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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 Technical Report of
MPEG-21 Part 12: Multimedia Test Bed Resource Delivery.

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 and Protocols for Embedded Mobile Platforms, (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 second year.

Keywords: MPEG-4, MPEG-7, MPEG-21, Multi-point Videoconferencing, Video Streaming,
Multimedia Test Bed, Fine Granularity Scalable Coding
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(3) Adaptive Interleaved Forward Error Correction ,x 322 § 2%

We have added Reed-Solomon coding modules, an interleaver module, and a
de-interleaver module to the original MPEG-21 Multimedia test bed. The system diagram is
shown in Fig. 4-1. In the experiments, the CIF version of the FOREMAN sequence is used.
The sequence is encoded using ISO/IEC 14496 (MPEG-4) visual reference software (Micro-
soft-FDAM1-2.5-040207) at 10 frames per second. The coding mode is one I-frame followed

by nine P-frames at 10 frames per second.
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Fig. 4-1. Architecture of the proposed system

Figure 4-2(a) presents the PSNR performance of the streaming system under a variable
bandwidth scenario, ranging from 68kbps to 240kbps. When the transmission rate fluctuates
significantly, e.g., from the 40th to the 80th frame, the proposed system can adapt the band-
width changing quickly and reduce the degree of quality variation. Fig. 4-2(b) shows the bit
rate variation of the FEC protected base-layer and enhancement-layer bitstream under the
variable bandwidth condition. For example, when the transmission rate changes from 180kbps
to 116kbps, the system performs dynamic rate allocation to add more FEC protection on the
base-layer. Consequently, most of the enhancement-layer bitstream is truncated during the

period.

14000

| | | | | | + _ The proposed system 12000

o s
B R e A S S CE SR,
10000

Bit rate.

8000
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4000

2000

Fig. 4-2. (a) PSNR under variable transmission rates. (b) Bitrates for the FEC-protected base-layer and the

enhancement-layer bitstreams.
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“ MPEG ¥ 3 4L L % %5 (Scalable Video Coding) % 8 sl 2 & F ¢ » g 2 46 | 5
Regions-of-interest (ROI) 7% ’}'f”lv BE - BERBFHG c T AR MNHBORT A
FRAG A A L M R BA PG AR BEDORE Y RERFDET - Ra > a7 AR
M AR SRR ISVMIL0 302 gt — # i o FIP A AP R APREE T - BY
REELRE BT RERSTAEOFEE -

(1) Background

The ROI functionality is commonly supported in scalable video/image coding. In MPEG-4
FGS, the ROI functionality is enabled by a selective bit-plane shifting scheme. Different from
MPEG-4 FGS, in SVC the bit-planes are replaced with FGS layers which are produced by
successive quantization of inter-layer prediction residue. Each FGS layer can be deemed as a
group of multiple bit-planes. However, these bit-planes are coded by a cyclical block coding
instead of traditional bit-plane coding. In SVC, the coding of a FGS layer is partitioned into
the significant and refinement passes. The significant pass first encodes the insignificant coef-
ficients which show zero values in the subordinate layers. After that, the refinement pass re-
fines the remaining significant coefficients ranging from -1 to +1. Particularly, the signifi-
cance pass coding is performed in a cyclical manner. On the other hand, the refinement pass
coding is conducted subband by subband.

(2) Method -- Prioritized Cyclical Block Coding

To provide the ROI functionality based on cyclical block coding, we proposed to code each
block unequally in a coding cycle. For illustration, Fig. 5-1 and Fig. 5-2 show the differences
between the cyclical block coding and our prioritized coding scheme. For simplicity, we use
the notation of (EOB, Run, Level) symbol to represent the coefficients of a block that are to
be coded in a coding cycle of significance pass. In Fig. 5-1, the cyclical block coding equally
encodes each block with one (EOB, Run, Level) symbol (or one refinement symbol) in every
cycle. However, as shown in Fig. 5-2, to offer the ROI functionality, we should encode the
blocks in the ROIs with more symbols by enabling the coding prior to the blocks which are
outside the ROIs. We can further extend this concept to enable the coding of different ROIs at
different cycles to have graceful selective enhancement. For example in Fig. 5-2, we have se-
lected two ROIs. The coding of the highest priority region ROI 1, which includes Block 0, is
enabled prior to the rest of blocks. After two coding cycles, the coding of ROI 2 which is of
lower priority is activated subsequently. In particular, the coding of ROI 2 is started before the
coding of background region, i.e., Block 2 and Block 3. With such prioritization, the blocks in
the ROIs will be coded with more symbols at the end of each cycle. When the enhance-
ment-layer is truncated, the blocks in the ROIs will be firstly decoded and updated.

b

For specifying the priority of a ROI, we use the number of shifting cycles which is defined as
the number of coding cycles in the ROI before the coding of background region. For example,
the number of shifting cycles of ROI 1 in Fig. 5-2 is 2 which means that the Block 0 has to be
coded with 2 cycles before the coding of background region. Higher number of shifting cycles
means higher coding priority.

(3) Experiment

For the experiment, we implement our prioritized cyclical block coding based on JSVM1.0.
Specifically, we use the Foreman sequence as an example to demonstrate the functionality of
ROI. We compare the regional PSNR and the subjective quality between the schemes with
ROI and without ROL.

Fig. 5-3 shows the regional PSNR comparison of different ROI coding modes. The legend
SEn denotes the performance of our prioritized cyclical block coding. Specifically, the num-
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ber n represents the foreground shifting factors. In addition, SEn_Remap shows the perform-
ance with both the prioritized coding and layer remapping. As shown, enabling the ROI func-
tionality can dramatically increase the PSNR of foreground region. Without the layer remap-
ping, the PSNR of foreground region is the same as the original cyclical block coding at the
end of FGS layer 1 (around the bit rate of 700kbits/s). However, with the layer remapping, we
can have ROI functionality over the entire bit rate ranges. Particularly, the curve of
JSVM1 Remap shows that simply enabling the layer remapping without our prioritized cy-
clical block coding is not sufficient to offer the ROI functionality over the entire bit rate
range.

Significant Pass Refinement Pass
i . |-
) > > g ‘> R . g
A En
Block O | | ool | o LW J| ool lon] < ¢ v
S S . R
R
Block 1 (1.0 .9 :_W Jl A.0) N I
S S S R R ooooooo
BIOCk 2 2,0) 2,1 (2,2) 2,0 2,1
S S v = k R R
Block 3 || so | | a9 :.W J| aolllaoll-c oo e e

Cycle 0 Cycle1 Cycle2 Cycle 3 Cycle 4

-
(mSn) I w
’ The n-th (EOB, Run, Level) symbol coding inBlockm | _ 4 Waiting Cycle

(m.n) | The refinement coding of n-th zigzag ordered coefficient in Block m

Figure 5-1: Cyclical block coding.
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S
(mn) o | |
The n-th (EOB, Run, Level) symbol coding in Bleck m — - g Waiting Cycle
R
(m,n) | The refinement coding of n-th zigzag ordered coefficient in Block m —— Number of shifting cycles

Figure 5-2: Prioritized cyclical block coding for the ROI functionality.
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Figure 5-3: Regional PSNR comparison.

(4) Conclusions

In this project, we use the cyclical block coding in JSVM1.0 to develop a graceful and arbi-
trary shape region-of-interest (ROI) functionality for SVC. To enable the ROI functionality,
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we additionally introduce 2 syntax in the FGS slice header, 3 syntax at the FGS layer level,
and one syntax at MB level. Experimental results show that the proposed ROI functionality
can significantly improve the subjective quality while maintaining the coding efficiency and
scalability. Thus, we suggest the group to look into this technology and consider including
ROI functionality in the SVC.
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Fig. 7-2: One of the proposed methods for refinement of video segmentation.
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Fig.7-3: Architecture of videoconference transmitter system.
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Fig. 7-4: Structure of the proposed videoconference receiver.
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