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Abstract
This contribution proposes two modifications of most probable mode (MPM) for intra mode coding. The first is modification of MPMpositions deriving MPM candidatespositions and the second is modification of context models for MPM index. First, in the current VTM software, the 3 MPM candidates are derived from neighbors which are adjacent to above-left corner of the current block. In this contribution, the positions deriving MPM candidates are modified to be the same as the positions deriving MERGE candidates. Second, 3 MPMs are signalled by MPM_FLAG and MPM_IDX. The first bin of MPM_IDX is using the bypass coding. In this contribution, the first bin of MPM_IDX is coded by two context models according to predefined condition. This contribution reports the performances on the four tests below:
· Test 1: modified positions deriving MPM candidates
· Test 2: modified context model of MPM_IDX with two context models
· Test 3: modified context model of MPM_IDX with a context model and bypass
· Test 4: Test 2 with Test 1
Under VTM configuration, the experiment results reportedly show 0.07%, 0.08%, 0.10% and 0.15% bitrate savings without increase of the encoding/decoding running time for Test 1, Test 2, Test 3, and Test 4, respectively.
Introduction
At the last meeting, 3 MPM is adopted in VTM-2.0.1 software [1], [2]. There are some differences between 3 MPM and 6 MPM. First, in current VTM software, the 3 MPM candidates are derived from neighboring blocks which are adjacent to above-left corner of current block as shown in Figure 1 (left) while 6 MPM candidates are derived from neighbors of three corners as shown in Figure 1 (right) [3]. Secondly, 3 MPMs are signalled with MPM_FLAG and MPM_IDX. For 3 MPM, MPM_FLAG is encoded using the regular coding mode and MPM_IDX encoded in the bypass coding mode while the first three bins of MPM_IDX are coded by regular coding in the case of 6 MPM.
[image: ]
Figure 1. The derivation positions of MPM candidates (left: 3 MPM, right: 6 MPM)

Proposed modifications
Modification of positions deriving MPM candidates
The MPM candidates to be derived from the current positions shown in Figure 1 (left) are likely to be the same intra mode since both positions are close to each other. In this case, the MPM candidates may be configured in the default intra mode. In the proposed modification, as shown in Figure 2, the positions for MPM candidates derivation are changed from neighbors of the above-left corner to neighbors of two corners of the current block. This modification of derivation positions may allow more diverse MPM candidates to be derived and match with the MERGE candidates derivation position.
[image: ]
Figure 2. Proposed modified positions for MPM candidates derivation

Modification of context model for MPM_IDX
The 3 MPMs are signalled with 1-bin of MPM_FLAG and 2-bins of MPM_IDX which are binarized with truncated unary and coded using bypass coding mode. Since the intra mode of the current block tends to be similar to neighboring modes, if the neighboring intra modes are the same, the regular bypass coding mode may not be efficient for the encoding of the first bin. In this contribution, considering this tendency, the regular coding mode for the first bin of MPM_IDX is used instead of the bypass coding mode. The proposed modification adaptively uses one or two context models for the first bin according to the intra mode condition as shown in Table 1:
Table 1. assignments of ctxInc to mpm_idx syntax with context coded bin
	Test
	Syntax element
	Bin Idx

	
	
	0
	1

	Test 2
	mpm_idx[][]
	(left intra mode == above intra mode) ? 0:1
	bypass

	Test 3
	mpm_idx[][]
	(left intra mode == above intra mode) ? 0:bypass
	bypass





Experimental results
The proposed modifications are implemented on top of BMS-2.0.1 [4] and evaluated with VTM configuration according to the common test conditions [5]. This contribution reports on the performance on the four tests below:
· Test 1: Modified positions deriving MPM candidates
· Test 2: Modified context model of MPM_IDX with two context models
· Test 3: Modified context model of MPM_IDX with a single context model and bypass coding mode
· Test 4: Test 2 with Test 1

Table 2. Experiment results of Test 1 over All Intra
	
	All Intra Main10

	
	Over BMS-2.0.1 (VTM cfg)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.03%-0.03%
	-0.04%-0.04%
	-0.05%-0.05%
	100%100%
	103%103%

	Class A2
	-0.05%-0.05%
	-0.08%-0.08%
	-0.11%-0.11%
	98%98%
	99%99%

	Class B
	-0.09%-0.09%
	-0.11%-0.11%
	-0.03%-0.03%
	99%99%
	100%100%

	Class C
	-0.09%-0.09%
	-0.11%-0.11%
	0.08%0.08%
	100%100%
	100%100%

	Class E
	-0.07%-0.07%
	-0.16%-0.16%
	-0.18%-0.18%
	100%100%
	96%96%

	Overall 
	-0.07%-0.07%
	-0.10%-0.10%
	-0.05%-0.05%
	99%99%
	100%100%

	Class D
	-0.06%-0.06%
	-0.03%-0.03%
	-0.18%-0.18%
	101%101%
	96%96%

	Class F (optional)
	-0.09%#VALUE!
	-0.27%#VALUE!
	-0.13%#VALUE!
	101%#DIV/0!
	99%#DIV/0!



Table 3. Experiment results of Test 2 over All Intra
	
	All Intra Main10

	
	Over BMS-2.0.1 (VTM cfg)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.13%-0.13%
	-0.26%-0.26%
	-0.14%-0.14%
	98%98%
	105%105%

	Class A2
	-0.04%-0.04%
	-0.05%-0.05%
	-0.10%-0.10%
	97%97%
	102%102%

	Class B
	-0.08%-0.08%
	-0.13%-0.13%
	-0.08%-0.08%
	98%98%
	101%101%

	Class C
	-0.04%-0.04%
	-0.12%-0.12%
	0.03%0.03%
	99%99%
	99%99%

	Class E
	-0.12%-0.12%
	-0.16%-0.16%
	-0.12%-0.12%
	99%99%
	97%97%

	Overall 
	-0.08%-0.08%
	-0.14%-0.14%
	-0.08%-0.08%
	98%98%
	101%101%

	Class D
	-0.05%-0.05%
	0.12%0.12%
	-0.09%-0.09%
	100%100%
	95%95%

	Class F (optional)
	-0.36%#VALUE!
	-0.48%#VALUE!
	-0.27%#VALUE!
	99%#DIV/0!
	99%#DIV/0!



Table 4. Experiment results of Test 3 over All Intra
	
	All Intra Main10

	
	Over BMS-2.0.1 (VTM cfg)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.14%-0.14%
	-0.14%-0.14%
	-0.16%-0.16%
	98%98%
	103%103%

	Class A2
	-0.04%-0.04%
	-0.09%-0.09%
	-0.11%-0.11%
	98%98%
	99%99%

	Class B
	-0.10%-0.10%
	-0.13%-0.13%
	-0.08%-0.08%
	98%98%
	99%99%

	Class C
	-0.06%-0.06%
	-0.07%-0.07%
	-0.01%-0.01%
	99%99%
	99%99%

	Class E
	-0.14%-0.14%
	-0.12%-0.12%
	-0.29%-0.29%
	99%99%
	95%95%

	Overall 
	-0.10%-0.10%
	-0.11%-0.11%
	-0.12%-0.12%
	98%98%
	99%99%

	Class D
	-0.06%-0.06%
	0.09%0.09%
	-0.13%-0.13%
	107%107%
	97%97%

	Class F (optional)
	-0.25%#VALUE!
	-0.26%#VALUE!
	-0.12%#VALUE!
	99%#DIV/0!
	100%#DIV/0!



Table 5. Experiment result for Test 4 over All Intra
	[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11]
	All Intra Main10

	
	Over BMS-2.0.1 (VTM cfg)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.17%-0.17%
	-0.20%-0.20%
	-0.19%-0.19%
	98%98%
	103%103%

	Class A2
	-0.11%-0.11%
	-0.17%-0.17%
	-0.13%-0.13%
	98%98%
	100%100%

	Class B
	-0.18%-0.18%
	-0.19%-0.19%
	-0.15%-0.15%
	98%98%
	99%99%

	Class C
	-0.12%-0.12%
	-0.15%-0.15%
	-0.07%-0.07%
	98%98%
	99%99%

	Class E
	-0.18%-0.18%
	-0.19%-0.19%
	-0.25%-0.25%
	99%99%
	95%95%

	Overall 
	-0.15%-0.15%
	-0.18%-0.18%
	-0.15%-0.15%
	98%98%
	99%99%

	Class D
	-0.08%-0.08%
	0.20%0.20%
	-0.23%-0.23%
	100%100%
	95%95%

	Class F (optional)
	-0.53%#VALUE!
	-0.61%#VALUE!
	-0.48%#VALUE!
	100%#DIV/0!
	100%#DIV/0!



Table 6. Experiment results for Test 1 over Random Access
	[bookmark: OLE_LINK12][bookmark: OLE_LINK13]
	Random Access Main10

	
	Over BMS-2.0.1 (VTM cfg)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.03%
	0.03%
	0.09%
	101%
	100%

	Class A2
	-0.01%
	-0.03%
	-0.03%
	100%
	100%

	Class B
	-0.02%
	0.02%
	0.07%
	99%
	97%

	Class C
	-0.01%
	-0.01%
	0.17%
	99%
	95%

	Class E
	　
	
	　
	　
	　

	Overall 
	-0.02%
	0.01%
	0.08%
	100%
	98%

	Class D
	0.00%
	-0.51%
	0.11%
	98%
	90%

	Class F (optional)
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!



Conclusions
This contribution presents two modifications of the MPM for intra mode coding. First, the positions deriving MPM candidates are modified to be the same as the positions deriving MERGE candidates. Next, the first bin of MPM_IDX is coded by one or two context models according to predefined condition. The four tests are performed in this contribution. The experimental results report 0.07%, 0.08%, 0.10% and 0.15% bitrate savings without increase of the encoding/decoding running time for Test 1, Test 2, Test 3, and Test 4, respectively.
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