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Summary

We propose two minor modifications to CABAC. The first modification concerns the end-of-slice signalization in connection with CABAC. In this regard we propose to replace the transmission of the number of slice macroblocks as part of the slice header by a new syntax element in the macroblock layer. This concept is considered as simplification since the encoder has no longer to buffer all encoded macroblocks of a slice until the slice header can be transmitted. If a picture is transmitted in several slices, also a small coding gain is achieved at very low bit-rates.

The second modification relates to the initialization of the CABAC context states. We propose to define three initialization tables for P- and B- slices, and another initialization table for I-slices. For each P- and B-slices, one of the three tables is selected for initializing all context states at the beginning of slice encoding. The index (0 to 3) of the chosen table is transmitted as part of the slice header. Our simulation results show that the bit-rate savings of CABAC in comparison to VLC-based entropy coding are increased by further 0-3% (2% on average) for interlaced television sequences at low bit-rates. These additional gains provide average overall bit-rate savings for CABAC in comparison to UVLC of about 16%-18% for this type of sequences.

1. End-of-Slice signalization in connection with CABAC

Since the arithmetic decoder cannot determine the end of a slice, it has to be signaled in some way if CABAC is used as entropy coding method. In the current version of JVT/H.26L as specified in the Committee Draft (CD) [1], this is done by transmitting the number of macroblocks contained in the slice as part of the slice header. This scheme for signaling the end of a slice has several drawbacks. If the encoder doesn’t use slices of a fixed number of macroblocks, e.g. if the slice size is determined by a maximum number of bits, the slice header cannot be transmitted until the last macroblock of the slice has been encoded. Thus, the encoder has to buffer all encoded macroblocks of a slice. Furthermore, the transmission of the number of macroblocks in the slice header noticeably affects the rate-distortion performance at (very) low bit-rates in comparison to VLC-based entropy coding.

We propose to replace the current end-of-slice signaling for CABAC by a new macroblock-based approach. Therefore, a new binary syntax element called “EOS” (end of slice) is introduced on macroblock level for CABAC-based entropy coding. After all syntax elements of a macroblock are encoded, the EOS is transmitted. An EOS of 0 indicates that further macroblocks follow, whereas an EOS of 1 signals the end of the slice. For the last macroblock of a picture, no EOS symbol has to be transmitted since the total number of macroblocks in a picture is known at the decoder side, and thus the decoding can accordingly be terminated.

For encoding the EOS symbol, a special non-adaptive context “ctx_eos” is used. It is initialized with the following values


ctx_eos->state = 63,


ctx_eos->MPS = 1.

Thus, an EOS of 0 is always coded using the context state corresponding to the highest possible symbol probability.

2. Context initialization

Among other things the coding gains of CABAC in comparison to the VLC-based entropy coding depend on the initial states of the used contexts. Especially at low bit-rates and/or in connection with slice coding (e.g. QCIF slices), the bit-rate, which is needed to adapt the contexts to the symbol statistics, can represent a substantial amount of the slice bit-rate. Thus, the rate-distortion performance can drop if unsuitable context initializations are used for small slices and/or small bit-rates. The current version of JVT/H.26L supports only a single set of default context initializations. However, the encoding of video material with widely varying content results in substantial varying symbol statistics (and thus, in substantial varying context states).

2.1.  Initialization tables and signaling of initialization (normative)

We propose to generalize the concept of context initialization by defining three different initialization tables for P- and B-slices. Beside these three tables, another single initialization table is defined for initializing the context states of I-slices. Each initialization table defines a special QP-dependent initialization for all contexts that are used for the corresponding slice type(s). Since the context initialization as defined in the Committee Draft (CD) [1] already differentiates between Intra and Inter initialization states for some contexts used for transform coefficient coding, the memory requirement for storing the initialization tables is only increased by a factor of about 2.3.

If CABAC is chosen as entropy coding method, the slice header of P- and B-slices is extended by an additional UVLC codeword (1-3 bit) specifying the index (0-2) of the used initialization table. For I-slices no additional slice header codeword is introduced since only a single initialization table is defined.

The Tables 1-22 of the Appendix show the proposed context initialization tables. For each single context, the QP-dependent state initialization is defined by a pair of 8-bit values {m,n} (
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). Given the QP specified in the slice header, the context states are initialized as depicted in the following pseudo-C code:

prestate = min(103, max(0, (m*QP)>>4 + n));


if (prestate>=52) {



ctx->state = prestate – 40;



ctx->MPS   = 1;


} else {



ctx->state = 63 - prestate;



ctx->MPS   = 0;


}

2.2.  Selection of the initialization table (non-normative)

The selection of a proper initialization table for P- and B-slices is an encoder issue. As an example method, we propose the following simple approach. The selection of the initialization table is based on the adapted context states of a reference slice. As reference slice, the last encoded slice of the same type (I, P, B), which contains the start macroblock of the current slice, is used. If no reference slice is available (at the beginning of a sequence), the default initialization table (index 0) is selected. Otherwise the initialization table s that minimizes the following cost measure is chosen:
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 represents the state of the i-th context of the reference slice, and 
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 represents the state of the i-th context that would be obtained by initializing the context with the initialization table s given a slice quantization parameter of QP. p0(ctx) and p1(ctx)  indicate the symbol probabilities of 0 and 1, respectively, associated with the context state ctx; these symbol probabilities can be determined by a simple table-lookup (see Table 1,2 in [2]). countiref  specifies the frequency of usage for the i-th context in the reference slice. The weighting factor 
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 was introduced to limit the impact of “non-adapted” contexts to the cost measure. To further reduce the complexity of the initialization table selection this weighting factor can be neglect. In that case the frequency of usage of the contexts doesn’t need to be counted; simulations showed that the coding gains are only slightly decreased.

2.3. Experimental results

For demonstrating the efficiency of the proposed context initialization scheme we have implemented it in the software version JM21a together with Improved CABAC [3], Fast Arithmetic Coding for CABAC [2], and the new slice termination concept that is presented in section 1. Comparisons are made against this software version without the proposed context initialization concept.

The performance of the proposed context initialization scheme was analyzed for the set of interlaced television sequences specified in VCEG-N85 [4]. The common test conditions as specified in VCEG-N85 [4] and VCEG-N81 [5] are followed with some exceptions that will be explained below. The interlaced sequences have been coded using adaptive frame/field pictures. The following sequence structures have been adopted:

25 Hz sequences:
IB|BB|BB|PB|BB|BB|PB|BB|BB|PB|BB|BB|  IB|BB|BB|PB|BB|BB|PB|…

30 Hz sequences:
IB|BB|BB|PB|BB|BB|PB|BB|BB|PB|BB|BB|PB|BB|BB|   IB|BB|BB|PB|…
An Intra picture is inserted every 500 milliseconds. Fixed slices of 90 macroblocks that cover exactly 2 lines of macroblocks are used for the simulations. Motion compensation is always performed with ¼ pixel accuracy and 3 reference frames. The motion search is conducted in a range of [‑32…32] x [‑32…32] pixels. R-D optimization was enabled. The bit-rate savings have been calculated via cubic spline interpolation at the Y-PSNR values given by the JM21a encoding using UVLC. The quantizer value QP is held constant for all I- and P-pictures of a sequence. Quantizer values of QP=28, 24, 20, 16, 12, and 8 are used. The quantization parameter for B-pictures is set to QP(B)=QP(P)+2, where QP(P) is the quantization parameter for I- and P-pictures.

The selection of the initialization tables for the new initialization scheme is performed using the method described in section 2.2. As reference slice the temporal preceding slice of the same slice type is used. If no temporal preceding slice exists, the initialization table with index 0 is selected.

In Figures 1-6, the bit-rate savings of CABAC (with the currently specified [1] and the proposed context initialization concept) in comparison to UVLC-based coding are depicted over the quantization parameter QP. Additionally, bit-rate savings are shown that could be obtained if all context states of each slice are initialized with the states of the temporal preceding slice of the same type (temporal context pass on). For all these tests, the first 6 seconds of the interlaced test sequences have been used.

The results show that the proposed context initialization concept increases the bit-rate savings of CABAC on average by additional 2% for the set of interlaced test sequences. This leads to overall bit-rate savings for CABAC in comparison to the UVLC of 16-18% for this type of sequences.
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Figure 1: Bit-rate savings in comparison to UVLC for the sequence “Canoe”
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Figure 2: Bit-rate savings in comparison to UVLC for the sequence “Formula 1”
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Figure 3: Bit-rate savings in comparison to UVLC for the sequence “Rughby”
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Figure 4: Bit-rate savings in comparison to UVLC for the sequence “Football”

[image: image11.emf]Mobile - 720x480, 30Hz - 180 frames

0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

20%

22%

28242016128

Quantization Parameter QP

Rate savings related to UVLC [%]

(1): JM21a+[2]+[3]+sec.1

(1) + proposed context initialization

(1) without context re-init (temporal)


Figure 5: Bit-rate savings in comparison to UVLC for the sequence “Mobile & Calendar”
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Figure 6: Average bit-rate savings in comparison to UVLC for the set of interlaced test sequences
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Appendix: Initialization tables

Table 1: Initialization values for context variable ctx_mb_type_I
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	index 0
	index 1
	index 2

	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	17
	1
	-/-
	-/-
	-/-
	-/-
	-/-
	-/-

	1
	5
	42
	-/-
	-/-
	-/-
	-/-
	-/-
	-/-

	2
	1
	48
	-/-
	-/-
	-/-
	-/-
	-/-
	-/-


Table 2: Initialization values for context variable ctx_mb_type_P
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	index 0
	index 1
	index 2

	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	-/-
	-/-
	-10
	55
	-15
	79
	-14
	72

	1
	-/-
	-/-
	-9
	88
	-8
	106
	-6
	105

	2
	-/-
	-/-
	-5
	99
	-4
	106
	-4
	104

	3
	-/-
	-/-
	4
	5
	4
	23
	4
	8

	4
	-/-
	-/-
	0
	38
	0
	36
	-4
	40

	5
	-/-
	-/-
	-29
	80
	-27
	80
	-33
	81

	6
	-/-
	-/-
	2
	50
	18
	29
	10
	50


Table 3: Initialization values for context variable ctx_mb_type_B
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	index 0
	index 1
	index 2

	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	-/-
	-/-
	-26
	67
	-26
	93
	-25
	80

	1
	-/-
	-/-
	-22
	86
	-10
	108
	-14
	105

	2
	-/-
	-/-
	-15
	97
	-6
	108
	-7
	102

	3
	-/-
	-/-
	0
	72
	4
	86
	-2
	92

	4
	-/-
	-/-
	5
	82
	0
	103
	1
	100

	5
	-/-
	-/-
	1
	93
	0
	103
	1
	100

	6
	-/-
	-/-
	-25
	83
	-32
	90
	-36
	90

	7
	-/-
	-/-
	-7
	66
	-11
	68
	-14
	68

	8
	-/-
	-/-
	1
	56
	-1
	59
	0
	56


Table 4: Initialization values for context variable ctx_b8_mode_P
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	index 0
	index 1
	index 2

	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	-/-
	-/-
	5
	47
	4
	37
	7
	43

	1
	-/-
	-/-
	20
	14
	19
	44
	13
	18

	2
	-/-
	-/-
	-2
	57
	-2
	45
	-2
	54

	3
	-/-
	-/-
	7
	58
	3
	61
	9
	50


Table 5: Initialization values for context variable ctx_b8_mode_B
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	index 0
	index 1
	index 2

	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	-/-
	-/-
	-7
	69
	-20
	112
	-17
	95

	1
	-/-
	-/-
	-8
	61
	-6
	65
	-10
	64

	2
	-/-
	-/-
	6
	44
	11
	48
	4
	44

	3
	-/-
	-/-
	7
	42
	7
	59
	2
	50


Table 6: Initialization values for context variable ctx_mb_intra16x16
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	index 0
	index 1
	index 2

	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	-4
	58
	-9
	50
	-16
	72
	-15
	50

	1
	-3
	54
	-6
	49
	-14
	61
	-7
	39

	2
	0
	41
	0
	49
	1
	49
	0
	50

	3
	0
	46
	-/-
	-/-
	-/-
	-/-
	-/-
	-/-

	4
	2
	50
	-/-
	-/-
	-/-
	-/-
	-/-
	-/-


Table 7: Initialization values for context variable ctx_abs_mvd_horizontal
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	index 0
	index 1
	index 2

	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	-/-
	-/-
	-2
	52
	-11
	62
	-10
	57

	1
	-/-
	-/-
	-4
	60
	-11
	70
	-7
	64

	2
	-/-
	-/-
	-5
	64
	-14
	74
	-7
	66

	3
	-/-
	-/-
	7
	48
	10
	59
	1
	54

	4
	-/-
	-/-
	9
	61
	15
	62
	4
	67

	5
	-/-
	-/-
	0
	69
	6
	67
	-3
	76

	6
	-/-
	-/-
	1
	83
	2
	92
	-2
	95


Table 8: Initialization values for context variable ctx_abs_mvd_vertical
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	index 0
	index 1
	index 2

	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	-/-
	-/-
	-2
	47
	-5
	55
	-4
	45

	1
	-/-
	-/-
	-4
	59
	-6
	63
	-4
	54

	2
	-/-
	-/-
	-6
	64
	-9
	73
	-4
	59

	3
	-/-
	-/-
	5
	44
	4
	52
	-2
	57

	4
	-/-
	-/-
	6
	59
	7
	64
	-4
	80

	5
	-/-
	-/-
	-1
	65
	-2
	71
	-7
	78

	6
	-/-
	-/-
	1
	81
	-1
	92
	-4
	87


Table 9: Initialization values for context variable ctx_ref_idx_mb
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	index 0
	index 1
	index 2

	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	-/-
	-/-
	-5
	30
	1
	84
	5
	74

	1
	-/-
	-/-
	-1
	52
	0
	53
	-8
	64

	2
	-/-
	-/-
	0
	49
	3
	59
	-1
	65

	3
	-/-
	-/-
	0
	64
	0
	53
	-7
	65

	4
	-/-
	-/-
	-1
	51
	-4
	29
	-17
	56

	5
	-/-
	-/-
	0
	47
	0
	59
	-1
	58


Table 10: Initialization values for context variable ctx_ref_idx_b8
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	index 0
	index 1
	index 2

	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	-/-
	-/-
	-2
	25
	-12
	92
	-10
	85

	1
	-/-
	-/-
	-5
	56
	-2
	54
	-10
	68

	2
	-/-
	-/-
	0
	51
	-4
	66
	-7
	70

	3
	-/-
	-/-
	-2
	71
	4
	50
	-3
	66

	4
	-/-
	-/-
	-3
	54
	4
	23
	-13
	57

	5
	-/-
	-/-
	2
	45
	-1
	60
	-1
	59


Table 11: Initialization values for context variable ctx_ipred
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	index 0
	index 1
	index 2

	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	-13
	51
	-16
	62
	-12
	52
	-7
	46

	1
	-3
	55
	-1
	51
	-5
	45
	5
	26

	2
	-3
	58
	-3
	56
	-2
	54
	2
	47

	3
	-4
	59
	-3
	59
	-5
	62
	0
	53

	4
	-2
	58
	-3
	60
	-2
	59
	-1
	55

	5
	-1
	60
	-2
	62
	2
	57
	0
	58

	6
	-1
	56
	-3
	59
	0
	56
	0
	54

	7
	-1
	56
	-2
	57
	-1
	57
	0
	53

	8
	-2
	58
	-4
	60
	-2
	58
	0
	54

	9
	-2
	61
	0
	56
	-10
	55
	7
	28

	10
	-2
	60
	-2
	60
	-6
	56
	5
	43

	11
	-1
	62
	-2
	62
	-2
	60
	0
	57

	12
	-2
	63
	-1
	60
	-1
	59
	-1
	59

	13
	-3
	61
	-3
	60
	-3
	59
	-1
	55

	14
	-3
	60
	-3
	60
	-5
	61
	-1
	56

	15
	-3
	60
	-4
	60
	-4
	62
	-2
	57

	16
	-3
	60
	-3
	60
	-4
	61
	-2
	56

	17
	-3
	62
	-4
	61
	-4
	64
	-2
	58


Table 12: Initialization values for context variable ctx_cbp_luma_intra
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	index 0
	index 1
	index 2

	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	-17
	102
	-14
	97
	-24
	116
	-14
	91

	1
	-10
	73
	-4
	68
	-19
	90
	-8
	58

	2
	-3
	70
	-4
	69
	-2
	72
	-5
	69

	3
	-4
	52
	0
	47
	-12
	68
	-7
	46


Table 13: Initialization values for context variable ctx_cbp_chroma1_intra
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	index 0
	index 1
	index 2

	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	-6
	60
	-2
	60
	-12
	69
	0
	42

	1
	-10
	83
	-4
	72
	-17
	95
	-1
	66

	2
	-2
	67
	-1
	67
	-4
	70
	0
	61

	3
	-11
	87
	-8
	79
	-17
	98
	-6
	76


Table 14: Initialization values for context variable ctx_cbp_chroma2_intra
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	index 0
	index 1
	index 2

	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	-7
	47
	-5
	49
	-11
	50
	5
	32

	1
	-10
	70
	-2
	55
	-15
	78
	-7
	66

	2
	-1
	57
	0
	60
	-2
	57
	4
	53

	3
	-10
	76
	-6
	68
	-16
	84
	-3
	66


Table 15: Initialization values for context variable ctx_cbp_luma_inter
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	index 0
	index 1
	index 2

	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	-/-
	-/-
	-23
	86
	-32
	99
	-28
	92

	1
	-/-
	-/-
	-22
	62
	-34
	76
	-26
	57

	2
	-/-
	-/-
	-18
	64
	-15
	63
	-22
	72

	3
	-/-
	-/-
	-18
	42
	-21
	49
	-16
	36


Table 16: Initialization values for context variable ctx_cbp_chroma1_inter
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	index 0
	index 1
	index 2

	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	-/-
	-/-
	-15
	47
	-24
	60
	-21
	51

	1
	-/-
	-/-
	-11
	61
	-18
	74
	-19
	76

	2
	-/-
	-/-
	-8
	57
	-14
	62
	-11
	57

	3
	-/-
	-/-
	-13
	71
	-17
	81
	-17
	81


Table 17: Initialization values for context variable ctx_cbp_chroma2_inter
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	index 0
	index 1
	index 2

	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	-/-
	-/-
	-10
	42
	-15
	46
	-9
	51

	1
	-/-
	-/-
	-8
	59
	-12
	69
	-16
	81

	2
	-/-
	-/-
	-1
	54
	-1
	49
	-3
	59

	3
	-/-
	-/-
	-7
	69
	-11
	74
	-17
	86


Table 18: Initialization values for context variable ctx_cbp4
	context

category
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	
	index 0
	index 1
	index 2

	
	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	0
	-7
	71
	-10
	74
	-7
	81
	-18
	80

	
	1
	-11
	82
	-12
	84
	-10
	88
	-17
	85

	
	2
	-11
	82
	-12
	84
	-11
	93
	-17
	85

	
	3
	-5
	75
	-12
	85
	-7
	86
	-17
	86

	1
	0
	-2
	34
	-3
	33
	-7
	42
	-4
	33

	
	1
	0
	48
	-2
	50
	1
	51
	0
	50

	
	2
	-6
	50
	-5
	49
	-14
	57
	-8
	45

	
	3
	-5
	66
	-11
	77
	-13
	82
	-10
	74

	2
	0
	-1
	53
	-3
	58
	-7
	65
	-3
	57

	
	1
	-6
	68
	-10
	71
	-11
	81
	-10
	78

	
	2
	-6
	64
	-8
	67
	-15
	75
	-8
	62

	
	3
	-22
	102
	-17
	85
	-22
	97
	-17
	89

	3
	0
	0
	53
	0
	54
	-2
	57
	-2
	53

	
	1
	1
	61
	2
	58
	-1
	67
	0
	62

	
	2
	0
	60
	1
	58
	-1
	61
	1
	54

	
	3
	-10
	88
	0
	65
	-5
	76
	-1
	67

	4
	0
	-2
	39
	-1
	40
	-2
	38
	-2
	39

	
	1
	-1
	61
	-2
	58
	0
	64
	-2
	67

	
	2
	-3
	54
	-3
	57
	-5
	52
	0
	50

	
	3
	-11
	80
	-6
	67
	-7
	73
	-10
	77


Table 19: Initialization values for context variable ctx_sig
	context

category
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	
	index 0
	index 1
	index 2

	
	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	0
	-1
	65
	-4
	71
	-6
	74
	-1
	64

	
	1
	-5
	56
	-8
	62
	-15
	68
	-12
	52

	
	2
	-1
	57
	-4
	63
	-5
	67
	-2
	61

	
	3
	-1
	50
	-6
	58
	-4
	61
	-2
	57

	
	4
	0
	45
	-3
	51
	-9
	58
	-8
	48

	
	5
	0
	47
	-3
	53
	-15
	59
	-1
	37

	
	6
	-6
	55
	-8
	61
	-17
	64
	-7
	45

	
	7
	0
	40
	-5
	49
	-17
	56
	-3
	32

	
	8
	0
	44
	-5
	51
	-11
	59
	-8
	47

	
	9
	0
	60
	-3
	65
	3
	64
	3
	65

	
	10
	0
	49
	-5
	58
	-1
	57
	-3
	56

	
	11
	-1
	49
	-6
	58
	-6
	56
	-1
	50

	
	12
	0
	50
	-3
	58
	-4
	58
	0
	51

	
	13
	0
	51
	-5
	60
	-5
	59
	-3
	54

	
	14
	0
	61
	-3
	68
	-3
	68
	-1
	63

	1
	0
	-4
	48
	-7
	58
	-22
	57
	-5
	38

	
	1
	3
	53
	0
	59
	1
	63
	0
	60

	
	2
	1
	48
	-2
	53
	5
	56
	-1
	60

	
	3
	2
	42
	-2
	53
	-12
	50
	0
	37

	
	4
	3
	42
	0
	51
	-9
	41
	0
	38

	
	5
	-2
	36
	-1
	41
	-9
	31
	-3
	31

	
	6
	0
	39
	-3
	52
	-10
	38
	-1
	35

	
	7
	0
	50
	0
	56
	-12
	50
	0
	41

	
	8
	1
	59
	0
	56
	7
	69
	0
	70

	
	9
	0
	46
	-6
	51
	-7
	59
	-1
	51

	
	10
	0
	60
	0
	63
	6
	56
	2
	57

	
	11
	1
	55
	7
	53
	7
	46
	1
	51

	
	12
	-2
	51
	-1
	55
	-5
	49
	-6
	55

	
	13
	2
	73
	1
	81
	6
	78
	7
	69

	2
	0
	-6
	73
	8
	46
	7
	51
	5
	46

	
	1
	-10
	63
	1
	44
	-10
	47
	-3
	43

	
	2
	-5
	68
	3
	47
	3
	54
	1
	48

	
	3
	-9
	67
	-2
	49
	1
	56
	0
	51

	
	4
	-8
	63
	0
	47
	-4
	47
	-6
	47

	
	5
	-3
	51
	3
	44
	-3
	29
	-5
	45

	
	6
	-7
	41
	-6
	40
	-2
	11
	-14
	42

	
	7
	-7
	52
	0
	46
	-8
	29
	-11
	46

	
	8
	-6
	62
	1
	49
	-7
	48
	-5
	48

	
	9
	-7
	70
	0
	49
	5
	73
	5
	57

	
	10
	-13
	67
	-8
	50
	0
	68
	0
	54

	
	11
	-2
	64
	3
	53
	3
	55
	1
	52

	
	12
	-1
	56
	4
	50
	-1
	34
	-5
	51

	
	13
	-8
	59
	-5
	53
	-4
	33
	-8
	52

	
	14
	1
	79
	9
	72
	3
	87
	10
	64

	3
	0
	-5
	73
	-3
	63
	0
	62
	-7
	62

	
	1
	-6
	64
	-1
	53
	-6
	53
	-4
	47

	
	2
	-3
	78
	3
	61
	5
	71
	0
	71

	4
	0
	0
	51
	5
	48
	-1
	38
	0
	34

	
	1
	0
	63
	6
	47
	4
	63
	3
	53

	
	2
	-3
	57
	0
	40
	0
	64
	2
	54

	
	3
	0
	50
	3
	45
	2
	43
	4
	38

	
	4
	6
	45
	8
	48
	13
	17
	9
	28

	
	5
	0
	34
	-2
	42
	14
	0
	0
	26

	
	6
	4
	41
	5
	47
	13
	14
	6
	29

	
	7
	3
	49
	7
	45
	4
	40
	6
	39

	
	8
	0
	61
	6
	46
	-4
	76
	2
	61

	
	9
	0
	49
	2
	38
	-7
	65
	1
	49

	
	10
	0
	55
	2
	52
	-3
	58
	4
	49

	
	11
	12
	51
	15
	54
	26
	30
	17
	40

	
	12
	-4
	52
	-4
	52
	12
	28
	-5
	51

	
	13
	4
	67
	2
	71
	-12
	88
	13
	62


Table 20: Initialization values for context variable ctx_last
	context

category
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	
	index 0
	index 1
	index 2

	
	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	0
	5
	33
	12
	25
	12
	13
	18
	22

	
	1
	5
	24
	10
	19
	9
	11
	11
	20

	
	2
	-1
	42
	3
	36
	9
	22
	8
	37

	
	3
	4
	32
	11
	21
	17
	13
	10
	33

	
	4
	2
	31
	11
	17
	14
	12
	7
	29

	
	5
	3
	31
	13
	18
	13
	14
	10
	25

	
	6
	4
	40
	12
	28
	14
	22
	9
	34

	
	7
	3
	31
	14
	15
	12
	14
	12
	22

	
	8
	4
	30
	15
	15
	14
	15
	9
	28

	
	9
	6
	46
	14
	35
	23
	26
	13
	49

	
	10
	5
	40
	16
	22
	19
	24
	9
	40

	
	11
	5
	35
	16
	18
	17
	20
	9
	31

	
	12
	7
	42
	18
	25
	18
	28
	9
	39

	
	13
	6
	44
	15
	29
	17
	30
	9
	40

	
	14
	4
	56
	14
	42
	14
	45
	14
	47

	1
	0
	5
	40
	14
	27
	18
	22
	16
	26

	
	1
	8
	44
	16
	32
	24
	27
	13
	43

	
	2
	8
	44
	21
	24
	26
	26
	14
	43

	
	3
	4
	44
	15
	26
	19
	23
	15
	27

	
	4
	6
	46
	18
	28
	28
	18
	18
	29

	
	5
	7
	45
	24
	16
	40
	10
	23
	22

	
	6
	9
	43
	21
	23
	32
	14
	18
	24

	
	7
	5
	51
	18
	31
	21
	27
	16
	32

	
	8
	11
	54
	20
	34
	24
	49
	17
	52

	
	9
	15
	40
	17
	31
	16
	40
	13
	35

	
	10
	10
	52
	15
	43
	17
	43
	13
	40

	
	11
	11
	56
	22
	45
	22
	44
	5
	44

	
	12
	14
	48
	14
	50
	11
	47
	7
	45

	
	13
	8
	65
	7
	73
	8
	71
	6
	61

	2
	0
	25
	0
	20
	18
	33
	4
	20
	12

	
	1
	23
	-4
	24
	12
	29
	1
	27
	1

	
	2
	24
	3
	22
	17
	29
	13
	23
	10

	
	3
	24
	5
	23
	17
	25
	20
	23
	12

	
	4
	23
	4
	24
	19
	26
	17
	27
	7

	
	5
	26
	2
	25
	21
	32
	11
	28
	9

	
	6
	25
	8
	25
	23
	40
	5
	31
	9

	
	7
	27
	0
	23
	25
	28
	12
	25
	13

	
	8
	26
	8
	25
	27
	22
	25
	24
	14

	
	9
	25
	23
	26
	33
	25
	48
	29
	27

	
	10
	23
	22
	25
	34
	20
	54
	25
	30

	
	11
	24
	24
	22
	40
	20
	47
	22
	31

	
	12
	30
	25
	26
	45
	24
	43
	22
	36

	
	13
	25
	32
	19
	51
	14
	48
	17
	40

	
	14
	14
	59
	13
	73
	6
	85
	17
	59

	3
	0
	16
	26
	5
	56
	14
	40
	13
	44

	
	1
	16
	26
	12
	47
	14
	34
	18
	36

	
	2
	13
	44
	12
	55
	18
	52
	19
	54

	4
	0
	19
	15
	12
	32
	17
	21
	22
	12

	
	1
	15
	23
	12
	35
	9
	36
	15
	22

	
	2
	19
	27
	16
	36
	17
	39
	22
	26

	
	3
	22
	26
	18
	36
	18
	38
	25
	20

	
	4
	24
	26
	20
	39
	20
	35
	27
	21

	
	5
	27
	33
	22
	44
	31
	33
	29
	28

	
	6
	24
	29
	17
	45
	24
	30
	28
	23

	
	7
	24
	30
	19
	44
	19
	38
	24
	27

	
	8
	11
	51
	8
	56
	3
	72
	12
	55

	
	9
	20
	40
	13
	49
	9
	60
	23
	42

	
	10
	18
	44
	14
	55
	8
	59
	24
	41

	
	11
	20
	51
	13
	66
	22
	53
	27
	46

	
	12
	17
	51
	9
	65
	14
	55
	22
	49

	
	13
	6
	71
	0
	82
	-9
	93
	17
	68


Table 21: Initialization values for context variable ctx_abs_1bit
	context

category
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	
	index 0
	index 1
	index 2

	
	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	0
	0
	50
	-6
	60
	-7
	62
	-3
	54

	
	1
	-2
	31
	-6
	37
	-9
	41
	-8
	33

	
	2
	0
	31
	-1
	36
	-2
	38
	-5
	36

	
	3
	-1
	39
	-1
	40
	0
	40
	-3
	41

	
	4
	0
	42
	-1
	44
	0
	45
	-3
	45

	1
	0
	-9
	57
	-8
	59
	-10
	59
	-7
	55

	
	1
	-4
	22
	-1
	21
	-10
	30
	-2
	17

	
	2
	-1
	28
	-2
	32
	-9
	39
	-2
	28

	
	3
	-1
	34
	-3
	39
	-6
	43
	-1
	35

	
	4
	-1
	39
	-1
	43
	-4
	47
	2
	39

	2
	0
	-8
	64
	-4
	53
	-8
	58
	-6
	53

	
	1
	-10
	35
	-2
	23
	-10
	38
	-5
	28

	
	2
	-8
	44
	-3
	32
	-9
	45
	-7
	34

	
	3
	-6
	47
	-2
	36
	-6
	47
	-7
	37

	
	4
	-4
	51
	-2
	41
	-5
	50
	-6
	39

	3
	0
	-7
	71
	-3
	62
	-4
	64
	0
	58

	
	1
	-11
	49
	-6
	22
	-12
	38
	-14
	34

	
	2
	-7
	50
	-4
	33
	-5
	43
	-10
	40

	
	3
	-2
	46
	-1
	40
	-2
	46
	-2
	37

	
	4
	-4
	44
	-6
	45
	-8
	50
	-8
	45

	4
	0
	-6
	57
	-4
	51
	-6
	56
	-6
	54

	
	1
	3
	24
	5
	18
	1
	29
	-8
	32

	
	2
	0
	37
	0
	29
	-3
	40
	-9
	39

	
	3
	-3
	43
	0
	33
	-4
	43
	-3
	37

	
	4
	-2
	46
	2
	37
	-3
	45
	0
	37


Table 22: Initialization values for context variable ctx_abs_rbits
	context

category
	value

of

ctx
	I-slices
	P- and B-slices

	
	
	
	index 0
	index 1
	index 2

	
	
	m
	n
	m
	n
	m
	n
	m
	n

	0
	0
	0
	46
	-4
	50
	-6
	53
	-1
	43

	
	1
	0
	50
	-4
	56
	-4
	56
	-2
	52

	
	2
	-1
	54
	-4
	59
	-5
	61
	-3
	56

	
	3
	-4
	58
	-9
	66
	-6
	65
	-5
	62

	
	4
	-7
	63
	-12
	74
	-15
	78
	-16
	75

	1
	0
	-5
	37
	-8
	44
	-15
	47
	-8
	40

	
	1
	-5
	44
	-9
	54
	-12
	55
	-11
	53

	
	2
	-11
	56
	-9
	59
	-15
	63
	-11
	61

	
	3
	-10
	58
	-6
	61
	-15
	67
	-15
	66

	
	4
	-8
	62
	-8
	68
	-11
	71
	-19
	74

	2
	0
	-6
	50
	-9
	45
	-16
	55
	-13
	49

	
	1
	-6
	59
	-5
	52
	-10
	59
	-7
	53

	
	2
	-6
	62
	-6
	57
	-10
	63
	-8
	57

	
	3
	-8
	67
	-7
	61
	-11
	67
	-7
	59

	
	4
	-14
	78
	-7
	67
	-12
	73
	-7
	64

	3
	0
	-11
	60
	-6
	47
	-7
	51
	-9
	51

	
	1
	-10
	68
	-7
	58
	-8
	62
	-7
	58

	
	2
	-14
	75
	-12
	66
	-12
	72
	-11
	65

	
	3
	-17
	82
	-11
	68
	-18
	79
	-13
	71

	4
	0
	-8
	48
	-5
	39
	-10
	47
	-11
	45

	
	1
	-9
	60
	-4
	51
	-11
	60
	-10
	56

	
	2
	-11
	64
	-5
	56
	-13
	65
	-10
	60

	
	3
	-4
	63
	0
	57
	-7
	62
	-1
	56

	
	4
	-16
	72
	-11
	66
	-15
	67
	-12
	64


3. (Append for Proposal Documents)

JVT Patent Disclosure Form

	International Telecommunication Union
Telecommunication Standardization Sector
	International Organization for Standardization
	International Electrotechnical Commission  
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Joint Video Coding Experts Group - Patent Disclosure Form
(Typically one per contribution and one per Standard | Recommendation)

Please send to:

JVT Rapporteur Gary Sullivan, Microsoft Corp., One Microsoft Way, Bldg. 9, Redmond WA 98052-6399, USA

Email (preferred): Gary.Sullivan@itu.int  Fax: +1 425 706 7329 (+1 425 70MSFAX)

This form provides the ITU-T | ISO/IEC Joint Video Coding Experts Group (JVT) with information about the patent status of techniques used in or proposed for incorporation in a Recommendation | Standard.  JVT requires that all technical contributions be accompanied with this form. Anyone with knowledge of any patent affecting the use of JVT work, of their own or of any other entity (“third parties”), is strongly encouraged to submit this form as well.

This information will be maintained in a “living list” by JVT during the progress of their work, on a best effort basis.  If a given technical proposal is not incorporated in a Recommendation | Standard, the relevant patent information will be removed from the “living list”.  The intent is that the JVT experts should know in advance of any patent issues with particular proposals or techniques, so that these may be addressed well before final approval.

This is not a binding legal document; it is provided to JVT for information only, on a best effort, good faith basis.  Please submit corrected or updated forms if your knowledge or situation changes.

This form is not a substitute for the ITU ISO IEC Patent Statement and Licensing Declaration, which should be submitted by Patent Holders to the ITU TSB Director and ISO Secretary General before final approval.

	Submitting Organization or Person:

	Organization name
	Heinrich-Hertz-Institute
	

	Mailing address
	Einsteinstraße 37

10587 Berlin
	

	Country
	Germany
	

	Contact person
	Heiko Schwarz
	

	Telephone
	+49-30-31002-206
	

	Fax
	+49-30-392 72 00
	

	Email
	heiko.schwarz@hhi.de
	

	Place and date of submission
	Klagenfurt, Austria, 22-16 July, 2002
	

	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	JVT
	

	Title
	CABAC and Slices
	

	Contribution number
	JVT-D020
	

	
	
	


(Form continues on next page)

	Disclosure information – Submitting Organization/Person  (choose one box)
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	2.0
The submitter is not aware of having any granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.

or,

	The submitter (Patent Holder) has granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.  In which case,
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	2.1
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a free license to an unrestricted number of applicants on a worldwide, non-discriminatory basis to manufacture, use and/or sell implementations of the above Recommendation | Standard.
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	2.2
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and on reasonable terms and conditions to manufacture, use and/ or sell implementations of the above Recommendation | Standard.


Such negotiations are left to the parties concerned and are performed outside the ITU | ISO/IEC.

	
	

	[image: image19.wmf]
	2.2.1
The same as box 2.2 above, but in addition the Patent Holder is prepared to grant a “royalty-free” license to anyone on condition that all other patent holders do the same.
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	2.3
The Patent Holder is unwilling to grant licenses according to the provisions of either 2.1, 2.2, or 2.2.1 above.  In this case, the following information must be provided as part of this declaration:

· patent registration/application number;
· an indication of which portions of the Recommendation | Standard are affected.
· a description of the patent claims covering the Recommendation | Standard;

	In the case of any box other than 2.0 above, please provide the following:

	Patent number(s)/status
	
	

	Inventor(s)/Assignee(s)
	
	

	Relevance to JVT
	
	

	Any other remarks:
	
	

	(please provide attachments if more space is needed)




(form continues on next page)

Third party patent information – fill in based on your best knowledge of relevant patents granted, pending, or planned by other people or by organizations other than your own.

	Disclosure information – Third Party Patents (choose one box)

	
	

	
[image: image21.wmf] 


	3.1
The submitter is not aware of any granted, pending, or planned patents held by third parties associated with the technical content of the Recommendation | Standard or Contribution.
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	3.2
The submitter believes third parties may have granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.



	For box 3.2, please provide as much information as is known (provide attachments if more space needed) - JVT will attempt to contact third parties to obtain more information:



	3rd party name(s)
	
	

	Mailing address
	
	

	Country
	
	

	Contact person
	
	

	Telephone
	
	

	Fax
	
	

	Email
	
	

	Patent number/status
	
	

	Inventor/Assignee
	
	

	Relevance to JVT
	
	

	
	
	


	Any other comments or remarks:
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