36.48 37.37 +0.89
News CIF 4 256 15 35.52 36.13 +0.61
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Fig. 2. Comparison of buffer levels of Akiyo (QCIF) en-
coded at 128 kbps and 30 fps.
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Fig. 3. Comparison of buffer levels of Akiyo (CIF) encoded
at 256 kbps and 30 fps.
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Fig. 4. Comparison of buffer levels of News (QCIF) en-
coded at 256 kbps and 30 fps.
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