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Analysis and evaluation for the Scalability Mechanisms of

H.264/SVC

Abstract. Compared with the scalable parts of previous video coding specifications, the Scalable Video Coding (SVC) extension of H.264 Advanced
Video Coding (AVC) standard (short for H.264/SVC) has demonstrated significant improvement of video compression performance. In this paper,
different coding methods for scalability are analyzed and their influence on the performance of H.264/SVC is investigated through extensive
experiments. The conclusions derived from experimental results would serve as solid bases for the future improvement of encoder design.

Streszczenie. W poréwnaniu z wcze$niejszymi metodami kodowania sygnatu video rozszerzenie SVC (Scalable Video Coding) znane jako standard
H.264/SVC wykazuje znaczg poprawe jako$ci kompresji. W artykule analizowano i poréwnano rézne eksperymentalnie metody kodowania. (Analiza

i ocena metody kodowania sygnatu video H.264/SVC)
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1 Introduction

The modern communication systems present several
new characteristics, such as heterogeneous network, time-
varying bandwidth, and various terminal equipments, which
promote the challenge to video coding technology. With the
desire for meeting these challenges, the scalable video
coding has become the research focus of video coding for
several years and the effort for standardizing it produced
the newest scalable video coding standard, i.e. H.264/SVC,
in 2007 [1]. Based on the excellent coding performance of
H.264/AVC and several new coding tools, H.264/SVC
outperforms all the scalable parts of previous video coding
standards and can be the promising specification deployed
extensively into the practical commercial applications.

Although the Joint Video Team (JVT) has discussed
some other scalability mechanisms [2,3], H.264/SVC mainly
supports three kinds of scalabilities, i.e. temporal scalability,
spatial scalability and quality scalability, at present. With the
only change of the signalling for temporal layers, the
temporal scalability is implemented by the concept of
hierarchical B-frame prediction structure, which is already
supported by H.264/AVC. The realization of spatial
scalability depends on the traditional multilayer coding
scheme and the inter-layer prediction methods are
employed to exploit the statistical dependencies between
different layers for improving the coding performance of
H.264/SVC encoder. The quality scalability includes Coarse
Grain Scalability (CGS) and Medium Grain Scalability
(MGS), whose base layer and enhancement layer are
encoded with similar mechanisms to spatial scalability in
same spatial resolution.

For a common base of standard discussion, the JVT
developed a reference software model, i.e. Joint Software
Video Model (JSVM) [4]. As in Fig. 1, JSVM employs multi-
layer coding structure to achieve the scalability mechanisms
of H.264/SVC. In each layer, the temporal scalability is
implemented by the hierarchical B-frame structure as usual
inter-frame coding with two reference frames in H.264/AVC
and temporal layers are identified by the temporal identifier
Tid (TId = 0). Every spatial layer corresponding to a spatial
resolution is called as dependency layer which is identified
by a dependency identifier Did (DId = 0). If the spatial
resolutions of several layers are identical, this special case
of spatial scalability is called as CGS. With the inter-layer
prediction methods, CGS is similar to spatial scalability but
without the up-sampling operations and inter-layer de-
blocking for intra-coded reference layer macro-blocks and
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the transform coefficients of the reference layer need to be
used as the reference for the transform coefficients of
enhancement layer. The main difference between CGS and
MGS is the modified high-level signalling, which supports
the key picture concept and the coefficients partitioning
mechanism of MGS. MGS encoding is performed in a
spatial layer and every MGS layer is identified by a quality
identifier Q/d (Ql/d = 0).
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Fig.1. The multilayer structure of JSVM

Although the complex coding structure of Fig.1 is widely
discussed, how to improve its performance is still an open
problem. Many methods have been developed to improve
the encoder performance. This paper mainly investigates
the influence of different methods on the rate-distortion (R-
D) performance of JSVM, which is evaluated by the R-D
curve. Herein, R represents the kilo bit per second (kbps)
and D is calculated by the weighting Peak Signal to Noise
Ratio (PSNR) of the three components of Y, Cb, Cr in a
video frame as follows

) PSNR — 4xYPSNR + CbPSNR + CrPSNR .

6

And its unit is dB. Under an encoding parameter, encoder
produces a pair of (R, D) value. Finally, the R-D curve is
defined by these (R, D) points. The higher R-D curve
means that it corresponds to an encoder or coding method
with higher coding performance and APSNR can be
calculated by the method of [5] using the points of two R-D
curves to denote the performance improvement.

The rest of this paper is organized as follows. First, the
characteristic of bit allocation in the temporal scalability is
discussed and different cascading QP schemes are tested.
Then the different inter-layer mechanisms and multi-layer
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control structure are tested for the spatial scalability. Third,
the extraction performance is demonstrated for quality
scalability. Finally, the conclusion is made for this paper.

2 Cascading QP for temporal scalability

Essentially, the temporal scalability of hierarchical B-
frame coding structure provides several available choices of
frame rate in a single scalable video bit-stream for potential
users. As in Fig. 2, | frame or P frame is encoded as key
picture, which corresponds to the smallest frame rate and is
identified by T/d = 0. B frames with Tid = 1 are inserted into
the interval between two adjacent key pictures to increase
the frame rate. The frame rate is doubled after the number
of temporal layers is increased by 1. B frames between two
successive key pictures together with the succeeding key
frame constitute a group of pictures (GOP). In principle, the
frames with lower TId should be encoded with better quality
because their reconstruction data would be referred during
the motion compensation of B frames with T/d = 1 and the
total coding efficiency would be significantly improved if
more bits are allocated to the encoding of lower temporal
layers. This bit allocation strategy can be realized by
cascading the value of quantization parameter (QP) for
different temporal layers [6].

Frame Type 1 B B B P B B B P B
Coding Oder 0 3 2 4 1 7 6 8 5 11 10
Display Order 0 1 2 3 4 5 6 7 8 9 10

TId 2 1 2 0 2 1 2 0 2 1

Fig. 2. Hierarchical B frames structure with GOP = 4

In cascading QP methods, frames with smaller TId use
smaller QPs and frames with the same TId are encoded
with the same QP. There are two kinds of cascading QP
methods. One is recommended by the proposal of Heinrich
Hertz Institute (HHI) [6] in JVT conference. Let QP(/) denote
the QP of temporal level with TId of i. The QPs for frames in
different temporal level are calculated as
(2) QP(i)=QP(0)+ AQP +i/, i =0,1,2,...,
where AQP is the increment of QP from the temporal base
layer to the temporal level with Tid of 1. In this paper, a
special case of (2) is used in our experiment as

QP —2+i i=0
3 P AR ref ’ ,
3 QpP() { +0+i i1

QPref

where QP is a reference QP input as encoder parameter.
In our experiments, this method is denoted as “CasQPHHI".
The other cascading QP method is derived from the video
coding based on wavelet [7] and calculates a scaling factor
to determine the difference between the QP of temporal
level with TId of i and QPr, i.e. AQP. Consequently, the QP
for the i™ frame of a GOP can be decided as follows

A QP(I) = QPref +AQP
4) AQP = -6.0xlog, SF(i)’

where SF(i) is the scaling factor of the i ™ frame and its
calculation is based on the filters used and the number of
connected samples in the motion compensated prediction
[8]. The detailed calculation of SF(i) can be referred in [9].
In our experiments this method is denoted as “CasQPSF”.
To build a test benchmark, firstly, in our experiments, the
same QP was used to encode all the frames of a video
sequence and this coding method is called as “SameQP”.
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Our experiments are carried out with the control of Rate
Distortion Optimization (RDO) turned on. At first, the results
of above three QP setting strategies are given in Figure 3
and Table 1. “CasQPSF” and “CasQPHHI”" can improve the
R-D performance significantly relative to “SameQP”. For the
sequences with low motions or simple spatial contents (e.g.
city and mobile), “CasQPSF” and “CasQPHHI” can achieve
higher performance than sequences with high motions or
complicated spatial contents (e.g. football and soccer).

Then, we compare the performance improvement when
the size of GOP increases from 1to 2, 2 to 4, 4 to 8 and 8
to 16 as in Fig. 4. We can observe that the relative increase
of coding performance declines with the increase of GOP
size. And the performance difference between “CasQPSF”
and “CasQPHHI”" is smaller when GOP size is small than
when GOP size becomes large.

Table 1. Performance improvement of Cascading QP

CasQPHHI CasQPSF
GOPSize | Sequence vs. vs.

SameQP (dB) | SameQP(dB)

bus 0.68886 0.860619

16 city 0.936851 1.131347

crew 0.374847 0.387884

football 0.280332 0.293718

8 foreman 0.758265 0.868799

harbour 0.712181 0.779196

ice 0.415214 0.422656

4 mobile 0.723183 0.779502

soccer 0.346217 0.329352

We can derive some conclusions on the basis of above
experimental results. Firstly, the coding performance would
be further improved if the QP setting strategy is fit for the
encoding of GOP. In above three methods, “CasQPSF” is
based on the filters and the motion compensated prediction
of GOP, and “CasQPHHI” only sets the cascading QPs
manually. Obviously, “CasQPSF” is the best candidate for
QP setting of temporal scalability in above three methods
and this point is verified by the results of experiments. On
the other hand, although the cascading QP method can
improve the coding performance indeed, the difference of
QP between adjacent temporal levels should be calculated
carefully to ensure enough bits to be allocated to B frames.
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Fig.3. Comparisons of three QP settings with GOP size of 16 and 4
for temporal scalability

Second, the coding performance improvement brought
from the increase of GOP size is smaller and smaller when
GOP size becomes larger and larger. The GOP size of 8 or
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16 should be the most suitable GOP size, because they can
not only provide greater performance gain, but also ensure
enough ability for temporal scalability. Nevertheless, the
problem that the best GOP size is 8 or 16 is video content
dependent. The most perfect scheme is that the GOP size
is adaptive to the characteristics of the video sequence.
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Fig.4. GOP size increase vs. PSNR increase

3 Inter-layer prediction and encoder control for spatial
scalability

The target of the spatial scalability is to support several
spatial resolutions in one bit-stream. This target requires the
multiplexing of several bit-streams with different spatial
resolutions as in Fig. 1. This multiplex method is similar to
the video simulcast. Accordingly, the spatial scalability has
to provide better performance than simulcast using some
other encoding methods. Without considering the temporal
scalability in each spatial layer, the encoding structure of
spatial scalability can be simplified as in Fig. 5. In each
spatial layer, video frames are encoded as in single layer
coding. It means that motion compensation and intra-
prediction are employed as usual. However, the inter-layer
prediction mechanisms are incorporated into the procedure
of the RDO mode selection to exploit the potential of using
the inter-layer redundancy.

ST

DId=2

DId=1

DI1d=0

0 1 2 3 4 5
»
Coding Order/Display Order

Fig.5. Encoding structure of spatial scalability without B frame

According to the draft of H.264/SVC standard in 2007
[10], the inter-layer prediction mechanisms include three
kinds of methods, i.e. inter-layer motion prediction, inter-
layer residual prediction and inter-layer intra-prediction. On
the basis of the syntax element called base_mode_flag, the
inter-layer motion prediction can be realized from two ways.
When base_mode_flag is equal to 1 and the corresponding
8x8 block in reference layer is inter-frame coded, the block
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partition, reference index and motion vectors of current
layer can be derived from these information of 8x8 block in
reference layer. That is, in current layer, the block partition
is the up-sampled result of 8x8 block in reference layer;
reference index is copied from reference layer; and motion
vector is the scaled version of reference layer motion vector.
When base_mode_flag is equal to 0 and another syntax
element motion_prediction_flag is 1, reference index and
motion vector prediction is derived from reference layer.
Then, inter-layer residual prediction is based on a syntax
element residual_prediction_flag. When this flag is 1 and
current macroblock is inter-coded, the residual of reference
layer is up-sampled and treated as the predictor of current
layer residual. The inter-layer intra-prediction is similar to
inter-layer motion prediction, but the reference layer 8x8 is
intra-coded and the reconstructed reference layer data is
up-sampled to be the prediction signal of current layer.

Table 2. Performance improvement comparison of various
combinations of inter-layer prediction mechanisms

APSNR relative to simulcast (dB)
Combinations
crew foreman harbour
(Mod, Res, Mot)| 0.9740704 0.7243986 | 0.2522947
(Mod, Res) 0.9385491 0.6945668 | 0.2521571
(Mod, Mot) 0.3900695 0.3283565 | 0.0455878
(Res, Mot) 0.6192996 0.5103683 | 0.2095992
(Res) 0.4457091 0.3137045 | 0.2161324
(Mod) 0.3674067 0.3094925 | 0.047774
(Mot) 0.1064086 0.1471677 | -0.007374

From above statement, we can see these mechanisms
are a little complicated. For simplicity, in the newest version
of JSVM, i.e. JSVM 9.19, using some small changes, above
three mechanisms is transferred to another three, i.e. inter-
layer mode prediction, inter-layer residual prediction and
inter-layer motion prediction, respectively denoted as ‘Mod’,
‘Res’, and ‘Mot’. The inter-layer mode prediction is actually
the combination of above 2007 inter-layer motion prediction
and inter-layer intra-prediction with the syntax element
base_mode_flag is equal to 1. The inter-layer residual
prediction is same to the 2007 version. Whereas, the inter-
layer motion prediction is actually the 2007 inter-layer
motion prediction with base_mode_flag is equal to 0 and
motion_prediction_flag is 1.
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Fig.6. Performance comparisons for spatial scalability (SS) with
different combinations of the inter-layer mechanisms
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The inter-layer prediction mechanisms are important
coding tools for spatial scalability. To investigate the effect
of different inter-layer prediction mechanisms on encoder
performance, spatial scalability experiments with two layers
encoding structure similar to Fig. 5 are performed with the
RDO turned on and various combinations of inter-layer
prediction mechanisms. The performance of simulcast is
used as the benchmark of PSNR comparison.

Results are presented in Fig. 6 and Table 2. The curve
“LO” represents the performance of Layer 0 with image size
of 176x144 and other curves are the performance curves of
Layer 1 with image size of 352x288. If only one in above
three mechanisms is chosen, we can find that SS(Mot)_L1
brings the least improvement. And if two of above three is
chosen, SS(Mod, Res)_L1 is the best. Finally, SS(Mod, Res,
Mot)_L1 can result in the best improvement in above seven
combinations.

Another important technology point for spatial scalability
is the method for encoder control. The problem of encoder
control is the most basic problem for video coding, which
can be treated as an optimization problem. That is to say,
this problem is the research of how to control the encoding
process to achieve the best performance with bits number
as least as possible. This kind of optimization problem can
be solved by several methods and the most practical
method is the widely-used Lagrangian scheme [11]. The
Lagrangian encoder control scheme has been deeply
researched for the single layer coding and needs some
changes for multilayer coding structure of spatial scalability.

JSVM employs a bottom-up encoding process, in which
the spatial layers with smaller DId are encoded before those
with larger DId. Due to the inter-layer prediction methods,
the coding of base layer would affect the coding efficiency
of enhancement layers. Consequently, the impact of base
layer on enhancement layers must be considered and the
encoding of all layers should be jointly optimized to achieve
the best overall coding efficiency. As in [12], the process of
RDO should be extended as follows

(5) min{J} =min{(1-w)-J, +@-J,},

where w € [0, 1] is a layer weighting factor, Jo and J; are
the RD cost of the base layer and the enhancement layer.
From [11], we know that the key of Lagrangian scheme is
the calculation of Lagrange multiplier. After the investigation
of the Lagrange multiplier selection for multilayer encoding
structure [13], JSVM adopted this proposal as its encoder
multilayer control method. According to [13], the multilayer
Lagrange multiplier can be computed as

ﬂ . 2AQP/6
© =g

where AQP is the difference between the QPs for base
layer and enhancement layer, 1, is the Lagrange multiplier
of base layer, and f is the resolution ratio between base
layer and enhancement layer.

Table 3. Performance improvement comparison of the multi-
layer control and multi-loop encoding

. . APSNR relative to simulcast (dB)
Configuration
football | foreman ice soccer
SLP_SLC 1.24355 | 0.72439 | 0.60322| 0.61961
SLP_MLC 1.33519 | 0.83951 | 0.78897 | 0.72813
MLP_SLC 1.22717 | 0.71505 | 0.61953 | 0.62276
MLP_MLC | 1.32667 | 0.83332 | 0.77554| 0.71468

Experiments are carried out with the multilayer control
on (MLC) and off (SLC) and with three inter-layer prediction
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mechanisms chosen adaptively. And though H.264/SVC is
designed with single-coding loop (SLP), we can carry out
the multi-loop encoding (MLP) and its performance can be
treated as a comparison with others. The performance of
video simulcast is also used as the test benchmark of

PSNR comparison.
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Fig.7. Performance comparisons for spatial scalability (SS) about
the multi-layer control and multi-loop encoding

Results are presented in Table 3 and Fig. 7, from which
SLP_MLC and MLP_MLC can achieve PSNR improvement
relative to SLP_SLC and MLP_SLC respectively, however,
the improvement of MLP_SLC and MLP_MLC is very small
relative to SLP_SLC and MLP_SLC respectively.

From above experimental results, we can achieve some
conclusions for spatial scalability. Firstly, the performance
improvement of spatial scalability is very obvious relative to
SimulCast. This is the contribution of inter-layer prediction
mechanisms with acceptable increase of computational
complexity. Secondly, in these three inter-layer prediction
mechanisms, the improvement from the inter-layer motion
prediction is the smallest. That is because additional bits
are needed to transfer the data of Motion Vector Prediction
in enhancement layer. Thirdly, the improvement from the
multi-layer encoder control is better than that from multi-
loop encoding. This is because the amount of Intra-coding
block is small relative to that of Inter-coding block. Thereby,
the multi-loop encoding based on the Intra-coding can not
improve the performance further.

4 Bit-stream extraction for quality scalability

The quality scalability satisfies the need of improving the
subjective perceive at fixed spatial and temporal resolution
and is always the most important scalability mechanism
from previous standards to current H.264/SVC. Similar to
the quality scalability in MPEG-2, CGS is achieved based
on the successive finer quantization of residual. Due to the
dependency of motion compensation in each CGS layer,
the bit rate switching between CGS layers only takes place
at some encoding start points, i.e. Instantaneous Decoding
Refresh (IDR) pictures. This requirement limits the video
adaptation granularity of CGS and promotes the produce of
MGS. In the initial phase of H.264/SVC development, the
fine granular quality scalability (FGS) was the first candidate
for the quality scalability. However, from experiments MGS
can provide similar results to FGS with simple concepts and
significantly reduced computational complexity. Hence,
MGS was adopted by JVT. Compared with CGS, the finer
granularity of MGS is supported by the concept of key
picture and the coefficients partitioning mechanism. The
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concept of key picture is employed to restrict the drift within
the range of GOP with an acceptable complexity. And the
coefficients partitioning mechanism uses the concept of
frequency scalability to increase the rate switching points of
MGS essentially. The detail of these two mechanisms can
be found in [1].

Based on the quality scalability, video adaptation can be
implemented by bit-stream extraction technology, which is
to extract some parts of bit-stream and abandon other parts
of bit-stream to meet the need of channel bandwidth or the
constraint of store capability. Bit-stream extraction needs
some information about bit-stream to decide whether a
video data packet is reserved or abandoned. At present,
there exist two kinds of information. One is based on the
basic scalability information, namely scalability identifier
(dependency_id, temporal_id, quality_id), which is short for
(DId, TId, QId), carried in NALU header; the other one
employs the rate distortion characteristic of NALU. Based
on these two kinds of information, there exist two kinds of
extraction methods, i.e. basic extraction and R-D optimized
extraction. The former is according to the data of (Dld, Tid,
QId) and the latter uses the R-D characteristic of encoded
data. The R-D characteristic are calculated in advance,
organized by the concept of quality layer and stored in the
priority_id of NALU header or the supplemental enhanced
information (SEI) message.

The JSVM is performed to carry out some extraction
experiments for MGS with basic extraction (MGSBscEXxt)
and R-D based extraction (MGSRDEXt), and for two layers
CGS with basic extraction (CGSBscExt). From Fig. 8, It can
be found that MGSRDExt outperforms MGSBscExt with
higher R-D curve and more extraction points due to its
consideration for the video data characteristic. Moreover,
CGSBscExt can only provide two extraction points with
much weaker extraction performance.
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Fig.8. Performance comparisons between MGS and CGS

5 Conclusions

In this paper, the scalability mechanisms of H.264/SVC
are analyzed and evaluated. For the temporal scalability,
the cascading QP setting scheme can provides profound
improvement for coding efficiency. For the spatial scalability,
significant improvement is illustrated relative to simulcast
and multi-layer encoder control method presents impressive
performance increase. For the quality scalability, upcoming
R-D optimized extraction would make the lightweight video
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adaptation become true. In conclusion, H.264/SVC is an
excellent specification for scalable video coding and
expected to be further enhanced in further research and
widely deployed in various business applications.

Acknowledgement

The authors wish to acknowledge the financial support
of Natural Science Foundation of Jiangsu Province in 2009
(BK2009059).

REFERENCES

[1] H. Schwarz, D. Marpe, T. Wiegand, Overview of the scalable
video coding extension of the H.264/AVC standard, IEEE Trans.
Circuits Syst. Video Technol., vol. 17, no. 9, pp. 1103-1120,
2007.9.

[2] M.Winken, H. Schwarz, D. Marpe, T. Wiegand, SVC bit depth
scalability, ISO/IEC JTC1/SC29/WG11 and ITU-T SG16/Q6,
Doc. JVT-VO78, In the 22" Meeting, Marrakech, Morocco,
2007.1.

[3] Y. J. Chiu, H. Jiang, Y. T. Peng, L. Xu, Requirements for Color
Gamut Scalability for Next Generation Video Codec, ISO/IEC
JTC1/SC29/WG11 and ITU-T SG16/Q6, Doc. JVT-AB029, In
the 28" Meeting, Hannover, DE, 2008.7.

[4] J. Reichel, H. Schwarz, M. Wien, Joint Scalable Video Model
JSVM-12 text, ISO/IEC JTC1/SC29/WG11 and ITU-T SG16/Q6,
Doc. JVT-Y202, In the 25" Meeting, Shenzhen, 2007.10.

[6] Gisle Bjgntegaard, Calculation of average PSNR differences
between RD curves, ITU-T Q6/SG16, Doc. VCEG-M33, in the
13th Meeting, Austin, USA, April, 2001.

[6] H. Schwarz, D. Marpe, T. Wiegand, Hierarchical B Pictures,
ISO/IEC JTC1/SC29/WG11 and ITU-T SG16/Q6, Doc. JVT-
P014, In the 16" Meeting, Poznan, 2005.7.

[7]1 I. Amonou, N. Cammas, S. Pateux, S. Kervadec, Modification
of the calculation of Scaling Factors in the J-SVM, ISO/IEC
JTC1/SC29/WG11/MPEG2004/M11876, Busan, Korea, April
2005.

[8] L. Luo, F. Wu, S.P. Li, Z.Q. Zhuang, Advanced lifting-based
motion threading technique for 3D wavelet video coding, Proc
of SPIE VCIP2003, vol.5150, pp.707-718, Jul.2003.

[9] H. Schwarz, D. Marpe, T. Wiegand, Subband Extension of
H.264/AVC, ISO/IEC JTC1/SC29/WG11 and ITU-T SG16/Q6,
Doc. JVT-K023, In the 11" Meeting, Munich, DE, 2004.3.

[10]T. Wiegand, G. Sullivan, J. Reichel, H.Schwarz, M. Wien, Joint
Draft ITU-T Rec. H.264 | ISO/IEC 14496-10 / Amd.3 Scalable
video coding, ISO/IEC JTC1/SC29/WG11 and ITU-T SG16/Q6,
Doc. JVT-X201, In the 24" Meeting, Geneva, Switzerland,
2007.7.

[11]T. Wiegand, B. Girod, Lagrange multiplier selection in hybrid
video coder control, In IEEE Int. Conf. on Image Processing
(ICIP), Thessaloniki, Greece, pp. 542-545, vol.3, 2001.

[12]H. Schwarz, T. Wiegand, R-D optimized multi-layer encoder
control for SVC, In IEEE Int. Conf. on Image Processing (ICIP),
Thessaloniki, Greece, pp. 542-545, vol.3, 2007.

[13]X. Li, P. Amon, A. Hutter, Lagrange Multiplier Selection for
Rate-Distortion Optimization in SVC, ISO / IEC JTC1 / SC29 /
WG11 and ITU-T SG16 / Q6, Doc. JVT-AD021, In the 30"
Meeting, Geneva, CH, 2009.1.

Authors:

Professor Xiong-wei Zhang, Institute of Command Automation, PLA
Univ. of Sci. & Tech..

Tao Zhu, Postgraduate Team 2, Institute of Communications
Engineering, Biaoyin 2, Yudao Street, Nanjing, China, 210007, E-
mail: zhutao007@gmail.com.

Researcher Xiao-cun Shu, Institute of Meteorology, PLA Univ. of
Sci. & Tech..

Qiang Xiao, Postgraduate Team 4, Institute of Communications
Engineering, Biaoyin 2, Yudao Street, Nanjing, China, 210007.

239




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


