Joint Video Team (JVT) of ISO/IEC MPEG & ITU-T VCEG

(ISO/IEC JTC1/SC29/WG11 and ITU-T SG16 Q.6)

4th Meeting: Klagenfurt, Austria, July 22-26, 2002
Document:  JVT-D136
Filename: JVT-C136.doc

Title:
  Flexible Data Partitioning Mode for Streaming Video

Status:
Input Document to JVT

Purpose:
Proposal

Author(s) or
Contact(s):
Jong Chul Ye and Yingwei Chen
Philips Research

345 Scarborough Road

Briarcliff Manor, NY 10510

Tel:
Email:
(914) 945-6133

jong.ye@philips.com

Source:
Philips Research USA

_____________________________
Abstract

We propose modifications needed to enable a two-partition mode that allows flexible splitting of AC DCT coefficients for the streaming profile. We first describe an unequal error protection scheme that can effectively prioritize base and enhancement layer packets and how the flexible two-partition mode can be used in such video streaming systems. We then specify the small changes needed to enable this mode. Finally we present simulation results.

Unequal Error Protection and Data Partitioning

Data partitioning is an effective robustness tool. The advantages of data partitioning as a robustness tool include transparent quality at the full bit rate due to the minimal bit rate overhead, small decoding complexity increase as a result of only the partition-merging operation, and good error resilience performance when some enhancement layer packets are lost. 

However there are many doubts over how effective data partitioning is in real streaming systems. It is argued that unequal error protection is either impossible to implement, or incur a large overhead in bit rate, or may not be effective at all because the required up-to-date channel information is not available. While this may be true to some extent in large diverse networks such as the Internet and mobile networks, effective unequal error protection can be achieved in more localized networks such as wireless LANs. Below one such transmission scheme is described.

Proposed Modifications for Flexible Data Partitioning

The current JVT specification supports one data partition mode that supports three partitions: A, B and C. Partition A contains header and motion vector information, Partition B contains intra block information, and partition C contains the rest. This partitioning mode yields a fixed partition ratio hence quality levels achievable from reconstructing the various partitions, and hence leaves no flexibility in a high-quality streaming system for optimization.

More specifically, there are 20 syntax elements (SE) in the current implementation:

 0  SE_HEADER,

 1  SE_PTYPE,

 2  SE_MBTYPE,

 3  SE_REFFRAME,

 4  SE_INTRAPREDMODE,

 5  SE_MVD,

 6  SE_CBP_INTRA,

 7  SE_LUM_DC_INTRA,

 8  SE_CHR_DC_INTRA,

 9  SE_LUM_AC_INTRA,

10  SE_CHR_AC_INTRA,

11  SE_CBP_INTER,

12  SE_LUM_DC_INTER,

13  SE_CHR_DC_INTER,

14  SE_LUM_AC_INTER,

15  SE_CHR_AC_INTER,

16  SE_DELTA_QUANT_INTER,

17  SE_DELTA_QUANT_INTRA,

18  SE_BFRAME,

19  SE_EOS,

and the partition A, B, and C are composed of the following SEs.

partition A = {0,1,2,3,5,18,19}

partition B = {4,6,7,8,9,10,17}

partition C = {11,12,13,14,15,16}

In the proposed flexible data partitioning, we break SE_LUM_AC_INTRA, SE_CHR_AC_INTRA, SE_LUM_AC_INTER, SE_CHR_AC_INTER into two partitions, respectively:

SE_LUM_AC_INTRA = {SE_LUM_AC_INTRA_L,SE_LUM_AC_INTRA_H}  = {9L,9H}

SE_CHR_AC_INTRA = {SE_CHR_AC_INTRA_L,SE_CHR_AC_INTRA_H} = {10L,10H}

SE_LUM_AC_INTER = {SE_LUM_AC_INTER_L,SE_LUM_AC_INTER_H}  = {14L,14H}

SE_CHR_AC_INTER = {SE_CHR_AC_INTER_L,SE_CHR_AC_INTER_H}  = {15L,15H}

where those break points between low frequency  AC and high frequency AC are signaled for each slice by slice by coding a priority break point (PBP). The PBP value is encoded using UVLC at each slice header.

Then, the proposed partition map is given by

partition A (base layer) = {0,1,2,3,4,5,6,7,8,9L,10L,11,12,13,14L,15L,16,17,18,19}

partitoin B (enh layer)  = {9H,10H,14H,15H}

Note that by splitting the AC coefficient flexibly, the ratio between each partition can be adjusted according to the channel throughput variations. Furthermore, by signaling the PBP value for each slice,  the sets of optimal PBP values in rate-distortion sense can be computed.

Special Treatment of Intra Macroblocks
In the current implementation, there exists several intra coding modes for each macroblock: i.e.  Intra Prediction for 4x4 mode for luma, and Intra prediction for 16x16 mode for luma, and Prediction in intra coding of chroma blocks. 

In particular, if the entropy coding is UVLC and the image QP value is less than 24, then the transform coefficients of the intra4x4 mode for luma is doubly scanned rather than zig-zag single scanning.  We found that if the double scanning is used, then the loss of some part of  transform coefficients significantly reduces the quality of the video. Hence, for such mode,  we includes every transform coefficients into the partition A and provide more error protection.  While this treatment includes most of the I-frame into the partition A (about 80-90% of the total bit for the corresponding I-frame), the proposed partitioning scheme still allows wide range of partitioning ratio for the P and B frames. 

Simulation Results

We performed simulations to support our proposal. Because data partitioning as a robustness tool has already been established in previous meetings, the purpose of these simulations was to see how much room flexible data partitioning provides for optimization for high-quality video streaming. We performed tests on a subset of the common test conditions.

Sequences
Mobile (cif), tempete (cif), paris (cif)

QP
14, 16, 20

Entropy coding
UVLC

Motion compensation precision
¼ pel

Rate distortion optimization
On

Search range
32

Intra period
45

Frame skip
0

B frames
2

Slice mode
2 (fixed #of bytes in slice)

Slice argument
1500 bytes

Use constrained intra prediction
No

Restrict serach range
no restriction

Table 1. Test conditions

The simulation results have been summarized in Excel format and attached as a separate file (JVT-D136.xls). For each simulation, the PBP value is fixed for all frames and the all the enhancement layer packets are assumed lost.

Since the optimization of the PBP values for each slice level can be done in rate-distortion framework, and most of the practical network do not lose every enhancement packets, the simulation results, therefore, should be understood as a worst case scenario.

I

Conclusions

Only very small changes are needed to enable flexible data partitioning that can give video streaming systems power to optimize video quality under channel constraints. We propose to incorporate these changes into the CD and the streaming profile.
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