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1 Introduction

This report covers H.26L complexity reduction work presented in and performed since the Geneva meeting in January. The report is organized into 4 sections.  Section 2 contains a summary of contributions related to H.26L complexity presented at the JVT Geneva meeting.  Section 3 contains a summary of complexity related activities occurring since Geneva including an announcement of complexity related contributions registered for the Fairfax meeting. Section 4 provides a list of references.

2 Summary of Complexity Related Contributions from Geneva

Several contributions related to H.26L complexity were presented at the Geneva meeting. This section contains a brief summary of each and describes actions taken by the group.

2.1 Entropy Coding

Two trends are emerging in this area.  The lower complexity VLC and adaptive VLC methods have begun to converge on CABAC coding performance as in [1] and complexity of these methods continues to decrease as in [2] while the complexity of CABAC related algorithms continues to decrease [3] and [4].
Actions

The CABAC AHG will continue to discuss complexity reduction of the arithmetic coding engine. In addition, a Context-based Adaptive Code (CAC) AHG was formed.  The group’s mandate is to further study the idea of adaptive codes with regards to the trade-off between coding efficiency and complexity involving the Exp-Golomb and the CABAC entropy coding.  Finally, the Exp-Golomb codes per [2] and the Low-Complexity Arithmetic Codec Engine [4] were adopted.

2.2 General Analysis

Th informational contributions highlighted in this section provide valuable insight into complexity vs. coding performance characteristics of key JVT codec features.

2.2.1 Evaluation of H.26L Baseline Coding Tools

In this document, the coding efficiency of major H.26L baseline coding tools, namely 16x16 intra prediction, multiple reference frame prediction, motion vectors of size below 8x8, Hadamard transform in ME and intra prediction decision, RD-optimization, cost-function based zero block decision, and loop filter, were evaluated. See [5] for more details.

2.2.2 Coding Efficiency of Various Numbers of Reference Frames
This contribution provided experimental results about the coding efficiency of various numbers of reference frames (1, 2, 3, and 5 frames) with quarter- and eighth-pel motion vector resolution in TML 9.0.  This contribution was informational and was provided to assist in defining profiles and levels.  See [6] for further details. There was a suggestion to include higher resolution sequences and re-emphasize plan for a Profile AHG.

2.3 Transform & Quantization 

The goals of contributions in this area, as stated in [7], are to define a low complexity transform and quantization for the current application to 9-bit residuals and to extend the definition to support 11-bit and 13-bit residuals.  

Actions

The proposal presented in [8] has been recommended for adoption.  Proposal highlights include: decoder can be kept fully within 16 bits with a 9-bit residual (even for intermediate values), only rounding is in final reconstruction. Memory usage for the transform: 192 bytes, for quantization matrices: 288, 144, or 54 bytes.  In addition, and unrelated to [8], the luma DC transform was changed to Hadamard.  Finally, further study was recommended for the family approach proposed in [9].

2.4 In-loop Deblocking Filter

The principle objective of the contributions in this area is to design a low complexity deblocking filter capable of improving subjective video quality.

2.4.1 AHG Recommendation

The loop-filter AHG worked to produce a new and improved loop-filter. See [10] for details.

Results

The reduction in software complexity was estimated to be a factor of 2-4. A remark was made that the reduction in hardware complexity is smaller than the complexity reduction in software. Subjective results were shown and an improvement was seen by the group.  

Actions

The loop-filter AHG recommended the adoption of newly improved software into the JM and the group concurred.  Further, the continuation of the loop-filter AHG (chair: P. List) with an extended mandate to consider finalization of the loop-filter design was proposed.
2.4.2 A Modified Loop Filter of VCEG-O19

This contribution was made outside the auspices of the loop-filter AHG.  It contained a proposal for a frame-based loop filter that introduces QP and signal dependent adaptive filtering and represented follow on work for [11]. See [12] for details.
Results

An average saving of 15% against the loop filter decoding time was obtained against the existing JM implementation. Subjective comparisons shown so far indicated a potential subjective gain of the proposed method. 

Actions

The proposal will be given further consideration in the loop-filter AHG.

2.4.3 PPL, a Low Complexity De-blocking for JVT

This contribution was made outside the auspices of the loop-filter AHG.  The proposed deblocking filter was tested as a post process function and will be implemented in the coding loop. The algorithm was been compared to the TML9 deblocking in terms of both quality and complexity. See [13] for details.

Results

The results so far show that it is equivalent to the TML9 deblocking in terms of perceived visual quality (for CIF sequences), and is 3.5 times less complex. Subjective results indicate some improvements of the proposed method while the method gives objective losses up to 0.5 dB BDPSNR
Actions

The proposal will be given further consideration in the loop-filter AHG.

2.5 Range Decision for Motion Estimation

This contribution demonstrated a technique to reduce motion estimation complexity using local motion vector statistics. Specifically, the motion vectors of the neighboring blocks are used to determine the search range of a block. See [14] for details.

Results
Experimental results reported an average time savings of 50% for motion estimation without loss in visual quality. 

Actions
The proposal was adopted.

3 Complexity Related Activities Since Geneva

This section contains a summary of complexity reduction activities and communications that have occurred outside the auspices of other ad hoc groups.  The section is divided into two subsections, one summarizing reflector activity since Geneva and the other highlighting complexity related contributions registered for the Fairfax meeting.
3.1 Reflector Activity Etc.

As a result of reflector communications, the author is aware of an effort undertaken by the MPEG ISG (Implementation Study Group) to performance profile the JVT codec in an effort to identify computational complexity bottlenecks.  Guidance was provided with respect to common conditions under which the profile data would be collected.

3.2 Contributions Registered for Fairfax

Judging by title alone, as none of the contributions referenced had been available as of April 30, the author has assembled a list to highlight contributions that may have relevance to the complexity reduction effort.    

JVT-C025   [Kerofsky]     

Modifications to the JVT IDCT – Proposal

JVT-C029   [v.d. Vleuten] 
Low-complexity arithmetic coding for CABAC

JVT-C035   [Le Maguet]    
Low Complexity Deblocking

JVT-C037   [Bossen]       

Full 16-bit Implementation of 1/4-pel Mot Comp

JVT-C038   [Bossen]       

Reducing dec. complexity by an order of magnitude

JVT-C052   [Sato+]        

Adaptive MC Interp. Filter for Complexity Reduc.

JVT-C061   [Marpe+]       

Fast Arithmetic Coding for CABAC

JVT-C065   [Hong+]        

Further Improvement of Motion Search Range

JVT-C104   [Boyce+]       

4-Tap Motion Interpolation Filter

JVT-C115   [Winger]       

Reducing decoder peak bus bandwidth by >50%

JVT-C130   [Gomila+]     

Simplification of the JVT deblocking filter

JVT-C134   [Stockhammer]  
Verification of Fast Arithmetic Coding Engine
JVT-C152   [Horowitz+] 

JVT/H.26L Decoder Complexity Analysis
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