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Abstract
This contribution presents methods to improve Decoder-side Intra Mode Derivation (DIMD) on top of EE2 common software/JVET-U0100. 
Aspect 1), Combination of DIMD and ISP is not allowed. 
Aspect 2), DIMD with multiple blend modes is proposed. Instead of one DIMD blend mode in JVET-U0100, in the proposed method, 3 blend modes are used. These 3 blend modes have different weights when blending the predictions from decoder derived intra modes and planar mode. An index is signalled to indicate which DIMD blend mode is to be used.
Experiments are performed using EE2 Tool-on test Base setting. Comparing to EE2 Base with only DIMD on, aspect 1 gives gain of -0.07%, -0.13%, -0.06% in AI configuration, and -0.04%, -0.09%, -0.04% in RA configuration for Y,U,V components respectively. There is no change of encoding and decoding time. Aspect 1 and 2 together gives gain of -0.23%, -0.17%, -0.16% in AI configuration, with 115% encoding time; and gives gain of -0.12%, -0.09%, -0.03% in RA configuration with 103% encoding time. There is no decoding time increase.
[This revision added results using VTM11 as reference]
Introduction
In EE2 common software/JVET-U0100 [1][5], one of the intra tools is Decoder Side Intra Mode Derivation (DIMD). When DIMD is applied, two intra modes are derived from the reconstructed neighboring samples based on Histogram of Gradients (HoG). The HoG analysis generates two intra modes that correspond to the highest and second highest cumulative amplitudes. The final prediction is computed by blending the predictions from the two intra modes and planar mode. Planar prediction is assigned a weight of (1/3) and the remaining (2/3) is split between the first mode and second mode in proportion to their HoG amplitudes.
A flag dimd_flag is signalled to indicate if a block is coded in the DIMD mode or not. Figure 1a and 1b show an overview DIMD structure presented in JVET-U0100/JVET-O0449 [2].
             [image: ]           [image: ]
(a)                                        (b)
Figure 1(a) shows a DIMD block structure, (b) shows the weighted prediction applied to generate the final prediction.
Proposed Methods
Disallowing combination of DIMD and ISP
In JVET-U0100, combination of DIMD with tools such as MRL (Multiple Reference Line), MIP (Matrix-based Intra Prediction) are not allowed, while combination of DIMD and ISP (Intra Sub Partition) is allowed. Based on our testing, it shows combination of DIMD and ISP does not give gain, but provides small coding loss instead. Therefore, it is proposed to not allow combination of DIMD and ISP. Then, for CU with DIMD on, no need to signal ISP flag. This method slightly reduces encoder complexity as well.
  
0. Multiple DIMD blend modes
In JVET-U0100, when DIMD is applied, there is only one way to blend the predictions from the two intra modes obtained from Histogram of Gradients (HoG) analysis and the planar mode. Planar prediction is assigned a weight of (1/3) and the remaining (2/3) is split between the first mode and second mode in proportion to their HoG amplitude. 
In the proposed method, HoG analysis is unchanged, it further allows multiple ways to blend among the first mode, the second mode and planar. These multiple ways to blend are referred as blend modes. The blends mode is selected at encoder based on RD decision and signaled in the bitstream. 
In this contribution, we allow 3 blend modes. The first blend mode is to blend the first mode and the second mode only. Weights are based on their HoG amplitudes. The second blend mode is to blend the second mode and planar. Here weight of planar is 1/3 and weight of the second mode is 2/3. The third blend mode is to blend the first mode, the second mode and planar. Here, Planar prediction has a weight of (5/9) and the remaining (4/9) is split between the first mode and second mode in proportion to their HoG amplitude. These modes and weights are picked based on our experiments. This proposed method shows that coding efficiency of DIMD can be improved by allowing flexible ways to blend. 
In terms of signalling, a DIMD index instead of dimd_flag is signalled in the bitstream. DIMD index of 0 means DIMD is not applied, and DIMD indices of 1, 2, 3 means DIMD is applied and corresponds to blend mode 1, 2, 3. 


	DIMD Index
	DIMD blend mode

	0
	No DIMD

	1
	Blend predictions of Mode1 and Mode2

	2
	Blend predictions of Mode2 and Planar (wP = 1/3)

	3
	Blend predictions of Mode1, Mode2 and Planar(wP = 5/9)


               Table 1.0 shows the DIMD index and corresponding blending modes.
Results
The proposed changes are implemented on top of EE2 common software [4][5]. The tests are performed using EE2 tool-on test setting. Reference is EE2 Base (BASE_ENCODER = 0, BASE_NORMATIVE = 0, TOOLS = 0) plus ENABLE_DIMD=1. Tests are the proposed methods’ aspect 1 and 2.
0. [bookmark: _Toc510422710]DIMD with proposed aspect 1 vs. DIMD
Tables below show the results of disallowing combinations of DIMD and ISP. DIMD gets an additional gain of 0.07% in AI and 0.04% in RA test configurations. 

	
	All Intra Main10 

	
	Over EE2_base+DIMD

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.03%
	0.01%
	0.02%
	100%
	101%

	Class A2
	-0.04%
	-0.08%
	-0.07%
	100%
	101%

	Class B
	-0.06%
	-0.03%
	-0.12%
	100%
	102%

	Class C
	-0.10%
	-0.05%
	-0.10%
	101%
	101%

	Class E
	-0.11%
	-0.28%
	-0.13%
	100%
	101%

	Overall 
	-0.07%
	-0.08%
	-0.08%
	100%
	101%

	Class D
	-0.10%
	-0.07%
	-0.14%
	101%
	101%

	Class F
	-0.07%
	-0.16%
	-0.14%
	100%
	100%



	
	Random Access Main 10

	
	Over EE2_base+DIMD

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.05%
	0.06%
	-0.05%
	100%
	100%

	Class A2
	-0.03%
	-0.07%
	-0.11%
	100%
	101%

	Class B
	-0.05%
	-0.03%
	0.03%
	100%
	100%

	Class C
	-0.04%
	-0.29%
	-0.05%
	100%
	98%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.04%
	-0.09%
	-0.04%
	100%
	100%

	Class D
	-0.08%
	0.14%
	-0.03%
	99%
	98%

	Class F
	0.00%
	-0.17%
	0.10%
	100%
	100%



0. DIMD with proposed Aspect 2& 1 vs. DIMD
Tables below show the results of multiple DIMD blend modes together with disallowing combinations of DIMD and ISP.

	
	All Intra Main10 

	
	Over EE2_base+DIMD

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.16%
	0.03%
	-0.02%
	116%
	101%

	Class A2
	-0.20%
	-0.29%
	-0.23%
	114%
	101%

	Class B
	-0.20%
	-0.12%
	-0.21%
	116%
	101%

	Class C
	-0.19%
	-0.13%
	-0.05%
	115%
	102%

	Class E
	-0.42%
	-0.38%
	-0.32%
	114%
	101%

	Overall 
	-0.23%
	-0.17%
	-0.16%
	115%
	101%

	Class D
	-0.19%
	0.05%
	-0.08%
	116%
	102%

	Class F
	-0.17%
	-0.24%
	-0.17%
	106%
	101%



	
	Random Access Main 10

	
	Over EE2_base+DIMD

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.10%
	-0.03%
	-0.05%
	103%
	100%

	Class A2
	-0.12%
	-0.11%
	0.06%
	102%
	100%

	Class B
	-0.13%
	-0.02%
	-0.06%
	103%
	99%

	Class C
	-0.12%
	-0.20%
	-0.04%
	103%
	99%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.12%
	-0.09%
	-0.03%
	103%
	100%

	Class D
	-0.10%
	-0.07%
	0.06%
	103%
	100%

	Class F
	-0.05%
	-0.14%
	0.01%
	102%
	99%



Results reported using VTM11 as reference
Here, the experimental results are reported again using VTM 11 as reference.
For comparison, current DIMD Tool-on test result in EE2 software is as below. This is the same as EE2 Test 2.6 reported in [6], tested with setting BASE_ENCODER = 0, BASE_NORMATIVE = 0, TOOLS = 0, ENABLE_DIMD=1,

		
	All Intra Main10 

	
	Over VTM11

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.71%
	-0.56%
	-0.66%
	113%
	105%

	Class A2
	-0.35%
	-0.16%
	-0.24%
	114%
	105%

	Class B
	-0.40%
	-0.20%
	-0.19%
	116%
	107%

	Class C
	-0.37%
	-0.17%
	-0.19%
	113%
	107%

	Class E
	-0.47%
	-0.30%
	-0.33%
	115%
	106%

	Overall 
	-0.45%
	-0.26%
	-0.30%
	115%
	106%

	Class D
	-0.33%
	-0.22%
	-0.13%
	113%
	111%

	Class F
	-0.25%
	-0.06%
	-0.07%
	107%
	105%



		Random Access Main 10

	Over VTM11

	Y
	U
	V
	EncT
	DecT

	-0.39%
	-0.17%
	-0.38%
	101%
	102%

	-0.21%
	-0.31%
	-0.29%
	102%
	101%

	-0.23%
	-0.32%
	-0.11%
	102%
	101%

	-0.23%
	-0.04%
	-0.08%
	102%
	103%

	 
	
	 
	 
	 

	-0.26%
	-0.21%
	-0.19%
	102%
	101%

	-0.13%
	0.04%
	-0.09%
	103%
	105%

	-0.18%
	-0.13%
	-0.06%
	103%
	101%






0. DIMD with proposed aspect 1 vs. VTM11

		
	All Intra Main10 

	
	Over VTM11

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.74%
	-0.55%
	-0.64%
	114%
	106%

	Class A2
	-0.39%
	-0.24%
	-0.30%
	115%
	107%

	Class B
	-0.46%
	-0.23%
	-0.30%
	116%
	109%

	Class C
	-0.47%
	-0.21%
	-0.29%
	114%
	109%

	Class E
	-0.58%
	-0.57%
	-0.46%
	115%
	106%

	Overall 
	-0.51%
	-0.34%
	-0.38%
	115%
	108%

	Class D
	-0.43%
	-0.29%
	-0.28%
	114%
	112%

	Class F
	-0.32%
	-0.22%
	-0.21%
	107%
	105%



		Random Access Main 10

	Over VTM11

	Y
	U
	V
	EncT
	DecT

	-0.44%
	-0.10%
	-0.43%
	101%
	102%

	-0.24%
	-0.38%
	-0.40%
	101%
	101%

	-0.28%
	-0.35%
	-0.08%
	102%
	101%

	-0.27%
	-0.33%
	-0.14%
	101%
	101%

	
	
	
	
	

	-0.30%
	-0.30%
	-0.23%
	101%
	101%

	-0.20%
	0.18%
	-0.12%
	103%
	103%

	-0.18%
	-0.29%
	0.04%
	102%
	101%






[bookmark: _GoBack]As shown in the above tables, by not allowing combination of DIMD and ISP, gain of DIMD is increased from 0.45% to 0.51% in AI and increased from 0.26% to 0.3% in RA configuration. 
0. DIMD with proposed aspect 1& 2 vs. VTM11

		
	All Intra Main10 

	
	Over VTM11

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.87%
	-0.52%
	-0.68%
	132%
	106%

	Class A2
	-0.55%
	-0.45%
	-0.47%
	131%
	106%

	Class B
	-0.60%
	-0.32%
	-0.40%
	134%
	108%

	Class C
	-0.56%
	-0.29%
	-0.25%
	131%
	109%

	Class E
	-0.88%
	-0.67%
	-0.65%
	131%
	107%

	Overall 
	-0.67%
	-0.43%
	-0.46%
	132%
	107%

	Class D
	-0.52%
	-0.17%
	-0.21%
	131%
	114%

	Class F
	-0.42%
	-0.30%
	-0.25%
	113%
	106%



		Random Access Main 10

	Over VTM11

	Y
	U
	V
	EncT
	DecT

	-0.49%
	-0.20%
	-0.43%
	104%
	101%

	-0.33%
	-0.42%
	-0.23%
	104%
	101%

	-0.36%
	-0.34%
	-0.17%
	105%
	100%

	-0.35%
	-0.23%
	-0.12%
	105%
	102%

	 
	
	 
	 
	 

	-0.38%
	-0.30%
	-0.22%
	105%
	101%

	-0.23%
	-0.03%
	-0.03%
	106%
	105%

	-0.23%
	-0.27%
	-0.05%
	105%
	100%






As shown in the above tables, by multiple DIMD blend modes and also not allowing combination of DIMD and ISP, gain of DIMD is increased to 0.67% in AI and 0.38% in RA. 

Summary
This documents presented methods to further improve coding efficiency of Decoder Side Intra Mode Derivation (DIMD) in EE2 common software/JVET-U0100.
First aspect is to not allow combinations DIMD and ISP. This simplifies encoder slightly and has a gain of 0.07% in AI. It is suggested to include this aspect into the EE2 common software. 
Second aspect proposes DIMD with multiple blend modes. Together with aspect one, the approach gives gain of 0.23% in AI configuration, and 0.12% in RA configuration. It is suggested to further study this approach.
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