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1 Introduction

Since the VCEG Austin meeting in April, the majority of technical work for H.26L complexity reduction has been performed by highly focused Ad-Hoc Groups (e.g. the Loop Filter AHG).  In this report, I have attempted to collect and summarize the work performed by these AHGs as well as complexity reduction work contributed outside their auspices. The report covers work presented in Santa Barbara with additional comments intended to reflect the current state of complexity investigations since that meeting.  The body of the report is presented in Section 2. Section 3 provides a list of references.

2 Summary of Results from the Santa Barbara Meeting

Several contributions related to H.26L complexity were presented at the Santa Barbara meeting.  In this section, I briefly summarize the results of each of these contributions and describe actions taken by the group.  Unless otherwise stated the contributions were performed in the context of TML 8.0. (See VCEG-N10 for details).

2.1 Decoder Benchmark Analysis for RISC 16-bit DSP Platform

The benchmark analysis was performed to identify H.26L decoder processing bottlenecks.  The loop filtering analyzed is described in Annex 1 of VCEG-N08.  One eighth pel motion compensation, context-based adaptive binary arithmetic coding and B-frames were not considered.

2.1.1 Results

According to the analysis, the most computationally complex decoder operations for intra-coded macroblocks included the loop filtering (50.2%), 4x4 inverse transform (28.2%) and VLD+IQ (13.7%).  For inter-coded macroblocks, the most complex aspects included motion compensation (36.0%, ½ and ¼ pixel interpolations), loop filtering (31.0%), 4x4 inverse transform (19.2%) and VLD+IQ (8.3%).  In addition, the complexity of the inverse transform will be reduced by about 75% with the adoption of a low complexity 16 bit inverse transform.  Finally, the decoder was stated to require 4 to 5 times more cycles than MPEG-4 SP.  See VCEG-N23 for details.

2.1.2 Actions

Comparison to MPEG-4 ASP is suggested (since that is a higher-complexity, enhanced-compression profile).

2.2 Transform & Quantization  

The goal of contributions in this area is to design a 16-bit accurate transform (in lieu of the 32-bit accuracy required in TML 8.0) with very low complexity.  In addition, it is desired that the coding performance with the newly designed transform be at least as good as that with the transform currently specified in TML 8.0.

2.2.1 Results

Several contributions were presented: VCEG-N20, N22, N24, N43 and N44.

2.2.2 Actions 

An AHG chaired by Louie Kerofsky was created.  The group has worked hard (as evidenced by email reflector traffic since the Santa Barbara meeting) to harmonize the contributions.  It is clear that a high quality, low complexity transform will emerge.  A report of the activities of this group since the Santa Barbara meeting is contained in VCEG-O09.doc.

2.3 Motion Estimation

Two very different contributions containing algorithms designed to reduce the computational complexity of the encoder’s motion estimation process were presented, VCEG-N25 and VCEG-N33.  They are both summarized in this subsection.

2.3.1 Fast Block-Based Motion Estimation Algorithm -- VCEG-N25

A reintroduction of a fast block-based motion estimation algorithm first proposed in Austin in VCEG-M26. The algorithm exploits the fact that a good 1D-projection match is a necessary condition for a good block match. In the proposal, the expensive 2D block-matching problem is translated to a simpler 1D matching one by eliminating potential matching candidates.  A four to ten times performance improvement may be possible with little loss in video quality.

Actions

An AHG was created to support rapid development of reduced complexity motion estimation such as those presented in VCEG-N25. Pankaj Topiwala will chair the group.

2.3.2 Dynamic Search Range for Motion Estimation -- VCEG-N33

The algorithm exploits the fact that motion vectors of neighboring blocks are highly correlated.  Specifically, motion vectors from neighboring macroblocks are used to determine the search. 

Actions

An AHG was created to support rapid development of reduced complexity motion estimation such as those presented in VCEG-N33. Pankaj Topiwala will chair the group.

2.4 Loop Filter

The principle objective of the contributions in this area is to design a low complexity loop filter capable of improving the subjective video quality.  Great progress has been made since the Eibsee meeting in January of this year.  None-the-less, the loop filter is one of the most computationally expensive components in the H.26L decoder.  According to the benchmark analysis in VCEG-N23, up to 50% of the decoding time for intra-coded macroblocks and 31% of the time for inter-coded macroblocks can be spent performing loop filter operations.  In a recent reflector communication, the loop filter AHG chair mentioned that 2/3 of the time spent in the current loop filter implementation is spent on memory accesses suggesting that some future complexity reduction work should focus on reducing memory bandwidth requirements for the filter.  

2.4.1 Results

An Ad-Hoc group, chaired by Peter List was created to harmonize the ideas presented in the many proposals contributed at the Austin meeting.  The AHG specified a loop filter, a description of which may be found in Annex 1 of the loop filter AHG report, VCEG-N08.  The VCEG adopted the proposed filter. In addition, VCEG-N30 proposed a filter with QP dependent filter coefficients.  Results for that contribution looked promising.

2.4.2 Actions

Investigate the performance of the algorithm presented in VCEG-N30 in the context of the latest TML software.  New software to test VCEG-N30 was uploaded on November (Software_VCEG_O19.zip).  The software is apparently a lower complexity variation on the algorithm described in VCEG-N30.  In addition, further investigation is called to design filter with reduced memory bandwidth requirements. 

3.0 References
[1]
H.26L Test Model Long Term Number 8 (TML-8) draft0, Q.6/SG16(VCEG), 6/28/01.
[2]
Report of the Ad Hoc Committee on Loop Filter Improvement, Peter List, VCEG-N08.

[3] 
Benchmark Analysis of H.26L Decoder Functional Blocks, Minhua Zhou, VCEG-N23.

[4]
A Hybrid Feature/Image Block Motion-Vector Estimation Approach, Chengjie Tu et al, VCEG-N25.

[5]
Dynamic Search Range Decision for Motion Estimation, Min-Cheol Hong, Young Man Park, VCEG-N33.

[6]
Reduced bit-depth quantization, Louis Kerofsky, Shawmin Lei, VCEG-N20.

[7]
16-bit Integer Transform and Quantization, Minhua Zhou, VCEG-N22.

[8]
Fast Integer Transform and 16-bit architecture for H.26L, Jie Liang et al, VCEG-N24,

[9]
Low complexity (I)DCT, Antti Hallapuro, Marta Karczewicz, VCEG-N43.

[10]
Low-Complexity Length-4 Transform and Quantization with 16-Bit Arithmetic, Henrique S. Malvar, VCEG-N44.

[11]
Modified Loop Filter for Improving Visual Quality, Min-Cheol Hong, VCEG-N30.

[12]
A Projection-Based Motion Estimation Approach for H.26L, Chengjie Tu et al, VCEG-M26.

[13] Reduced Complexity Transform/Quantization AHG Report, L. Kerofsky, VCEG-O09. 

File:VCEG-O06.doc
Page: 1
Date Printed: 11/27/2001

