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Introduction

Context-based Adaptive Binary Arithmetic Coding (CABAC) technique [1] [2], adopted into high-complexity profile of H26L-TML provides improved coding efficiency and adaptivity to source statistics compared with the alternative entropy coding using universal table of variable length codes (UVLC). However, as also pointed out in D.151 [3], the current design of the context models in CABAC is not optimal with regard to coding efficiency. In this document we investigate the performance of new context models for encoding of (RUN, LEVEL) pair in intra-coding. We also provide results of adaptive scan experiments for CABAC.

The methods proposed in this documents are simplified versions of those introduced in VCEG-N41.

New Context Models for (RUN, LEVEL) Encoding

In the current CABAC in TML8.5, a (RUN, LEVEL) pair is encoded as follows: the runs and levels are first classified based on block/coefficient type: scanning mode, coefficient type (DC/AC), and coding mode (inter/intra or 16x16intra). Then the levels and runs are mapped onto a sequence of binary decisions, so-called bins. And each bin is assigned to a context based on its bin number which is defined as the location of the bin in the sequence representing the symbol. For example, for level encoding, there are 4 contexts. The first one is for the first bin; the second is for the second while the third context is for the rest of bins representing the magnitude of the level. The remaining context is used for the sign of the level. In summary, the context modeling of levels and runs are based on bin number and the coding/coefficient type. 

In this document, we investigate new context models assigned to a bin representing levels of coefficients depending on the previously encoded (arithmetic encoder) or decoded (arithmetic decoder) coefficient level within the block. More specifically, similar to the current design, the symbols are first classified based on coefficient/coding mode, and then the following context models are applied for bins of levels and runs, respectively,

Proposed Context Model for Levels

if (bin_nr>3) 

bin_nr=3;

end

if (Prev_level>MAX_LEVEL) 

prev_level=MAX_LEVEL;

end

context_nr = (bin_nr-1)*MAX_LEVEL+Prev_level

Proposed Context Model for Run

if (bin_nr>2) 

bin_nr=2;

end

if (level>MAX_RUNL) 

level=MAX_RUNL;

end

context_nr = (bin_nr-1)*MAX_RUNL+level

where the Prev_level is initialized to zero at the beginning of each block. Note that for double-scan, this variable is initialized at the beginning of each scan, i.e., twice per block.

	QP
	Container
	Foreman
	News
	Silent
	Tempete
	Mobile
	Paris
	Average

	Low
	-2.86
	-3.65
	-2.54
	-4.28
	-2.67
	-3.23
	-3.7
	-3.28

	High
	-1.86
	-2.16
	-1.53
	-2.56
	-1.88
	-2.48
	-2.58
	-2.15

	
	
	
	
	
	
	
	
	


Table 1: Performance improvement (Bjontegaard Delta bitrate savings in %) of new context models in CABAC Intra coding. QP = 2, 5, 10, 16 is used for low QP and QP = 16, 20, 24, 28 for high QP.

Table 1 illustrates the results of the proposed scheme in terms of the bitrate reduction in % from TML-8.5 with MAX_LEVEL=3 and MAX_RUNL=1. The test conditions from VCEG-M75 [4] were followed with an exception of coding all the frames as I-frames and additional QP results are included to illustrate further results. 
Since double-scan is specifically designed for UVLC coding and, for the approach described above, results in initialization of context models twice per block, we have investigated the effect of removing double-scan for the proposed scheme in CABAC. Furthermore, in the following, we include results of alternative, adaptive scan methods. 

In Adaptive Intra Coding, Annex I of H.263+, two scans in addition to zigzag scan are employed for encoding of the transform coefficients of intra-coded blocks. The scan order is selected based on the prediction direction used for the transform coefficients. In the following we provide results of a similar approach in H.26L. The additional scan orders and the corresponding relationship between the intra-prediction types and the scan order, that are considered in this document, are illustrated in Table 2 and Table 3, respectively.
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Table 2 Additional Scan Orders

	Prediction type
	Scan

	0
	Normal

	1
	Secondary diagonal

	2
	Vertical

	3
	Diagonal

	4
	Vertical (transposed)

	5
	Secondary diagonal (transposed)


Table 3 Intra-Prediction Modes

	QP
	Container
	Foreman
	News
	Silent
	Paris
	Mobile
	Tempete 
	Average

	Low
	-3.11
	-3.97
	-3.84
	-4.29
	-4.11
	-4.25
	-4.20
	-3.97

	High
	-3.53
	-2.70
	-2.96
	-2.90
	-3.87
	-3.31
	-3.09
	-3.19


Table 4 Performance improvement (Bjontegaard Delta bitrate savings in %) of new context models with adaptive scan in CABAC Intra coding. QP = 2, 5, 10, 16 is used for low QP and QP = 16, 20, 24, 28 for high QP.

Similar to results illustrated in Table 1, Table 4 lists the results of the proposed context models but, additionally, adaptive scan scheme described earlier is employed. As can be observed from Table 4 the improvements by new context models increase with the adaptive-scan schemes. We now observe bitrate savings from 2.70 to 4.29% compared to TML 8.5. This translates to additional 0.7 % on low QPs and 1.0% on high QPs on top of the improvements by modified run/level coding.

Conclusion

New context models are proposed for encoding of run/level pair in CABAC Intra coding. The results demonstrate average bitrate savings from 1.5 to 4.3%. We have also investigated the effects of removing double-scan from CABAC and introducing adaptive scan. The resulting performance of the proposed contexts including adaptive scan scheme indicates that additional average improvements of around 1% can be realized.
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