	[image: image1.png]


[image: image2.png]


Joint Collaborative Team on Video Coding (JCT-VC)

of ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG11
6th Meeting: Torino, IT, 14-22 July, 2011
	Document: JCTVC-F418


	Title:
	Joint coding of CU splitting flag and inter modes based on HM 3.1

	Status:
	Input Document to JCT-VC

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Wen Zhang

	
Tel: 
Email:
	
+86-13528803560
zhang.wen4@zte.com.cn


	Source:
	ZTE Corporation


_____________________________
Abstract

In HM 3.1, there is up to eight cases could be summarized for CU splitting flag and inter modes. Please refer to Table 1 for detailed information. To address this problem, a joint coding method which is different to CU-depth dependent and counter-based adaption (JCTVC-D370, JCTVC-E143) was proposed in this document. As test results reported, it has saved about 0.6% BD-rate for CAVLC configurations.
In this proposal, the representing method of CU splitting flag and inter modes had been unified both in CAVLC and CABAC. And about 0.1% BD-rate deviation was observed for coding efficiency of CABAC comparing to HM 3.1. It’s also proposed that IPCM could be enabled in intra slice while CU size greater than 16x16 and in inter slice while CU size greater than 8x8 (min CU) with a loss of 0.1% BD-rate in AI-LC configuration only.
    Table 1 Case summary of CU splitting flag and inter modes
	PredMode and
CU splitting
	PartMode
	Case and Symbol (cu_split_and_mode)

	
	
	CU size > 8x8 (min)
	CU size == 8x8(min)

	SPLIT
	
	7 (SPLIT)
	--

	IPCM (disabled)
	PART_2Nx2N
	6 (IPCM)
	--

	MODE_SKIP
	PART_2Nx2N
	0 (SKIP)
	0 (SKIP)

	MODE_MRG
	PART_2Nx2N
	5 (MRG)
	5 (MRG)

	MODE_INTER
	PART_2Nx2N
	1 (INTER_2Nx2N)
	1 (INTER_2Nx2N)

	
	PART_2NxN
	3 (INTER_2NxN)
	3 (INTER_2NxN)

	
	PART_Nx2N
	4 (INTER_Nx2N)
	4 (INTER_Nx2N)

	
	PART_NxN
	--
	6 (INTER_NxN)

	MODE_INTRA
	PART_2Nx2N
	2 (INTRA_2Nx2N)
	2 (INTRA_2Nx2N)

	
	PART_NxN
	--
	7 (INTRA_NxN)


1 Introduction

  In JCTVC-D275 and JCTVC-E072, slice-based adaptive representing methods of syntax elements related to inter modes were proposed. In JCTVC-E258, a context-dependent classification method was introduced as supplementary part of CU-depth dependent while coding CU splitting flag and inter modes. In this proposal, above basic ideas were harmonized together and further studied.
  First of all, CU splitting flag and inter modes were coded in 16 types. It included 10 types for CU size greater than 8x8 (min) and 6 types for CU size equals to 8x8 (min). And it’s classified according to CU splitting and prediction mode of left and above CU. Please refer to Table 2 for detailed coding types of CU splitting flag and inter modes.

Table 2 Coding types of CU splitting flag and inter modes
	CU-depth
	Prediction mode-top CU
	Prediction mode-left CU
	Coding Type

	CU size > 8x8 (min)
	SKIP
	SKIP
	0

	
	INTER
	SKIP
	1

	
	SKIP
	INTER
	

	
	INTRA
	SKIP
	2

	
	SKIP
	INTRA
	

	
	CU Splitting
	SKIP
	3

	
	SKIP
	CU Splitting
	

	
	INTER
	INTER
	4

	
	INTRA
	INTER
	5

	
	INTER
	INTRA
	

	
	CU Splitting
	INTER
	6

	
	INTER
	CU Splitting
	

	
	INTRA
	INTRA
	7

	
	CU Splitting
	INTRA
	8

	
	INTRA
	CU Splitting
	

	
	CU Splitting
	CU Splitting
	9

	CU size==8x8(min)
	SKIP
	SKIP
	10

	
	INTER
	SKIP
	11

	
	SKIP
	INTER
	

	
	INTRA
	SKIP
	12

	
	SKIP
	INTRA
	

	
	INTER
	INTER
	13

	
	INTRA
	INTER
	14

	
	INTER
	INTRA
	

	
	INTRA
	INTRA
	15


  Secondly, the codeword tables of above 16 coding types were updated for each inter slice. Based on statistical results of previous coded slices, all counter results of each type were sorted to refresh codeword tables for next slice with same slice QP. And the codeword tables of all coding types were maintained to be same both in encoder and decoder. Thus, there is no need to transmit explicit coding types which were described in JCTVC-D275 and JCTVC-E072.
  Thirdly, unified representing method of CU splitting flag and inter modes had been implemented both in CABAC and CAVLC. The motivation was to reduce flags / bins needed to code these syntax elements.
  The fourth, A Pred_split_flag was defined while CU-depth equals to 0 or 1. If this flag equals to 1, it means not only CU of current depth with split_flag equals to 1 but also all CUs here of current depth plus one with split_flags equal to 1. In order to avoid worse coding result, constrained conditions were added to control the presence of pred_split_flag in each slice.
  Finally, IPCM mode proposed by JCTVC-E057 was incorporated into above joint coding method. It was proposed that IPCM could be enabled in intra slice while CU size greater than 16x16 and in inter slice while CU size greater than 8x8 (min). The impact on coding efficiency was observed only in AI-LC configuration, with a loss of 0.1% BD-rate.
Experimental results 

The proposed method was evaluated using the recommended common test condition presented in JCTVC-E700. All configurations were tested in the experiment with anchor HM 3.1. The test platform was HP server E5506/2.13 GHz with Windows NT server 2003 32 bits OS. The anchor we got in this proposal on above platform was identical to results provided by NNT/BBC.
  Two software versions had been planned to be tested for most configurations, Version A (without pred_split_flag) and Version B (with pred_split_flag). The evaluation results were shown as below. And, please be noted that the green data were cross checked and match results were reported.
  Software Version A, related results were included from Table 3 to Table 5.

Table 3 test results of Version A, default with IPCM disabled [anchor HM 3.1]
	All intra HE
	All intra LC

	Y
	U
	V
	Y
	U
	V

	0.0 
	-0.1 
	-0.1 
	0.0 
	0.0 
	0.0 

	Random access HE
	Random access LC

	Y
	U
	V
	Y
	U
	V

	-0.1 
	-0.2 
	-0.2 
	-0.5 
	-0.4 
	-0.4 

	Low delay (B) HE
	Low delay (B) LC

	Y
	U
	V
	Y
	U
	V

	0.0 
	0.2 
	0.1 
	-0.6 
	-0.6 
	-0.8 

	Low delay (P) HE
	Low delay (P) LC

	Y
	U
	V
	Y
	U
	V

	0.2 
	0.5 
	0.2 
	-0.6 
	-0.5 
	-0.7 



Table 4 test results of Version A, IPCM enabled while CU size > 8x8 (min) [anchor HM 3.1]

	All intra HE
	All intra LC

	Y
	U
	V
	Y
	U
	V

	0.0 
	-0.1 
	-0.1 
	0.5 
	0.6 
	0.6 

	Random access HE
	Random access LC

	Y
	U
	V
	Y
	U
	V

	-0.1 
	-0.1 
	-0.3 
	-0.4 
	-0.3 
	-0.3 

	Low delay (B) HE
	Low delay (B) LC

	Y
	U
	V
	Y
	U
	V

	0.0 
	0.3 
	0.0 
	-0.6 
	-0.5 
	-0.8 

	Low delay (P) HE
	Low delay (P) LC

	Y
	U
	V
	Y
	U
	V

	0.1 
	0.3 
	0.2 
	-0.6 
	-0.2 
	-0.7 



Table 5 test results of Version A, IPCM enabled in intra slice while CU size greater than 16x16 and in inter slice while CU size greater than 8x8 (min CU) [anchor HM 3.1] ---proposed.
	All intra HE
	All intra LC

	Y
	U
	V
	Y
	U
	V

	0.0 
	-0.1 
	-0.1 
	0.1 
	0.1 
	0.1 

	Random access HE
	Random access LC

	Y
	U
	V
	Y
	U
	V

	-0.1 
	-0.1 
	-0.2 
	-0.5 
	-0.4 
	-0.4 

	Low delay (B) HE
	Low delay (B) LC

	Y
	U
	V
	Y
	U
	V

	0.1 
	0.3 
	-0.1 
	-0.6 
	-0.8 
	-0.8 

	Low delay (P) HE
	Low delay (P) LC

	Y
	U
	V
	Y
	U
	V

	0.1 
	0.0 
	0.0 
	-0.6 
	-0.6 
	-0.8 


  Software Version B, related evaluations were included in Table 6 and Table 7. 

Table 6 test results of Version B, default with IPCM disabled [anchor HM 3.1]
	All intra LC

	Y
	U
	V

	-0.1 
	-0.1 
	-0.1 

	Random access LC

	Y
	U
	V

	-0.6 
	-0.4 
	-0.4 

	Low delay (B) LC

	Y
	U
	V

	　
	　
	　

	-0.6 
	-0.6 
	-0.8 

	Low delay (P) LC

	Y
	U
	V

	-0.7 
	-0.7 
	-0.9 



Table 7 test results of Version B, IPCM enabled while CU size > 8x8 (min) [anchor HM 3.1]
	All intra LC

	Y
	U
	V

	0.4 
	0.5 
	0.5 

	Random access LC

	Y
	U
	V

	-0.5 
	-0.3 
	-0.3 

	Low delay (B) LC

	Y
	U
	V

	-0.7 
	-0.5 
	-0.9 

	Low delay (P) LC

	Y
	U
	V

	-0.7 
	-0.5 
	-0.8 



Table 8 Analysis of proposed IPCM, impact on coding efficiency [Table 5 vs. Table 3]
	All intra HE
	All intra LC

	0.0 
	0.0 
	0.0 
	0.1 
	0.1 
	0.1 

	Random access HE
	Random access LC

	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	Low delay (B) HE
	Low delay (B) LC

	0.0 
	0.1 
	-0.2 
	0.0 
	-0.2 
	0.0 

	Low delay (P) HE
	Low delay (P) LC

	0.0 
	-0.5 
	-0.2 
	0.0 
	0.0 
	-0.1 



Table 9 Analysis of pred_split_flag, impact on coding efficiency [Table 6 vs. Table 3]
	All intra LC

	-0.1 
	-0.1 
	-0.1 

	Random access LC

	-0.1 
	-0.1 
	-0.1 

	Low delay (B) LC

	0.0 
	0.0 
	0.0 

	Low delay (P) LC

	0.0 
	-0.2 
	-0.2 


2 Conclusions

  Since IPCM mode had been adopted into HM 3.1 which was disabled by default. From the test results reported in Table 5, the best choice to enable IPCM mode should be Intra Slice with CU size greater than 16x16, Inter Slice with CU size greater than 8x8 (min). It’s suggested to adopt this into HM.

The joint coding of CU splitting flag and inter modes could improve about 0.5% BD-rate for CAVLC configurations comparing to HM 3.1. The above mentioned pred_split_flag brought further 0.1% BD-rate gain for AI-LC and RA-LC configurations. And the enc/dec time and memory consumption were kept almost unchanged comparing to anchor. It’s suggested to adopt the above change of CAVLC into HM.
  From test results, it was reported that CABAC itself did good job while coding these syntax elements. There is almost no gain observed for coding efficiency (with 0.1% BD-rate deviation, some became worse). But for sake of unification and further investigation, it’s also recommended to consider this part (whole scheme of Table 5) adopted into HM.
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5 Proposed text

  Syntax element cu_split_and_mode (PredMode, PartMode) was defined in Table 1. It could help us to unify the Spec text in coding_tree(), coding_unit() and prediction_unit(), as shown below (revised from JCTVC-E603-v8).

	coding_tree( x0, y0, log2CUSize ) {
	Descriptor

	
if( x0 + ( 1 << log2CUSize )  <=  PicWidthInSamplesL  &&


y0 + ( 1 << log2CUSize )  <=  PicHeightInSamplesL  &&


cuAddress( x0, y0 )  >=  SliceAddress ) {
	

	
	

	
	

	
	

	
	

	    cu_split_and_mode[x0][y0]
	ce(v)|u(1)|ae(v)

	
}
	

	
if( adaptive_loop_filter_flag && alf_cu_control_flag ) {
	

	

cuDepth = Log2MaxCUSize – log2CUSize
	

	

if( cuDepth  <= alf_cu_control_max_depth )
	

	


if( cuDepth == alf_cu_control_max_depth ||
	

	
	

	         cu_split_and_mode[x0][y0] != SPLIT )
	

	



AlfCuFlagIdx++
	

	
}
	

	

	

	  if( cu_split_and_mode[x0][y0] == SPLIT ) {
	

	

if( cu_qp_depta_enabled_flag && 




log2CUSize == log2MinCUDQPSize )
	

	


IsCuQpDeltaCoded = 0
	

	

x1 = x0 + ( ( 1 << log2CUSize ) >> 1 )
	

	

y1 = y0 + ( ( 1 << log2CUSize ) >> 1 )
	

	

if( cuAddress( x1, y0 ) > SliceAddress )
	

	


moreDataFlag = coding_tree( x0, y0, log2CUSize – 1 )
	

	

if( cuAddress( x0, y1 ) > SliceAddress && moreDataFlag &&



x1 < PicWidthInSamplesL )
	

	


moreDataFlag = coding_tree( x1, y0, log2CUSize − 1 )
	

	

if( cuAddress( x1, y1 ) > SliceAddress && moreDataFlag &&



y1 < PicHeightInSamplesL )
	

	


moreDataFlag = coding_tree( x0, y1, log2CUSize − 1 )
	

	

if( moreDataFlag && 



x1 < PicWidthInSamplesL  &&  y1 < PicHeightInSamplesL )
	

	


moreDataFlag = coding_tree( x1, y1, log2CUSize − 1 )
	

	
} else {
	

	

if(adaptive_loop_filter_flag && alf_cu_control_flag )
	

	


AlfCuFlag[ x0 ][ y0 ] = alf_cu_flag[ AlfCuFlagIdx ]
	

	

coding_unit( x0, y0, log2CUSize )
	

	

if( !entropy_coding_mode_flag )
	

	


moreDataFlag = more_rbsp_data( )
	

	

else {
	

	


if( granularity_block_boundary( x0, y0, log2CUSize ) ) {
	

	



end_of_slice_flag
	ae(v)

	



moreDataFlag = !end_of_slice_flag
	

	


} else
	

	



moreDataFlag = 1
	

	

}
	

	
}
	

	
return moreDataFlag
	

	}
	


	coding_unit( x0, y0, log2CUSize ) {
	Descriptor

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	

x1 = x0 + ( ( 1 << log2CUSize ) >> 1 )
	

	

y1 = y0 + ( ( 1 << log2CUSize ) >> 1 )
	

	

if( PartMode == PART_2Nx2N ) {
	

	


prediction_unit( x0, y0, log2CUSize, log2CUSize, 0 , 0 )
	

	

} else if( PartMode == PART_2NxN ) {
	

	


prediction_unit( x0, y0, log2CUSize, log2CUSize – 1, 0 , 









log2CUSize > Log2MinCUSize )
	

	


prediction_unit( x0, y1, log2CUSize, log2CUSize – 1, 1 , 0 )
	

	

} else if( PartMode == PART_Nx2N ) {
	

	


prediction_unit( x0, y0, log2CUSize - 1, log2CUSize, 0 , 









log2CUSize > Log2MinCUSize )
	

	


prediction_unit( x1, y0, log2CUSize - 1, log2CUSize, 1 , 0 )
	

	

} else { /* PART_NxN */
	

	


prediction_unit( x0, y0, log2CUSize – 1, log2CUSize – 1, 0 , 0 )
	

	


prediction_unit( x1, y0, log2CUSize – 1, log2CUSize – 1, 1 , 0 )
	

	


prediction_unit( x0, y1, log2CUSize – 1, log2CUSize – 1, 2 , 0 )
	

	


prediction_unit( x1, y1, log2CUSize – 1, log2CUSize – 1, 3 , 0 )
	

	

}
	

	

	

	

	

	  if( PredMode != MODE_SKIP && PredMode != IPCM ) {
	

	

transform_tree( x0, y0, log2CUSize, 0, 0 )
	

	

transform_coeff( x0, y0, log2CUSize, 0, 0 )
	

	

transform_coeff( x0, y0, log2CUSize, 0, 1 )
	

	

transform_coeff( x0, y0, log2CUSize, 0, 2 )
	

	
}
	

	}
	


	prediction_unit( x0, y0, log2PUWidth, log2PUHeight, PartIdx , 






 InferredMergeFlag ) {
	Descriptor

	

	

	  if( PredMode == MODE_SKIP || PredMode == MODE_MRG ) {
	

	

if( NumMergeCand  >  1 )
	

	


merge_idx[ x0 ][ y0 ]
	ue(v) | ae(v)

	
	

	
	

	
	

	
	

	  } else if ( PredMode == IPCM ) {
	

	


while ( !byte_aligned( ) )
	

	



pcm_alignment_zero_bit
	u(v)

	


for( i = 0; i < 1 << ( log2CUSize << 1 ); i++ )
	

	



pcm_sample_luma[ i ]
	u(v)

	


for( i = 0; i < ( 1 << ( log2CUSize << 1 ) ) >> 1; i++ )
	

	



pcm_sample_chroma[ i ]
	u(v)

	


	

	  } else if( PredMode == MODE_INTRA ) {
	

	


prev_intra_luma_pred_flag[ x0 ][ y0 ]
	u(1) | ae(v)

	


if( prev_intra_luma_pred_flag[ x0 ][ y0 ] )
	

	



if( NumMPMCand > 1 )
	

	




mpm_idx[ x0 ][ y0 ]
	u(1) | ae(v)

	


Else
	

	



rem_intra_luma_pred_mode[ x0 ][ y0 ]
	ce(v) | ae(v)

	


if( IntraPredMode[ x0 ][ y0 ] == 2 )
	

	



planar_flag_luma[ x0 ][ y0 ]
	u(1) | ae(v)

	


intra_chroma_pred_mode[ x0 ][ y0 ]
	ue(v) | ae(v)

	


SignaledAsChromaDC = 




( chroma_pred_from_luma_enabled_flag ?





intra_chroma_pred_mode[ x0 ][ y0 ] == 3 :






intra_chroma_pred_mode[ x0 ][ y0 ] == 2 )
	

	


if( IntraPredMode[ x0 ][ y0 ] != 2 && 





IntraPredMode[ x0 ][ y0 ]!=34 && SignaledAsChromaDC )
	

	



planar_flag_chroma[ x0 ][ y0 ]
	u(1) | ae(v)

	

	

	
} else { /* MODE_INTER */
	

	

if( !InferredMergeFlag )
	

	
	

	



merge_flag[ x0 ][ y0 ]
	u(1) | ae(v)

	

if( merge_flag[ x0 ][ y0 ]  &&  NumMergeCand  >  1 ) {
	

	


merge_idx[ x0 ][ y0 ]
	ue(v) | ae(v)

	

} else {
	

	


if( slice_type  = =  B ) {
	

	



if(!entropy_coding_mode_flag &&






use_combined_inter_pred_ref( x0, y0 ) ) {
	

	




combined_inter_pred_ref_idx
	ue(v)

	




if( combined_inter_pred_ref_idx == MaxPredRef )
	

	





inter_pred_flag[ x0 ][ y0 ]
	ue(v)

	



} else
	

	




inter_pred_flag[ x0 ][ y0 ]
	ue(v) | ae(v)

	


}
	

	


if( inter_pred_flag[ x0 ][ y0 ]  = =  Pred_LC ) {
	

	



if( num_ref_idx_lc_active_minus1  >  0 ) {
	

	




if( !entropy_coding_mode_flag &&







 use_combined_inter_pred_ref( x0, y0 ) ) {
	

	





if( combined_inter_pred_ref_idx == MaxPredRef )
	

	






ref_idx_lc_minus4[ x0 ][ y0 ]
	ue(v)

	




} else
	

	





ref_idx_lc[ x0 ][ y0 ]
	ae(v)

	



}
	

	



mvd_lc[ x0 ][ y0 ][ 0 ]
	se(v) | ae(v)

	



mvd_lc[ x0 ][ y0 ][ 1 ]
	se(v) | ae(v)

	



if( NumMVPCand( LcToLx )  >  1 )
	

	




mvp_idx_lc[ x0 ][ y0 ]
	ue(v) | ae(v)

	


}
	

	


else { /* Pred_L0 or Pred_BI */
	

	



if( num_ref_idx_l0_active_minus1  >  0 ) {
	

	




if( !entropy_coding_mode_flag &&







use_combined_inter_pred_ref( x0, y0 ) ) {
	

	





if( combined_inter_pred_ref_idx == MaxPredRef )
	

	






ref_idx_l0_minusX[ x0 ][ y0 ]
	ue(v)

	




} else
	

	





ref_idx_l0_minusX[ x0 ][ y0 ]
	ue(v) | ae(v)

	



}
	

	



mvd_l0[ x0 ][ y0 ][ 0 ]
	se(v) | ae(v)

	



mvd_l0[ x0 ][ y0 ][ 1 ]
	se(v) | ae(v)

	



if( NumMVPCand( L0 )  >  1 )
	

	




mvp_idx_l0[ x0 ][ y0 ]
	ue(v) | ae(v)

	


}
	

	


if( inter_pred_flag[ x0 ][ y0 ]  = =  Pred_BI ) {
	

	



if( num_ref_idx_l1_active_minus1  >  0 ) {
	

	




if( !entropy_coding_mode_flag &&







use_combined_inter_pred_ref( x0, y0 ) ) {
	

	





if( combined_inter_pred_ref_idx == MaxPredRef )
	

	






ref_idx_l1_minusX[ x0 ][ y0 ]
	ue(v)

	




} else
	

	





ref_idx_l1[ x0 ][ y0 ]
	ue(v) | ae(v)

	



}
	

	



mvd_l1[ x0 ][ y0 ][ 0 ]
	se(v) | ae(v)

	



mvd_l1[ x0 ][ y0 ][ 1 ]
	se(v) | ae(v)

	



if( NumMVPCand( L1 )  >  1 )
	

	




mvp_idx_l1[ x0 ][ y0 ]
	ue(v) | ae(v)

	


}
	

	

}
	

	
}
	

	}
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