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Abstract
This document provides additional tool-off tests of the ISP coding mode with the LFNST combination proposed in JVET-P0392, for higher QP ranges than for CTC and for lossless coding. The reported losses when turning ISP off are:
· AHG13:			AI: 0.41% (Y), 86% (Enc), 97% (Dec) RA: 0.20% (Y), 98% (Enc), 100% (Dec)
· JVET-P0392 t2:		AI: 0.52% (Y), 85% (Enc), 98% (Dec) RA: 0.30% (Y), 96% (Enc),   99% (Dec)
· QP 27,32,37,42:	AI: 0.60% (Y), 87% (Enc), 98% (Dec) RA: 0.27% (Y), 98% (Enc),   99% (Dec)
· QP 32,37,42,47:	AI: 0.84% (Y), 89% (Enc), 98% (Dec) RA: 0.35% (Y), 98% (Enc), 100% (Dec)
· AHG18 lossless:	AI: 0.67%, 		 84% (Enc), 106% (Dec) RA: 0.12%,        98% (Enc), 100% (Dec)


Table 1: Summary of the results
	
	All Intra
	Random Access

	Test Type
	Y (%)
	EncT (%)
	DecT (%)
	Y (%)
	EncT (%)
	DecT (%)

	AHG13
	0.41
	86
	97
	0.2
	98
	100

	JVET-P0392 (T2)
	0.52
	85
	98
	0.3
	96
	99

	QPs (27-42)
	0.6
	87
	98
	0.27
	98
	99

	QPs (32-47)
	0.84
	89
	98
	0.35
	98
	100

	AHG18 lossless
	0.67
	84
	106
	0.12
	98
	100


Results
VTM-6.0 with CTC
For comparison purposes, the results reported by AHG13 on top of VTM-6.0 using the CTC are presented this document as well.
Table 2: Tool-off test results on top of VTM-6.0 using CTC for AI
	
	All Intra Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.08%
	-0.06%
	-0.16%
	88%
	99%

	Class A2
	0.27%
	0.21%
	0.24%
	88%
	97%

	Class B
	0.40%
	0.36%
	0.30%
	86%
	97%

	Class C
	0.55%
	0.32%
	0.53%
	84%
	96%

	Class E
	0.72%
	0.58%
	0.62%
	85%
	97%

	Overall 
	0.41%
	0.29%
	0.32%
	86%
	97%

	Class D
	0.48%
	0.45%
	0.52%
	84%
	99%

	Class F
	0.54%
	0.25%
	0.16%
	93%
	97%



Table 3: Tool-off test results on top of VTM-6.0 using CTC for RA
	
	Random Access Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.13%
	0.14%
	0.10%
	99%
	100%

	Class A2
	0.17%
	0.13%
	0.04%
	98%
	100%

	Class B
	0.20%
	0.35%
	0.28%
	98%
	101%

	Class C
	0.26%
	0.31%
	0.27%
	97%
	101%

	Class E
	 
	
	 
	 
	 

	Overall
	0.20%
	0.25%
	0.19%
	98%
	100%

	Class D
	0.22%
	-0.31%
	0.25%
	97%
	100%

	Class F
	0.36%
	0.10%
	0.41%
	98%
	97%


On top of JVET-P0392
When the LFNST was adopted during the Geneva Meeting in March 2019, it was implemented in a mutually exclusive way with respect to ISP. JVET-P0392 proposes to remove this restriction and allow the combination of these two tools in the same CU. No new kernels are added and the existing ones are not retrained. The tool-off test results of ISP on top of Test 2 of this contribution are presented. 

Table 4: Tool-Off test results on top of JVET-P0392 (Test 2) for AI
	
	All Intra Main10 

	
	Over JVET-P0392 Test 4

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.07%
	-0.19%
	-0.48%
	87%
	101%

	Class A2
	0.32%
	0.25%
	0.27%
	87%
	98%

	Class B
	0.48%
	0.49%
	0.42%
	84%
	96%

	Class C
	0.80%
	0.47%
	0.54%
	83%
	99%

	Class E
	0.85%
	0.70%
	0.68%
	84%
	98%

	Overall 
	0.52%
	0.37%
	0.32%
	85%
	98%

	Class D
	0.62%
	0.51%
	0.66%
	83%
	101%

	Class F
	0.70%
	0.38%
	0.32%
	92%
	99%



Table 5: Tool-Off test results on top of JVET-P0392 (Test 2) for RA
	
	Random Access Main10 

	
	Over JVET-P0392 Test 1

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.16%
	0.28%
	0.15%
	97%
	98%

	Class A2
	0.23%
	0.03%
	0.06%
	97%
	99%

	Class B
	0.28%
	0.26%
	0.32%
	96%
	100%

	Class C
	0.47%
	0.26%
	0.39%
	96%
	99%

	Class E
	 
	
	 
	 
	 

	Overall
	0.30%
	0.22%
	0.25%
	96%
	99%

	Class D
	0.37%
	-0.21%
	0.43%
	97%
	100%

	Class F
	0.50%
	0.14%
	0.42%
	96%
	99%


VTM-6.0 with higher QP ranges than {22, 37}
QP = {27, 32, 37, 42}

Table 6: Tool-Off test results with the QP range (27, 42) for AI
	
	All Intra Main10 

	
	Over VTM-6.0 with (27-42) QP range

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.15%
	-0.12%
	-0.25%
	90%
	99%

	Class A2
	0.55%
	0.22%
	0.27%
	89%
	97%

	Class B
	0.66%
	0.41%
	0.22%
	86%
	99%

	Class C
	0.68%
	0.28%
	0.58%
	86%
	97%

	Class E
	0.89%
	0.61%
	0.57%
	86%
	97%

	Overall 
	0.60%
	0.29%
	0.29%
	87%
	98%

	Class D
	0.62%
	0.42%
	0.40%
	84%
	96%

	Class F
	0.62%
	0.22%
	0.31%
	92%
	98%



Table 7: Tool-Off test results with the QP range (27, 42) for RA
	
	Random Access Main10 

	
	Over VTM-6.0 with (27-42) QP range

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.17%
	0.20%
	0.18%
	97%
	100%

	Class A2
	0.24%
	-0.15%
	0.02%
	98%
	99%

	Class B
	0.30%
	0.40%
	0.31%
	98%
	99%

	Class C
	0.33%
	0.34%
	0.17%
	97%
	98%

	Class E
	 
	
	 
	 
	 

	Overall
	0.27%
	0.23%
	0.19%
	98%
	99%

	Class D
	0.26%
	-0.38%
	0.64%
	97%
	98%

	Class F
	0.40%
	0.22%
	0.33%
	98%
	98%


QP = {32, 37, 42, 47}

Table 8: Tool-Off test results with the QP range (32, 47) for AI
	
	 
	 
	All Intra Main10 
	 
	 

	
	Over VTM-6.0 with QP range (32, 47)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.32%
	-0.28%
	-0.32%
	92%
	100%

	Class A2
	0.84%
	0.18%
	0.32%
	90%
	99%

	Class B
	0.96%
	0.42%
	0.19%
	88%
	98%

	Class C
	0.87%
	0.27%
	0.47%
	87%
	96%

	Class E
	1.14%
	0.69%
	0.60%
	88%
	98%

	Overall 
	0.84%
	0.28%
	0.26%
	89%
	98%

	Class D
	0.83%
	0.33%
	0.43%
	86%
	100%

	Class F
	0.73%
	0.13%
	0.37%
	93%
	97%




Table 9: Tool-Off test results with the QP range (32, 47) for RA
	
	Random Access Main10 

	
	Over VTM-6.0 with QP range (32, 47)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.19%
	0.28%
	0.22%
	99%
	103%

	Class A2
	0.28%
	-0.30%
	0.07%
	98%
	98%

	Class B
	0.43%
	0.34%
	0.37%
	98%
	100%

	Class C
	0.42%
	0.33%
	0.14%
	98%
	99%

	Class E
	 
	
	 
	 
	 

	Overall
	0.35%
	0.20%
	0.22%
	98%
	100%

	Class D
	0.39%
	0.09%
	1.21%
	98%
	99%

	Class F
	0.43%
	0.18%
	0.03%
	98%
	98%



On top of the lossless implementation proposed in JVET-P0606
Table 11 shows the results of VTM-6.0 against HEVC RExt using a lossless configuration, as shown by the AGH18 Report in JVET-P0018. It can be observed that VTM-6.0 has a loss of 0.55% in AI and a gain of 0.71% in RA.

[bookmark: _Ref21041909]Table 10: Results of VTM-6.0 against HEVC RExt using a lossless configuratio. Source: JVET-P0018
	 
	All Intra
	Random Access

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	HM-16.20 RExt
	VTM6
	
	HM-16.20 RExt
	VTM6
	

	Class A1
	2.2
	2.2
	-0.75%
	2.3
	2.3
	-0.83%

	Class A2
	1.8
	1.7
	2.41%
	1.9
	1.9
	1.44%

	Class B
	2.1
	2.1
	0.71%
	2.3
	2.3
	-1.21%

	Class C
	2.1
	2.1
	-0.13%
	2.6
	2.6
	-1.62%

	Class D
	2.0
	1.9
	1.95%
	2.7
	2.8
	-1.25%

	Class E
	3.0
	2.9
	0.62%
	 
	 
	 

	Class F
	5.2
	5.5
	-5.07%
	35.5
	39.4
	-4.80%

	TGM
	8.2
	12.3
	-29.76%
	106.3
	112.6
	-10.17%

	Overall
	2.2
	2.2
	0.55%
	2.3
	2.3
	-0.71%

	Enc Time[%]
	6022%
	1529%

	Dec Time[%]
	205%
	167%




Table 11: Tool-off test results of ISP against the AHG18 VTM-6.0 lossless anchor
	 
	All Intra
	Random Access

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	AHG18
	ISP off
	
	AHG18
	ISP off
	

	Class A1
	2.4
	2.4
	0.10%
	2.4
	2.4
	0.08%

	Class A2
	1.7
	1.7
	0.30%
	1.9
	1.9
	0.06%

	Class B
	2.3
	2.3
	0.59%
	2.5
	2.4
	0.16%

	Class C
	2.0
	2.0
	0.55%
	2.6
	2.6
	0.13%

	Class D
	2.0
	2.0
	0.65%
	3.0
	3.0
	0.13%

	Class E
	3.0
	2.9
	1.93%
	 
	 
	 

	Class F
	4.5
	4.5
	1.12%
	22.2
	22.1
	0.50%

	TGM
	12.0
	11.9
	0.39%
	65.6
	65.4
	0.17%

	Overall
	2.3
	2.3
	0.67%
	2.4
	2.4
	0.12%

	Enc Time[%]
	84%
	95%

	Dec Time[%]
	106%
	101%
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