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Abstract— Scalable Video Coding is an extension of H.264/AVC, which has better coding efficiency and
scalability in terms of temporal, spatial and quality levels and the Scalability is done based on the value of
Quantization Parameter (QP). This paper aims to compare the quantization parameter value for Base Layer
and Enhancement Layer. The bit rates and the PSNR generated under each layer of a YUV sequence for the
assigned QP value in Base Layer and Enhancement Layer is compared using JSVM 9.19.5 SVC Reference
Software Model, and the experimental results shows that the Base Layer assigned with small QP value than
the Enhancement Layer generates better PSNR and reduced bit rate.
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I.
INTRODUCTION
ISO/IEC MPEG and ITU-T VCEG are jointly making a scalable video coding (SVC) standard that is based on
the hierarchical B frame structure and the scalable extension of H.264/AVC [1]. The latest version JSVM 9.19.15
has been released, which describes the specific decoding process and bitstream syntax of the proposed SVC [2]. As
an extension of H.264 Advance Video Coding (AVC) standard, it supports three kinds of scalabilities, i.e. temporal,
spatial and quality scalability [3]. In coding performance comparison with video simulcast [4], spatial scalability of
H.264/SVC can provide higher coding efficiency with the concept of inter-layer prediction, which consists of three
kinds of inter-layer prediction mechanisms, i.e. Inter-Layer Motion Prediction, Inter-Layer Residual Prediction and
Inter-Layer Intra Prediction. In Spatial scalability of H.264/SVC is implemented based on the multilayer coding
structure. Each spatial layer is attached to a specified spatial resolution and indexed by a so-called dependency
identifier D. In each layer, inter-coding and intra-coding are performed as the usual way in single layer coding.
However, this kind of multilayer coding structure would decrease the overall coding performance. Accordingly, the
inter-layer prediction mechanisms are employed and the decoding of a spatial layer is dependent on its reference
layers data. Obviously, spatial layers with smaller D are more important than other layers and the number of bits of
reference layers need to be counted into the bit-rate of a specified layer. We have to take these features into
consideration during the development of rate control scheme for spatial scalability of H.264/SVC.
The Rate Control mainly depends upon the total number of target bits to be generated. These bits are generate
based on the value of the quantization parameter, so the region of more important is assigned with more number of
bits and the region of the less important is assigned with more number of bits. The bits generated depending on the
region of interest depends upon the QP value set for each layers. In this work, we compare the bit rates, encoding
speed and PSNR for different values of quantization parameter of Base Layer and Enhancement Layer using the
JSVM encoder.
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The rest of this paper is organized as follows. In section 2, an Underlying Problem formulation on dependent
quantization decision is discussed section 3, a comparative analysis between the values of quantization parameter for
BL & EL of spatial scalability in H.264/SVC. In section 4, the experimental results are presented to verify the
performance evaluation. At last, a conclusion is carried out.
II.
UNDERLYING PROBLEM FORMULATION
The reference software Joint Scalable Video Model (JSVM) [5] adopts a JVT-G012-like rate control scheme for
its base layer, some initial research has been carried out for rate control of spatial scalability. Y. Liu [6] proposed a
rate control scheme for spatial scalability and a switched model to predict the mean absolute difference (MAD) with
the multilayer structure. Recently, the famous ρ-domain model has been incorporated into the rate control scheme
for spatial scalability [7]. In H.264/SVC, [8] the spatial scalability is achieved by a multilayer coding approach. That
is, a video signal with a high spatial resolution is encoded in such a way that the output bit stream provides multiple
layers of various spatial resolutions. When a target bit budget constraint is imposed, it is essential for an encoder to
efficiently distribute the target bit budget to each spatial layer for the optimal coding efficiency. The rate and the
distortion of a coded video stream are determined by the choice of quantization step-size Q. In the following, the
problem is formulated as the spatial layer Q-decision problem.
The Lagrangian multiplier method converts the constrained optimization problem in to an equivalent
unconstrained optimization problem by introducing the Lagrangian cost function.
𝑄 ∗ = 𝑎𝑟𝑔 min 𝐽(𝑄, 𝜆)
𝑄𝑘 →𝑄

𝑁

𝐽 𝑄, 𝜆 =

𝑁

𝜔𝑘 . 𝐷𝑘 . + 𝜆. (
𝑘=1

𝑅𝑘 . − 𝑅𝑡𝑜𝑡𝑎𝑙 )
𝑘=1

where λ is the Lagrangian Multiplier.
Without loss of generality, we consider bit allocation in a simple two-layer scenario first. The solution can be
easily generalized to a multi-layer scenario. The Lagrangian cost function can be expressed as,
𝐽 𝑄, 𝜆 = 𝜔1 𝐷1 𝑄1 + 𝜔2 𝐷2 𝑄1 , 𝑄2 + 𝜆(𝑅1 𝑄1 + 𝑅2 𝑄1 , 𝑄2 − 𝑅𝑡𝑜𝑡𝑎𝑙 )
We assume equal importance to these two layers; namely, BL & EL. To solve the dependent quantization
decision problem in one solution is to conduct a full search over all possible combinations of admissible
quantization choices. However, since the search space grows exponentially as the number of layers increases, the
complexity of full search is prohibitively large. We address the complexity issue by modeling the R-D
characteristics of dependent layers in the next section. From [8], based on the observation, that the difference in
assigning Quantization Parameter for BL & EL should be less than or equal to 6.
III.
PERFORMANCE ANALYSIS OF QP VALUE FOR BASE & ENHANCEMENT LAYER
R-D characteristics of a dependent layer are represented by a function consisting of quantization step sizes for
the reference layer and the dependent layer. The impact of an individual quantization parameter on the R-D
characteristics of the dependent layer has to be known to solve the bit allocation problem. For dependent R-D
modeling, we convert the multi-variable function into a number of single variable functions which simplifies the
solution framework to the bit allocation problem greatly.
In [8], GOP based Rate & Distortion modeling is proposed for two layer scenario. Since the inter layer
dependency is two low the two models were proposed as shown below, the rate model as
𝑅2 𝑄1 , 𝑄2 =

𝑟. 𝑅1 𝑄1 + 𝑠 − 𝑟 𝑅1 𝑄2 ,
𝑠. 𝑅1 𝑄2

where s and r are slope when Q1 = Q2 and the distortion model as
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𝐷2 𝑄1 , 𝑄2 =

𝑝𝑖. 𝐶 𝑄1 + 𝑚 − 𝑝𝑖 . 𝐶 𝑄2 /2 + 𝑛,
𝑚. 𝐶 𝑄2 /2 + 𝑛,

𝑄𝑃1 ≤ 𝑄𝑃2 – 6,
𝑄𝑃1 > 𝑄𝑃2 − 6,

where p is slope, function of Q2 and m & n are slope and intercept of line Q1 = 0.5Q2.
Basically, a QP with less value produces more number of bits and QP with more value produces less number of
bits. At the same time PSNR of the sequence will be improved while allocating more bits and the tradeoff continues.
A state where a minimum bit rate to be achieved, such that it should guarantee that the Distortion level should
not exceed average distortion. So, a region of more important information has to be encoded with more bits and the
region of less important information has to be encoded with less bits by the Quantizaton Parameter. A performance
analysis on different sets of values of quantization parameter for both the Base Layer and Enhancement Layer is
studied under the results shown using JSVM 9.19.5 Encoder and the bitstreams generated shows the PSNR for the
chrominance and the two luminance signals with the encoding speed at each values of quantization parameter.
IV.
EXPERIMENTAL RESULTS
To evaluate the performance under different values of Quantization Parameter for Base Layer and Enhancement
Layer, we use JSVM 9.19.5 SVC Reference Software Model. We took Foreman sequence of QCIF & CIF formats
with 15 and 30 fps, GOP size of 16, maximum delay of 1.2s under Fast search mode. The Base Layer assigned with
QP values of 26, 28, 30, 32, 34, 36 and Enhancement Layer with 32, 34, 36 38, 40, 42 respectively for each sets and
the corresponding reconstructed sequence is as shown in figure 1 and 2 for both the formats of CIF & QCIF. JSVM
9.19.5 Encoder is used to encode the sequence and their corresponding bits generated for each layer with PSNR is
shown in figure 3. The snapshot shows for each set of values for Base Layer and Enhancement layer. Table 1 shows
the bit rates for each scalable layer for different values of Quantization Parameter.

Table 1 Bit Rates for different values of QP in BL and EL

58

IJCAES - V-III – SI – NCIC’13 – AUG-2013

Figure 3 Snapshot of JSVM 9.19.5 Encoded
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YUV Sequence for BL=26 EL=32
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Figure 1 Snapshot of Reconstructed YUV Sequence (CIF) for sets of different QP a) BL=26 EL=32 b)BL=30
EL=36 c)BL=36 EL=42

Figure 2 Snapshot of Reconstructed YUV Sequence (QCIF) for sets of different QP a)BL=26 EL=32 b)BL=30
EL=36 c)BL=36 EL=42
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V.
CONCLUSION AND FUTURE WORK
The Quantization Parameter decides the PSNR level and the target bits to be generated for the spatial layer in
H.264 Scalable Video Coding. A performance analysis on different sets of values of quantization parameter for both
the Base Layer and Enhancement Layer is studied under the results shown using JSVM 9.19.5 Encoder and the
bitstreams generated shows the PSNR for the chrominance and the two luminance signals with the encoding speed
at each values of quantization parameter. It is experimented that the QP with less value is assigned to more
important parts of SVC and less important parts are assigned with large QP value. Generally, QP with small value
produces more number of bits and QP with large value produces less number of bits, which means a perfect rate
control mechanism can be able to minimize the bit budget as well maintaining the PSNR level for h.264/SVC can be
designed as a future work.
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