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ABSTRACT

Appropriate rate control plays a very important role in en-
coding motion pictures under the constant bit-rate. One of
the requirements for rate control is minimizing temporal
fluctuations in picture quality, which may cause flicker arti-
facts. To satisfy the requirement, some methods for MPEG-
1 and MPEG-2 have been proposed. However, these meth-
ods cannot be applied to the H.264 encoding algorithm based
on R-D optimization since they require the DCT coefficients
and the accurate output bit amount for each quantization pa-
rameter of a current picture in advance. To overcome the
problem, we propose a rate control method to satisfy the re-
quirement in the H.264 encoding algorithm by introducing
approximations to estimate the bit amount and the distor-
tion.

1. INTRODUCTION

In encoding motion pictures under the constant bit-rate, ap-
propriate rate control plays a very important role. There-
fore, several rate control methods that are applicable for
H.264 have been proposed [1]-[4]. The goals of these meth-
ods are to reflect the encoding complexity of the current
picture and to stabilize the occupancy of the coded picture
buffer, called as CPB.

Meanwhile, there is a requirement for rate control to
minimize temporal fluctuations in picture quality since it
may cause flicker artifacts. However, the above methods
cannot satisfy the requirement since they do not take quality
differences of neighboring pictures into consideration. For
the requirement, several methods for MPEG-1 and MPEG-
2 have been proposed [5][6], and the effectiveness of the
methods has been evaluated. Compared to the method pro-
posed in [5] which needs to encode every picture in ad-
vance, the method proposed in [6] can be applied widely be-
cause only the information from a current picture and previ-
ous pictures is required to conduct the processes. However,
since the method in [6] requires the DCT coefficients of the
current picture in the processes to estimate the bit amount
and the distortion, it cannot be applied to the general H.264
encoding algorithm based on R-D optimization.
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Therefore, this paper proposes a method to satisfy the
above requirement in the H.264 encoding algorithm by in-
troducing approximations to estimate the bit amount and the
distortion. The effectiveness of the proposed method is eval-
uated by coding experiments.

2. RATE CONTROL OF THE CONVENTIONAL
METHOD AND ITS PROBLEM

As an example of the conventional rate control methods for
H.264, the method adopted by JM9.2 [7], which is a refer-
ence software, is introduced below. In the method, the rate
control is conducted by deciding an appropriate quantiza-
tion parameter, called as QP.

In the P picture, the QP is updated by the basic-unit,
constructed by one or several macroblocks. First, the bit
amount for the basic-unit is decided from the following in-
formation.

e The target bit amount for the current picture.
e The used bit amount of the current picture.
e The complexities of the neighbor macroblocks.

Then the QP is decided to fulfill the bit amount. Therefore,
the main purpose for deciding the QP for P pictures is ful-
filling the target bit amounts.

Meanwhile, the QP for I pictures is decided from the
average QP for the P pictures in the previous GOP, group
of picture, and then clipping is conducted using the QP for
the previous I picture. The QP for the B picture is decided
by the QP for the previous reference picture, and then clip-
ping is conducted using the QP for the previous B picture.
Therefore, the QP for these pictures depends on the QP for
the previous P pictures.

The method can fulfill the required encoding bit-rate.
However, the method may cause temporal fluctuations in
picture quality. As examples, PSNR results of Whale Show
are shown in Fig. 1, where, the encoding bit-rate was de-
fined as IMbps and initial QP was set as 25, which is the
default value of JM9.2. From the result, it is shown that clip-
ping I picture caused temporal fluctuations in picture quality
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Fig. 1. Examples of temporal fluctuations of image quality.

between I pictures and the neighboring pictures. Moreover,
a similar problem was also shown by the result without clip-
ping I pictures since the QP for I pictures was decided by
the average QP for P pictures in the previous GOP. To solve
the problem, considering image quality between neighbor-
ing pictures is effective.

3. THE PROPOSED METHOD

To overcome the problem described in Section 2, the method
to minimize temporal fluctuations in picture quality for H.264
is proposed. The proposed method adopts the flow of the
method proposed in [6], whose goal is to minimize the dif-
ferences of distortions among GOP length pictures from the
current picture. The flow is divided by the following four
steps, initialization, definition of the target distortion, esti-
mation of the bit amount, and decision of the QP for the
current picture.

Since the method in [6] requires the DCT coefficients
of the current picture to define the target distortion and es-
timate the bit amount, the method cannot be applied to the
H.264 encoding algorithm based on R-D optimization. How-
ever, the problem can be overcome if these processes can be
conducted without using the DCT coefficients. Therefore,
the proposed method solves the problem by introducing the
following approximations proposed in [8],

R(j,Q) = b-(j) X Qsten(Q)™ (1)

D(j, Q) = ba(j) X Qstep(@) Y, &)
where, R(j, Q) and D(j, Q) indicate the bit amount of the
DCT coefficients and the distortion of the j-th picture whose
QP is @ respectively; a-(j), b-(j), aa(j) and ba(j)
indicate the coefficients respectively; and Q step(Q) indi-
cates the Q-Step value calculated from () defined by H.264.

Moreover, since the picture quality of non-reference pic-
tures depends on those of reference pictures, increasing the
picture quality of reference images relatively leads to in-
creasing the picture quality of a whole sequence. Thus, the
ratio of the distortions between reference pictures and non-
reference pictures is defined and it is applied to decide the
target distortion. Details of the proposed method are as fol-
lows.

3.1. Deciding the target bit amount

The target bit amount of N¢ pictures from the current pic-
ture, defined as Rg, is decided based on the method pro-
posed in [9], where, N indicates GOP length. In the first
picture, R is calculated by the following equation,

bit_rate
Rg = Ng X ———— +vg — v, 3)
frame_rate

where, vy and vp indicate CPB occupancy when picture
data extraction commences and the target CPB occupancy,
respectively. Then, R is updated after encoding the picture
using the following equation,

Rg — Rg + R(i) — 5(i), 4)

where, ¢, —, R(i) and S(¢) indicate the number of the cur-
rent picture, substituting right values for left values, the tar-
get bit amount and the used bit amount in the current pic-
ture, respectively.

3.2. Deciding the QP for the current picture

The QP for reference pictures is defined as follows.

Step 1. Initialization

First, define min (i) and max(7), indicating the range
of candidate QP for the i-th picture, using the follow-
ing equations,

min(i) = Q"(i — Ng, F) — CL, (5)

maa(i) = Q"(i — Ne, F) + CL, ©)

where, F, Q" (i — Ng, F'), and C'L indicate, respec-
tively, the number of the previous reference picture,
the estimated QP whose picture number is ¢ — N ¢ and
distortion is that of the F'-th picture, and the constant
value used for clipping. Secondly, encode the ¢-th
picture using min(i), maz(i) and Q" (i — Ng, F') as
the QP, respectively, and then calculate a (%), b (),
aq(i) and by (7) by (1) and (2). Finally, define a can-
didate QP, Q¢, as min(i).



Step 2. Definition of the target distortion
Define the target distortion of the reference pictures
and the non-references pictures by (7),

D(k,Qx) =
D(i,Q¢) if the k-th picture is a reference picture
D(i,Qc)/ws otherwise

(7
where, wy indicates the ratio of distortions between
reference pictures and non-reference pictures.

Step 3. Estimation of the bit amount
Estimate the bit amount of N pictures from the i-th

picture using the following equation,
i+Ng—1
R(i,Qo) = R(1,Qc) + Y, R(kQk), (3

k=i+1

where, R(k,Qy) is calculated by (9), derived by (1)
and (2), and the coefficients are defined by Table 1,
where, L(k) indicates the previous picture whose pic-
ture type is the same as the k-th picture,

R(k, Q1) = by (k) xexp ( “ar
)

Step 4: Decision of the QP for the current picture

If Q¢ < max (i), increase Q¢ and go back to Step 2,
otherwise define the QP for the i-th picture, Q(2), as
Q¢ which minimizes |R¢ — R/ (2, Q).

The QP for the non-reference picture is decided as @ ¢
that minimizes the following equation,

|D<i7QC)7P(F7i>F/)/wb|» (10)

where, P(F, 4, F') is defined by the following equation,

P(F,i,F') = D(F,Q(F))+
D(F/:Q(F/)) — D(F7Q(F))
Fr—F
where, I indicates the number of the following reference
picture.

(11)

X(i_F)a

Table 1. The coefficients used to estimate the bit amount.

if k > Ng and
D(k — Ng, mm(k: — Ng))
< D(k,Qp) < otherwise
D(k — Ng,maz(k — Ng))
ar(k) = ar(k — Ng), ar(k) = ar(L(k)),
br(k) :br(k_NG)a br(k) :br(L(k))a
aq(k) = aq(k — Ng), aq(k) = aq(L(k)),
ba(k) = by(k — Ng). ba(k) = ba(L(k)).

I

log (D(k, Qk)/bd(k))yr(m .

4. EXPERIMENTAL RESULTS

To evaluate the effectiveness of the proposed method, cod-
ing experiments were conducted. In the experiments, five
materials in SIF standard sequences are used. The test con-
ditions for encoding are given in Table 2. Every macroblock
in a picture was encoded by the same QP in the proposed
method.

The PSNR results are shown in Fig. 2. As a comparison,
the results by JM9.2 are also shown. From the result, it was
shown that the proposed method made the fluctuations of
PSNR smaller compared to JM9.2 in both sequences.

Next, CPB occupancy results are shown in Fig. 3. From
the result, an overflow occurred in case of Flower Garden
by JM9.2. Overflows also occurred in cases of Cognac and
Fruit, and Woman with Bird Cage by JM9.2. Meanwhile,
neither overflows nor underflows occurred using the pro-
posed method.

Finally, the variances of mean square error, called as
MSE, are shown in Table 4. Large variances of MSE tend
to cause the degradation of image quality. In addition, the
PSNR is also shown. From the result, the proposed method
decreased the variances of MSE while maintaining the sim-
ilar or better PSNR compared to JM9.2 in all test sequences.

5. CONCLUSIONS

This paper proposed an effective rate control method for
H.264 to minimize temporal fluctuations in picture quality.
The proposed method achieved this in the H.264 encoding
algorithm, which was difficult using conventional methods,
by introducing approximations to estimate the bit amount
and the distortion. The experimental results showed the pro-
posed method made fluctuations in picture quality and MSE
variances smaller compared to the conventional method.

ACKNOWLEDGEMENT

This study was conducted by the reseach project of NiCT
(National Institute of Information and Communications Tech-
nology) regarding the software encoding technologies.

Table 2. The test conditions for the experiments.

| Conditions | Values
CL 3
wb 0.9
Initial QP 39
Profile Main Profile

Level IDC 32

Encoding bit-rate 1Mbps
GOP Structure | IBBPBBPBBPBBPBB
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Table 3. Variances of MSE and PSNR.
) Variances
Materials of MSE | PSNR
Cognac IM9.2 94.87 39.84
and Fruit Proposed 82.13 41.07
Flower IM9.2 163.59 39.28
Basket Proposed 133.27 40.81
Woman with | JM9.2 67.13 38.80
Bird Cage | Proposed 66.14 39.34
Whale IM9.2 3202.80 | 27.23
Show Proposed | 2609.14 | 26.99
Green JM9.2 4609.03 | 24.75
Leaves Proposed 151229 | 24.62
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