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Abstract
This contribution presents a reduction of required CABAC contexts for the Simplified Depth Coding (SDC) tool, which was proposed to the 2nd JCT-3V meeting in JCT3V-B0036 [].
[bookmark: _GoBack]In JCT3V-B0036 separate CABAC contexts were used for each segment of an SDC-coded block. Moreover, another set of CABAC contexts was used for coding the sign flag of the two DC offsets of a SDC block. In this proposal, the number of CABAC contexts is reduced by only using one set of contexts together for both segments of an SDC block and by removing the contexts for the sign flag completely. Finally, the initialization of all remaining CABAC contexts is fixed in the software by using UChar data types instead of Short.
For the CTC configuration [] the proposed context reduction yields 0.1% coding gain. For the CE6 All-Intra coding configuration the proposed context reductions result in a very minor coding loss of 0.1% compared to the HTM 6.0 anchor.
Modifications to Required CABAC Contexts
The CABAC contexts that are used for SDC as described in JCT3V-B0036 are partially redundant, unused or independently defined for each segment of an SDC coded block. In this contribution it is proposed to remove this differentiation of contexts for each segment in a block, which affects the symbols sdc_residual_flag and sdc_residual_abs_minus1. Moreover, the contexts for the sdc_residual_sign_flag are removed completely.

	Symbol(s)
	Number of Contexts
( HTM 6.0 / draft text )
	Number of Contexts
( Proposal )
	Reduction

	sdc_flag
	3
	3
	0

	sdc_residual_flag
	2
	1
	1

	sdc_residual_sign_flag
	2
	0
	2

	sdc_residual_abs_minus1
	20
	8
	12

	sdc_pred_mode
	3
	3
	0

	OVERALL
	30
	15
	15



Modifications to Specification Text
[bookmark: _Ref341694597][bookmark: _Toc344063357]Table G‑6 – Association of ctxIdx and syntax elements for each initializationType in the initialization process
	
	Syntax element
	ctxIdxTable
	initType

	
	
	
	0
	1
	2

	coding_unit()
	sdc_flag
	Table G‑15
	0..2
	3..5
	6..8

	
	sdc_residual_flag
	Table G‑16
	0..1 0
	2..3 1
	4..5 2

	
	sdc_residual_sign_flag
	Table G‑17
	0
	1
	2

	
	sdc_residual_abs_minus1
	Table G‑18
	0..19 0..7
	20..39 8..15
	40..59 16..23

	
	sdc_pred_mode
	Table G‑19
	0..2
	3..5
	6..8


[bookmark: _Ref24881362][bookmark: _Toc77680552][bookmark: _Toc226456741][bookmark: _Toc248045376][bookmark: _Toc287363852][bookmark: _Toc317198834][bookmark: _Toc331259882][bookmark: _Ref341458384][bookmark: _Toc344063371]Initialization process for context variables
[bookmark: _Ref341971546][bookmark: _Toc344063366]Table G‑15 – Values of variable initValue for sdc_flag ctxIdx
	Initialization variable
	sdc_flag

	
	0
	1
	2
	3
	4
	5
	6
	7
	8

	initValue
	0 154
	0 154
	64 154
	0 154
	0 154
	0 154
	64 154
	0 154
	0 154


[bookmark: _Ref341971554][bookmark: _Toc344063367]Table G‑16 – Values of variable initValue for sdc_residual_flag ctxIdx
	Initialization variable
	sdc_residual_flag

	
	0
	1
	2
	3
	4
	5

	initValue
	251 154
	255 154
	0 154
	0 154
	56 154
	0 154


[bookmark: _Ref341971561][bookmark: _Toc344063368]Table G‑17 – Values of variable initValue for sdc_residual_sign_flag ctxIdx
	Initialization variable
	sdc_residual_sign_flag

	
	0
	1
	2
	3
	4
	5

	initValue
	255
	255
	0
	252
	55
	0


[bookmark: _Ref341971568][bookmark: _Toc344063369]Table G‑18 – Values of variable initValue for sdc_residual_abs_minus1 ctxIdx
	Initialization variable
	sdc_residual_abs_minus1

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	initValue
	255
	255
	64
	0
	2
	0
	64
	0
	6
	0

	
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	initValue
	67
	0
	8
	0
	61
	0
	7
	0
	47
	0

	
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29

	initValue
	243
	255
	12
	0
	14
	0
	33
	0
	243
	255

	
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39

	initValue
	2
	0
	66
	0
	0
	0
	63
	0
	1
	0

	
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49

	initValue
	12
	0
	50
	0
	14
	0
	27
	0
	0
	0

	
	50
	51
	52
	53
	54
	55
	56
	57
	58
	59

	initValue
	239
	255
	14
	9
	27
	0
	0
	0
	239
	255


[bookmark: _Ref341963532][bookmark: _Toc344063370]
	Initialization variable
	sdc_residual_abs_minus1

	
	0
	1
	2
	3
	4
	5
	6
	7

	initValue
	154
	154
	154
	154
	154
	154
	154
	154

	
	8
	9
	10
	11
	12
	13
	14
	15

	initValue
	154
	154
	154
	154
	154
	154
	154
	154

	
	16
	17
	18
	19
	20
	21
	22
	23

	initValue
	154
	154
	154
	154
	154
	154
	154
	154


[bookmark: _Toc351931550]Table G-19 – Values of variable initValue for sdc_pred_mode ctxIdx
	Initialization variable
	sdc_pred_mode

	
	0
	1
	2
	3
	4
	5
	6
	7
	8

	initValue
	9 154
	255 154
	70 154
	0 154
	9 154
	255 154
	70 154
	0 154
	9 154



Table G‑20 – Syntax elements and associated types of binarization, maxBinIdxCtx, ctxIdxTable, and ctxIdxOffset
	Syntax element
	initType
	Type of binarization
	maxBinIdxCtx
	ctxIdxTable
	ctxIdxOffset

	sdc_flag
	0
	FL, cMax = 1
	0
	Table G‑15
	0

	
	1
	
	0
	Table G‑15
	3

	
	2
	
	0
	Table G‑15
	6

	sdc_residual_flag
	0
	FL, cMax = 1
	0
	Table G‑16
	0

	
	1
	
	0
	Table G‑16
	2 1

	
	2
	
	0
	Table G‑16
	4 2

	sdc_residual_sign_flag
	0
	FL, cMax = 1
	0
	Table G‑17
	0

	
	1
	
	0
	Table G‑17
	2

	
	2
	
	0
	Table G‑17
	4

	sdc_residual_abs_minus1
	0
	FL, cMax = dltFlag ? Floor( Log2( num_depth_values_in_dlt ) : BitDepthY
	7
	Table G‑18
	0

	
	1
	
	7
	Table G‑18
	20 8

	
	2
	
	7
	Table G‑18
	40 16

	sdc_pred_mode
	0
	U
	0
	Table G‑19
	0

	
	1
	
	0
	Table G‑19
	3

	
	2
	
	0
	Table G‑19
	6


[bookmark: _Ref341456227][bookmark: _Toc331260082][bookmark: _Toc344063372]Table G‑21 – Assignment of ctxIdxInc to syntax elements with context coded bins
	Syntax element
	binIdx

	
	0
	1
	2
	3
	4
	>=5

	sdc_flag
	0,1,2
(subclause G.9.3.3.1.1)
	na
	na
	na
	na
	na

	sdc_residual_flag
	0,1 0
(subclause G.9.3.3.1.7)
	na
	na
	na
	na
	na

	sdc_residual_sign_flag
	0,1
(subclause G.9.3.3.1.7)
	na
	na
	na
	na
	na

	sdc_residual_abs_minus1
	0,10 0
(subclause G.9.3.3.1.7)

	sdc_pred_mode
	0
	1
	2
	na
	na
	na


[bookmark: _Ref341973789]Derivation process of ctxIdxInc using segment index
Input to this process is the luma location ( xC, yC ) specifying the top-left luma sample of the current luma coding block relative to the top-left sample of the current picture.
Output of this process is ctxIdxInc.
If IntraPredMode[ xC ][ yC ] is not equal to 0 and IntraPredMode[ xC ][ yC ] is not equal to 1, ctxIdxInc depends on the SdcSegmentIndex = 0..1, as specified in Table G‑23.
Otherwise, the ctxIdxInc is equal to 0.
[bookmark: _Ref341972261][bookmark: _Toc344063374]Table G‑23 – Specification of ctxIdxInc using segment index
	Syntax element
	IntraPredMode
	SdcSegmentIndex
	ctxIdxInc

	sdc_residual_flag
	IntraPredMode[ xC ][ yC ]  ==  0 || IntraPredMode[ xC ][ yC ]  ==  1
	0
	0

	
	IntraPredMode[ xC ][ yC ]  !=  0 && IntraPredMode[ xC ][ yC ]  !=  1
	0
	0

	
	
	1
	1

	sdc_residual_sign_flag
	IntraPredMode[ xC ][ yC ]  ==  0 || IntraPredMode[ xC ][ yC ]  ==  1
	0
	0

	
	IntraPredMode[ xC ][ yC ]  !=  0 && IntraPredMode[ xC ][ yC ]  !=  1
	0
	0

	
	
	1
	1

	sdc_residual_abs_minus1
	IntraPredMode[ xC ][ yC ]  ==  0 || IntraPredMode[ xC ][ yC ]  ==  1
	0
	0

	
	IntraPredMode[ xC ][ yC ]  !=  0 && IntraPredMode[ xC ][ yC ]  !=  1
	0
	0

	
	
	1
	10





Simulation Results
The simulations were performed according the common test conditions []. For the All-Intra coding scenario, configuration files from Core Experiment 6 on Depth Map Intra Coding Tools were used.
The anchor for the simulations was HTM 6.0.
Random Access Coding Configuration (CTC)
	 
	video 0
	video 1
	video 2
	video PSNR / video bitrate
	video PSNR / total bitrate
	synth PSNR / total bitrate 
	enc time
	dec time

	Balloons
	0,0%
	-0,1%
	0,1%
	0,0%
	-0,1%
	-0,1%
	99,2%
	101,2%

	Kendo
	0,0%
	-0,1%
	0,0%
	0,0%
	-0,2%
	-0,2%
	101,4%
	100,7%

	Newspaper_CC
	0,0%
	-0,1%
	0,1%
	0,0%
	-0,1%
	-0,1%
	101,9%
	100,4%

	GT_Fly
	0,0%
	0,1%
	0,0%
	0,0%
	0,0%
	-0,1%
	103,0%
	99,2%

	Poznan_Hall2
	0,0%
	-0,6%
	0,2%
	-0,1%
	-0,1%
	-0,1%
	98,2%
	99,9%

	Poznan_Street
	0,0%
	0,0%
	0,2%
	0,0%
	0,0%
	0,1%
	98,6%
	100,6%

	Undo_Dancer
	0,0%
	-0,2%
	-0,2%
	0,0%
	-0,1%
	-0,1%
	99,4%
	100,0%

	1024x768
	0,0%
	-0,1%
	0,1%
	0,0%
	-0,1%
	-0,1%
	100,8%
	100,8%

	1920x1088
	0,0%
	-0,2%
	0,0%
	0,0%
	0,0%
	-0,1%
	99,8%
	99,9%

	average
	0,0%
	-0,1%
	0,1%
	0,0%
	-0,1%
	-0,1%
	100,2%
	100,3%


All-Intra Coding Configuration (AI)
	 
	video 0
	video 1
	video 2
	video PSNR / video bitrate
	video PSNR / total bitrate
	synth PSNR / total bitrate 
	enc time
	dec time

	Balloons
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	99,3%
	95,6%

	Kendo
	0,0%
	0,0%
	0,0%
	0,0%
	-0,1%
	0,0%
	99,4%
	94,3%

	Newspaper_CC
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	99,4%
	99,0%

	GT_Fly
	0,0%
	0,0%
	0,0%
	0,0%
	0,1%
	0,1%
	99,8%
	99,1%

	Poznan_Hall2
	0,0%
	0,0%
	0,0%
	0,0%
	0,2%
	0,2%
	98,8%
	97,1%

	Poznan_Street
	0,0%
	0,0%
	0,0%
	0,0%
	0,1%
	0,1%
	99,5%
	99,5%

	Undo_Dancer
	0,0%
	0,0%
	0,0%
	0,0%
	0,1%
	0,1%
	99,5%
	97,1%

	1024x768
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	99,4%
	96,3%

	1920x1088
	0,0%
	0,0%
	0,0%
	0,0%
	0,1%
	0,1%
	99,4%
	98,2%

	average
	0,0%
	0,0%
	0,0%
	0,0%
	0,1%
	0,1%
	99,4%
	97,4%


Cross Check
The cross check of the proposed modifications to the SDC tool was done by Ghent University. They investigated the source code modifications and ran the simulations for verification of the presented results. 
In their investigation they did not find any problems with the source code. Their simulation results perfectly match with those presented in this document.
Conclusion
In this contribution CABAC context reductions for the Simplified Depth Coding method are proposed. These modifications result in a simplification of the decoder due to reduced number of contexts to be adapted. Moreover, the coding gain is only slightly reduced for the All-Intra coding configuration and for the configuration following the CTC [], coding gain is even slightly increased. Furthermore, the draft text for the 3D-HEVC Test Model is reduced and simplified significantly by the proposed modifications.
These results show the benefits of the proposed modifications to the SDC scheme and therefore should be adopted to the 3D-HEVC Test Model [].
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