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Introduction
This contribution provides results for HEVC SCC, EVC and VVC for the screen content scenario in the LDP and LDP-IDR configuration. The “screen content tools” available in each codecs which are usually not enabled by default in their JVET/MPEG configuration where enabled for these SA4 tests. For VVC: Intra Block Copy and BDPCM, For EVC: Intra Block Copy.

The results demonstrate that the 3 codecs provide gain over HEVC main 10, EVC being less performant than HEVC-SCC and VVC. VVC provides more than 54% over HEVC main 10 in all metrics and configurations. 

Summary results:

	
	BD-rate

	LDP
	YUV-PSNR
	VMAF
	MS-SSIM

	EVC
	-19,67%
	-27,38%
	-28,76%

	HEVC-SCC
	-23,64%
	-22,23%
	-21,92%

	VVC
	-56,27%
	-56,15%
	-57,10%




	
	BD-rate

	LDP-IDR
	YUV-PSNR
	VMAF
	MS-SSIM

	EVC
	-19,67%
	-27,38%
	-28,76%

	HEVC-SCC
	-30,28%
	-30,61%
	-29,67%

	VVC
	-54,87%
	-54,70%
	-54,83%



Detailed EVC results appear to be inconsistents and a few issues are discussed in the next section. Some of these aspects are due to the EVC codec design, while others may be due to possible bugs in the ETM. Further investigation of the ETM/EVC behaviour may be desirable.

Discussion on EVC results
An ETM encoder bug
A bug in the EVC reference software prevented coding two sequences GraphicsMixSimple-FullHD-8bit and GraphicsMixTransitions-FullHD-8bit at QP31 in the LDP configuration (but worked just fine in the LDP-IDR configuration). For this test, QP32 was used for these two sequences. The bug report #1 was submitted against the ETM in the MPEG ETM bug tracker.

Overal PSNR-YUV vs VMAF/SS-MSSIM results

While HM-SCC and VVC provides consistent results across metrics, EVC shows a 10% difference between PSNR-YUV and the two other metrics.
The relatively low performance in PSNR-YUV can be partially explained by the lack of “screen-content tools” in the design of EVC, such as Transform Skip.
The gap between the metrics can be partially explained by the lack of “chroma” tools in the EVC design, such as CCLM, CCALF. The VMAF and SSIM metrics only take in account Luma, while PSNR-YUV provides a ratio of: 6 Y, 1 U, 1 V.

Detailed results inconsistency
Contrarily to HEVC-SCC and VVC, we note that EVC seems to perform better in fullHD than in 4K on screen content sequences.
However, we cannot explain the following results:

	LDP-IDR
	
	BD-rate (piecewise cubic)

	
	
	Y
	U
	V

	MovingText2
	MovingText2-FullHD-420-8bit
	-24,48%
	-19,89%
	-20,04%

	 
	MovingText2-FullHD-420-10bit
	-24,26%
	-19,69%
	-20,07%

	 
	MovingText2-4K-420-8bit
	-11,06%
	-24,26%
	-21,61%

	 
	MovingText2-4K-420-10bit
	-10,87%
	-24,91%
	-23,60%

	 TextMixTransitions
	TextMixTransitions-FullHD-420-8bit
	-18,09%
	-26,08%
	-26,54%

	 
	TextMixTransitions-FullHD-420-10bit
	-17,84%
	-27,96%
	-26,72%

	 
	TextMixTransitions-4K-420-8bit
	-2,45%
	-26,30%
	-18,70%

	 
	TextMixTransitions-4K-420-10bit
	-2,27%
	-31,40%
	-23,20%



While Chroma results increase relatively consistantly between FullHD and 4K versions of the same sequences for the entire test set, the luma results are drastically lower in 4K for MobingText2 and TextMixTransitions. 
From a content perspective, the “GraphicMix transition” is similar to “textMix Transition”, both are a succession of “fix images” with different transitions. The results for graphicMix transition, however does not exhibit such discrepancy between luma and chroma components. 
The same behavior is observed in the LDP configuration (no IDR).

For “textMix Transition” EVC loses roughly 1dB over HM.
It is unclear if this is a bug in the ETM or if it is due to some algorithm design issues in EVC. 

Plot for TexMix transitions:
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Screen Content scenario average results

	
	  Low Delay P HM-16.21-SCC IDR ip 1s QP cst
	Low Delay P VTM10-SCC IDR 1sec QP cst
	Low Delay P ETM-6.1-IBC IDR ip 1s QP cst

	
	 Over HM-16.22 IDR ip 1s QP cst

	
	Y
	U
	V
	BDR-YUV
	VMAF
	MS-SSIM
	Y
	U
	V
	BDR-YUV
	VMAF
	MS-SSIM
	Y
	U
	V
	BDR-YUV
	VMAF
	MS-SSIM

	Class Screen HD
	-21,04%
	-27,00%
	-29,23%
	-22,57%
	-21,84%
	-23,15%
	-50,44%
	-61,87%
	-63,45%
	-53,55%
	-51,65%
	-52,76%
	-21,50%
	-23,31%
	-22,19%
	-21,87%
	-29,00%
	-29,77%

	Class Screen UHD
	-33,13%
	-39,55%
	-37,43%
	-34,40%
	#VALUE!
	-32,55%
	-51,01%
	-62,91%
	-63,30%
	-53,86%
	#VALUE!
	-57,71%
	-13,64%
	-26,37%
	-22,56%
	-15,94%
	#VALUE!
	-32,27%

	Class Screen 8bits
	-27,01%
	-33,89%
	-33,91%
	-28,55%
	#VALUE!
	-27,84%
	-50,77%
	-62,35%
	-62,79%
	-53,66%
	#VALUE!
	-55,15%
	-17,65%
	-24,21%
	-21,64%
	-18,83%
	#VALUE!
	-30,79%

	Class Screen 10bits
	-27,15%
	-32,67%
	-32,74%
	-28,43%
	#VALUE!
	-27,86%
	-50,68%
	-62,43%
	-63,96%
	-53,74%
	#VALUE!
	-55,32%
	-17,49%
	-25,48%
	-23,11%
	-18,98%
	#VALUE!
	-31,26%

	Overall
	-27,08%
	-33,28%
	-33,33%
	-28,49%
	#VALUE!
	-27,85%
	-50,73%
	-62,39%
	-63,38%
	-53,70%
	#VALUE!
	-55,24%
	-17,57%
	-24,84%
	-22,38%
	-18,90%
	#VALUE!
	-31,02%

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Low Delay P HM-16.21-SCC IDR ip 1s QP cst
	Low Delay P VTM10-SCC IDR 1sec QP cst
	Low Delay P ETM-6.1-IBC IDR ip 1s QP cst

	
	Over HM-16.22 IDR ip 1s QP cst

	
	Y
	U
	V
	BDR-YUV
	VMAF
	MS-SSIM
	Y
	U
	V
	BDR-YUV
	VMAF
	MS-SSIM
	Y
	U
	V
	BDR-YUV
	VMAF
	MS-SSIM

	Class Screen HD
	-21,04%
	-27,00%
	-29,23%
	-22,57%
	-21,84%
	-23,15%
	-50,44%
	-61,87%
	-63,45%
	-53,55%
	-51,65%
	-52,76%
	-21,50%
	-23,31%
	-22,19%
	-21,87%
	-29,00%
	-29,77%

	Class Screen UHD wo MovingText2-4K
	-39,54%
	-46,07%
	-40,71%
	-40,56%
	-42,31%
	-38,37%
	-53,83%
	-65,51%
	-65,33%
	-56,63%
	-58,75%
	-57,58%
	-14,53%
	-26,96%
	-22,55%
	-16,74%
	-25,22%
	-27,41%

	Class Screen 8bits wo MovingText2-4K
	-28,89%
	-35,78%
	-34,81%
	-30,35%
	-30,53%
	-29,63%
	-51,96%
	-63,40%
	-63,59%
	-54,84%
	-54,82%
	-54,80%
	-18,59%
	-24,20%
	-21,65%
	-19,59%
	-27,01%
	-28,74%

	Class Screen 10bits wo MovingText2-4K
	-29,04%
	-34,57%
	-33,49%
	-30,22%
	-30,69%
	-29,72%
	-51,82%
	-63,46%
	-64,92%
	-54,89%
	-54,57%
	-54,85%
	-18,44%
	-25,56%
	-23,04%
	-19,75%
	-27,75%
	-28,78%

	Class Screen wo MovingText2-4K
	-28,97%
	-35,18%
	-34,15%
	-30,28%
	-30,61%
	-29,67%
	-51,89%
	-63,43%
	-64,26%
	-54,87%
	-54,70%
	-54,83%
	-18,51%
	-24,88%
	-22,34%
	-19,67%
	[bookmark: _Hlk62743647]-27,38%
	-28,76%


LDP-IDR configuration:
 










LDP configuration:





	
	  Low Delay P HM-16.22-SCC 
	Low Delay P VTM10-SCC 
	Low Delay P ETM-6.1-IBC 

	
	 Over HM-16.22 Main 10

	
	Y
	U
	V
	BDR-YUV
	VMAF
	MS-SSIM
	Y
	U
	V
	BDR-YUV
	VMAF
	MS-SSIM
	Y
	U
	V
	BDR-YUV
	VMAF
	MS-SSIM

	Class Screen HD
	-15,30%
	-22,52%
	-24,36%
	-17,10%
	-15,64%
	-15,94%
	-52,07%
	-61,12%
	-61,92%
	-54,42%
	-52,58%
	-54,44%
	-20,09%
	-22,52%
	-19,37%
	-20,34%
	-27,70%
	-27,13%

	Class Screen UHD
	-27,23%
	-35,70%
	-33,96%
	-28,79%
	#VALUE!
	-26,56%
	-54,12%
	-65,26%
	-63,88%
	-56,50%
	#VALUE!
	-60,79%
	-15,14%
	-27,03%
	-24,62%
	-17,40%
	#VALUE!
	-33,05%

	Class Screen 8bits
	-21,37%
	-30,08%
	-29,69%
	-23,18%
	#VALUE!
	-21,37%
	-53,15%
	-63,10%
	-62,66%
	-55,44%
	#VALUE!
	-57,58%
	-17,82%
	-24,71%
	-21,69%
	-19,00%
	#VALUE!
	-30,07%

	Class Screen 10bits
	-21,16%
	-28,13%
	-28,63%
	-22,71%
	#VALUE!
	-21,12%
	-53,04%
	-63,28%
	-63,14%
	-55,48%
	#VALUE!
	-57,64%
	-17,40%
	-24,84%
	-22,29%
	-18,74%
	#VALUE!
	-30,11%

	Overall
	-21,27%
	-29,11%
	-29,16%
	-22,94%
	#VALUE!
	-21,25%
	-53,09%
	-63,19%
	-62,90%
	-55,46%
	#VALUE!
	-57,61%
	-17,61%
	-24,77%
	-21,99%
	-18,87%
	#VALUE!
	-30,09%

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Low Delay P HM-16.22-SCC 
	Low Delay P VTM10-SCC 
	Low Delay P ETM-6.1-IBC 

	
	Over HM-16.22 

	
	Y
	U
	V
	BDR-YUV
	VMAF
	MS-SSIM
	Y
	U
	V
	BDR-YUV
	VMAF
	MS-SSIM
	Y
	U
	V
	BDR-YUV
	VMAF
	MS-SSIM

	Class Screen HD
	-15,30%
	-22,52%
	-24,36%
	-17,10%
	-15,64%
	-15,94%
	-52,07%
	-61,12%
	-61,92%
	-54,42%
	-52,58%
	-54,44%
	-20,09%
	-22,52%
	-19,37%
	-20,34%
	-27,70%
	-27,13%

	Class Screen UHD wo MovingText2-4K
	-31,10%
	-39,33%
	-34,18%
	-32,37%
	-31,01%
	-29,89%
	-56,28%
	-67,36%
	-65,95%
	-58,73%
	-60,89%
	-60,66%
	-14,72%
	-27,18%
	-24,58%
	-17,16%
	-24,18%
	-29,48%

	Class Screen 8bits wo MovingText2-4K
	-22,22%
	-30,83%
	-29,24%
	-23,94%
	-22,40%
	-22,12%
	-53,96%
	-63,67%
	-63,35%
	-56,27%
	-56,28%
	-57,18%
	-18,05%
	-24,57%
	-21,28%
	-19,16%
	-26,53%
	-28,34%

	Class Screen 10bits wo MovingText2-4K
	-21,93%
	-28,61%
	-27,90%
	-23,34%
	-22,06%
	-21,71%
	-53,78%
	-63,91%
	-63,94%
	-56,26%
	-56,01%
	-57,03%
	-17,54%
	-24,47%
	-21,93%
	-18,80%
	-25,86%
	-27,93%

	Class Screen wo MovingText2-4K
	-22,07%
	-29,72%
	-28,57%
	-23,64%
	-22,23%
	-21,92%
	-53,87%
	-63,79%
	-63,65%
	-56,27%
	-56,15%
	-57,10%
	-17,79%
	-24,52%
	-21,60%
	-18,98%
	-26,20%
	-28,13%





Proposal
It is proposed to further discussed the finding in section 2 and how to verify and document these results in the TR or on the github.




A big thank you to Christophe Chevance and Rémi Jullian for running all the test.
Y PSNR vs Bitrate
HM-16.22 IDR	13964.3896	8724.16	5070.6736000000001	2913.5648000000001	52.444400000000002	47.8264	42.930700000000002	37.815600000000003	ETM-6.1-IBC IDR	12526.431200000001	7693.1360000000004	4489.9759999999997	2571.7008000000001	51.056199999999997	46.610500000000002	42.149700000000003	37.842199999999998	13964.3896	8724.16	5070.6736000000001	2913.5648000000001	-0.20680407075192586	13964.3896	8724.16	5070.6736000000001	2913.5648000000001	-0.30435157816936964	13964.3896	8724.16	5070.6736000000001	2913.5648000000001	-0.30701287703545976	bitrate (kbps)

Y PSNR (dB)
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