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1 Introduction

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

2 Summary of Complexity Related Contributions from Pattaya

Several contributions related to H.26L complexity were presented at the Pattaya meeting. This section contains a brief summary of each and describes actions taken by the group.  Unless otherwise stated experiments were performed in the context of TML 8.5 (see [3] for details).

2.1 Performance analysis of H.26L coding features

This contribution provided information regarding coding gains due to four key features in TML 8.5: CABAC, multi-frame prediction (using 5 reference frames), 1/8th-pel motion compensation and the use of numerous motion compensation block sizes.  See [9] for details.

Results

Results of the investigations are summarized below:

1) CABAC provided consistent improvement in coding efficiency of between 5% and 10%

2) Coding gains using multi-frame prediction were less than 5% for all but 2 sequences which showed savings of around 20%.

3) Eighth-pel accuracy was beneficial only at high resolutions and high bit rates.    

4) The use of many different block sizes provided a consistent improvement, averaging a 16% bit savings if all block types were used versus using the 16x16 mode only.   Most of the benefit achieved by having multiple block sizes was captured using 8x8 and larger blocks, although the smaller blocks were more beneficial as the bit rate was increased.

In addition, based primarily on the multi-frame prediction results, the authors suggested that the common conditions be amended to provide a broader representation of video content.

2.2 Initial results from a near-real-time H.26L encoder

This contribution contained an analysis of a “near real-time” H.26L encoder implemented in “C.”   The encoder did not support multiple reference frames, B-frames or eighth-pel motion vector accuracy. CABAC was supported. See [10] for details.  

Results

Computational complexity was such that CIF resolution video was coded at speeds of 12 to18 frames per second on a Pentium III 800 MHz laptop.  The objective coding results were surprisingly close to those of TML 8.5 (less than 0.5 dB difference in most cases) and significantly better (1.0 to 3.0 dB) than the results due to an RD-optimized implementation of an H.263 encoder using Annexes D, F, I, J and T.

2.3 Transform & Quantization 

The goals of contributions in this area, as stated in [1], 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.  

2.3.1 AHG report on Transform and Quantization

Two general approaches for reducing the transform and quantization complexity have been identified: modifying the TML definition and introducing a multiplier free transform. 

Results

The AHG conducted investigations examining complexity, greater bit-depth, precision of the quantization process and transform definition.  Initial results for the main 4x4 transform revealed no coding loss by using either of the 2 approaches relative to TML 8.  See [1] for details regarding complexity comparisons of the two approaches.  No harmonization at Pattaya.

Actions

The JVT decided it appropriate to allow this AHG additional time to reach consensus on one unified solution.

2.3.2 Low complexity (I)DCT

The proposed (I)DCT did not require multiplications and (de)quantization required only 16-bit multiplications (even with a 13-bit residual). The inverse transform with a 9-bit residual was implemented with 16-bit arithmetic.  See [8] for details.

Results

Good results demonstrated using design elements from several transform and quantization algorithm candidates being examined in the transform and quantization AHG.  

Actions

It was proposed to introduce this contribution to the transform and quantization AHG for further investigation.

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.  According to the benchmark analysis in [5], up to 50% of the decoding time for intra-coded macroblocks and 31% of the time for inter-coded macroblocks can be spent performing deblocking filter operations.

2.4.1 Lower complexity deblocking filter with in-place filtering

The current description of the deblocking filter requires that the macroblock pixels be copied to a temporary buffer prior to vertical and horizontal filtering.  In this contribution, the deblocking filter was changed to perform filtering operations in-place. The implication being that input samples for the current block are the output (filtered) samples from the previous block.  See [6] for details.
Results

The technique yielded small objective coding efficiency differences.  Some subjective differences were observed.  Claim that 66% of computational complexity for the filtering was due to memory accesses and that this scheme significantly reduced that figure.   

Actions

Further investigation into the impact of subjective quality differences.  The loop filter ad hoc group was activated again to evaluate and harmonize new proposals.

2.4.2 Medium Complexity Loop-Filter

A loop filter algorithm with lower complexity than the one found in TML 8.5 was presented.  See [7] for details.

Results

An execution speed improvement of 6% to 30% as compared to the filter in TML8.5 was found with some objective loss in quality.  Better subjective quality for P frames was claimed.  In addition, the authors recommended that the loop-filter in the current TML implementation be removed from the baseline profile for reasons of computational complexity. 

Actions

The loop filter ad hoc group was activated again to evaluate and harmonize new proposals.

2.5 H.26L Interpolation Filtering Ad Hoc Report
One goal of this ad hoc group [2], the only one related to complexity minimization, was to “Resolve open aspects with the tentative adoption of VCEG-N31 from Nokia. Incorporate the VCEG-N31 techniques into the test model if the group's tentative adoption is verified to be appropriate”. The resolution affects encoder complexity. 

Actions 

A pixel-based version of this technique was integrated into the TML software with a promise to produce a block-based method before 2002.

2.6 Motion Estimation

Two promising contributions, [11] and [12], containing algorithms designed to reduce the computational complexity of the encoder’s motion estimation process were presented in Santa Barbara.  An AHG was created to support rapid development of reduced complexity motion.  No contributions on these topics were presented at Pattaya, however a follow-up to [11] is registered for Geneva [4].

3 Complexity Related Activities Since Pattaya

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 Pattaya and the other highlighting complexity related contributions registered for the Geneva meeting.
3.1 Reflector Activity Etc.

Outside of the activities of the transform and quantization and loop filtering ad-hoc groups, there was little reflector traffic specifically relevant to the complexity reduction effort. I am aware of one inquiry posted to the reflector regarding the status of a loop filter on/off switch though I was not entirely sure that the motivation was complexity reduction.  In addition, I am aware of some preliminary results of R-D comparisons that examine coding performance with and without several codec features (for example, CABAC and multiple reference frames). I have encouraged the investigator to present the findings in Geneva though I have not seen a document registered on the subject as of January 22. 

3.2 Contributions Registered for Geneva

Judging by title alone, as none of the contributions referenced had been uploaded as of January 22, I have assembled a list to highlight contributions that may have relevance to the complexity reduction effort.  Note that there are several contributions addressing entropy coding complexity.   

JVT-B022   [Hong & Oh]  Range decision for motion estimation of VCEG-N33

JVT-B029   [Kerofsky+]    Reduced Complexity VLC

JVT-B030   [Zhou]         
 Evaluation of H.26l baseline coding tools

JVT-B031   [Zhou]         
 16-bit based transform and quantization

JVT-B033   [v-d Vleuten]
 Low-complexity arithmetic coding implementation

JVT-B036   [Winger]       
 Low-Complexity Arithmetic Codec Engine

JVT-B037   [Le Maguet+]
 PPL, a low Complexity deblocking for JVT

JVT-B045   [Bjontegaard]
 Low complexity Entropy Coding for Coefficients

JVT-B060   [Boyce]        
 Coding Efficiency of Various #s of Reference Frames
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