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1 Introduction

At the Pattaya Meeting an ad hoc group (AHG) was established to “study the improvement of CABAC with regards to rate-distortion performance and complexity”. This report summarizes the CABAC related proposals presented at that last meeting, gives an overview of the activities within the CABAC AHG in the interim period between the last and the present meeting, and finally provides a list of CABAC related contributions registered/uploaded so far (January 25, 2002) for the Geneva meeting. 

2 Summary of CABAC Related Proposals of the Pattaya Meeting

Four contributions for improving the coding efficiency of CABAC entropy coding were presented at the last meeting. As a common element, all these proposals were addressing the issue of improving the coding efficiency of transform coefficients. This section contains a brief summary of the methods of these proposals along with the associated simulation results.

2.1 HHI: VCEG-O18 [1]
Proposed Method:

This contribution proposes a new coding element, called coefficient counter (COEFF_COUNT), which represents the number of significant, i.e. non-zero transform coefficients in a given block. By using this alternative signaling scheme, the EOB symbol is no longer needed. Appropriately designed contexts for COEFF_COUNT are defined, and a conditioning scheme for the RUN symbol based on the initially transmitted and decoded COEFF_COUNT is proposed. In addition, the level conditioning method of VCEG-O24 [3] is considered for improving the intra coding performance. Furthermore, this contribution introduces a unified binarization scheme based on the Exponential Golomb (exp-Golomb) code tree, and finally, for an error-free environment, it was proposed to omit the re-initialization of models at slice/picture boundaries.

Results:

For the case of I-frame coding only gains of up to 6 % average bit-rate saving have been obtained, for combined IPP coding small performance improvements of up to 3.4 % bit-rate reduction have been achieved, both relative to the original CABAC method. By omitting the re-init, gains of up to 6.7% showed up. 

2.2 NTTDoCoMo: VCEG-O23 [2]
Proposed Method:

This proposal introduces new context models for improving coding efficiency of the LEVEL symbol for inter-frame coding only: For the first LEVEL in a block the context is built by considering the decision whether the neighboring blocks are coded or not, while the context of the remaining LEVELs of a block depends on the location of the EOB in the neighboring blocks.

In addition, a new binarization scheme for coding the macroblock mode symbol is proposed, and similar to VCEG-O18, an explicit signaling for re-initializing the models on picture/slice boundaries is proposed.

Results:

For inter-frame (IPPP) coding, the proposed method achieves up to 2.7% bit-rate savings with an average gain of 1% in the low-complexity RD optimized mode. 

2.3 Nokia: VCEG-O24 [3]
[2]Proposed Method:

This contribution proposes context models depending on the previously encoded LEVEL for an improved coding of LEVEL and RUN symbols in intra mode. Furthermore, the use of an adaptive scan in CABAC entropy coding of transform coefficients is proposed.

Results:

Performance gains of 1.5-4.3% Bjontegaard Delta (BD) bit-rate savings were obtained with additional gains of 0.7-1% for the adaptive scan.

2.4 Siemens: VCEG-O34 [4]
[2]Proposed Method:

This contribution proposes an extension to VCEG-O24 and exploits similar ideas as in VCEG-O18. In addition to the Nokia LEVEL conditioning method a refined context model is investigated, which uses the number of significant coefficients as proposed by HHI.

Results:

In comparison to the results of VCEG-O24, additional gains of up to 1% were reported; for lower bit-rates the proposed method showed slight performance losses.

3 CABAC Related Activities Since the Pattaya Meeting

To coordinate the activities of the AHG an email reflector has been established. Currently, there are 60 members subscribed. The discussion on the AHG reflector since the Pattaya meeting has been focusing on two main issues. First, the requirements for a low-complexity arithmetic coding (LC-AC) engine and common test conditions for the evaluation of related proposals were discussed. The second item, which has been discussed by the group, was related to the problem of harmonizing the CABAC related proposals 2.1-2.4 for improving coding efficiency.

3.1 Low-Complexity Arithmetic Coding

After some discussion, the group reached consensus on the following high-level requirements for a low-complexity arithmetic coding engine.

3.1.1 Requirements for LC-AC

1. Coding efficiency shall be as high as possible and at least comparable to the current test model. 

2. The average processing time per symbol shall be as small as possible. 

3. The size and the number of registers shall be as small as possible.

4. The accumulation of pending bits in the encoder shall be limited.

3.1.2 Common Test Conditions for Evaluation of LC-AC Proposals

There were some discussions on the email reflector concerning the question how to measure computational complexity, whether to use profiling tools for counting CPU cycles etc., or how to estimate computational complexity w.r.t. hardware implementations. As a common basis for the evaluation of low-complexity coding engine proposals, the following test conditions were proposed:

1. RD performance shall be measured using the common test set according to the common test conditions, as specified in VCEG-N81 [5]. 

2. Data for estimating/measuring the computational complexity in comparison to CACM87 [6] as currently implemented in JM-1 [7] shall be provided in at least one of the following form:  

a) [cycles/second] on [platform] under [conditions] 

b)  number of operations and their required precision per bit


In case of 2 a) it is desired to have at least one set of data where platform==general purpose CPU.

Two proposals related to this topic have been registered for the Geneva meeting:

· JVT-B033 [v-d Vleuten] 
Low-complexity Arithmetic Coding Implementation

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

3.2 Improving Coding Efficiency

In order to identify common coding elements for improving the coding efficiency for further harmonization of different techniques that were proposed in the CABAC related contributions [1]-[4] the ad hoc group agreed on the following proposal:

1. Software related to contribution VCEG-O18 was provided by HHI as a common basis for further investigations.

2. Each contributor planning to bring in a proposal on improving coding efficiency within the CABAC framework was strongly encouraged to use this software for his simulations, in order to get some information on useful combinations with his/her own ideas.

3. Simulation results should be generated according to the common test conditions (VCEG-N81) as usual. Supplementary experimental results are always appreciated.

On the basis of the VCEG-O18 software implementation, Nokia conducted several experiments to evaluate different combinations of the proposed tools for intra coding. The results, which have been provided by Ragip Kurceren are documented as an appendix to this document. Although limited to the intra coding case, there was the observation that the unifying exp-Golomb binarization scheme of VCEG-O18 seems to hurt coding efficiency in many cases. As a conclusion, further investigations on suitable binarization schemes were encouraged.  No further action was taken.

Four contributions for improving CABAC coding efficiency have been registered for the Geneva meeting:

· JVT-B064   [Bäse]

Additional Results related to the CABAC AHG

· JVT-B100   [Marpe+]       
Performance of CABAC for Interlaced Video

· JVT-B101   [Marpe+]       
New Results on Improved CABAC

· JVT-B105   [Hamilton+]    
Improved CABAC

Closely related to the question of the design of a suitable binarization scheme, the following document has been registered:

· JVT-B091  [Etoh+]        
Proposed Requirements on CABAC

References

[1] D. Marpe et al., “Improved CABAC”, VCEG-O18.

[2] S. Sekiguchi et al., “Improvements of CABAC Inter-frame Coding”, VCEG-O23.

[3] R. Kurceren et al., “Improvements of CABAC”, VCEG-O24.

[4] G. Bäse et al., “Enhanced Coding of Coefficients”, VCEG-34.

[5] G. Sullivan and G. Bjontegaard, "Recommended Simulation Common Conditions for H.26L Coding Efficiency Experiments on Low-Resolution Progressive-Scan Source Material", VCEG-N81.
[6] I.H. Witten et al., “Arithmetic Coding for Data Compression“, Comm. of the ACM, 30 (6), 1987, pp.520-541.
[7] Wiegand, “Joint Model Number 1 (JM-1)”, JVT-A003.

Appendix 

CABAC Intra Coding Experiments (by R. Kurceren)

A revised version of TML 8.5 Software that was provided by Detlev Marpe has been used. Further changes were introduced to this software to run different combinations. Both software packages are available at http://bs.hhi.de/users/marpe/jvt_cabac_ahg.html. The common test conditions were followed from VCEG-M-75. The results were obtained by encoding every frame as Intra frame using CABAC with rate-distortion optimization mode ON. 

Description of Tests

TEST A
Level and RUN coding from VCEG-O-24(Nokia).

TEST B
Only Level Coding from VCEG-O-24(Nokia). 

This test is to illustrate the contribution of LEVEL coding from VCEG-O-24(Nokia).

TEST C
Test A and ExpG Binarization from VCEG-O-18(HHI). 

This test is to illustrate the effects of the binarization of VCEG-O18.

TEST D
Full HHI proposal from VCEG-O-18.

TEST E
Full HHI + Level Coding (Nokia).

The following set of Tests would provide an understanding where the gains of VCEG-O-18 are coming from.

TEST F
CoeffCount +RUN + ExpG Binarization (HHI)

This test is a subset of HHI and excludes MAX_ENCODE and RUN_ADAPT from TEST E. This is to investigate the effects of MAX_ENCODE and RUN_ADAPT.

TEST G
RUN + MAX_ENCODE + RUN_ADAPT and ExpG Binarization

This test is another subset of HHI and excludes CoeffCount. 



TEST H
Coeff_Count + RUN_H + MAX_ENC + ExpG-Binarization.

This test is a subset of HHI proposal and excludes RUN_ADAPT. This test would demonstrate the effects of Run_ADAPT.

Notation

Level_N
Context Models for Level based on previous level in the block VCEG-O-24(NOKIA).

RUN_N
Context Models for RUN based on Level VCEG-O-24(NOKIA).

CoeffCnt_H
Number of Non-zero coefficients in a block with context models based on Coeff_count of the neighboring blocks VCEG-O-18(HHI).

RUN_H
Context Models for RUN based on either the Coeff Count Value (for single-scan Luma coeffs) or based on its location in the zig-zag order (for the rest of the coefficients), VCEG-O-18(HHI). 

MAX_ENCODE and RUN_ADAPT
VCEG-O-18(HHI)

Results

	
	
	A
	B
	C
	D
	E
	F
	G
	H

	
	QP
	Level_N RUN_N
	Level_N
	Level_N RUN_N ExpG-Bnr
	All_HHI
	All_HHI Level_N
	CoeffCnt RUN_H ExpG-Bnr
	RUN_H MAX_ENC RUN_ADP ExpG-Bnr
	CoeffCnt RUN_H MAX_ENC ExpG-Bnr

	container
	28
	1.24
	1.07
	0.48
	1.13
	1.61
	0.68
	-0.07
	1.04

	
	24
	1.30
	1.05
	0.33
	1.02
	1.49
	0.62
	-0.16
	0.94

	
	20
	2.30
	1.91
	1.34
	1.96
	2.78
	1.19
	0.01
	1.70

	
	16
	2.75
	2.31
	1.78
	2.58
	3.50
	1.23
	0.11
	2.16

	
	14
	2.80
	2.37
	1.84
	2.76
	3.63
	1.13
	0.11
	2.23

	
	10
	2.86
	2.41
	1.91
	3.12
	3.93
	0.74
	0.09
	2.37

	
	6
	2.84
	2.43
	1.85
	3.49
	4.23
	0.55
	-0.03
	2.58

	
	2
	2.90
	2.46
	1.80
	3.93
	4.68
	0.58
	-0.20
	2.89

	foreman
	28
	1.18
	0.99
	0.00
	0.36
	0.75
	0.00
	-0.24
	0.33

	
	24
	1.54
	1.14
	0.40
	0.43
	0.80
	0.07
	-0.19
	0.37

	
	20
	2.41
	1.74
	1.08
	1.61
	2.36
	1.09
	-0.08
	1.42

	
	16
	2.68
	2.13
	1.58
	2.13
	2.96
	1.18
	0.16
	1.68

	
	14
	2.79
	2.30
	1.79
	2.41
	3.28
	1.19
	0.26
	1.81

	
	10
	3.06
	2.52
	2.02
	3.02
	3.92
	1.11
	0.31
	2.13

	
	6
	3.42
	2.78
	2.29
	3.86
	4.82
	1.11
	0.29
	2.63

	
	2
	3.64
	2.96
	2.47
	4.72
	5.86
	1.17
	0.22
	3.18

	news
	28
	0.99
	0.73
	0.08
	0.38
	0.54
	-0.09
	-0.17
	0.30

	
	24
	1.33
	1.04
	0.43
	0.67
	0.85
	0.19
	-0.12
	0.52

	
	20
	1.87
	1.42
	0.91
	1.69
	2.13
	0.63
	-0.13
	1.32

	
	16
	2.09
	1.68
	1.14
	2.14
	2.63
	0.58
	-0.10
	1.59

	
	14
	2.21
	1.78
	1.34
	2.16
	2.70
	0.40
	-0.02
	1.53

	
	10
	2.55
	2.12
	1.61
	2.46
	3.10
	0.27
	-0.05
	1.70

	
	6
	2.69
	2.24
	1.75
	2.87
	3.60
	0.19
	-0.04
	1.95

	
	2
	2.74
	2.23
	1.69
	2.92
	3.78
	-0.16
	-0.29
	1.90

	silent
	28
	1.59
	1.35
	0.86
	1.45
	2.00
	1.17
	0.23
	1.47

	
	24
	2.04
	1.79
	1.03
	1.05
	1.47
	0.70
	-0.12
	1.04

	
	20
	2.64
	2.16
	1.64
	1.75
	2.39
	1.34
	-0.04
	1.66

	
	16
	3.43
	2.81
	2.35
	2.24
	3.11
	1.72
	0.00
	2.08

	
	14
	3.75
	3.13
	2.69
	2.65
	3.62
	2.04
	0.03
	2.43

	
	10
	4.35
	3.67
	3.24
	3.51
	4.70
	2.49
	0.10
	3.12

	
	6
	4.48
	3.89
	3.50
	4.32
	5.69
	2.51
	0.22
	3.68

	
	2
	4.49
	3.96
	3.50
	4.83
	6.37
	2.06
	0.20
	3.91

	tempete
	28
	1.61
	1.30
	0.77
	1.19
	1.61
	0.82
	-0.13
	1.07

	
	24
	1.94
	1.56
	1.10
	1.17
	1.66
	0.84
	-0.11
	1.06

	
	20
	3.06
	2.47
	2.08
	2.13
	2.97
	1.49
	0.04
	1.86

	
	16
	3.49
	2.93
	2.52
	3.01
	4.03
	1.93
	0.07
	2.55

	
	14
	3.61
	3.07
	2.64
	3.40
	4.49
	2.01
	0.07
	2.84

	
	10
	3.74
	3.24
	2.73
	4.01
	5.19
	1.88
	0.06
	3.24

	
	6
	5.36
	4.89
	4.27
	5.97
	7.16
	3.12
	1.69
	5.03

	
	2
	3.68
	3.23
	2.45
	4.54
	5.76
	0.92
	-0.05
	3.44

	mobile
	28
	1.51
	1.14
	0.55
	1.40
	1.78
	0.77
	-0.16
	1.14

	
	24
	1.93
	1.49
	0.96
	1.07
	1.56
	0.55
	-0.14
	0.84

	
	20
	2.97
	2.37
	1.97
	3.36
	4.21
	2.16
	0.11
	2.83

	
	16
	3.26
	2.68
	2.28
	3.89
	4.91
	1.93
	0.15
	3.10

	
	14
	3.33
	2.77
	2.33
	4.03
	5.11
	1.62
	0.13
	3.11

	
	10
	3.32
	2.80
	2.30
	4.20
	5.36
	0.92
	0.08
	3.06

	
	6
	3.15
	2.69
	2.10
	4.33
	5.48
	0.39
	-0.03
	3.05

	
	2
	2.88
	2.46
	1.72
	4.37
	5.45
	
	-0.28
	3.02


Performance improvement (bitrate savings in % wrt. to TML8.5) of the proposed methods for intra-coding in CABAC 
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