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ABSTRACT

Rate control plays a very important role in constant bit rate (CBR)
coding. AVC standard is jointly developed by ISO and ITU-T,
which contains several inter and intra prediction modes. Rate
distortion optimization (RDO) based on prerequisite quantization
parameters determines the optimal prediction of each macroblock.
This makes the current AVC software difficult to adopt the exist-
ing rate control techniques. This paper proposes an efficient rate
control algorithm at macroblock level for AVC standard by
considering both rate control and optimal prediction selection.
Firstly, a quantization parameter estimated from neighboring
macroblock is used in selecting an initial prediction and
calculating the activity. Secondly, the estimated quantization
parameter is refined according to the activity and virtual buffer
occupancy. At last, the prediction mode is determined with the
refined quantization parameter. Experimental results show that
the proposed rate control algorithm can accurately achieve the
target bit rate. Furthermore, the coding efficiency is similar to or
even better than that of variable bit rate (VBR) coding.

1. INTRODUCTION

Rate control is an important technique although it does not be-
long to the normative part in video coding standards. However,
without rate control any video coding scheme would be practi-
cally useless in many applications because the client buffer may
often under-flow and over-flow when a channel used to deliver
the compressed stream is of constant bandwidth. Therefore,
every video coding standard has its own rate control technique,
for example, TMS5 for MPEG-2 [2] and TMNS for H.263.

AVC standard jointly developed by ISO and ITU-T—lJoint
Video Team (JVT), also known as MPEG-4 Part 10 and H.264
in the H.26x serial standards [1], has substantially outperformed
the previous video coding standards by utilizing a variety of
temporal and spatial predictions. The optimal prediction is de-
termined by RDO based on prerequisite quantization parameter.
However, it makes the AVC standard difficult to adopt the exist-
ing rate control techniques.

Rate-distortion theory is a fundamental part in video coding. The
relation between rate and distortion can be supposed to be a non-
increasing function [3]. And, R-D optimization expects to mini-
mize the decoded distortion under a given rate constraint. La-
grangian method [4] can solve this problem efficiently and it has
already been used in TMN-10 for H.263. In AVC, the Lagran-
gian method is used for mode selection in motion compensation
and intra prediction. In other words, it can minimize the distor-
tion and find the optimal motion vector and coding mode of a
block at a given rate constraint.

However, utilizing Lagrangian method in AVC makes rate con-
trol a difficult task because the quantization parameter is in-
volved in the rate and distortion calculation. With different quan-
tization parameters, different motion vectors and coding modes
might be selected. Thus, the rate and distortion of a block is
associated with the quantization parameter decided by the rate
control. In other words, the rate control scheme would affect the
motion vector and mode selection of a block after adjusting the
quantization parameter.

Due to the mode selection scheme, the existing rate control
schemes do not work well on AVC. The model B; =
A(Kon/QjZ-f-C) proposed in TMNS [5] does not fit AVC, because
in the model, computing the quantization parameter Q; of the
macroblock j needs to know the variance of the following mac-
roblocks (after motion compensation). However, for Lagrange
method, computing the variance of the following macroblocks
needs to know their own quantization parameters that are still
unknown. Different from TMNS, the virtue of TMS is simple
and it can be easily implemented on AVC. However, the rate-
distortion model employed in AVC and the complexity propor-
tion relations among I, P, B frame have changed. Thus, TM5
does not work well on AVC as well. It might lead to PSNR loss
over 1dB.

In this paper, the joint scheme of rate optimization and rate con-
trol is implemented on AVC. Since the current AVC selects the
coding mode with the Lagrangian method, the predicted quanti-
zation parameter is first used in the Lagrangian method for mode
selection and the activity measure of the macroblock. Afterwards,
the quantization parameter is adjusted according to the activity
measure and virtual buffer occupancy. And then the coding
mode is refined with the final quantization parameter.

The rest of the paper is organized as follows. Section 2 describes
the Lagrangian method scheme for AVC and the related prob-
lems. Section 3 discusses the strategy to solve these problems.
The proposed rate control scheme is presented in detail. The
experimental results are given in Section 4. And finally, Section
5 concludes this paper.

2. THE LAGRANGIAN CONTROL FOR AVC

The coding mode of a macroblock in AVC can vary from the set
{INTRA4x4, INTRA16X16, INTERI6x16, INTERI6xS,
INTER8x16, INTER8x8, INTER8x4, INTER4x8, INTER4x4,
SKIP, DIRECT}. The Lagrangian method is used to find the
optimal motion vector for inter coded block and the optimal
coding mode for any block. It provides high performance in
solving the optimal bit allocation to the motion vectors and the
residual coding in the encoder.
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For a block in an inter frame, the rate-constrained motion estima-
tion is first done to find the optimal motion vector by minimiz-
ing:

J(m, Ayoron ) = SAD (s,c(m)) + Ayoroy R(m—p), (1)

where m is the motion vector, p is the predicted motion vector,
and 4 yomon 18 the Lagrange multiplier. The rate term R(m-p)
represents the motion information. SAD(s,c(m)) is the sum of
absolute differences between the original video signal s and the
coded video signal c.

Afterwards, the rate-constrained mode selection is performed to
choose the optimal coding mode by minimizing:

D(s,c, MODE | OP) + A,,,,, R(s,c, MODE | OP), (2)

where the distortion D(s,c, MODE|QP) is measured as the sum of
squared errors between the original block s and the reconstructed
block ¢, and QP is the quantization parameter. R(s,c, MODE|QP)
is the rate obtained after run-level variable-length coding.

In (1) and (2), the Lagrange multiplier 4 yo70y and 4 yopr have
the following relation with QP:

QP/
AMOTION = AMODE =mx2 /0, 31

where m is a constant. As well known, R(s,c, MODE|QP) is also
associated with the macroblock quantization parameter QP. It
means that the macroblock quantization parameter QP would
affect the motion vector and mode selection. With the different
OP, the different motion vectors and modes might be selected.

3. RATE CONTROL ON AVC

The proposed rate control scheme is developed from our earlier
work [6], which has been adopted by AVC standard. We use the
quantization parameter of the previous macroblock as the pre-
dicted quantization parameter of the current macroblock for
computing rate-distortion. After the preliminary coding mode is
chosen, we get the macroblock activity as well. In our adaptive
quantization, the sum of absolute difference of the macroblock
after motion compensation or intra prediction is used as macrob-
lock activity measure. According to the macroblock activity and
the current virtual buffer occupancy, we then can get the quanti-
zation parameter for the current macroblock. Using the new
quantization parameter, a refine intra prediction or motion esti-
mation is done to find the final optimal coding mode. Afterward
the block is encoded with entropy coding.

Since the virtual buffer model is an important part in rate control,
many researches have been done on the relationship between the
virtual buffer occupancy and the quantization parameter, such as
linear map, non-linear map [7]. In the proposed rate control
scheme, we use a linear model to map virtual buffer occupancy
to the quantization parameter.

In details, the proposed rate control algorithm contains the fol-
lowing steps.

Step 1: Bit allocation.

The proposed bit allocation is based on GOP, which is the simi-

lar as that in TMS. T}, T, and T, denote the bits allocated to I, P,

B frame, respectively, which are calculated by:

R bit _rate
T; = max s =
1+ N,X, N N, X, 8x picture_rate
K,X; KpX;
T - max R bit _rate
r N NuK , X}, 8x picture _rate |’
KX,
R .
T, = max , bit _rate )
N NprXp 8x picture _rate
p+——
K, X,

K, and K, are constants. They reflect the complexity portion
among I, P, and B frames. In AVC coding, we select K, =1.1 and
K,=1.5[8].

Step 2: First rate-distortion computing.

The preliminary coding mode for the current macroblock j is
found by using the quantization parameter Q. of the macrob-
lock j-1. Thus, Oy serves as the estimated quantization parame-
ters for first coding mode selection. If the previous macroblock
is coded with DIRECT or SKIP mode, the estimated parameter

of the previous macroblock is used instead. The coding mode is
selected by minimizing the (2) with

0 j—V
AMODE =0.85x2 3 for I, P frame,

or

QJ—V
AMODE =4x0.85x2 3 for B frame. 5)

If the frame is P, B frame, motion estimation has to be first per-

formed with Ap;0710N8 =+ AMODE - Thus, the macroblock ac-

tivity is calculated by:
act ;= Ss(i, j)=c(i. )
i,

where s(i,/) is the luminance of original pixel (i,j), and c(i)j) is
the prediction of pixel (i,f).

L6 j=1,2,...,16; (6)

Step 3: Computing the macroblock quantization parameter.

The quantization parameter Q; of macroblock j is decided by
virtual buffer occupancy and the macroblock activity, i.e.

d; =31
Q= +dq ,
r
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dj=dj_|+Bj_|~T/MB_CNT,

r=2xbit_rate/ frame _rate,
T=T,T, Ty (7

where d; is the current virtual buffer occupancy and B, is the
number of coded bits of macroblock j-1. MB_CNT is the number
of macroblocks in a frame. d, is adjusted with macroblock activ-
ity as following:

— floor(avg _act/act; 1),
dq =40,
Sloor(act ;/avg _act) -1,

O<act;/avg _act<=1/2
1/2<act;/avg _act<2 (8)

act;/avg _act>=2

where avg_act is the average value of act; in the previously
coded picture.

Step 4: Second rate-distortion computing.

If the difference between the new quantization parameter and the
estimated one is below the threshold (e.g. one in this paper), the
macroblock is encoded with the original estimated quantization
parameter; otherwise, using the new quantization parameter, the
rate-distortion calculation is done again to find the optimal cod-
ing mode for the macroblock to be coded. Thus, the block is
encoded with the selected coding mode and the decided quanti-
zation parameter. The virtual buffer is updated as well.

4. EXPERIMENTAL RESULTS

In order to evaluate the performance of the proposed algorithm,
this section presents the experimental results on typical test se-
quences. AVC with the proposed rate control and without rate
control are tested, respectively. IM3.9 developed by JVT serves
as the platform [9]. Table 1 illustrates the coding results of the
proposed rate control scheme. The sequence format and testing
conditions are also shown in Table 1. From the table, we can see
that the proposed algorithm can efficiently control the bit-rate at
different resolution, frame rate. The error between target bit rate
and real bit bate are very small, which usually does not exceed
0.5kbps.

From Figure 1 to Figure 3, the rate-distortion curves with rate
control and without rate control are shown, respectively. From
the curves we can see that the rate control can still keep good
coding efficiency. For Mobile sequence, the AVC with the pro-
posed rate control outperforms AVC at VBR coding up to 1dB
of PSNR. Figure 4 and Figure 5 show the bits per P and B frame
for the test sequence mobile coded at the same bit rate with our
proposed rate control and without rate control. Figure 6 shows
the PSNR per frame for the test sequence. From Figure 4-5, it
can be seen that more bits are allocated to P frame and fewer bits
are allocated to B frame. And for the better reference pictures B
frames also can keep good PSNR. These figures further indicate
that the proposed rate control has improved the coding efficiency
of the original AVC scheme at VBR coding. The reasons are due
to the optimal bit allocation and refined rate-distortion optimiza-
tion. Two-pass rate-distortion computing is utilized in this paper.
However, from our statistics, the number of macroblocks to be
handled with twice rate-distortion computing is less than 20%.
Thus, the increased complexity in the encoder is acceptable.

Table 1. The generated bit rate with the proposed rate
control technique.

Sequence | Type Frame Target Achieved PSNR

rate bit-rate bit-rate (dB)
(kbps) (kbps)

Foreman QCIF 10 16.0 15.98 28.72

News QCIF 30 17.0 17.0 28.26

Silent QCIF 30 75.0 74.99 37.39

Mobile CIF 30 656.0 656.04 31.4

Tempete CIF 30 1159.0 1159.14 34.87

5. CONCLUSIONS

Since the current AVC software does not contain any rate con-
trol technique, this paper has proposed an efficient rate control
algorithm for AVC standard based on an iterative rate-distortion
computing. The proposed rate control algorithm is implemented
by considering both generated bit rate and optimal mode selec-
tion. The experimental results have also been presented here. It
has been shown that the proposed algorithm can generate bit-
stream very close to the target bit rate, and meanwhile the over-
all performances is similar or even better compared to that at
fixed quantization parameter.
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Figure 1. PSNR curve of Foreman sequence with qcif format

at 30fps
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Figure 2. PSNR curve of Tempete sequence with cif format
at 30fps.
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Figure 3. PSNR curve of Mobile sequence with cif format at
30fps.
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Figure 4. Bit versus P frame curve of Mobile sequence with
cif format at 30fps 656kbps.
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Figure 5. Bits versus B frame curve of Mobile sequence with

cif format at 30fps 656kbps.
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Figure 6. PSNR versus frame curve of Mobile se-
quence with cif format at 30fps 656kbps.
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