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Abstract

This contribution is a summary of core experiment 11, Coefficient scanning and coding.  Fourteen companies have been registered in CE11, and eight tools from seven proposals have been evaluated on the condition defined in document by the Software Ad Hoc Group.  An eighth proposal was withdrawn; a ninth proposal (G301) released software for cross-check more than 6 weeks after deadline and it was agreed that it would be tested outside of CE.  
1 Introduction

Various methods have been proposed for coding the transform coefficients of the residual signal to reduce complexity and/or improve the coding efficiency. This core experiment evaluates the coding efficiency and complexity impact of:

A. Context modeling/selection for syntax elements related to transform coefficients in HE configuration
B. Transform coefficient scanning order methods for CAVLC and/or CABAC.

The objectives of this CE include:

1) Investigation of the impact of context selection schemes for transform coefficient coding on the coding efficiency and complexity
2) Coding efficiency and complexity measurement of transform coefficient scanning order methods

Complexity measures are described in Section 6.2.
2 Participants List
	Company
	Participants
	Proponent
	Cross-Checker

	TI
	Vivienne Sze, sze@ti.com
	X
	X

	Qualcomm
	Marta Karczewicz, martak@qualcomm.com
Liwei Guo, liweig@qualcomm.com
Yunfei Zheng, zhengy@qualcomm.com
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	X
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	Bejing Univ. Tech
	Wenpeng Ding, wpding@gmail.com
	
	

	Motorola Mobility
	Yue Yu, yyu@motorola.com
	X
	

	Huawei
	Jin Song, andy.songjin@huawei.com
Haitao Yang, haitao.yang@huawei.com
Haoping Yu, haoping.yu@huawei.com
	X
	

	Canon
	Chris Rosewarne, Chris.Rosewarne@cisra.canon.com.au
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	MediaTek
	Xun Guo, xun.guo@mediatek.com
Shih-Ta Hsiang, shih-ta.hsiang@mediatek.com
	X
	

	Samsung
	Ankur Saxena, asaxena@sta.samsung.com
Jianle Chen, jianle.chen@samsung.com
v.seregin@samsung.com, tammy.lee@samsung.com, yj1003.piao@samsung.com, chanelwind@gmail.com
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	X

	Nokia
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	X

	Sony
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	X

	HHI
	Tung Nguyen, tung.nguyen@hhi.fraunhofer.de
	
	X
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jy.park@lge.com
	
	


3 Tools under Test
The following tools will be considered:

	Topic
	Proponent
	Document 
	Tool description
	Cross-checker

	Context Reduction
	TI
	JCTVC-F132
	Reduction in context used for significant_coeff_flag and coefficient level
	Qualcomm

	CAVLC Scan
	Qualcomm
	JCTVC-F612
	Modifications to intra blocks coefficient coding with VLC
	I2R

	CAVLC Scan
	Huawei
	JCTVC-F501
	Mode dependent coefficient scan for inter blocks
	Samsung, Motorola Mobility

	CABAC Scan
	Qualcomm
	JCTVC-F550
	Removal of the parsing dependency of residual coding on intra mode
	TI, Panasonic

	CABAC Scan
	Qualcomm
	JCTVC-F552
	Parallel Processing of Residual Data in HE
	Canon

	CAVLC & CABAC Scan
	Motorola Mobility
	JCTVC-F569
	Adaptive Scan for Large Blocks for HEVC 
	HHI

	CAVLC & CABAC Scan
	MediaTek
	JCTVC-F124
	Extended Mode-Dependent Coefficient Scanning
	Sony


4 List of Contributions

	Proposal Document #
	Cross-Verification Document #
	Author(s)
	Title

	G121/F132
	G327
	V. Sze (TI)
	CE11: Reduction in contexts used for coefficient level

	G679/F612
	G007
	M. Karczewicz, Y. Zheng, L. Guo, X. Wang (Qualcomm)
	CE11: Extending horizontal and vertical scan to big block for CAVLC

	G269/F501
	G708
	J. Song, X. Zheng, H. Yang, H. Yu (Huawei)
	CE11 Report on Prediction Unit Dependent Coefficient Scanning For Inter Frame

	G321/F550
	G124, G302
	J. Sole, Y. Zheng, W.-J. Chien, R. Joshi, X. Wang, M. Karczewicz (Qualcomm)
	CE11: Removal of the parsing dependency of residual coding on intra mode

	G320/F552
	G412
	J. Sole, R. Joshi, M. Karczewicz (Qualcomm)
	CE11: Scanning of Residual Data in HE

	G703/F569
	G975
	Y. Yu, K. Panusopone, J. Lou, L. Wang (Motorola Mobility)
	CE11: Adaptive Scan for Large Blocks for HEVC

	G284/F124
	G364
	X. Zhao, X. Guo, S. Lei (MediaTek), S. Ma, W. Gao (PKU)
	CE11: Extended Mode Dependent Coefficient Scanning


5 Summary of Modifications in Proposals

	Doc#
	Entropy Coder
	Summary of Changes

	G121
	CABAC
	Change c1 and c2 thresholds in context selection of coeff_abs_level_greater1_flag & coeff_abs_level_greater2_flag

	G679
	CAVLC
	Use horizontal and vertical scans on intra coded 16x16 and 32x32 TU

	G269
	CAVLC
	Add horizontal and vertical scans to inter coded TU for NSQT

	G321
	CABAC
	Change context selection of significant_coeff_flag to depend on scan position rather than block position

Change last_significant_coeff_x and last_significant_coeff_y to always assume diagonal scan

	G320
	CABAC
	Change ordering/grouping of significant_coeff_flag and coefficient level information; Group by 16 or group by TU 

	G703
	CABAC/CAVLC
	Additional scans for intra coded 16x16 and 32x32 TU 

	G284
	CABAC/CAVLC
	Additional scans for intra coded 16x16 and 32x32 TU


6 Definition of Performance Measurement Criteria

The performance measurements are evaluated by switching on and off individual tools to identify their relative performance. The following measurements are considered to be used in this core experiment.

6.1 Coding Performance Measurements

The objective rate-distortion measurements using 4-point BD-PSNR and BD-Rate [1] for all tools in section 3 are used. Proposals in sub experiment CE. B relating to coefficient scanning methods should be tested with both high efficiency and low complexity configurations.
6.2 Complexity Measurements

For the complexity measurement, the anchor, the reference software and the reference software with the proposed method implemented will be executed on the same machine and the computational time will be measured. A time factor will then be calculated between the reference software and the reference software with the proposed method implemented.
However, the complexity analysis does not solely rely on the encoding and decoding time measurements of a particular implementation (reference software) of the working draft.
Core experiment participants who investigate parallelization aspects are requested to provide a description showing how the parallelization is improved and which architecture(s) would see the benefit of the parallelization. Average and worst case throughput gain from parallelized methods should be considered.

In addition, any tools proposing a different method of scanning are requested to report
· Scheme of selecting the scan pattern during encoding needs to be described.

· Scheme of updating the scan pattern during parsing needs to be described.
7 Summary of Results

7.1 Sub Experiment CE.A: Context modeling/selection for transform coefficient related syntax elements
High Efficiency Configurations
	Proposal Document #
	Intra
	Random Access
	Low Delay

	G121/F132
	0.1
	0.0
	0.0

	G121/F132 (low QP)
	0.1
	0.0
	0.0

	G121/F132 (RDOQoff)
	0.0
	0.0
	0.0


7.2 Sub Experiment CE.B: Coefficient Scanning Methods
	
	High Efficiency
	Low Complexity

	
	Intra
	Random Access
	Low Delay
	Intra
	Random Access
	Low Delay

	G679/F612
	
	
	
	-0.3
	-0.1
	-0.1

	G269/F501
	
	
	
	
	0.0
	-0.1

	G321/F550
	0.2
	0.1
	0.1
	
	
	

	G320/F552 (Size16)
	0.0
	0.0
	0.0
	
	
	

	G320/F552 (TUSize)
	0.0
	0.0
	0.0
	
	
	

	G703/F569
	-0.1
	0.0
	0.0
	-0.3
	-0.2
	-0.1

	G284/F124 (M0)
	-0.2
	
	
	-0.6
	
	

	G284/F124 (M1)*
	-0.1
	
	
	-0.5
	
	


*Not in original document F124 from Torino Meeting.

8 Sub Experiment CE.A: Context Modeling/Selection and Summary of CE11 Adoptions and Progress

Since CE11 began at the 3rd meeting, there have been several adoptions to simplify CABAC.  In particular, 

· E253 reduced the number of context coded bins in coefficient level (from 14 to 2) 
· E227/ D260 reduced the number of contexts in significant_coeff_flag and the complexity in selecting the contexts 
· E338 separated information about the last significant coefficient position from significant_coeff_flag to enable easier parallel processing of contexts.  

· D239 remove adaptive scan 
· F129 diagonal scan

· F288 unified scan for significance maps and coefficient level
All these adoptions enable CABAC in HEVC to achieve higher throughput than in AVC. CE11 has also made progress in improving coding efficiency via adoption of D393, mode dependent coefficient scanning for intra predicted TU.
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