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Abstract
This document reports two experiment groups. 
In the first group 3 experiments which have been made similar to the CE13 sub-experiments experiments CE13.3.2, CE13.4.3 and CE13.7.7 are reported. Here, the same tools have been used on top of PHEC, while in the CE13 sub-experiments they were applied on top of HEC. It reports the results of geometry padding and adapted in-loop filters for 360° video as proposed initially in document JVET-J0023, implemented into the BMS-2.0.1 software. The VTM configuration was used for the anchor and experiments. 
CE13.3.2 investigates HEC with face based geometry padding of reference pictures. Using PHEC instead of HEC and compared to the BMS-2.0.1 reference, an average Y E2E WS-PSNR BD-rate loss of 0.95% for Random Access is obtained.
CE13.4.3 investigates HEC with in-loop filters using spherical neighbors. Using PHEC instead of HEC and compared to the BMS-2.0.1 reference, an average Y E2E WS-PSNR BD-rate loss of 2.10% for Random Access is obtained.
CE13.7.7 is the combination of CE13.3.2 and CE13.4.3. Using PHEC instead of HEC and compared to the BMS-2.0.1 reference, an average Y E2E WS-PSNR BD-rate loss of 0.95% for Random Access is obtained.
The second group of experiments investigates the impact of rotation on the coding performance of PHEC and padded EAC. Padding was added in a manner identical to PHEC to EAC. Both projection formats have been evaluated for “Roll” rotation ranging from 0 degrees to 315 degrees in steps of 45 degrees. Yaw and Pitch were kept constant to 0 degrees. PHEC outperforms padded EAC in most cases, but it should be noted that the performance difference does depend on the rotation. 
Further, the impact of rotation on the coding performance is evaluated, by comparing rotated PHEC against not rotated PHEC. There are losses of up to 4.78 % Y E2E WS-PSNR BD-rate, depending on the applied rotation. Of the investigated orientations, the original orientation is the best performing.
Introduction
Using PHEC instead of HEC for CE13.3.2, CE13.4.3 and CE13.7.7
The experiment description is given in JVET-K1033. The only change is, that the tools are applied on top of PHEC, instead of HEC. The tools are implemented at picture level. The implementation differs from the one in JVET-J0023. It was re-implemented using 360Lib as a basis. Around each HEC face a padding area was added. Before loop filters are executed this area is filled with the samples of the spherical neighbors without reprojection. For geometry padding the same padding area is filled with reprojected pixels before the pictures is stored in the RPS. The reprojection is matching the HEC format. The used geometry type and face arrangement are signaled in the SPS. The software was further, modified such that Intra prediction works correctly across face boundaries, ignoring the added padding area. However, this does not work completely yet, which is the cause of the BD-rate loss.
ALF was disabled for CE13.3.2 as a still unresolved bug led to an encoder/decoder mismatch.
Due to the added padding pixels of the padded HEC, the faces are scaled horizontally and/or vertically to provide the space required for the padding pixels. Thus, just copying pixels from the neighboring faces for the purpose of correct loop filtering, cannot work correctly, if the neighboring face has a different scaling in horizontal or vertical direction. This issue was not addressed in this experiment.
Impact of rotation on 360° coding performance
The orientation of a captured 360° video may not be known. Thus it is of interest to investigate how rotation affects the performance of projection formats. EAC and HEC, with padding, have been chosen for this study, since they are among the best performing projection formats. While the EAC format uses the same sampling of the sphere for all faces, the sampling differs for HEC, depending on the face. 

Results
Coding results of using PHEC for CE13.3.2, CE13.4.3 and CE13.7.7
Coding results have been obtained according to the common test conditions for 360° video given in
JVET-K1012. The results for the three sub-experiments are:


	
	CE13.3.2 with padding VS PHEC

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	0.77%
	6.28%
	4.92%
	0.76%
	6.18%
	4.82%
	3.07%
	4.17%
	2.67%
	3.88%
	3.94%
	2.67%
	1.53%
	9.16%
	7.36%
	1.54%
	9.18%
	7.17%
	100%
	334%

	Class S2
	1.21%
	3.15%
	2.28%
	1.25%
	3.17%
	2.26%
	1.70%
	2.44%
	2.46%
	3.03%
	1.18%
	0.50%
	2.73%
	5.67%
	4.37%
	2.72%
	5.85%
	4.12%
	99%
	208%

	Overall 
	0.95%
	5.03%
	3.86%
	0.96%
	4.98%
	3.80%
	2.52%
	3.48%
	2.59%
	3.54%
	2.84%
	1.80%
	2.01%
	7.76%
	6.16%
	2.01%
	7.85%
	5.95%
	100%
	276%



	
	CE13.4.3 with padding VS PHEC

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	1.47%
	6.89%
	5.61%
	1.47%
	6.90%
	5.47%
	3.55%
	4.67%
	3.18%
	4.48%
	4.48%
	3.32%
	2.22%
	9.86%
	8.02%
	2.26%
	9.81%
	7.90%
	102%
	99%

	Class S2
	3.03%
	5.34%
	4.69%
	3.12%
	5.25%
	4.46%
	3.32%
	4.15%
	3.87%
	4.68%
	3.03%
	2.37%
	4.67%
	7.99%
	6.65%
	4.54%
	8.13%
	6.46%
	101%
	83%

	Overall 
	2.10%
	6.27%
	5.24%
	2.13%
	6.24%
	5.07%
	3.46%
	4.46%
	3.46%
	4.56%
	3.90%
	2.94%
	3.20%
	9.11%
	7.47%
	3.17%
	9.14%
	7.32%
	102%
	92%



	
	CE13.7.7 with padding VS PHEC

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	0.81%
	6.22%
	4.99%
	0.84%
	6.25%
	4.82%
	3.07%
	4.23%
	2.69%
	3.94%
	3.93%
	2.80%
	1.56%
	9.20%
	7.32%
	1.61%
	9.13%
	7.20%
	102%
	340%

	Class S2
	1.17%
	3.00%
	2.22%
	1.24%
	2.91%
	2.13%
	1.77%
	2.38%
	2.04%
	3.03%
	0.96%
	0.46%
	2.71%
	5.51%
	3.98%
	2.71%
	5.77%
	3.96%
	100%
	245%

	Overall 
	0.95%
	4.93%
	3.88%
	1.00%
	4.91%
	3.74%
	2.55%
	3.49%
	2.43%
	3.57%
	2.74%
	1.86%
	2.02%
	7.72%
	5.99%
	2.05%
	7.79%
	5.90%
	101%
	298%



The complexity measurements are not exact, all simulations were carried out on the RWTH compute cluster.
Evil viewports
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Landing, original, Frame 233, QP37
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Landing, CE13.4.3, Frame 233, QP37

	[image: C:\Users\Johannes Sauer\AppData\Local\Microsoft\Windows\INetCache\Content.Word\orig-Landing233.png]
Landing, CE13.3.2, Frame 233, QP37
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Landing, CE13.7.7, Frame 233, QP37
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Balboa, original, Frame 454, QP37
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Balboa, CE13.4.3, Frame 454, QP37
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Balboa, CE13.3.2, Frame 454, QP37
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Balboa, CE13.7.7, Frame 454, QP37



Results on the impact of rotation on 360° coding
Coding results have been obtained according to the common test conditions for 360° video given in
JVET-K1012. The random access VTM configuration was used and only the first intra period of each sequence has been encoded.
Same rotation for PHEC and padded EAC
For each orientation the BD-rates are reported along with an example HEC image illustrating the orientation. The same rotation was applied for both PHEC and padded EAC before encoding.
No rotation
[image: ]

	
	PEAC VS PHEC Yaw 0, Pitch 0, Roll 0

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	0.72%
	0.84%
	1.14%
	0.58%
	0.65%
	1.14%
	1.69%
	1.04%
	2.71%
	0.31%
	-0.16%
	0.73%
	0.71%
	0.78%
	1.25%
	0.59%
	0.67%
	1.27%
	102%
	111%

	Class S2
	0.39%
	0.70%
	1.03%
	0.23%
	0.36%
	0.74%
	0.33%
	0.48%
	0.73%
	0.59%
	0.40%
	1.30%
	0.47%
	0.59%
	1.03%
	0.27%
	0.49%
	0.92%
	101%
	122%

	Overall 
	0.59%
	0.78%
	1.10%
	0.44%
	0.53%
	0.98%
	1.15%
	0.81%
	1.92%
	0.42%
	0.06%
	0.96%
	0.61%
	0.70%
	1.16%
	0.46%
	0.60%
	1.13%
	102%
	115%


Roll 45
[image: ]

	
	PEAC VS PHEC Yaw 0, Pitch 0, Roll 45

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	0.26%
	0.58%
	0.19%
	0.34%
	0.56%
	0.32%
	0.05%
	-0.21%
	-1.81%
	0.64%
	1.04%
	0.90%
	0.24%
	0.51%
	0.16%
	0.15%
	0.36%
	0.16%
	97%
	93%

	Class S2
	0.31%
	1.00%
	0.58%
	0.35%
	1.10%
	0.62%
	0.93%
	-1.57%
	0.77%
	-0.68%
	1.44%
	0.79%
	0.25%
	1.00%
	0.44%
	0.23%
	0.81%
	0.29%
	102%
	114%

	Overall 
	0.28%
	0.75%
	0.35%
	0.34%
	0.78%
	0.44%
	0.40%
	-0.76%
	-0.78%
	0.11%
	1.20%
	0.85%
	0.24%
	0.71%
	0.27%
	0.18%
	0.54%
	0.21%
	99%
	101%


Roll 90
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	PEAC VS PHEC Yaw 0, Pitch 0, Roll 90

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	0.04%
	0.34%
	0.60%
	-0.02%
	0.32%
	0.46%
	0.54%
	0.14%
	0.98%
	-0.90%
	-1.64%
	-1.10%
	0.15%
	0.33%
	0.57%
	0.02%
	0.30%
	0.59%
	100%
	107%

	Class S2
	-0.28%
	-0.04%
	-0.16%
	-0.48%
	-0.25%
	-0.23%
	-0.45%
	0.45%
	-0.82%
	-0.57%
	-0.75%
	0.29%
	-0.24%
	0.13%
	-0.13%
	-0.37%
	-0.27%
	-0.24%
	99%
	94%

	Overall 
	-0.09%
	0.19%
	0.30%
	-0.20%
	0.09%
	0.18%
	0.14%
	0.26%
	0.26%
	-0.77%
	-1.28%
	-0.54%
	0.00%
	0.25%
	0.29%
	-0.13%
	0.07%
	0.26%
	100%
	101%


Roll 135
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	PEAC VS PHEC Yaw 0, Pitch 0, Roll 135

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	0.57%
	0.26%
	0.58%
	0.61%
	0.36%
	0.55%
	0.55%
	0.47%
	0.42%
	1.89%
	1.48%
	1.73%
	0.45%
	0.28%
	0.52%
	0.35%
	0.20%
	0.34%
	97%
	94%

	Class S2
	0.13%
	0.23%
	0.43%
	0.17%
	0.31%
	0.48%
	0.32%
	-1.02%
	-1.19%
	0.36%
	0.25%
	1.53%
	0.17%
	0.17%
	0.42%
	0.03%
	0.03%
	0.20%
	102%
	97%

	Overall 
	0.39%
	0.25%
	0.52%
	0.43%
	0.34%
	0.52%
	0.46%
	-0.13%
	-0.22%
	1.28%
	0.99%
	1.65%
	0.34%
	0.23%
	0.48%
	0.22%
	0.13%
	0.28%
	99%
	95%


Roll 180
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	PEAC VS PHEC Yaw 0, Pitch 0, Roll 180

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	0.68%
	0.75%
	0.94%
	0.53%
	0.57%
	0.83%
	1.76%
	2.46%
	2.84%
	0.19%
	-0.80%
	0.09%
	0.63%
	0.72%
	0.96%
	0.63%
	0.55%
	0.77%
	98%
	90%

	Class S2
	0.45%
	1.09%
	1.16%
	0.20%
	0.90%
	1.04%
	0.51%
	1.72%
	-0.40%
	1.23%
	0.45%
	2.79%
	0.45%
	1.11%
	1.16%
	0.25%
	0.86%
	0.95%
	111%
	112%

	Overall 
	0.59%
	0.89%
	1.03%
	0.40%
	0.70%
	0.91%
	1.26%
	2.16%
	1.55%
	0.60%
	-0.30%
	1.17%
	0.56%
	0.88%
	1.04%
	0.48%
	0.67%
	0.84%
	103%
	98%



Roll 225
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	PEAC VS PHEC Yaw 0, Pitch 0, Roll 225

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	0.26%
	0.70%
	0.53%
	0.28%
	0.64%
	0.53%
	0.01%
	0.44%
	1.85%
	0.66%
	0.77%
	-0.46%
	0.26%
	0.69%
	0.49%
	0.07%
	0.48%
	0.35%
	97%
	89%

	Class S2
	0.21%
	0.49%
	0.81%
	0.33%
	0.61%
	0.95%
	0.87%
	1.12%
	1.38%
	-0.49%
	0.69%
	0.11%
	0.26%
	0.50%
	0.94%
	0.14%
	0.35%
	0.73%
	106%
	100%

	Overall 
	0.24%
	0.61%
	0.64%
	0.30%
	0.63%
	0.70%
	0.36%
	0.71%
	1.66%
	0.20%
	0.74%
	-0.23%
	0.26%
	0.61%
	0.67%
	0.09%
	0.43%
	0.50%
	101%
	93%



Roll 270
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	PEAC VS PHEC Yaw 0, Pitch 0, Roll 270

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	0.04%
	-0.63%
	0.24%
	-0.07%
	-0.73%
	0.18%
	0.31%
	-1.20%
	0.31%
	-1.05%
	-2.21%
	-1.49%
	0.14%
	-0.59%
	0.31%
	-0.04%
	-0.97%
	-0.06%
	97%
	95%

	Class S2
	-0.59%
	-2.27%
	-2.55%
	-0.76%
	-2.53%
	-2.76%
	-1.14%
	-5.04%
	-4.34%
	-1.02%
	-2.30%
	1.43%
	-0.53%
	-2.20%
	-2.41%
	-0.95%
	-3.37%
	-4.18%
	84%
	84%

	Overall 
	-0.21%
	-1.29%
	-0.87%
	-0.35%
	-1.45%
	-0.99%
	-0.27%
	-2.74%
	-1.55%
	-1.04%
	-2.25%
	-0.32%
	-0.13%
	-1.23%
	-0.78%
	-0.41%
	-1.93%
	-1.71%
	92%
	90%



Roll 315
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	PEAC VS PHEC Yaw 0, Pitch 0, Roll 315

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	0.58%
	0.59%
	0.46%
	0.56%
	0.65%
	0.50%
	0.51%
	0.97%
	0.21%
	1.97%
	0.66%
	1.92%
	0.50%
	0.59%
	0.46%
	0.48%
	0.44%
	0.37%
	100%
	95%

	Class S2
	0.08%
	0.46%
	0.34%
	0.19%
	0.45%
	0.43%
	0.14%
	0.42%
	-1.26%
	-0.14%
	1.50%
	0.26%
	0.07%
	0.46%
	0.33%
	-0.01%
	0.35%
	-0.08%
	102%
	104%

	Overall 
	0.38%
	0.54%
	0.41%
	0.42%
	0.57%
	0.47%
	0.36%
	0.75%
	-0.38%
	1.12%
	1.00%
	1.26%
	0.33%
	0.54%
	0.41%
	0.28%
	0.40%
	0.19%
	101%
	98%


Rotated PHEC against original PHEC
These results show the impact of rotation against the not rotated PHEC anchor.

	
	PHEC VS rotated PHEC Yaw 0, Pitch 0, Roll 45

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	4.80%
	8.87%
	9.62%
	4.61%
	8.73%
	9.51%
	5.92%
	11.04%
	13.75%
	5.33%
	13.52%
	12.66%
	4.80%
	8.83%
	9.69%
	4.76%
	8.71%
	9.47%
	103%
	123%

	Class S2
	2.90%
	5.25%
	6.16%
	2.79%
	5.00%
	6.03%
	1.31%
	9.14%
	8.66%
	-0.59%
	0.47%
	1.83%
	2.93%
	5.08%
	6.11%
	3.40%
	6.31%
	7.11%
	98%
	110%

	Overall 
	4.04%
	7.42%
	8.24%
	3.88%
	7.24%
	8.12%
	4.08%
	10.28%
	11.71%
	2.96%
	8.30%
	8.32%
	4.05%
	7.33%
	8.26%
	4.22%
	7.75%
	8.53%
	101%
	117%



	
	PHEC VS rotated PHEC Yaw 0, Pitch 0, Roll 90

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	0.58%
	1.43%
	0.65%
	0.53%
	1.24%
	0.68%
	1.15%
	0.93%
	0.66%
	1.24%
	2.68%
	2.98%
	0.46%
	1.32%
	0.64%
	0.50%
	1.51%
	0.95%
	101%
	115%

	Class S2
	0.99%
	3.11%
	4.07%
	1.02%
	3.09%
	3.81%
	1.25%
	7.20%
	7.53%
	1.21%
	3.37%
	2.56%
	0.97%
	2.78%
	3.85%
	1.18%
	3.80%
	5.57%
	100%
	116%

	Overall 
	0.74%
	2.10%
	2.02%
	0.73%
	1.98%
	1.94%
	1.19%
	3.44%
	3.41%
	1.23%
	2.95%
	2.81%
	0.67%
	1.90%
	1.93%
	0.77%
	2.42%
	2.80%
	101%
	115%



	
	PHEC VS rotated PHEC Yaw 0, Pitch 0, Roll 135

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	5.46%
	11.39%
	11.22%
	5.30%
	11.26%
	11.26%
	6.64%
	12.28%
	13.92%
	4.91%
	14.57%
	13.23%
	5.58%
	11.34%
	11.36%
	5.41%
	11.06%
	10.94%
	120%
	129%

	Class S2
	3.62%
	9.03%
	10.29%
	3.57%
	8.82%
	9.95%
	2.48%
	11.23%
	11.24%
	-1.17%
	3.11%
	3.18%
	3.64%
	8.81%
	10.10%
	3.98%
	9.72%
	11.45%
	107%
	130%

	Overall 
	4.73%
	10.45%
	10.85%
	4.61%
	10.28%
	10.74%
	4.97%
	11.86%
	12.85%
	2.48%
	9.99%
	9.21%
	4.80%
	10.32%
	10.85%
	4.84%
	10.52%
	11.14%
	115%
	129%



	
	PHEC VS rotated PHEC Yaw 0, Pitch 0, Roll 180

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	0.01%
	1.81%
	0.33%
	0.02%
	1.82%
	0.31%
	0.15%
	3.03%
	-0.03%
	0.20%
	1.29%
	0.40%
	0.05%
	1.81%
	0.34%
	-0.05%
	1.83%
	0.60%
	116%
	123%

	Class S2
	0.45%
	3.68%
	3.19%
	0.52%
	3.63%
	3.05%
	0.47%
	4.19%
	3.31%
	-0.06%
	4.42%
	0.85%
	0.48%
	3.42%
	3.04%
	0.56%
	3.48%
	3.00%
	109%
	128%

	Overall 
	0.18%
	2.56%
	1.47%
	0.22%
	2.54%
	1.41%
	0.28%
	3.49%
	1.30%
	0.09%
	2.54%
	0.58%
	0.22%
	2.46%
	1.42%
	0.19%
	2.49%
	1.56%
	113%
	125%



	
	PHEC VS rotated PHEC Yaw 0, Pitch 0, Roll 225

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	5.14%
	10.12%
	9.64%
	5.04%
	9.94%
	9.56%
	6.47%
	14.96%
	13.08%
	5.38%
	13.62%
	13.52%
	5.18%
	10.06%
	9.63%
	5.14%
	9.95%
	9.50%
	107%
	134%

	Class S2
	3.57%
	9.08%
	9.06%
	3.45%
	8.88%
	8.74%
	1.90%
	10.25%
	9.08%
	-0.29%
	4.11%
	2.64%
	3.51%
	8.78%
	8.73%
	4.05%
	10.20%
	9.82%
	100%
	142%

	Overall 
	4.51%
	9.70%
	9.41%
	4.40%
	9.51%
	9.23%
	4.64%
	13.08%
	11.48%
	3.11%
	9.82%
	9.17%
	4.52%
	9.55%
	9.27%
	4.70%
	10.05%
	9.63%
	104%
	137%



	
	PHEC VS rotated PHEC Yaw 0, Pitch 0, Roll 270

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	0.68%
	1.49%
	0.92%
	0.65%
	1.39%
	0.97%
	1.39%
	2.26%
	2.40%
	1.39%
	2.28%
	2.40%
	0.57%
	1.39%
	0.96%
	0.64%
	1.68%
	1.36%
	105%
	117%

	Class S2
	1.00%
	3.06%
	3.72%
	1.00%
	3.00%
	3.65%
	1.49%
	5.89%
	5.41%
	1.65%
	2.85%
	0.73%
	1.00%
	2.87%
	3.56%
	1.24%
	4.00%
	5.35%
	120%
	146%

	Overall 
	0.81%
	2.12%
	2.04%
	0.79%
	2.03%
	2.04%
	1.43%
	3.71%
	3.60%
	1.49%
	2.51%
	1.74%
	0.74%
	1.98%
	2.00%
	0.88%
	2.61%
	2.96%
	111%
	128%



	
	PHEC VS rotated PHEC Yaw 0, Pitch 0, Roll 315

	
	E2E WS-PSNR
	E2E S-PSNR-NN
	VP #1 PSNR
	VP #2 PSNR
	C WS-PSNR
	C S-PSNR-NN
	
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class S1
	5.65%
	9.60%
	11.02%
	5.50%
	9.41%
	10.99%
	6.72%
	12.89%
	15.13%
	5.04%
	13.63%
	13.30%
	5.75%
	9.46%
	11.05%
	5.55%
	9.24%
	10.65%
	102%
	122%

	Class S2
	3.46%
	6.66%
	7.52%
	3.38%
	6.65%
	7.24%
	2.36%
	7.66%
	9.38%
	-0.42%
	0.66%
	1.91%
	3.48%
	6.57%
	7.33%
	3.79%
	7.51%
	8.64%
	100%
	135%

	Overall 
	4.78%
	8.42%
	9.62%
	4.65%
	8.30%
	9.49%
	4.98%
	10.80%
	12.83%
	2.86%
	8.44%
	8.74%
	4.84%
	8.30%
	9.56%
	4.84%
	8.55%
	9.85%
	101%
	127%
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