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Introduction
This experiment is an update of the previous CE-2 response [M48271]. Expert viewing revealed a major problem: “Decapitation” of the guy with the black shirt. We have determined the cause to be as follows:

1. There is a view A with the head
2. Another view B is selected first
3. In view B the head is outside of the viewport
4. View B is warped to view A (denote BA)
5. In view BA the floor behind the head is rendered
6. Because those pixels are rendered, they are pruned

This update adds depth error as a 2nd pruning condition:

depthError = |renderedDepth / referenceDepth – 1| < maxDepthError = 10%
Evaluation
To allow for comparison, we have used the same parameters as for [M48271]. We have set the new parameter maxDepthError to 10% for all sequences without tuning. For the new sequences (CG2 – J and NC2 – L) we have derived all parameters from the N18563 anchor.

This experiment is based on TMIV 2.0.2 with GCC 9.1.0 as compiler. The previous experiment [M48271] was based on TMIV 1.0 with GCC 7.4.
Results
Table 1 provides the results of the objective evaluation of this proposal. We have visually verified that the major problem is solved. Across all sequences there is a 4.4% BD-rate increase for High-bitrate Y-PSNR. All other metrics indicate an improvement. IV-PSNR and pixel rate show most improvement.
 
We also note that the MIV view anchor outperforms the proposal but at 58% higher pixel rate. We believe that this cannot be solved by changing only the pruner.

The TMIV encoder runtime has increased but the HM encoder runtime decreases due to the pixel rate reduction. The TMIV encoder runtime is +57% for CG1 – B and +44% for NC1 – D. The net runtime for full encoding and decoding is +5% for CG1 – B and -44% for NC1 – D. These numbers are averaged over QP’s. (As if the TMIV encoder was run per QP.)

[bookmark: _Ref19521904]Table 1: Objective evaluation comparing this proposal with anchor N18563/m49961
	Test class
	
	Anchor
	High-BR
BD rate
Y-PSNR
	Low-BR
BD rate
Y-PSNR
	Max
delta
Y-PSNR
	High-BR
BD rate
VMAF
	Low-BR
BD rate
VMAF
	High-BR
BD rate
MS-SSIM
	Low-BR
BD rate
MS-SSIM
	High-BR
BD rate
IV-PSNR
	Low-BR
BD rate
IV-PSNR
	Pixel
rate
ratio

	CG
	
	A1 (MIV)
	5.0%
	-2.3%
	0.01
	0.0%
	-3.7%
	-4.1%
	-5.8%
	-9.3%
	-8.1%
	-25.00%

	
	
	A2 (MIV view)
	0.0%
	-1.2%
	0.65
	570.5%
	-30.2%
	-44.3%
	-55.3%
	-53.9%
	-58.9%
	-83.33%

	
	
	B1 (MIV)
	2.6%
	6.2%
	-0.62
	4.9%
	9.7%
	9.2%
	11.8%
	7.5%
	11.0%
	-13.28%

	
	
	B2 (MIV view)
	-1.6%
	-14.0%
	-0.41
	7.5%
	-12.5%
	-12.9%
	-27.4%
	-35.5%
	-40.3%
	-56.64%

	
	
	C1 (MIV)
	-0.1%
	3.5%
	-0.40
	2.7%
	5.2%
	2.8%
	6.1%
	-4.8%
	0.6%
	-16.67%

	
	
	C2 (MIV view)
	252.8%
	144.1%
	-0.65
	163.9%
	112.1%
	98.3%
	66.3%
	150.6%
	94.4%
	-50.00%

	
	
	J1 (MIV)
	0.0%
	-73.6%
	-4.11
	0.0%
	-36.5%
	-61.3%
	-31.0%
	0.0%
	-72.2%
	0.00%

	
	 
	J2 (MIV view)
	0.0%
	0.0%
	-4.39
	0.0%
	0.0%
	0.0%
	106.2%
	0.0%
	0.0%
	-66.67%

	 
	MIV
	1.9%
	-16.5%
	-1.28
	1.9%
	-6.3%
	-13.3%
	-4.7%
	-1.7%
	-17.2%
	-14.20%

	 
	MIV view
	62.8%
	32.2%
	-1.20
	185.5%
	17.4%
	10.3%
	22.4%
	15.3%
	-1.2%
	-66.87%

	 
	All anchors
	32.3%
	7.8%
	-1.24
	93.7%
	5.5%
	-1.5%
	8.8%
	6.8%
	-9.2%
	-40.53%

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	NC
	
	D1 (MIV)
	57.7%
	18.8%
	1.90
	-3.5%
	-13.3%
	4.0%
	-7.9%
	37.0%
	17.1%
	-50.59%

	
	
	D2 (MIV view)
	0.0%
	143.5%
	-0.37
	0.0%
	62.3%
	78.9%
	29.6%
	114.4%
	61.0%
	-69.12%

	
	
	E1 (MIV)
	-34.1%
	-24.3%
	0.54
	-22.8%
	-18.2%
	-17.0%
	-15.5%
	-43.1%
	-29.1%
	-44.89%

	
	
	E2 (MIV view)
	0.0%
	513.8%
	-0.98
	811.3%
	221.4%
	692.5%
	222.9%
	0.0%
	279.0%
	-21.27%

	
	
	L1 (MIV)
	0.0%
	0.0%
	-2.14
	0.0%
	0.0%
	0.0%
	-70.1%
	0.0%
	-74.0%
	0.00%

	
	 
	L2 (MIV view)
	0.0%
	0.0%
	-3.12
	0.0%
	278.8%
	0.0%
	336.5%
	0.0%
	300.9%
	-20.00%

	 
	MIV
	7.9%
	-1.8%
	0.10
	-8.8%
	-10.5%
	-4.3%
	-31.2%
	-2.1%
	-28.7%
	-35.18%

	 
	MIV view
	0.0%
	219.1%
	-1.49
	270.4%
	187.5%
	257.1%
	196.3%
	38.1%
	213.6%
	-42.06%

	 
	All anchors
	3.9%
	108.6%
	-0.70
	130.8%
	88.5%
	126.4%
	82.6%
	18.0%
	92.5%
	-38.72%

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Test class
	
	Anchor
	High-BR
BD rate
Y-PSNR
	Low-BR
BD rate
Y-PSNR
	Max
delta
Y-PSNR
	High-BR
BD rate
VMAF
	Low-BR
BD rate
VMAF
	High-BR
BD rate
MS-SSIM
	Low-BR
BD rate
MS-SSIM
	High-BR
BD rate
IV-PSNR
	Low-BR
BD rate
IV-PSNR
	Pixel
rate
ratio

	All
	MIV
	4.4%
	-10.2%
	-0.69
	-2.7%
	-8.1%
	-9.5%
	-16.1%
	-1.8%
	-22.1%
	-23.92%

	
	MIV view
	35.9%
	112.3%
	-1.32
	221.9%
	90.3%
	116.1%
	97.0%
	25.1%
	90.9%
	-57.90%

	 
	All anchors
	20.2%
	51.0%
	-1.01
	109.6%
	41.1%
	53.3%
	40.4%
	11.6%
	34.4%
	-43.41%


Conclusions and recommendations
The updated HierarchicalPruner improves on pixel rate and BD-rate (Table 2) and has a reasonable complexity due to the use of pruned meshes.

[bookmark: _Ref19522675]Table 2: Objective comparison with MIV anchor (per test class)
	Test class
	High-BR
BD rate
Y-PSNR
	Low-BR
BD rate
Y-PSNR
	Max
delta
Y-PSNR
	High-BR
BD rate
VMAF
	Low-BR
BD rate
VMAF
	High-BR
BD rate
MS-SSIM
	Low-BR
BD rate
MS-SSIM
	High-BR
BD rate
IV-PSNR
	Low-BR
BD rate
IV-PSNR
	Pixel
rate
ratio

	CG
	1.9%
	-16.5%
	-1.28
	1.9%
	-6.3%
	-13.3%
	-4.7%
	-1.7%
	-17.2%
	-14.20%

	NC
	7.9%
	-1.8%
	0.10
	-8.8%
	-10.5%
	-4.3%
	-31.2%
	-2.1%
	-28.7%
	-35.18%

	All
	4.4%
	-10.2%
	-0.69
	-2.7%
	-8.1%
	-9.5%
	-16.1%
	-1.8%
	-22.1%
	-23.92%



· The proposal outperforms the low-bitrate anchor on all metrics for all test classes.
· The proposal outperforms the low-bitrate anchor on all perceptual metrics for all test classes, but not Y-PSNR.
· The proposal reduce the pixel rate by 24%. 
· The MIV view anchor outperforms the MIV anchor but at a much higher pixel rate. This contribution is not able to offset this difference.

We recommend to:
· Adopt this contribution into TMIV 3.0,
· [bookmark: _GoBack]Keep CE-2 open for future responses.
