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ABSTRACT 

This paper proposes the variable block-size transform and 
context-based entropy coding techniques for the enhance-
ment layer of FGS (Fine Granularity Scalable) video cod-
ing. First, the variable block-size transform is introduced 
into the enhancement layer to improve the performance of 
FGS in terms of both visual quality and PSNR. Different 
from that used in the traditional single layer coding, an R-
D selection algorithm is proposed to optimally decide the 
transform size of each block under consideration of the 
consistent performance at a range of bit rate. Furthermore, 
to fully take the advantage of the characteristics and corre-
lations of symbols coded in the FGS enhancement layer, 
different context models are designed for the arithmetic 
coding according to symbol type and transform size. Ex-
perimental results show that the coding efficiency of FGS 
can be increased 0.2-0.9dB with the proposed techniques. 

1. INTRODUCTION 

Recently, Fine Granularity Scalability (FGS) video coding 
technique defined in the Amendment of MPEG-4 [1] has 
become an attractive topic because it can provide scalable 
bitstream to different bandwidth channels. However, the 
low coding efficiency is the main disadvantage that pre-
vents MPEG-4 FGS from being widely deployed in video 
streaming applications since its motion prediction is al-
ways based on the lowest quality base layer. The Progres-
sive Fine Granularity Scalable (PFGS) coding scheme [2] 
is a significant improvement over MPEG-4 FGS by intro-
ducing two prediction loops with different quality refer-
ences. Moreover, macroblock-based PFGS (MBPFGS) [3] 
and its improved version [4] provides a good trade-off 
between coding efficiency improvement and drifting error 
reduction by optimally selecting the reference of the en-
hancement layer at macroblock level. In addition, RFGS 
proposed in [5] also presents the similar performance with 
two-loop prediction and drifting attenuation techniques. 
Generally, all these schemes mainly focus on motion esti-
mation, motion compensation and mode decision. Other 
coding modules in the FGS coding scheme, such as DCT 
transform and entropy coding, attract few researchers’ 

attention, which does not means that they can not be im-
proved further.  

Currently, no matter what techniques are applied in the 
modules of motion prediction and motion compensation, 
the residual data coded in enhancement layer of FGS 
schemes, such as PFGS and RFGS, firstly goes through the 
8x8 DCT transform. The generated DCT coefficients are 
coded by bit-plane variant length coding (VLC) method [6] 
to produce the bitstream. Compared with other VLC cod-
ing methods, bit-plane coding technique has some advan-
tages besides fine scalability. Firstly, the RUN and EOP 
are coded jointly as a 2D symbol to save coded bits. Sec-
ondly, since the bit-plane statistics are much dependent of 
the bit plane level, four VLC tables are designed to code 
the corresponding bit planes and achieve better coding 
performance. As a result, the bit-plane coding can outper-
form the traditional VLC used in MPEG-2 and MPEG-4 
up to 20% at moderate and high bit rates [6]. However, 
since the data of enhancement layer has different local 
correlations, the 8x8 DCT transform may not fully utilize 
such correlations. Furthermore, the correlations between 
coded symbols are not been taken into account in the cur-
rent bit-plane coding because the symbols coded in one 
bit-plane are independent from that in another bit-plane. 

To solve the above problems, a variable block-size trans-
form technique is proposed to the enhancement layer cod-
ing in this paper. For simplicity, this paper only uses 8x8 
DCT transform and 4x4 DCT transform in the enhance-
ment layer coding to accommodate different local correla-
tions. The extension of 4x8 and 8x4 DCT transforms can 
be done with the similar way. Since there is no quantiza-
tion in the FGS enhancement layer coding, an R-D selec-
tion algorithm based on the estimated parameters is pre-
sented to select the transform size from 8x8 and 4x4. Fur-
thermore, the context-based arithmetic coding is utilized to 
code bit-planes with appropriate contexts models designed 
according to different transform sizes. It further takes ad-
vantages of the characteristics and correlations of symbols 
to be coded in the FGS enhancement layer.  



The rest of this paper is arranged as follows. Section 2 
introduces the basic framework of the proposed coding 
scheme. Section 3 describes the variable block-size trans-
form and the R-D selection of the transform size. The con-
text models of arithmetic coding are designed in section 4. 
Section 5 gives the experimental results. Finally, Section 6 
concludes this paper.  

2. THE PROPOSED CODING SCHEME 

Figure 1 depicts the block diagram of the proposed scheme, 
which can be applied in either MPFG-4 FGS or other ad-
vanced FGS coding methods (e.g., PFGS and RFGS). For 
the better coding performance, the MBPFGS built upon 
JVT H.26L [7] is chosen as the exemplified scalable video 
codec in this paper. 

 
Figure 1: The block diagram of the proposed coding scheme.  

As shown in Figure 1, the proposed improve coding 
scheme consists of five main modules, i.e., prediction of 
the reference point, transform size selection, context mode 
and probability, transform and arithmetic coding. Since the 
quantization parameters of the reference point at the en-
hancement layer, which has to be used in the R-D mode 
selection, can only be obtained after the enhancement bit-
stream generated, the residual image is first input the pre-
diction module to estimate the values. Then the R-D costs 
of the 4x4 and 8x8 DCT transforms under the correspond-
ing arithmetic coding are computed for each block so as to 
make a proper transform mode selection. Note that the 
context model and probability should be updated for each 
block in order to get more accurate predictive bit cost. 
Finally, the context-based arithmetic coding is applied to 
produce bit stream relying on the selected transform size.  

3. THE VARIABLE BLOCK-SIZE TRANSFORM 
FOR FGS 

The advantages of variable block-size transforms (VBS) 
have been proven in non-scalable coding schemes Error! 
Reference source not found.. But to the best of our 
knowledge, VBS has not been applied in current FGS cod-
ing schemes. In this paper, we introduce VBS algorithm 
into scalable coding schemes and propose an algorithm to 
adaptively select transform size for each block at the en-
hancement layer by using the R-D optimal method.  

The 8x8 and 4x4 transform matrixes used in this paper are 
exactly same as that given in [8]. The key problem to be 
solved in this paper is how to optimally decide the trans-
form size. The VBS-supported non-scalable coding [8] 
makes use of SAD as the criterion at a given bit-rate to 
select optimal transform size. It should be pointed out that 
this criterion is not appropriate for the scalable coding 
case, because DCT coefficients of enhancement layer are 
decomposed as binary format and are coded bit-plane by 
bit-plane. That is, minimal SAD does not assure higher 
coding efficiency at the whole range of bit rate.  

In order to decide the feasible signal length exploited by 
transform, the following R-D optimal algorithm is pro-
posed, denoted as 
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where xi represents the block i, M represents the candidate 
transform size, tλ is the Lagrange multiplier, which is as-
sociated with the estimated QP, D(xi,M) means the distor-
tion of a block, measured by SSD in the proposed algo-
rithm. R (xi,M) represents the bits needed to code a block. 
In general, it’s difficult to get an optimal solution of (1) in 
an image because of the dependence among blocks. The 
sub-optimal solution is used instead. In this case, the opti-
mization problem in (1) is simplified as  
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Obviously, the solution of (2) is to optimally select the 
transform size for each block. In details, the R-D costs of 
8x8 and 4x4 transforms are computed separately. Then the 
mode with lower cost will be selected as the transform for 
this block. However, different from non-scalable coding, 
there are some special problems should be taken into ac-
count when computing the R-D information of each block 
in FGS enhancement layer. 
Firstly, each block has a flag, namely CBP, indicating 
whether or not its most significant bit plane reaches. And, 
this sign will be coded before DCT coefficients of bit- 
planes. In some most significant bit-planes, such as MSB-
0 and MSB-1, CBP will consume many bits. Apart from 
the DCT coefficients, the selected transform will also af-
fect the number of bits used to code the CBP information. 
For example, for the 8x8 transform, a block needs only 
one CBP flag; while for the 4x4 transform, a block has to 
code four CBP flags in representing the states of different 
sub-blocks. Thus, the R-D criteria should be extended to 
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where Rcbp(xi,M) represents bits needed to code the CBP 
flags. The R-D cost of different transforms will be com-
puted with the equation (3). 



Secondly, since the reference plays a very important role 
in PFGS, the reference point is selected as the optimiza-
tion target for variable block-size transform in this paper. 
However, the entropy coding deals with bit-planes at 
frame level, while the DCT transform is done in block 
level. In other words, for each enhancement block, it is 
difficult to know how many bit-planes are used to recon-
struct the reference. One way to solve this problem is to 
pre-encode the residual image with 8x8 DCT transform 
and the normal CABAC [9] coding method. In this case, 
the number of bit-planes for the reconstruction of refer-
ence in each enhancement block is roughly obtained and 
will be utilized as the predicted information of the refer-
ence point. Similarly, the proposed scheme can also make 
use of this method to predict the information of any opti-
mal target in FGS.  
Thirdly, how to exactly compute the second item of (3) is 
another problem because the number of output bits of con-
text-based arithmetic coding is greatly influenced by con-
text index and block’s coding order. They are not avail-
able until the transform is selected. Thus, we have to pre-
dict the value of the second item of (3). Assume that the 
mode of block i is being decided in the proposed scheme. 
Firstly, initial probabilities of all context indexes before 
any process are recorded. Then, the R-D cost will be com-
puted using (3), and the alterative probabilities of all con-
text indexes will be re-recorded. If the 8x8 transform is 
selected, the probabilities of context indexes correspond-
ing to the 8x8 transform will be updated with re-recorded 
values, meanwhile the probabilities of context indexes 
corresponding to the 4x4 transform will be updated by 
recoded initial values. Definitely, this method considers 
correlations between different block’s context models and 
is able to provide more accurate rate prediction. 

4. THE CONTEXT-BASED ARITHMETIC CODING 

The context-based arithmetic coding has been successfully 
applied in non-scalable coding [9] because it can fully 
exploit the characteristics and correlations between sym-
bols by establishing different context models. In this paper, 
we also make use of this technique to code various sym-
bols. In this section, we will briefly introduce context 
models designed for different symbols. 
A. Context model for overhead information. 
The overhead information in the PFGS scheme includes 
the flag of transform size and PFGS modes. It can be ob-
served that these data of neighboring blocks have strong 
correlation in consistent regions. So, the left block and the 
top block of the current block are used for designing the 
context model.  

CSSS TL ++:                                   (4) 

Here, S represents the mode of the current block, SL and ST 
represent modes of the left block and the top block, re-
spectively. C is a constant for producing different context 

indexes. When the flag of transform size is coded, C is 
equal to 3, otherwise C is 6. 
B. Context models for CBP 
CBPs of neighboring blocks also have strong correlation.  
Similar context model as (4) is used except that the con-
stant is equal to 9. It should be pointed out that one block 
has additional four CBPs except for one original CBP 
symbol if the transform 4x4 is selected, which indicates we 
have to code four additional CBPs in this case. Thus, how 
to code CBP of one sub-block if the transform size of its 
neighboring blocks used to compute context index are 8x8 
DCT is another problem. In this paper, we use an empiri-
cal value as substitute. When coding MSB-0, the value is 
equal to 1, otherwise it is equal to 0.  
C. Context models for DCT coefficients 
As shown in Figure 1, DCT coefficients of one block will 
be coded according to its transform size.  
i) Context models for 8x8 DCT coefficients 
It is reasonable to design different context models for dif-
ferent bit-planes because of distinct properties. Let’s de-
fine f = 0 if both CBPs of the left and top blocks are 1; 
otherwise f = 1. The zigzag order of the preceding symbol, 
denotes as m. Define n = 0, if the number of non-zero bits 
of the upper bit plane is less than 20; otherwise n = 1. The 
context model of MSB-0 is chosen as: 
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Here, cx  represents current symbol to be coded. If f = 1, 

the same model is used except for different constants. Dif-
ferently, the context models of MSB-1 are shown as fol-
lowing. 
If n = 0 

⎩
⎨
⎧

<<=
<

+
642017

2015
:

m

m
xx ucc                         (6) 

Here, ucx  represents the value of co-located symbol of the 

upper bit plane. 
If n = 1 
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In addition, similar context models are formed for other bit 
planes except for different constants. 
ii) Context models for 4x4 DCT coefficient 
The properties and correlations of 4x4 DCT are similar to 
that of 8x8 DCT. Thus, we design context models with the 
same idea.  

5. EXPERIMENTAL RESULTS 

The comparisons between 8x8 DCT with bit-plane coding 
and the proposed technique are performed and the experi-
mental results are given in this section. The testing se-



quences Mobile and Foreman with CIF format are coded 
at 10 fps. Only the first picture is I picture and the others 
are P pictures. The new software of PFGS based on H.264 
6.1e software is used in this paper. 
Firstly, we compare 8x8 DCT transform with the normal 
CABAC and variable block-size transform with CABAC 
proposed in this paper frame by frame for verifying R-D 
selection algorithm. We truncate the enhancement layer 
bitstream at the reference point, as shown in Figure 2, be-
cause VBS algorithm of this scheme selects the reference 
point as the optimization target. It can be observed that the 
proposed techniques show about 0.2-0.5 dB gain over 8x8 
DCT at this point. 
We also compare traditional VLC-based bit-plane coding 
with the proposed scheme by using the average PSNR. As 
shown in Figure 2, the PSNR versus bit-rate curves of the 
proposed scheme is always higher than that of the tradi-
tional scheme. The gain is about 0.2-0.9 dB at different 
bit-rates. 

6. CONCLUSIONS 

In this paper, the variable block-size transform and CA-
BAC-based coding techniques are proposed to the en-
hancement layer of FGS. It first introduces the basic 
scheme about how to use variable block-size transform 
techniques to FGS. After that, different context models are 
designed for arithmetic coding according to different 
transform size. Experimental results show that the pro-
posed scheme can significantly improve the coding effi-
ciency. 
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Figure 2: The PSNR versus frames at the reference point. 

 

 

Figure 2: The PSNR versus rate curves of 8x8 DCT with bit-
plane coding and the proposed technique. 


