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Abstract—The coding performance can be further improved 
when the hierarchical B-picture coding is introduced into 
H.264/AVC. However, the existing rate control schemes can 
NOT work efficiently in such new coding framework. This paper 
proposes a novel rate control algorithm when hierarchical B-
picture coding is used in H.264/AVC. Firstly, a set of scaling- 
factors applied in designing cascaded quantizer for the B frames 
at different temporal levels is introduced. Based on the designed 
scaling-factors, an efficient bit-allocation strategy for 
hierarchical B-picture coding is presented. The experiments 
show that the proposed rate control algorithm can further 
improve PSNR up to 0.7dB compared to the existing 
hierarchical B-picture coding in H.264/AVC, while the 
mismatch of target bit rate and real bit rate does not exceed 2%.  

I. INTRODUCTION  
Recently, scalable video coding (SVC) [1] has received 

significant attention for many elaborate scalable features and 
high coding performance. During the investigation on 
techniques for SVC, the coding performance of the traditional 
hybrid coding system can be further improved by employing 
hierarchical B prediction. Some analysis show that the major 
part of the reported gains come from the hierarchical 
prediction and coding framework rather than the additional 
motion-compensated update step that are performed in the 
MCTF extension. As stated in [2], the Hierarchical B 
Extension employing so-called closed-loop control used 
widely in the traditional DCT-based hybrid coding does not 
require additional motion-compensation update steps, and 
outperforms the MCTF extension with open-loop control and 
additional motion-compensated update steps. 

When hierarchical B-picture coding is employed, B frame 
at the coarser temporal level is able further to be used as 
reference for the B frames at the finer temporal levels. For the 
optimized encoding, the less quantization parameter (QP) is 
set for the frames that are referenced by other frames. In the 
Joint Scalable Video Model (JSVM) [1-2], the QP of B frames 
in the top level of pyramid decomposition structure equal to 
the QP of I/P frame plus 2 (for 176x144 resolution), and the 
QP increases by 1 from one hierarchy level to the next level. 

When the hierarchical B-picture coding framework is 
introduced into H.264/AVC, the coding performance can be 
improved more than 1dB. However, the existing rate control 
scheme in H.264/AVC can no longer work efficiently because 
only the P frames are considered in the traditional rate control 
scheme. Thus, large part B frames are excluded from rate 
control scheme. Obviously, this strategy only considered inter-
P frames can’t control bit rate accurately, and also the 
considerable coding performance deterioration can be 
observed from our experiments. 

In this paper, we propose a new rate control scheme for the 
Hierarchical B Extension. Firstly, a scaling-factor is defined 
for the B frames of each temporal level. The factor is deduced 
from the temporal level of associated frame and the filter 
banks used in the motion compensation prediction [3]. 
Secondly, based on the scaling-factors and the hierarchical 
quantization mechanism, a novel bit allocation strategy at 
frame level is proposed to determine the number of bits 
allocated for each frame. In practical applications, the set of 
scaling-factors align with the complexities of frames coded is 
used for bit allocation as the manner of TM5. Thirdly, a new 
rate control scheme incorporated with the proposed bit 
allocation strategy is provided. The new rate control scheme 
includes both the inter-P and B frames. In addition, an 
independent rate-distortion (R-D) model for each temporal 
level is considered.  

The rest of this paper is organized as follows. Section II 
describes the hierarchical B-picture coding framework of 
H.264/AVC. Section III presents the proposed rate control 
algorithm. Section IV shows the simulation results of the new 
method, followed by our conclusions in the Section V. 

II. HIERARCHICAL B-PICTURE CODING 
Recently, with the inspiration from the great success of 

H.264/AVC Scalable Extension in which the temporal wavelet 
filtering and so-called open-loop encoder control is applied, 
the Hierarchical B Extension of H.264/AVC appears and 
shows a bigger gain than the former. The new technique can 
contribute more than 1dB PSNR improvement. 
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In Fig. 1 [2], a typical hierarchical prediction framework 
with 4 dyadic hierarchy stages is illustrated (the group of 
pictures (GOP) size 8), where the intra/inter-coded frames 
called key frame (black in Fig. 1) are coded in regular (or even 
irregular) intervals. A key frame and all frames that are 
temporally located between the key frame and the previous 
key frame are considered to build a GOP. The key frames are 
either intra-coded or inter-coded using previous key frames as 
reference for motion-compensated prediction. The remaining 
B frames are coded using two reference frames from the 
nearest neighboring frames of the higher temporal level as 
shown in Fig. 1. 

 

Figure 1.  Dyadic hierarchical prediction framework 
with 4 temporal levels  

This hierarchical prediction framework is built to support 
temporal scalability. Thus, it should ensure that the references 
of a frame locate in a coarser (higher level) or the same 
temporal level. It is obvious that the key frames of a sequence 
represent the coarsest supported temporal resolution. By 
coding the hierarchical B frames of the lower temporal levels, 
a higher temporal resolution can be achieved. With this 
hierarchical coding framework, we can get a set of scaling-
factors described in the following section. 

III. RATE CONTROL WITH SCALING-FACTORS 
In this section, we describe the proposed rate control 

algorithm in detail. Firstly, a set of scaling-factors is derived 
from the hierarchical decomposition structure in temporal 
domain. Secondly, a novel bit allocation with consideration of 
scaling-factors is proposed. Finally, the rate control scheme 
for the Hierarchical B extension is detailed. 

A. Derivation of Scaling-factors 
As in the H.264/AVC Scalable Extension, the motion-

compensation prediction can be expressed as the high-pass 
filtering along the motion trajectory with filter {1, 1} when 
using uni-directional prediction, or with filter {-1/2, 1, 1/2} 
when using bi-directional prediction. Due to none unitary 
coefficients of each filter adopted, the filters should be 
normalized in the process of quantization in order to keep the 
range of the samples values nearly constant. Then, when a 
residual is obtained after motion-compensation prediction, the 
value of each pixel should be normalized by multiplying 

1/ 2  (in case of uni-directional prediction) or 2 / 3  (in 
case of bi-prediction). 

The scaling-factors are determined as depicted in the 
H.264 Scalable Extension [4], where the scaling-factors are 
derived from both the energy of filters used and the number of 
connected samples [5-6] in the motion-compensation 
prediction. With the number of bi-directional connected 
samples ( , )BiN k i and the number of uni-directional connected 

samples 0/1( , )UniN k i , the weight of the k-th hierarchy level is 
computed based on that of previous hierarchy B level as 
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where 0,1, , 1k d= −…  denotes the k-th hierarchy B level, i 
denotes the i-th frame in this level, and d  is the number of 
decomposition stages that have been applied to the considered 
GOP. The weight of intra/inter-coded frame is represented as 

[ 1]fS − and initiated as 1.0. Generally, the number of uni-

directional connected samples 0/1( , )UniN k i  is set to be 0.2, and 
the number of bi-directional connected samples ( , )BiN k i is 
0.6 [1].  
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where k ranged from 0 to 1d − denotes the hierarchy level 
from the coarsest temporal level to the finest temporal 
level, X represents the complexity of frame and is defined as 
the product of bits and quantization step, PN is the number of 

inter-coded frames in the current GOP, and ( )BN k is the 
number of B frames in the k-th temporal level. In the 
hierarchical B-picture coding framework, the QP for a frame 
can be chosen to be proportional to the set of scaling-factors, 
while the bits allocated for the frame should be chosen to be 
inversely proportional to the scaling-factors. Thus, in the next 
section, we will details the hierarchical bit allocation for the 
hierarchical B-picture coding framework based on our 
proposed scaling-factors.  

B. Hierarchical Bit Allocation 
Under the hierarchical B-picture coding framework, we 

introduce a novel bit allocation scheme at frame level. Similar 
to the bit allocation strategy of TM5, the number of bits 
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allocated to each frame is calculated by the remaining bits, the 
number of remaining B frames in each hierarchy level and the 
scaling-factors of current GOP as 
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where 0,1, , 1l d= −… , T  is the allocated bits, ( )i
BN k is 

the number of frames not having been coded in the k-th 
hierarchy level, ( )lB i  is the remaining bits when coding the i-
th frame of the l-th hierarchy level in the current GOP, and 

totB  is the total bits allocated for the current GOP. After a 
GOP is coded, the scaling-factors are updated with the 
generated bits and QP of each frame using (1) and (2).  

C. Rate Control with Hierarchical Bit Allocation  
The proposed rate control scheme is based on the rate 

control algorithm of JVT-H017r3 [8]. However, the traditional 
rate control scheme with only key frames involved is 
unsuitable for the hierarchical B-picture coding since the most 
of B frames are excluded from rate control process. In our 
proposed scheme, both key frames and B frames are involved 
during rate control process. Moreover, the different R-D 
models are used for the B frames at different temporal levels.  

For the R-D model of hierarchical B frame, the update of 
parameters is performed between neighboring GOPs, and 
neighboring frames at the same temporal level. The usage of 
multiple R-D models for MCTF (motion compensation 
temporal filtering in SVC) can be found in [9], where the 
multiple quadratic models are provided for the temporal high-
pass frames at multiple temporal levels.  

To achieve optimal overall compression efficiency, the bits 
quota assigned to the different frames at different temporal 
levels is monotonously decreasing with temporal level. This 
strategy of bit allocation is achieved by using a set of scaling-
factors in our algorithm as (2) and (3).  

The optimized bit allocation strategy can bring significant 
PSNR improvement (as will be demonstrated in Sec. IV). 
Meanwhile, the multiple R-D models for hierarchical B 
frames of multiple temporal levels can ensure minimum match 
between target bit rate and actual bit rate. 

IV. EXPERIMENTS AND DISCUSSIONS 
We implemented the proposed rate control algorithm on 

the platform of JM10.1 [10], which provides hierarchical 
coding framework aligned with the proposed hierarchical 
quantization mechanism. Experiments on the sequences 
“Football”, “Bus”, “Paris” and “Silent” (QCIF 30Hz), as 
shown in Fig. 2-5, indicate that the proposed quantization 
strategy with hierarchical prediction structure gains up to 2dB 

over that of the traditional hybrid coding of H.264/AVC, e.g.,  
“Bus”, “Silent” at bit rate 300kbps and 80kbps illuminated in 
Fig. 3 and Fig. 4 respectively.  

Moreover, the proposed rate control algorithm also can 
yield coding performance in terms of PSNR for the most of 
sequences from low bit rate to high bit rate. In Fig. 2-5, the 
simulation results of H.264/AVC Hierarchical B Extension 
with constant QP for all frames signed as “Constant QP”, the 
proposed quantization mechanism with scaling-factors 
denoted as “Hierar-QP”, the proposed rate control algorithm 
denoted as “Proposed RC” and existing rate control method of 
H.264/AVC signed as “Existing RC” are shown respectively. 
From these figures, about average 0.2-0.7dB gains can be 
observed when our proposed rate control scheme is used. Also, 
we can find that the existing rate control schemes are NOT fit 
for the hierarchical B-picture coding structure, especially for 
the sequences with fast moving object. Taking the sequences 
“Football” and “Bus” as examples, the existing rate control 
scheme has low efficiency in both coding performance and bit 
rate control. With the existing rate control scheme, the coding 
performance of “Football” loses up to 3dB in high bit rate, and 
that of “Bus” loses more than 1dB from low bit rate to high bit 
rate.  
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Figure 2.  Bit rate versus PSNR of sequence “Fooball”  
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Figure 3.  Bit rate versus PSNR of sequence “Bus” 
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Silent(Qcif,30Hz)
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Figure 4.  Bit rate versus PSNR of sequence “Slient” 
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Figure 5.  Bit rate versus PSNR of sequence “Paris” 

V. CONCLUSIONS 
In this paper, we firstly introduce a similar hierarchical 

quantization mechanism of JSVM into H.264/AVC 
Hierarchical B Extension, where the quantizer determines the 
QPs of hierarchical B frames by scaling the QP of intra/inter-

coded frame in current GOP with the corresponding scaling-
factors. The simulated results have proved that the significant 
PSNR gains can be achieved. Secondly, a hierarchical bit 
allocation strategy is proposed with the hierarchical quantizer 
considered. Subsequently, the corresponding rate control 
scheme is presented, which can achieve the target bit rate with 
little mismatch on condition that the compression efficiency is 
improved. Experiment results show that about 0.2-0.7 dB 
gains on average can be obtained with the proposed rate 
control. 
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