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ABSTRACT 
 

The fine grained scalable (FGS) coding is one of the most popular coding technologies in network video 
stream. In FGS stream, the base layer rate is an important parameter and should generally make a 
compromise between the number of beneficial clients and the efficiency of video coding. To maximize all 
clients' perceived quality, the optimal partition algorithm for single FGS-coded video sequence is proposed. 
By analyzing the algorithms oriented FGS-coded stream proposed by Hsu et al, this paper first puts 
forward a method to build the R-Q function curve and proposes an algorithm to cut search space of the base 
layer rate. Second, according to the optimization problem of single sequence, the paper proposes the 
improved FGSOPT_N algorithm.  At last, some illustration examples are given to demonstrate and compare 
the effect of algorithms. 
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1. INTRODUCTION  
 

In recent years, the number of broadband users 
rapidly increases. As the main application of value 
added services of broadband, the streaming media 
service also has obtained fast development. Among 
the network services, the online film and TV 
watching and download services account for a 
considerable proportion. The market scale of online 
video service reaches to hundreds of millions yuan. 
Therefore, lots of big network operators, even the 
telecom operators are making efforts in the 
streaming media system construction. Meanwhile, 
in order to improve the clients' perception 
experience, the scalable coding is extensively being 
used. Due to the inherent low fault tolerance and 
limited rate expansion ability of multi-layers and 
multiple descriptions coding, FGS has become the 
most popular coding technology in network video, 
which has been adopted by MPEG4. The FGS 
encodes the stream sequence into a base layer and 
an enhancement layer, in which the former can be 
decoded separately to provide the basic video 
quality, the later will  overlay on the base layer 
after being decoded, thus to provide a better video 
quality. In a streaming media system, the base layer 
rate is very important for content providers. If the 
base layer rate is high, this may increase perceived 
quality for some clients, which could allow the 

provider to charge higher service rates. However, 
the coding efficiency will be reduced. On the other 
hand, a higher base layer rate may disqualify other 
clients from receiving the complete base layer 
stream. Hence, this paper puts forward the optimal 
partition algorithm for multiple fine grained 
scalable video to maximize the clients' perception 
experience. 

2. RELATED WORKS   
 

In present, studies on the basic theories of 
streaming media system are mountainous, among 
which the streaming media playback and 
transmission technology are more mature. The hot 
topics focus on how to improve the quality of 
service in streaming media system, and the FGS 
coding method occupy wide attention. The biggest 
difference between the FGS and ordinary scalable 
coding is that the enhancement layer of the FGS 
adopts a Bit-Plane coding technology, which makes 
the enhancement layer bit stream of each frame 
truncated at any place, and the reconstructed video 
quality proportional to the number of bits received 
in decoding. The base layer coding of FGS is the 
same as that of common non-scalable coding. But 
as for the enhancement layer coding, the DCT 
residual will be got when the original DCT 
coefficients minus the reconstructed one after the 
inverse quantization of the base layer. After the 
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zigzag scan of residuals, the plane coding will be 
adopted. According to the bit matrix of the coding 
sequence, that is, the first coding will be the top 
bits. The benefit of Bit-Plane coding is to code 
based on the priority of each factor, thus it ensures 
the video decoder to get the important video 
information in streaming truncation, and provides a 
fine scalability. 

Literature [1] and [2] study the coding efficiency 
gap of FGS video decoder in the MPEG-4. The 
author surveys the relationship between FGS video 
coding efficiency gap and time domain correlation. 
They find that the correlation coefficients between 
enhancement layer frame and the motion 
compensated reference frames are good indications 
of the FGS coding efficiency. Literature [3], [4] and 
[5] study the coding efficiency of scalability coders 
through the layer overload. The layer overload 
refers to the bit rate that can not improve the video 
quality. However, no papers establish proper, 
accurate coding efficiency gap function, which 
cannot be helpful to propose the accurate algorithm. 
Through experiments, Hsu et al [7] shows that the 
appropriate base layer rate of FGS can improve 
clients' perception experience. But it doesn't put 
forward a systematic method for base layer rate 
choice. Radha et al [6] consider the optimization of 
a single stream that has multiple layers with 
different granularities, which can also be used in 
stream systems that have multiple non-scalable 
version of the stream to calculate the best rate of 
each version. Radulovic et al [5] compare the 
performance of scalable and non-scalable stream. 
To maximize the average video perception 
experience, the author formalizes a dynamic 
planning to calculate the rate of each layer, and 
selects the square root rate-distortion model to 
estimate coding efficiency of each layer. In 
literature [4], Liu et al study the broadcasting 
multilayer streaming video problem in the wireless 
celluar system in which the number of channel and 
users' capacity distribution are given. Yang et al [8] 
research the multi-cast stream system. The 
algorithm divides the receivers into several groups 
to maximize the system's overall utility. This 
system can be encoded as several cumulative layers 
as well as multiple versions that have different 
rates, but it doesn't take account of the layer 
overload. In a word, the existing literatures have 
not yet provided a systematic method to optimize 
the structure and maximize the average quality of 
all clients. Hence, Hsu et al. [9] [10] formalize the 
selection problem of the optimal base rate of single 
sequence, and put forward a optimized FGSOPT 
algorithm to maximize the average video 

perception experience of given clients distribution. 
On this basis, they further expand the method into 
multi-sequence model, and put forward a branch 
bound algorithm MFGSOPT and greedy algorithm 
MFGS. However, the algorithm FGSAG (FGS 
algorithm group) proposed by Hsu et al need to 
introduce the gap function, and in most cases, it 
can't find the optimal solution. This paper 
introduces a new optimization strategy to increase 
the probability of getting the optimal solution 
without the introduction of differences function. 

3.  OVERVIEW OF THE ALGORITHM FOR 
SINGLE VIDEO SEQUENCE  
 
3.1 Modeling and Attribute Analysis of the 
Quality Gap Function  

In order to define and formal the problem, Hsu et 
al first give the following definition: 

Definition 1: Quality gap function ( )br∆ : The 
Quality gap function ( )br∆  is the quality difference 
between a non-scalable stream and a fine-grained 
scalable stream coded with base layer rate br , when 
both streams are decoded at the same bit rate. 

The quality gap function is the discrete function 
of br . They model the function through 
experiments, and draw the curve of the function. By 
the observation, the features of quality gap function 
are summarized as follows: 

(1) FGS streams have lower coding efficiency 
than a non-scalable stream. 

(2) Higher base layer rates lead to smaller quality 
gaps. This fact indicates that the quality gap ( )br∆ is 
a non-increasing function of the base layer br . 

(3) Sequences with different characteristics lead 
to different quality gap ( )br∆ . 

3.2 The Algorithm for Single Video Sequence  
The optimizing problem for the single video 

sequence can be formulated into a search problem 
which is to search the best base layer rate for the 
given video sequence, thus to improve the 
perceived quality for all clients. Since the clients 
are heterogeneous, firstly, the cluster analysis 
should be done. All the clients who have the same 
bandwidth cb  belong to the same class, and 
C refers to the final number of client class. 
Suppose the fraction of clients in each class 
( )Ccc ≤≤1  is given by a probability mass 

function cf , where 1
1

=∑ =

C

c cf . Without loss of 
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generality, we can also 
suppose Cbbb <<< 21 , maxrbC ≤  , where 

maxr  refers to the most likely corresponding video 
sequence bit rate. Accordingly, the optimization 
problem of single video sequence that aims to the 
maximization of average perceived quality can be 
formalized into: 

 ( ) c

C

c
cr

fbq
b
∑
=1

max ,   Where [ ]max,0 rrb ∈           (1)                         

Where ( )cbq  is the quality (measured as PSNR 
in dB) achieved by clients in class c. 

The most direct solution is to search the optimal 
br  by enumerating all possible values br  in the 

interval. To reduce search space, Hsu et al. 
introduce and prove the theorem 1. 

Theorem 1: An optimal solution *
br  for the base 

layer rate that maximizes the average perceived 
quality for all users can be found at one of the rates 

cb , where Cc ≤≤1 . 

Based on the theorem 1, Hsu et al. design a 
FGSOPT algorithm, through the enumeration 
method to find the *

br  value. 

4. THE IMPROVED FGSOPT ALGORITHM  
 
4.1 Building the R-Q Function Curve 

In FGSOPT [9] [10], the quality gap function is 
introduced to compute the video quality under all 
kinds of base layers rate. From the view of building 
the R-Q function curve, the following steps are 
constantly repeated.  

1) Encode the sequence with the non-scalable 
coder at rate , (1 )ir i N≤ ≤ , where N is the 
number of sample point in the curve. 

2) Decoding the non-scalable sequence at 
decoding rate , (1 )ir i N≤ ≤ . 

3) Calculate the video quality nonQ by comparing 
the original video with the reconstructed 
video.  

4) Encode the sequence with FGS coder at base 
layer rate br (This step may not be repeated). 

5) Decoding the FGS sequence at decoding 
rate , (1 )ir i N≤ ≤ . 

6) Calculate the video quality FGSQ by 
comparison the original video with the 
reconstructed video.  

7) Compute the ( )b non FGSr Q Q∆ = − . 

As a result, tremendous computational overhead 
are required. Therefore, video quality gap function 
introduces a larger amount of calculation, which is 
unnecessary. It can be solved by building a quality 
table of a certain base layer rate directly. The 
method is to code sequence with FGS coder at a 
base layer rate br , then, decode the video at a 
variety of decoding rate, and calculate the video 
quality. Based on quality table, the function 
between bandwidth and quality at the base layer br  
can be obtained through the curve fitting method. 
First of all, the definition is given: 

(a) Mobile (b) Crew  
Figure.1 The video quality function curve 
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Definition 2: video quality function )( cr rq
b

: For 
a fine-grained scalable stream coded with base 
layer rate br , )( cr rq

b
 is the video quality achieved 

by decoding it at the rate cr , which is measured as 
PSNR in dB. 

If the br is fixed, ( )
br cq r  is a discrete function 

related to rate cr . The experiments similar to those 
in [9][10] will be used to model the function. We 
use the reference software of the Joint Scalable 
Video Model (JSVM)[11], which contains several 
executables programs: H264AVCEncoderLibTest, 
BitStreamExtractor, H264AVCDecoderLibTest, 
and FixedQPEncoder. Five diverse video 
sequences: City, Mobile, Harbour, Soccer, and 
Crew are chosen. The first four sequences are in 
CIF format with 30 frames per second, and the last 
one is in 4CIF format which is a high-resolution. 
We set br at a specific value and encode the whole 
stream. Then we compute the quality that would be 
perceived by various clients decoding the stream at 
different rates cr . Assume clients lie in the range 
between 250 kbps and 3000 kbps with a step of 250 
kbps for CIF sequences, and between 500 kbps and 
10000 kbps with a step of 500 kbps for 4CIF 
sequences. The quality is determined by decoding 
the stream and computing the peak signal to noise 
ratio (PSNR) in dB. 

According to the Rate -Quality (R-Q) point 
calculated above, the )( cr rq

b
 curve can be drawn 

through the curve fitting way. Change the base 
layer rate br , and repeat the above experiment for 
different br , different curve can be drawn. In Figure 
1, (a) and (b) show the quality function curve of 
Mobile and Crew video, respectively. In the 
program realization, when the decode rate cr  is 
given, the quality value Q  can be achieved by 
looking up the table. Through the observation of 
lots of quality function curves, the following 
conclusions can be made: 

When the receiving rate cr is fixed, the quality 
function )( cr rq

b
is non-decreasing function of the 

base layer br . That is to say, according to the clients 
with the same receiving rate cr , the stream with the 
higher base layer rates br will generate the better 
video quality.  

4.1 The improved FGSOPT Algorithm 

As for the optimization problem of single video 
sequence, Hsu et al. introduce and prove theorem 1. 
Furthermore, they design a FGSOPT algorithm. In 
fact, without the introduction of quality difference 
gap, theorem 1 is still valid. 

Without the introduction of ( )br∆ , Theorem 1 
can be proved as follows. 

We can re-write the quality of the FGS stream 
)( cbq  for clients in class c as: 







≥
<

=
bccr

bc
c rbbq

rb
bq

b
)(

0
)(                    (2) 

As shown in Eq. (2), the quality for clients in any 
class c is zero if these clients do not have enough 
bandwidth to receive the complete base layer, i.e., 
if bc rb ≥ . The whole search range [0, maxr ] can be 
divided into non-overlapping intervals ],( 1 cc bb − , 
where Cc ,...,2,1= and 00 =b . Now, assume that 
the optimal base layer rate br occurs in an arbitrary 
interval ],( 1 zz bb − . Because all clients with 

1−≤ zc bb receive quality of zero, the maximization 
problem is converted into: 

],(,)(max 1 zzbcc

C

zc
r

r
bbrwherefbq

b
b

−
=

∈∑       

(3) 

Recall that in Section 3, we argued that when the 
receiving rate cr is fixed, the quality function 

)( cr rq
b

is an increasing function of the base 

layer br . Since )( cr rq
b

is increasing in the 

interval ],( 1 cc bb − , no point in that interval could 
make the quality better than zb br = . Thus, an 
optimal solution for br occurs at zb . 

Based on the theorem 1, the FGSOPT algorithm, 
called FGSOPT_N, is redesigned without the 
introduction of quality difference gap. Figure 2 
shows the algorithm.  

In Figure 2, ),...,2,1( Ciqi =  indicates the sum 
of the video quality in all clients when the basic 
layer rate is

ibr . 

5. CONCLUSIONS  
 

  The FGS is one of the most popular coding 
technologies in network video and is adopted by 
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MPEG4. In a streaming media system, the base 
layer rate is an important parameter when the 
content providers encode the video by FGS. If the 
base layer rate is high, content providers may redu- 

FGSOPT_N
{
1)                                 ;
2)                                   ;
3)               ;
4) for                to 1
    {
5)                                                                       ;
6)                            ;
7)        if (                   )
           {
8)                               ;                    
9)                          ;
           }  
    } 
 10)   return      ;
}

0....21 === Cqqq
)(max CbC bqqq

C
==

Cb br =*

∑
+=

++
−+=

C

ci
iibibccb fbqbqfbqd

ccc
1

))()(()(
11

dqq cc += +1

maxqqc >

cqq =max

cb br =*

*
br

1−=Cc

 
Figure. 2 The improved FGSOPT_N algorithm 

ce the coding efficiency gap and achieve high 
quality and increase perceived quality for some 
clients. However, a high base layer rate may 
disqualify other clients from receiving the complete 
base layer stream. Hence, to maximize all clients' 
perceived quality, the optimal partition algorithm 
for multiple FGS-coded video is proposed. By 
analyzing the algorithms proposed by Hsu et al, this 
paper first puts forward a building method of R-Q 
function curve, and proposes a theorem to cut the 
search space of best base layer rate. As for the 
optimizing problem of single video sequence, the 
paper puts forward the improved FGSOPT_N 
algorithm based on the analysis of the defects of 
FGSOPT. Compared with FGSOPT proposed by 
HSU et al, the new algorithms provided by this 
paper can improve the probability to find the best 
base layer rate and reduce the runtime  
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