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1. Introduction

This document describes the results of complexity analysis of the MB prediction modes proposed in VCEG-O22 [1]. In the Geneva meeting, core experiment results on improved macroblock (MB) prediction modes, as a comparison between VCEG-O22 and VCEG-O17 [2] were reported [3] [4] [5] [6]; the coding efficiency improvement of the VCEG-O22 proposal has been proved. However, concerns were raised about the complexity of the VCEG-O22 proposal, and further investigation was requested.
This document reports the results of the complexity analysis at the decoder and encoder side and discusses the adaptation of the proposal as a tool for higher profiles.
2. Complexity analysis

In this complexity analysis comparisons between VCEG-O22 (implemented on TML9.0) and VCEG-O17 (implemented on TML8.5) have been carried out for decoder and encoder.

Tests have been carried out using a MS based PC equipped with an Intel Xeon Processor 1.7 GHz and 1024MB of memory.
As suggested in the Common Test Condition document [7], since we are targeting the adoption of the advanced macroblock prediction modes for higher complexity profiles, we have used a CABAC enabled encoder in our simulations.
2.1  Decoder

VCEG-O22 (implemented on TML9.0) does not add any computational complexity at the decoder when compared to the relevant TML9.0 version (see Fig.1). 

The same can be said for VCEG-O17 (implemented on TML8.5) when compared to its relevant TML8.5 version (see Fig.2).

The two decoders also show similar decoding time, we can therefore clearly conclude that at decoder side both VCEG-O22 and VCEG-O17 do not add any computational complexity to the relevant TML core implementation.
Tables with Decoding time, PSNR for quality measure and Bitrate for compression efficiency are shown for all the sequences in the enclosed Excel file, JVT-C119r1_dectime_CABAC_P1.xls.
[image: image1.wmf][image: image11.wmf]MB modes for the baseline profile

MB modes for a higher profile

Basic MB modes

Basic MB modes

Additional MB modes

2.2 Encoder                                                                       For what concerns the complexity analysis at the encoder we have measured the elapsed execution time for the various sequences. We underline in this report the fundamental role played in complexity by the number of reference frames. We demonstrate here that the wider selection choice of MB modes introduced in VCEG-O22 is a better choice than considering more reference frames. More reference frames constitutes in fact an important concern for the implementation of decoders for handheld devices, particularly when multicast streaming applications are targeted.
Tables with Encoding time, PSNR for quality measure and Bitrate for compression efficiency are shown for all the sequences in the enclosed Excel file, JVT-C119r1_enctime_CABAC_P.xls and JVT-C119r1_enctime_CABAC_B.xls.
2.2.1 Computational complexity:

Results show that:

- when only one reference frame is considered VCEG-O22 is between 5% and 14% slower than VCEG-O17.

Therefore the overall increase in computational complexity of VCEG-O22 over VCEG-O17 is quite limited.

2.2.2 Compression efficiency

When the same number of reference frames is considered, VCEG-O22 shows higher compression efficiency than VCEG-O17, both when compared to the relevant TML implementation and in absolute terms. 

Note that there are differences of coding efficiency between original TML8.5 and TML9.0. Because of that, some of the results may show that VCEG-O17 surpasses VCEG-O22, but VCEG-O22 always surpasses VCEG-O17 in terms of improvement on the relative TML, as clearly shown in the core experiment report [3].
2.2.3 Analysis of results
VCEG-O22 provides the possibility to select among 19 different coding modes for the macroblocks, while VCEG-O17 considers only 7 different coding modes.

This has as a consequence that VCEG-O22 is providing higher coding efficiency at the price of a marginal increase in complexity.

VCEG-O22 using only 3 reference frames shows a coding performance comparable to that of VCEG-O17 using 5 reference frames.

In this case the computational complexity of the two approaches is the same, but the memory requirement of VCEG-O17 is 5/3 that of VCEG-O22.

For comparable complexity VCEG-O22 shows comparable and sometimes better coding efficiency at reduced memory requirements.

Therefore results show that increasing the number of coding modes for the macroblock is a better strategy than increasing the number of reference frames. 

Memory requirements are clearly reduced. Memory size and memory bandwidth indeed play a fundamental role for complexity, particularly when implementations for handheld devices are targeted (particularly for CIF images which require 152 KB per frame).

3. Proposal of Profile scalable mode selection
Higher profiles may be set for streaming/multicasting video transmission. 

In this respect the computational asymmetry of the codec plays an important role when it boils down to the sole complexity of the decoder.
Therefore reducing the number of frames to be stored in the memory of the decoder appears to be as a fundamental concern together with the absolute need to achieve the highest possible quality at the lowest bitrates.

In this framework of needs and requirements the computational complexity at encoder side indeed plays a secondary role when compared to the need for higher coding efficiency. 

For those higher profiles, a scalable MB coding mode set can be an approach to achieve coding efficiency improvement without adding any burden to the decoder. MB coding modes of VCEG-O22 can be determined as a super set of the baseline mode sets, and a higher profile can adopt them. Figure 3 shows MB mode set determinations. This approach can improve the coding efficiency without increasing the decoder complexity both in computational and memory aspects, as discussed above.
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4. Comments

In general using more coding modes allows to achieve higher compression efficiency at the limited price of marginal increase in the number of operations needed for the motion estimation.

For the sake of realistic computational complexity analysis, it should be remarked that full search motion estimation approaches are not used in practical implementations; this reduces the overall impact of motion estimation on the total computational burden of the encoder and therefore also of a more detailed mode selection scheme.

5. Conclusions
From the analysis of the data shown in the tables we can draw the following conclusions:

- Introducing more coding modes defined in VCEG-O22 does not add computational complexity at the decoder
- Using more coding modes is a better policy than considering more reference frames.

In fact for reduced memory requirements and the same computational complexity, VCEG-O22 shows a coding performance comparable and sometimes better than VCEG-O17.

The factor for memory saving is 40%

Therefore: 

we propose the adoption of the improved prediction modes described in VCEG-O22 for higher profiles particularly targeting streaming applications.
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Fig. 2 Comparison of VCEG-O17 versus the relative TML8.5 implementation (Foreman)





Fig. 1 Comparison of VCEG-O22 versus the relative TML8.5 implementation (Foreman)





Fig. 3 MB coding modes for different profiles
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