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The goal of this project is to construct a real-time multimedia streaming test bed and de-
velop related technologies and applications. This test bed can be used to verify multimedia
coding algorithms and MPEG-21 Digital Item processing schemes. In this project, we provide
such a test bed prototype system for the MPEG committee to experiment with various user
scenarios. Because of the value of this test bed, it has bee accepted as the Committee Draft of
MPEG-21 Part 12: Multimedia Test Bed Resource Delivery. As the MPEG standard activity
progresses, we will continue working on this test bed for another two years.

Based on this test bed, we develop various types of application technologies and systems,
for example, fine granularity scalability codec, streaming video servers and database, intel-
lectual property rights protection and management, and preprocessing and postprocessing al-
gorithms for scalable video streaming. These technologies are studied in 6 sub-projects: (1)
Preprocessing and Postprocessing Techniques of Scalable Video Streaming, (2) Video
Streaming Server and Video Database Integration, (3) Design and Analysis of MPEG Multi-
media Transport Mechanisms, Protocols, and Simulation Test Bed Design, (4) Advanced Fine
Granularity Scalability, (5) MPEG IPMP System and Robust Video Decoder Design and
Simulation, and (6) Research in Multipoint Videoconferencing Technologies. The entire dura-
tion of this project is 3 years. This report contains the research results of the first year.

Keywords: MPEG-4, MPEG-7, MPEG-21, Multi-point Videoconferencing, Video Streaming,
Multimedia Test Bed, Fine Granularity Scalable Coding
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Recently, MPEG committee announces a call for proposal to gather various technologies on
scalable video coding. The report includes the detailed technical descriptions about the pro-
posal from NCTU. In summary, our proposal is an extension of the prior work SRFGS. In our
new approach, we utilize the wavelet transform to offer the spatial scalability to SRFGS. In
addition, we present a context adaptive binary arithmetic coding for the enhancement-layer
bit-plane coding. With the added scalability in spatial dimension, our SRFGS becomes a fully
scalable codec that can simultaneously support spatial, temporal and SNR scalabilities. Like
SRFGS, we adopt H.264 as the base layer video codec.

(1) Prediction architecture for spatial scalability

To support spatial scalability, we additionally apply discrete wavelet transform (DWT) to
the prediction error of each stack. The DWT is conducted before DCT and quantization. We
elaborate the details of our modifications for supporting spatial scalability in our proposal to
participate the competition of MPEG-21 Part-13 Scalable Video Coding.

A. Macroblock level coding procedure for spatial scalability
The H.264 encoder encodes the picture in a MB-by-MB manner.
B. Wavelet transform and intra prediction at full resolution

Applying the wavelet transform to the prediction error may have problems when any intra
MBs exist. As aforementioned, the original H.264 encoder conducts the coding in a
MB-by-MB manner. When a MB is coded at intra mode, it is predicted by the neighboring
reconstructed pixels. However, in our approach, the reconstructed pixels are not available
during the prediction stage. For intra frames, we can simply solve the problem by applying
the DWT on the original frame and encoding the new “original” frame, which may be not ap-
plicable to the intra MBs in an inter frame. If we apply DWT first and then perform motion
compensation on the coefficients of each band separately, we can not remove temporal corre-
lation between DWT bands. To resolve the problem, we partition the coding procedures of
inter MBs and intra MBs into two passes. In the first pass, we encode all the inter MBs and
apply DWT to both the prediction frame and the prediction error frame. After coded, we add
up the reconstructed prediction error image with the prediction frame in the (wavelet) trans-
form domain. In the second pass, the reconstructed frame containing only inter MBs is used
for intra prediction. In the first pass, the intra MB has neither inter prediction value nor inter
prediction error. Both the prediction frame and the prediction error frame could contain
“holes” (missing MBs). The holes actually locate the positions of intra MBs. In the second
pass, we perform the intra prediction in wavelet domain. Since each MB contains coefficients
of four bands with 1-stage wavelet decomposition, we use the adjacent pixels of correspond-
ing frequency bands for inter prediction. For example, the predictor of LL band should use the
adjacent LL band pixels for prediction. With appropriate reference pixels, each band uses the
same intra prediction method as in H.264. For simplicity, we disable luma 4x4 intra mode. In
addition, there is no “plane” mode in luma 16x16 intra mode and chroma 8x8 intra mode.
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Figure 5-1. Proposed encoder for full resolution picture.

(2) Entropy coding of enhancement-layer
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We proposed a context based binary arithmetic coding scheme as the entropy coding for
enhancement-layer. Note that the proposed scheme is based on 4x4 integer transform. For the
enhancement-layer bit-plane coding, we apply 4x4 integer transform to the wavelet coeffi-
cients. Specifically, we partition the bits of transform coefficients into different types. For
each type, we design specific context according to different forms of correlations. In the fol-
lowing, we first introduce our bit classification.

A. Bit classification

Different bits of a transform coefficient carry different weights of information. Most sig-
nificant bit (MSB) represents the dominant energy of a coefficient and least significant bit
(LSB) denotes the less important information. Thus, bit classification is required for context
design. The bits of each transform coefficient are partitioned into three types including sig-
nificant bit, refinement bit and sign bit. Additionally, for each bit-plane of a transform block,
we define two symbols, End-Of-Significant-Bit-plane (EOSP) and Part_Il_ALL_ZERO, to
save more bits by grouping the zero bits.

B. Context design

Our context design for each type of bit is mainly based on spatial correlation and energy
distribution of transform blocks.

C. Adaptive zigzag scanning and Enhancement-layer coding flow

Different subbands have different energy distributions. The LL band mainly contains low
frequency signal while the HH band includes high frequency signal. To account for different
energy distributions in different bands, we apply different zigzag scans for differnt subbands.
Also, we propose a bit-plane coding scheme using the raster scan order.

(3) Concluding Remarks

The Robust Scalable Video Coding (RSVC) proposed submitted MPEG committee is a
fully scalable video codec that can simultaneously support temporal, spatial and quality scal-
abilities.
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