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1 Introduction

Now that the intense push to improve coding performance that occurred over the summer has settled somewhat, we would like once again to bring the issue of H.26L complexity to the forefront.  To this end, we summarize the results of the H.26L coding performance vs. complexity investigations presented at the Austin meeting.  The investigations were performed in the context of TML 5.91.

2 Summary of Results from the Austin Meeting

The complexity investigations were divided into two groups.  The first group investigated technical areas primarily associated with the encoder. The second group focused on issues associated with the entire H.26L codec. In each experiment, TML version 5.91 was used.  The software was modified only to facilitate analysis.  Where possible, coding details such as syntax elements and UVLC symbol mappings remained unchanged.  Finally, the experiments were performed in accordance with the common conditions specified in document VCEG–L38.

2.1 Encoder Investigations

The investigation areas in this subsection relate primarily to encoder coding decisions.  The results of the associated experiments may be used to improve the test model encoder and serve as the basis of implementer guidelines in the future.

2.1.1 Rate-Distortion Constrained Quantization vs. Simple Quantization

In this investigation, the coding efficiency and complexity of TML 5.91 with rate-distortion constrained quantization (RDQ) was compared to TML 5.91 with simple quantization.

Results

The RDQ yielded on average a 0.1dB improvement (2% coding gain) with a 0.2 dB improvement for intra frames.  In addition, no subjective benefits were reported.  The computational complexity for RDQ is implementation specific, but was deemed to be significantly higher than that of simple quantization.  For details, see document VCEG-M72.

Actions

The RDQ was removed from the test model.

2.1.2 Motion Search Range

The coding efficiency and complexity of TML 5.91 were examined as a function of the motion search range.  Search ranges of  {0, ±1, ±2, ±4, ±8, ±12 and ± 16} pels were used.

Results

The motion search range yielding the best R-D performance turned out to be highly source dependent.  The motion rich QCIF sequences benefited most from larger search ranges whereas the CIF sequences showed little gain as the search range was increased.  In addition, for the QCIF sequences, Foreman and Container a significant dependency between the QP and the number of search operations was discovered.  The bulk of the computational complexity for TML 5.91 was found in the motion search functions.  Approximately, 92.7% of the total encoder CPU time was spent doing motion search when the search range was ±16 pels with nearly 70% of the total time going for integer motion search.  See document VCEG-M23 for details.  In contrast, the optimized motion search implementation reported in VCEG-M50 represented approximately 65% of the overall encoder complexity. 

Actions

A rate distortion optimization of TML was suggested.

2.2 Codec Investigations 

The investigation areas in this subsection relate directly to both the encoder and decoder.

2.2.1 Number of Motion Prediction Blocks

In this investigation, coding efficiency versus complexity of TML 5.91 as a function of the number of motion prediction blocks used was examined.  Specifically, TML 5.91 was modified to use 4 (16x16, 16x8, 8x16, 8x8) and 2 (16x16 and 8x8) motion prediction blocks and those results were compared to the unmodified code that uses 7 blocks (16x16, 16x8, 8x16, 8x8, 8x4, 4x8 and 4x4). In addition, an over picture boundary motion search was included for all cases.

Results

The loss of coding efficiency is surprisingly small for the reduced motion prediction block codecs.  The average bit rate difference between the 4 block and the 7 block codecs was 4.28%.  The 2 block codec suffered an 8.19% loss.  When, over picture boundary motion search was included, the 4 block codec closed to within 0.32% of the 7 block codec without over picture boundary motion search and was within 2.52% of the 7 block codec with the extended search.   

Using 5 reference frames and a search range of ±12 pels, the motion estimation analysis has shown that 25% of the time is occupied by the 16x16 block search, and the remaining 75% is evenly divided for the other block types. (Note: the 92.7% value for motion search complexity mentioned in Section 2.1.2 was for a ±16 pel search range.)  Consequently, complexity may be reduced significantly (approximately 37.5% in this example) by reducing the number of blocks to 4.  Further, the additional computational and storage complexity resulting from over picture boundary motion search is modest (an estimated one to three percent of an optimized encoder) and should be considered in either case.  For details, see documents VCEG-M34 and VCEG-M47.

Actions

A further investigation is planned in which an R-D optimized encoder will be examined.  If the gains due to 7 search modes remain modest, we will consider reducing the number of motion search modes to 4.

2.2.2 Motion Vector Resolution and Interpolation Filter Tap Size

In this subsection, we summarize the results of an investigation of the coding efficiency versus complexity of TML 5.91 as a function of motion vector resolution and interpolation filter tap size. In particular, motion vector resolutions of 1/2, 1/3, 1/4 and 1/8 pel each with interpolation filters of 4- and 6-taps were examined.  In addition, an 8-tap filter was used for resolutions ½, ¼, and 1/8 pel. 

Results

One interesting result revealed that size of the interpolation filter had a relatively small impact on the objective coding performance for most video sequences.  For example, the ¼ pel resolution using a 4-tap filter had rate-distortion performance nearly identical to that of the 8-tap filter and lost approximately 0.3 dB to the 6-tap filter for the video sequence Tempete.  This result is important given that many hardware platforms used to implement real-time codecs (e.g. TriMedia, Equator) can implement a 4-tap filter nearly twice as efficiently as a 6- or 8-tap filter.   See document VCEG-M46 for details.  In addition, the 1/3 pel resolution with a 4-tap filter (funny position) yielded an average bit rate increase of only 5.85% over the ¼ pel 6-tap filter. For details, see document VCEG-M34.  The reduction in complexity that the 1/3 pel search requires makes it an attractive possibility.  See document VCEG-M28 for details.

Actions

An ad-hoc group was established to study the relationship between motion vector resolution, filter-tap number and profiles/levels as well as the direct versus subsequent filtering issue.  Gary Sullivan is chairing the group.

2.2.3 In-loop Deblocking Filter

In the time frame of TML-5.91, the In-loop deblocking filter was a less mature subject area than the other areas analyzed for complexity.  Whereas other investigations focused on specific experiments, this investigation generated several proposals for new algorithms.  Many of the algorithms demonstrated significant reductions in complexity with little or no degradation in subjective quality.  For details, see VCEG-M20, VCEG-M21, VCEG-M30, VCEG-M48, VCEG-M22, VCEG-M43 and VCEG-M64.

Actions

An Ad-Hoc group, chaired by Peter List was created to harmonize the ideas presented in the proposals. 

2.2.4 Transform Accuracy

The transform in the TML 5.91 requires 32-bit accuracy.  On many multimedia processors this 32-bit requirement significantly reduces the amount of parallelism that can be achieved in the transform implementation.  This investigation, resulted in 2 contributions, one, VCEG-M16, proposed an entirely new transform that met the 16-bit accuracy goal while contribution VCEG-M71 presented 2 algorithms that were variations on the current H.26L transform.  The first variation required no more than16-bit accuracy at any stage of computation the second required a 32-bit intermediate result.

Results

Neither proposal was adopted but further investigation was strongly encouraged.

3 Call for Future Work

3.1 Number of Reference Pictures

One interesting investigation not pursued for the Austin meeting involved the impact of the number of reference frames on coding performance and complexity.  It is known that additional reference pictures significantly improve coding performance.  It is also known that substantial computational resources are needed to search even a modest number of reference pictures.  We believe, therefore that this topic should be revisited.

3.2 Comprehensive Complexity Analysis

Previous complexity analyses were performed in the context of TML 5.91.  We are now working with TML version 8.4.  Consequently, one of the authors of this document has volunteered to perform another H.26L complexity analysis for presentation at the next VCEG meeting.  

4.0 Conclusion

Real-time H.263 encoders and decoders running annexes F, I, J, T and U exist today.  Assuming similar complexity of the H.26L in-loop filter and Annex J plus Annex F’s OBMC, the H.26L transform and the DCT and the H.26L intra prediction modes and Annex I, a baseline H.26L will likely add complexity in the areas of

· Motion vector resolution

· Interpolation filter size

· Motion prediction modes (beyond inter-4V)

To realize a real-time H.26L codec on hardware platforms available today or in the near future, it will be necessary to make very careful design choices, especially with regard to the three areas mentioned above.  Finally, we need to convince manufacturers of real-time video codecs with a limited (though growing) processing budget, that H.26L gives more compression per dollar than H.263+(+).
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