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Abstract

This contribution is to propose a suggested set of TMuC coding tools for both high-efficiency and low-complexity conditions, as a starting point of HEVC Test Model (HM) with experimental data jointly verified by multiple companies. The proposed toolset follows “one tool per one functionality” concept and achieves reasonable coding efficiency relative to TMuC anchor used for TE12 assessment, while reducing encoding and decoding time significantly. It is recommended to construct a base structure of HM based on the suggested toolset and consider further additions of other tools via careful assessment of all TE results for creation of HM.
1 Introduction

As the result of test model discussion in the last Geneva meeting, the group agreed to define HEVC Test Model (HM) with only the minimum set of well-tested tools that together form a coherent design that is confirmed to show good capability [1]. Given this agreement, we provide performance verification results of a suggested tool set that should fulfill the requirement of HM’s starting point based on the one discussed in JCTVC-B122 [2]. This tool set follows “one tool per one functionality” concept and shows reasonable coding performance relative to TMuC anchor used for TE12 assessment that follows B300 configuration [3], while reducing encoding and decoding time significantly. In summary, for high-efficiency inter coding condition, coding gain around 4% less than the TE12 anchor while reducing encoding and decoding time around 65%. For low-complexity inter coding condition, gain is around 3% higher than an anchor, which improves the one of TE12 low-complexity condition, while reducing encoding time around 30% and make decoding time to be around 1/5.
2 TMuC configurations for the suggested toolsets
The following tables show required TMuC configurations to achieve the suggested toolsets by comparing the configuration defined for TE12 anchor. The different settings from B300 are mainly coming from choosing one tool per each functionality, and we apply selection criteria such that:

· The tool was commonly used in many CfP submissions.

· Performance of the tool should be promising in terms of experience in conventional standards, related exploration studies such as KTA, and evaluation of CfP submissions. 

· Specification of the tool should be as simple as possible.

Table 1. Configurations for High-Efficiency Condition

	Tool name
	TMuC default setting

(JCTVC-B300)
	Proposed setting
	Parameters for proposed setting

	Coding unit
	Min size: 8x8

Max size: 64x64
	Same as B300


	Same as B300

	Transform unit
	Quadtree
	Samsung based
	QuadTreeTUFlag : 0

	Large transform
	Max size: 64
	Max size: 32
	QuadTreeTULog2MaxSize : 5
MaxTrSize : 32

	Angular Intra Prediction
	I64: 5 modes

I32: 34 modes

I16: 34 modes

I8: 34 modes

I4: 17 modes

I2: 3 modes
	I64: 5 modes

I32: 17 modes

I16: 17 modes

I8: 17 modes

I4: 17 modes

I2: 3 modes
	#if UNIFIED_DIRECTIONAL_INTRA
const UChar g_aucIntraModeNumAng[7] =

{

3,  //   2x2

17,  //   4x4

17,  //   8x8

17,  //  16x16

17,  //  32x32

5,  //  64x64

5   // 128x128

};

const UChar g_aucIntraModeBitsAng[7] =

{

2,  //   2x2

5,  //   4x4

5,  //   8x8

5,  //  16x16

5,  //  32x32

3,  //  64x64

3   // 128x128

};

	Rotational transform (ROT)
	Enabled
	Disabled


	ROT : 0

	Mode depend. directional transform (MDDT)
	Enabled
	Disabled


	#define QC_MDDT 0

	Adaptive Intra Smoothing (AIS) on/off
	Enabled
	Disabled


	AIS : 0

	Combined Intra Prediction (CIP)
	Enabled
	Disabled
	CIP : 0

	Planar prediction
	Enabled
	Disabled


	#define PLANAR_INTRA 0

	Edge-based prediction
	Enabled
	Disabled


	EdgePredictionEnable : 0

	Deblocking filter
	Enabled
	Same as B300
	Same as B300

	Adaptive loop filter (ALF)
	Diamond


	Same as B300
	Same as B300

	Entropy coder
	PIPE
	Same as B300
	Same as B300

	Transform coefficient coding
	HHI
	Same as B300


	Same as B300

	Internal Bit-Depth Increase (IBDI)
	4 bits


	Same as B300


	Same as B300

	Rate Distortion Optimized Quantization (RDOQ)
	On
	Same as B300
	Same as B300

	CABAC-based RDO
	On
	Same as B300
	Same as B300

	Asymmetric Motion Prediction Unit (AMP)
	Enabled
	Disabled
	AMP: 0

	Block Merging (MRG)
	Enabled
	Disabled
	MRG: 0

	Motion vector prediction (AMVP/IMVP)
	AMVP method
	Same as B300


	Same as B300

	Interpolation filter
	SIFO
	DCT-IF 12 tap
	InterpFilterType: 0

DIFTap: 12

	Adaptive motion vector resolution (AMVRES)
	Enabled
	Disabled


	AMVRES : 0

	Transform Skip Flag
	Disabled
	Same as B300
	Same as B300

	PU-Based Merging
	Disabled
	Same as B300
	Same as B300

	Partition-based intensity compensation
	Disabled
	Same as B300
	Same as B300

	Transform precision extension
	Enabled
	Disabled
	undefine TRANS_PRECISION_EXT


Table 2. Configurations for Low-Complexity Condition 

(only the difference from High Efficiency Settings are listed)

	Tool name
	TMuC default setting

(JCTVC-B300)
	Proposed setting
	Parameters for proposed setting

	Adaptive loop filter (ALF)
	Disabled


	Same as B300
	Same as B300

	Entropy coder
	LCEC
	Same as B300
	Same as B300

	Internal Bit-Depth Increase (IBDI)
	Off


	Same as B300


	Same as B300

	CABAC-based RDO
	Off
	Same as B300
	Same as B300

	Interpolation filter
	DIF
	DCT-IF 6 tap
	InterpFilterType: 0

DIFTap: 6

	Adaptive motion vector resolution (AMVRES)
	Disabled
	Same as B300
	Same as B300

	LCEC Phase 2
	Disabled
	Enabled
	#define LCEC_PHASE2  (1)

	Transform precision extension
	Enabled
	Same as B300
	Same as B300

	Shift bits for transform precision extension
	8x8: 7 bit

16x16: 6 bit

32x32: 5 bit

64x64: 4 bit
	8x8: 4 bit

16x16: 4 bit

32x32: 4 bit

64x64: 4 bit
	const int g_iShift8x8 = 4;

const int g_iShift16x16 = 4;

const int g_iShift32x32 = 4;

const int g_iShift64x64 = 4;


3 Performance Verification
All signed companies have conducted cross-verification experiments with the configurations specified in the previous section. All simulation conditions other than the changes to the TMuC configuration as shown in Table 1 and 2 are the same as those defined in JCTVC-B300 [3] with one exception for low-complexity condition. Regarding the LCEC, it was found that TMuC before version 0.7.4 has not optimally been implemented especially when MDDT is turned off. Thus, we used TMuC 0.7.4 with LCEC_PHASE2 Macro enabled for both the anchor and the suggested tool set.
Additionally, some of co-author companies have conducted cross-verification experiments using CABAC instead of PIPE with the same configurations for other settings.

The simulation results with PIPE are shown in Table 3, and the results with CABAC are shown in Table 4. According to these results, it is observed that the suggested tool set provides good coding performance such as around 4% BD-rate degradation for high-efficiency inter coding conditions relative to the TE12 anchor while reducing encoding/decoding time almost one-third of the anchor. For low-complexity case, it provides better coding performance while reducing encoding time, while decoding time is less than one-fifth of the one of the corresponding improved anchor as specified above.

[Note: Performance result on SHV test sequences with the configuration specified in Table 1 and 2 will also be added in the revised document as the result that is cross-checked by NHK and Mitsubishi.]

Table 3. Experimental results with PIPE
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Table 4. Experimental results with CABAC
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  We also performed the tests using the proposed settings with ""DEFAULT_IS" to 0, and the results are shown in Table 5.

[Note: Performance result with DEFAULT_IS to 0 will also be added as the result that will be cross-checked by Mitsubishi, NEC and Sony.]
4 Conclusion
　The performance results on a suggested set of TMuC tools as the starting point of HEVC Test Model (HM) were reported in this contribution, which have been cross-verified by multiple co-author companies. This tool set follows “one tool per one functionality” concept and shows reasonable coding performance relative to the anchor used for TE12 assessment, while reducing encoding and decoding time significantly. It is recommended to take the suggested toolset as a base structure of HM and consider further additions of other tools via careful assessment of all TE results for creation of HM.
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