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Abstract

This contribution provides test results of the triangular prediction unit mode which is described in CE10. In the triangular prediction unit mode, a CU can be split using two triangular prediction units, in either diagonal or inverse diagonal direction. Each triangular prediction unit in the CU has its own uni-prediction motion vector and reference frame index which are derived from a uni-prediction candidate list. Triangular partitioning is only applied to motion compensated prediction, which means that the transform and quantization process is applied to the whole CU formed by combining the two triangles together. In this contribution, the triangular prediction unit mode is only applied to a CU which block size is larger than or equal to 8×8, and its coding prediction mode is either skip or merge mode. It is reported that as compared to VTM-2.0.1, 0.57% B-D rate saving with 110% encoding time and 100% decoding time is achieved in random access configuration. 1.23% B-D rate saving with 110% encoding time and 100% decoding time is achieved in low delay B configuration.
1 Introduction

The concept of the triangular prediction unit mode is to introduce a new triangular partition for motion compensated prediction. As shown in Figure 1, it splits a CU into two triangular prediction units, in either diagonal or inverse diagonal direction. Each triangular prediction unit in the CU is inter-predicted using its own uni-prediction motion vector and reference frame index which are derived from a uni-prediction candidate list. An adaptive weighting process is performed to the diagonal edge after predicting the triangular prediction units. Then, the transform and quantization process are applied to the whole CU. It is noted that this mode is only applied to skip and merge modes.
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Figure 1: An illustration of splitting a CU into two triangular prediction units
Uni-prediction candidate list

The uni-prediction candidate list consists of five uni-prediction motion vector candidates. It is derived from seven neighboring blocks including five spatial neighboring blocks (1 to 5) and two temporal co-located blocks (6 to 7), as shown in Figure 2. The motion vectors of the seven neighboring blocks are collected and put into the uni-prediction candidate list according in the order of uni-prediction motion vectors, L0 motion vector of bi-prediction motion vectors, L1 motion vector of bi-prediction motion vectors, and averaged motion vector of the L0 and L1 motion vectors of bi-prediction motion vectors. If the number of candidates is less than five, zero motion vector is added to the list.
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Figure 2: Position of the neighboring blocks
Adaptive weighting process

After predicting each triangular prediction unit, an adaptive weighting process is applied to the diagonal edge between the two triangular prediction units to derive the final prediction for the whole CU. Two weighting factor groups are listed as follows:

· 1st weighting factor group: {7/8, 6/8, 4/8, 2/8, 1/8} and {7/8, 4/8, 1/8} are used for the luminance and the chrominance samples, respectively;

· 2nd weighting factor group: {7/8, 6/8, 5/8, 4/8, 3/8, 2/8, 1/8} and {6/8, 4/8, 2/8} are used for the luminance and the chrominance samples, respectively.

One weighting factor group is selected based on the comparison of the motion vectors of two triangular prediction units. The 2nd weighting factor group is used when the reference pictures of the two triangular prediction units are different from each other or their motion vector difference is larger than 16 pixels. Otherwise, the 1st weighting factor group is used. An example is shown in Figure 3.
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Figure 3: An example of a CU applying the 1st weighting factor group
Motion vector storage

The motion vectors (Mv1 and Mv2 in Figure 4) of the triangular prediction units are stored in 4×4 grids. For each 4×4 grid, either uni-prediction or bi-prediction motion vector is stored depending on the position of the 4×4 grid in the CU. As shown in Figure 4, uni-prediction motion vector, either Mv1 or Mv2, is stored for the 4×4 grid located in the non-weighted area. On the other hand, a bi-prediction motion vector is stored for the 4×4 grid located in the weighted area. The bi-prediction motion vector is derived from Mv1 and Mv2 according to the following rules:
1) In the case that Mv1 and Mv2 have motion vector from different directions (L0 or L1), Mv1 and Mv2 are simply combined to form the bi-prediction motion vector.
2) In the case that both Mv1 and Mv2 are from the same L0 (or L1) direction,

2.a) If the reference picture of Mv2 is the same as a picture in the L1 (or L0) reference picture list, Mv2 is scaled to the picture. Mv1 and the scaled Mv2 are combined to form the bi-prediction motion vector.
2.b) If the reference picture of Mv1 is the same as a picture in the L1 (or L0) reference picture list, Mv1 is scaled to the picture. The scaled Mv1 and Mv2 are combined to form the bi-prediction motion vector.
2.c) Otherwise, only Mv1 is stored for the weighted area.

An illustration of the derivation of bi-prediction motion vector is shown in Figure 5.

Syntax

The triangular prediction unit mode is only applied to CUs in skip or merge mode. Besides, the block size of the CUs cannot be smaller than 8×8. For a CU coded in a skip or merge mode, a CU level flag is signalled to indicate whether the triangular prediction unit mode is applied or not for the current CU. When the triangular prediction unit mode is applied to the CU, an index indicating the direction for splitting the CU into two triangular prediction units and the motion vectors of the two triangular prediction units are signalled. The index ranges from 0 to 39. A look-up table is used for deriving the splitting direction and motion vectors from the index.
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Figure 4: An example of motion vector storage
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Figure 5: Examples of derivation of bi-prediction motion vector

2 Simulation results

The following experiments were conducted using the BMS-2.0.1 software with the VTM configuration and the JVET common test conditions [1] to collect the B-D rate, encoding and decoding time of the proposed techniques in the Random Access and Low Delay B configurations.
Table 1: Simulation results of the proposed technique

	
	Random Access Main 10

	
	Over BMS-2.0.1 with VTM configuration

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.35%
	-0.44%
	-0.74%
	106%
	100%

	Class A2
	-0.51%
	-0.87%
	-0.95%
	110%
	101%

	Class B
	-0.46%
	-0.67%
	-0.71%
	110%
	101%

	Class C
	-0.92%
	-1.15%
	-1.29%
	112%
	100%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.57%
	-0.79%
	-0.92%
	110%
	100%

	Class D
	-0.52%
	-0.86%
	-0.90%
	113%
	101%


	
	Low delay B Main 10

	
	Over BMS-2.0.1 with VTM configuration

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.88%
	-1.26%
	-1.29%
	110%
	100%

	Class C
	-1.26%
	-1.82%
	-1.74%
	111%
	100%

	Class E
	-1.80%
	-1.84%
	-1.73%
	111%
	99%

	Overall
	-1.23%
	-1.59%
	-1.55%
	110%
	100%

	Class D
	-1.19%
	-1.12%
	-1.39%
	112%
	101%


3 Additional information

To make a fair comparison, three modifications are introduced to VTM to reduce the worst-case memory bandwidth. That is, the worst case memory bandwidth of VTM is similar to that of the triangular prediction unit mode. The modifications consist of: 1) bi-prediction is prohibited from a CU which block size is smaller than 8×8, 2) sub-block size of ATMVP mode is fixed to be 8×8, and 3) motion vector field for affine mode is restricted to a pre-defined range [3]. Table 2 shows the results of the triangular prediction unit mode relative to VTM-2.0.1 with the worst-case memory bandwidth restriction.
Table 2: Simulation results of the combination relative to BMS-2.0.1 with VTM configuration and the worst case memory bandwidth restriction
	
	Random Access Main 10

	
	Over BMS-2.0.1 with VTM configuration and the worst case memory bandwidth restriction

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.36%
	-0.43%
	-0.79%
	106%
	100%

	Class A2
	-0.52%
	-0.91%
	-0.83%
	111%
	96%

	Class B
	-0.45%
	-0.59%
	-0.75%
	110%
	100%

	Class C
	-0.98%
	-1.31%
	-1.48%
	112%
	101%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.59%
	-0.81%
	-0.97%
	110%
	99%

	Class D
	-0.57%
	-1.05%
	-0.95%
	113%
	101%


	
	Low delay B Main 10

	
	Over BMS-2.0.1 with VTM configuration and the worst case memory bandwidth restriction

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.92%
	-1.25%
	-1.73%
	111%
	101%

	Class C
	-1.40%
	-1.77%
	-1.97%
	112%
	101%

	Class E
	-1.77%
	-2.17%
	-1.91%
	111%
	100%

	Overall
	-1.29%
	-1.65%
	-1.85%
	111%
	101%

	Class D
	-1.29%
	-1.73%
	-1.93%
	112%
	101%


4 Conclusion

In this contribution, the triangular prediction unit mode is proposed. It is reported that 1.23% B-D rate saving can be achieved with roughly 10% encoding time and 0% decoding time increase. According to the interesting results, we recommend to adopt the triangular prediction unit mode into VVC.
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7 Proposed text
The change are marked in yellow.
7.3.2.1 Sequence parameter set RBSP syntax
	seq_parameter_set_rbsp( ) {
	Descriptor

	…
	

	
sps_affine_enabled_flag
	u(1)

	
if( sps_affine_enabled_flag )
	

	

sps_affine_type_flag
	u(1)

	
sps_triangle_enabled_flag
	u(1)

	…
	

	}
	


7.3.4.5 Coding unit syntax
	coding_unit( x0, y0, cbWidth, cbHeight, treeType ) {
	Descriptor

	
…
	

	
} else { /* MODE_INTER */
	

	

if( cu_skip_flag[ x0 ][ y0 ] ) {
	

	


if( sps_affine_enabled_flag  &&  cbWidth >= 8  &&  cbHeight >= 8  &&




( MotionModelIdc[ x0 − 1 ][ y0 + cbHeight − 1 ] != 0  | |  




  MotionModelIdc[ x0 − 1 ][ y0 + cbHeight ] != 0  | |  




  MotionModelIdc[ x0 − 1 ][ y0 − 1 ] != 0  | |  




  MotionModelIdc[ x0 + cbWidth − 1 ][ y0 − 1 ] != 0  | |  




  MotionModelIdc[ x0 + cbWidth ][ y0 − 1 ]] != 0 ) )
	

	



merge_affine_flag[ x0 ][ y0 ]
	ae(v)

	


if(slice_type  = =  B  &&  sps_triangle_enabled_flag  &&  




merge_affine_flag[ x0 ][ y0 ]  = = 0  &&  cbWidth + cbHeight > 12 )
	

	



merge_triangle_flag[ x0 ][ y0 ]
	ae(v)

	


if( merge_triangle_flag [ x0 ][ y0 ]  = = 1 )
	

	



merge_triangle_idx[ x0 ][ y0 ]
	ae(v)

	


if( merge_affine_flag[ x0 ][ y0 ]  = = 0  &&  





 merge_triangle_flag[ x0 ][ y0 ]  = = 0  &&  MaxNumMergeCand > 1 )
	

	



merge_idx[ x0 ][ y0 ]
	ae(v)

	

} else {
	

	


merge_flag[ x0 ][ y0 ]
	ae(v)

	


if( merge_flag[ x0 ][ y0 ] ) {
	

	



if( sps_affine_enabled_flag  &&  cbWidth >= 8  &&  cbHeight >= 8  &&





( MotionModelIdc[ x0 − 1 ][ y0 + cbHeight − 1 ] != 0  | |  





  MotionModelIdc[ x0 − 1 ][ y0 + cbHeight ] != 0  | |  





  MotionModelIdc[ x0 − 1 ][ y0 − 1 ] != 0  | |  





  MotionModelIdc[ x0 + cbWidth − 1 ][ y0 − 1 ] != 0  | |  





  MotionModelIdc[ x0 + cbWidth ][ y0 − 1 ]] != 0 ) )
	

	




merge_affine_flag[ x0 ][ y0 ]
	ae(v)

	



if(slice_type  = =  B  &&  sps_triangle_enabled_flag  &&  





merge_affine_flag[ x0 ][ y0 ]  = = 0  &&  cbWidth + cbHeight > 12 )
	

	




merge_triangle_flag[ x0 ][ y0 ]
	ae(v)

	



if( merge_triangle_flag [ x0 ][ y0 ]  = = 1 )
	

	




merge_triangle_idx[ x0 ][ y0 ]
	ae(v)

	



if( merge_affine_flag[ x0 ][ y0 ]  = = 0  &&  






merge_triangle_flag[ x0 ][ y0 ]  = = 0  &&  MaxNumMergeCand > 1 )
	

	




merge_idx[ x0 ][ y0 ]
	ae(v)

	


} else {
	

	


…
	


7.4.3.1 Sequence parameter set RBSP semantics
sps_triangle_enabled_flag specifies whether triangular shape based motion compensation can be used for inter prediction. If sps_triangle_enabled_flag is equal to 0, the syntax shall be constrained such that no triangular shape based motion compensation is used in the CVS, and merge_triangle_flag and merge_triangle_idx are not present in coding unit syntax of the CVS. Otherwise (sps_triangle_enabled_flag is equal to 1), triangular shape based motion compensation can be used in the CVS.
7.4.5.5 Coding unit semantics
cu_skip_flag[ x0 ][ y0 ] equal to 1 specifies that for the current coding unit, when decoding a P or B slice, no more syntax elements except the merging candidate index merge_idx[ x0 ][ y0 ], the merge affine flag merge_affine_flag[ x0 ][ y0 ] and the merge triangle flag merge_triangle_flag[ x0 ][ y0 ] are parsed after cu_skip_flag[ x0 ][ y0 ]. cu_skip_flag[ x0 ][ y0 ] equal to 0 specifies that the coding unit is not skipped. The array indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of the considered coding block relative to the top-left luma sample of the picture.

When cu_skip_flag[ x0 ][ y0 ] is not present, it is inferred to be equal to 0.
merge_triangle_flag[ x0 ][ y0 ] equal to 1 specifies that for the current coding unit, when decoding a B slice, triangular shape based motion compensation is used to generate the prediction samples of the current coding unit. merge_triangle_flag[ x0 ][ y0 ] equal to 0 specifies that the coding unit is not predicted by triangular shape based motion compensation. When merge_triangle_flag[ x0 ][ y0 ] is not present, it is inferred to be equal to 0.
merge_triangle_idx[ x0 ][ y0 ] specifies the merging candidate index of the triangular shape based motion compensation candidate list where x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of the considered coding block relative to the top-left luma sample of the picture.

When merge_triangle_idx[ x0 ][ y0 ] is not present, it is inferred to be equal to 0.
9.5.3.1 General
Table 9-4 – syntax elements and associated binarizations

	coding_unit( )
	merge_triangle_flag[ ][ ]
	FL
	cMax = 1

	
	merge_triangle_idx[ ][ ]
	EG1
	cMax = 39
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