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Abstract
This contribution reports the results of the combination of the EE2-2.2, EE2-2.3, and EE2-2.4 tests. Test EE2-2.5a is the combination of tests EE2-2.3 (EE2-2.3: Intra-prediction using Merged Histogram of Gradients), and EE2-2.4 (EE2-2.4: DIMD Merge List). Test EE2-2.5b is the combination of Test EE2-2.5a and EE2-2.2 (EE2-2.2: Occurrence-based intra coding (OBIC)). Test EE2-2.5c is the combination of EE2-2.3 and EE2-2.2. Test EE2-2.5d is the combination of EE2-2.4 and EE2-2.2.
The impact on coding efficiency and runtimes of these tests over ECM-12.0 are reportedly as follows for {Y, U, V, EncT, DecT, EncVmPeak, DecVmPeak}.
· Test 2.5a:
· AI: { -0.13%, -0.02%, 0.01%,  102.5%, 101.6%,	100.1%, 100.2%}
· RA: { XXX%, XXX%, XXX%,  XXX%, XXX%, XXX%, XXX%}
· Test 2.5b:
· AI: { -0.13%, -0.02%, 0.02%,  102.0%, 99.2%, 101.2%, 100.1%}
· RA: { XXX%, XXX%, XXX%,  XXX%, XXX%, XXX%, XXX%}
· Test 2.5c:
· AI: { -0.11%, -0.01%, 0.04%, 102.5%, 100.5%, 101.1%, 100.1%}
· RA: { XXX%, XXX%, XXX%,  XXX%, XXX%, XXX%, XXX%}
· Test 2.5d:
· AI: { -0.13%, 0.00%, 0.01%, 102.4%, 100.2%, 101.8%, 100.1%}
· RA: { XXX%, XXX%, XXX%,  XXX%, XXX%, XXX%, XXX%}
Introduction
In test EE2-2.2, described in JVET-AH0076, occurrence-based intra coding (OBIC) method is proposed. The OBIC method derives the intra prediction modes of the current block based on the sample-wise occurrence of the intra modes in the spatial neighborhood of the block. For this, adjacent and non-adjacent spatial neighboring blocks are checked and the intra prediction modes of the blocks are collected into an occurrence histogram. Instead of Histogram of Gradient (HoG) as in DIMD, the OBIC uses the histogram of occurrence, which consists of the intra modes and their sample-wise occurrences.
In test EE2-2.3, described in JVET-AH0092, Intra-prediction using Merged Histogram of Gradients is tested. When using this method, a new intra prediction mode, referred to as Merged Intra Mode Derivation (MIMD), is used based on the computation of a Merged Histogram of Gradients (MHoG). The MHoG is computed based on information extracted from neighbouring blocks, including both DIMD and non-DIMD neighbours.
Test EE2-2.4, described in JVET-AH0090, proposes to extend the Decoder-side Intra Mode Derivation (DIMD) process by introducing the generation of a DIMD merge list. The DIMD merge list is built reusing available DIMD information from spatial adjacent and non-adjacent neighboring blocks.
Test EE2-2.5 combines these methods. In particular in Test EE2-2.5a, tests EE2-2.3 and EE2-2.4 are combined. In Test EE2-2.5b, tests EE2-2.2, EE2-2.3, and EE2-2.4 are combined. In Test EE2-2.5c, tests EE2-2.2, EE2-2.3 are combined. In Test EE2-2.5d, tests EE2-2.2, EE2-2.4 are combined. The method consists of building a list of DIMD parameters like in EE2-2.4. In Test EE2-2.5a these parameters are derived using the MIMD derivation process (like in EE2-2.3), as well as from spatial adjacent and non-adjacent neighboring blocks. In Tests EE2-2.5b, EE2-2.5c and EE2-2.5d, also the OBIC derivation process (like in EE2-2.2) is used to derive the list of DIMD parameters.

Experimental results
The tables below summarize the coding efficiency and runtime impact of the EE2-2.5a test in ECM 12.0 using the JVET common test conditions.

Table 1: Performances of the AI test EE2-2.5a over ECM-12.0
	
	All Intra Main 10 

	
	Over ECM-12.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.18%
	0.01%
	0.01%
	103.3%
	101.3%
	100.1%
	100.1%

	Class A2
	-0.16%
	-0.01%
	-0.06%
	101.8%
	100.6%
	100.0%
	100.1%

	Class B
	-0.13%
	0.01%
	0.04%
	102.9%
	102.0%
	99.2%
	100.2%

	Class C
	-0.07%
	0.01%
	0.07%
	101.7%
	102.1%
	101.0%
	100.2%

	Class E
	-0.05%
	-0.04%
	-0.09%
	102.7%
	101.3%
	100.8%
	100.2%

	Overall 
	-0.12%
	0.00%
	0.01%
	102.5%
	101.6%
	100.1%
	100.2%

	Class D
	-0.09%
	0.26%
	-0.09%
	104.2%
	101.5%
	101.2%
	100.0%

	Class F
	-0.05%
	0.12%
	-0.05%
	101.8%
	102.6%
	100.9%
	100.6%



Table 2: Performances of the RA test EE2-2.5a over ECM-12.0
	
	Random Access Main 10

	
	Over ECM-12.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!

	Class B
	-0.09%
	0.03%
	-0.09%
	100.7%
	#NUM!
	99.9%
	#NUM!

	Class C
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!

	Class E
	
	
	
	
	
	
	

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!

	Class D
	0.01%
	-0.17%
	0.26%
	101.1%
	#NUM!
	100.7%
	#NUM!

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!



The tables below summarize the coding efficiency and runtime impact of the EE2-2.5b test in ECM 12.0 using the JVET common test conditions.

Table 3: Performances of the AI test EE2-2.5b over ECM-12.0
	
	All Intra Main 10 

	
	Over ECM-12.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.18 %
	-0.10 %
	-0.05 %
	101.4%
	97.5%
	97.6%
	100.3%

	Class A2
	-0.18 %
	0.00 %
	-0.03 %
	101.4%
	101.0%
	96.6%
	100.3%

	Class B
	-0.14 %
	0.02 %
	0.05 %
	101.9%
	98.1%
	100.5%
	100.0%

	Class C
	-0.07 %
	-0.04 %
	0.13 %
	103.2%
	100.4%
	102.9%
	100.1%

	Class E
	-0.06 %
	0.01 %
	-0.06 %
	102.0%
	99.5%
	103.1%
	100.1%

	Overall 
	-0.13 %
	-0.02 %
	0.02 %
	102.0%
	99.2%
	100.3%
	100.1%

	Class D
	-0.07 %
	0.18 %
	0.05 %
	103.1%
	100.7%
	100.8%
	100.0%

	Class F
	-0.08 %
	0.11 %
	-0.19 %
	100.7%
	99.9%
	#NUM!
	#NUM!



Table 4: Performances of the RA test EE2-2.5b over ECM-12.0
	
	Random Access Main 10

	
	Over ECM-12.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!

	Class C
	-0.02 %
	-0.11 %
	-0.12 %
	100.3%
	100.3%
	#NUM!
	#NUM!

	Class E
	 
	
	 
	 
	
	 
	 

	Overall 
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!

	Class D
	0.01 %
	-0.03 %
	0.37 %
	100.0%
	100.6%
	#NUM!
	#NUM!

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!



The tables below summarize the coding efficiency and runtime impact of the EE2-2.5c test in ECM 12.0 using the JVET common test conditions.

Table 5: Performances of the AI test EE2-2.5c over ECM-12.0
	
	All Intra Main 10 

	
	Over ECM-12.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.15 %
	-0.04 %
	-0.01 %
	101.8%
	96.9%
	98.0%
	100.3%

	Class A2
	-0.17 %
	-0.01 %
	-0.06 %
	99.9%
	99.1%
	96.8%
	100.2%

	Class B
	-0.13 %
	0.01 %
	-0.02 %
	102.8%
	99.5%
	102.3%
	99.9%

	Class C
	-0.07 %
	-0.01 %
	0.20 %
	103.4%
	103.6%
	100.4%
	100.1%

	Class E
	-0.06 %
	0.01 %
	0.06 %
	104.4%
	103.5%
	102.7%
	100.1%

	Overall 
	-0.11 %
	-0.01 %
	0.04 %
	102.5%
	100.5%
	100.3%
	100.1%

	Class D
	-0.07 %
	0.11 %
	-0.04 %
	102.3%
	101.5%
	100.8%
	100.0%

	Class F
	-0.07 %
	0.05 %
	-0.16 %
	103.4%
	102.4%
	#NUM!
	#NUM!




Table 6: Performances of the RA test EE2-2.5c over ECM-12.0
	
	Random Access Main 10

	
	Over ECM-12.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!

	Class C
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!

	Class E
	 
	
	 
	 
	
	 
	 

	Overall 
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!

	Class D
	0.04 %
	-0.22 %
	0.12 %
	100.3%
	100.1%
	#NUM!
	#NUM!

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!




The tables below summarize the coding efficiency and runtime impact of the EE2-2.5d test in ECM 12.0 using the JVET common test conditions.

Table 7: Performances of the AI test EE2-2.5d over ECM-12.0
	
	All Intra Main 10 

	
	Over ECM-12.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.18 %
	-0.03 %
	-0.13 %
	102.1%
	99.1%
	96.9%
	100.2%

	Class A2
	-0.19 %
	0.08 %
	-0.03 %
	101.4%
	100.7%
	96.4%
	100.2%

	Class B
	-0.14 %
	0.04 %
	0.13 %
	102.2%
	98.0%
	102.1%
	100.0%

	Class C
	-0.07 %
	-0.03 %
	0.03 %
	102.2%
	101.8%
	101.5%
	100.1%

	Class E
	-0.07 %
	-0.07 %
	-0.05 %
	104.2%
	102.5%
	104.2%
	100.1%

	Overall 
	-0.13 %
	0.00 %
	0.01 %
	102.4%
	100.2%
	100.5%
	100.1%

	Class D
	-0.07 %
	0.17 %
	0.00 %
	101.4%
	100.1%
	100.8%
	100.0%

	Class F
	-0.08 %
	-0.03 %
	-0.14 %
	101.6%
	101.7%
	#NUM!
	#NUM!




Table 8: Performances of the RA test EE2-2.5d over ECM-12.0

	
	Random Access Main 10

	
	Over ECM-12.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	
	
	
	
	
	
	

	Class A2
	
	
	
	
	
	
	

	Class B
	0,00%
	-0,01%
	-0,04%
	
	
	100,0%
	100,0%

	Class C
	0,00%
	-0,14%
	0,00%
	
	
	100,6%
	100,0%

	Class E
	 
	
	 
	
	
	 
	 

	Overall
	0,00%
	-0,04%
	-0,01%
	
	
	100,2%
	100,0%

	Class D
	0,00%
	-0,18%
	0,24%
	
	
	101,0%
	100,0%

	Class F
	
	
	
	
	
	
	

	Class TGM
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