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Abstract
This contribution reports the experiment results of Test 5.1 in CE13: face row based geometry padding of reference pictures and in-loop filters using spherical neighbors. The simulation results reportedly show that, in terms of end-to-end WS-PSNR-Y/U/V, Test 5.1.a ~ Test 5.1.f, respectively, achieve the average (-2.01%/-2.33%/-2.36%), (-2.01%/-2.38%/-2.40%), (-2.02%/-2.37%/-2.38%), (-1.33%/-1.67%/-1.65%), (-1.34%/-1.69%/-1.71%) and (-1.35%/-1.66%/-1.66%) BD-rate reduction compared to PHEC with in-loop filters disabled across face discontinuities, while the seam artifacts caused by face discontinuities are also noticeably reduced.
Introduction
In the last meeting, Core Experiment 13 (CE13) [1] was established to study removing subjective artifacts at face boundaries for the 360° video category. This contribution reports the results of Test 5.1.a ~ Test 5.1.f as described below.
[bookmark: _Ref533616712]Table I Test specification of CE13
	Test #
	Description

	1.1
	In-loop filters disabled across face discontinuities
a) HEC
b) PHEC (padding of 4 samples around face row)

	1.3
	HEC with in-loop filters using spherical neighbors
a) Deblocking using spherical neighbors, SAO and ALF disabled across face discontinuities
b) Deblocking and ALF using spherical neighbors, SAO disabled across face discontinuities
c) All in-loop filters using spherical neighbors

	2.1
	Test 1.1.a with face row based geometry padding of reference pictures
a) Using projection with Lanczos 3/2 interpolation
b) Using projection with bilinear interpolation
c) Using projection with nearest-neighbor interpolation
d) Using unfolding-based padding without interpolation

	5.1
	Face row based geometry padding of reference pictures and in-loop filters using spherical neighbors
a) 1.3.a + 2.1.a
b) 1.3.b + 2.1.a
c) 1.3.c + 2.1.a
d) 1.3.a + 2.1.d
e) 1.3.b + 2.1.d
f) 1.3.c + 2.1.d


Experiment results
The tests are conducted on 360Lib-8.0 [2] and VTM-3.0 [3] followed by the JVET common test conditions (CTC) and evaluation procedures [4] under the VTM-3.0 [5] configuration setting. Following the CTC, the frame size is set to 3840x2560 with the face size of 1280x1280. Compared to PHEC and PHEC with in-loop filters disabled across face discontinuities, Table II ~ Table VII demonstrate the average BD-rate performance in terms of end-to-end WS-PSNR of Test 5.1.a ~ Test 5.1.f.
[bookmark: _Ref517442537]
Table II BD-rate performance of Test 5.1.a
	
	CTC Anchor: PHEC
	CE Anchor: PHEC with in-loop filters disabled across face discontinuities

	
	Y
	U
	V
	Y
	U
	V

	SkateboardInLot
	-3.51%
	-3.90%
	-3.85%
	-3.64%
	-3.42%
	-4.19%

	ChairLift
	-3.47%
	-3.83%
	-3.52%
	-3.41%
	-3.71%
	-3.43%

	KiteFlite
	-0.68%
	-0.48%
	-0.46%
	-0.64%
	-0.50%
	-0.33%

	Harbor
	-0.60%
	-0.41%
	-0.46%
	-0.50%
	-0.09%
	-0.37%

	Trolley
	-1.04%
	-0.91%
	-0.92%
	-1.00%
	-0.80%
	-0.67%

	GasLamp
	-0.78%
	-0.79%
	-0.81%
	-0.72%
	-0.64%
	-0.63%

	Balboa
	-2.85%
	-4.22%
	-3.75%
	-2.89%
	-3.81%
	-3.82%

	Broadway
	-2.21%
	-3.77%
	-3.22%
	-2.27%
	-3.70%
	-3.11%

	Landing2
	-2.21%
	-4.20%
	-4.07%
	-2.17%
	-2.86%
	-3.10%

	BranCastle2
	-2.87%
	-3.57%
	-3.84%
	-2.89%
	-3.73%
	-3.94%

	Class S1
	-1.68%
	-1.72%
	-1.67%
	-1.65%
	-1.53%
	-1.60%

	Class S2
	-2.53%
	-3.94%
	-3.72%
	-2.55%
	-3.52%
	-3.49%

	Overall
	-2.02%
	-2.61%
	-2.49%
	-2.01%
	-2.33%
	-2.36%



Table III BD-rate performance of Test 5.1.b
	
	CTC Anchor: PHEC
	CE Anchor: PHEC with in-loop filters disabled across face discontinuities

	
	Y
	U
	V
	Y
	U
	V

	SkateboardInLot
	-3.40%
	-3.83%
	-4.09%
	-3.53%
	-3.36%
	-4.43%

	ChairLift
	-3.47%
	-3.84%
	-3.63%
	-3.40%
	-3.73%
	-3.53%

	KiteFlite
	-0.69%
	-0.54%
	-0.55%
	-0.66%
	-0.56%
	-0.43%

	Harbor
	-0.61%
	-0.49%
	-0.53%
	-0.51%
	-0.16%
	-0.44%

	Trolley
	-1.05%
	-0.92%
	-0.90%
	-1.01%
	-0.81%
	-0.66%

	GasLamp
	-0.81%
	-0.76%
	-0.80%
	-0.75%
	-0.61%
	-0.62%

	Balboa
	-2.85%
	-4.43%
	-3.77%
	-2.89%
	-4.02%
	-3.84%

	Broadway
	-2.19%
	-3.77%
	-3.22%
	-2.25%
	-3.70%
	-3.10%

	Landing2
	-2.22%
	-4.38%
	-3.94%
	-2.18%
	-3.05%
	-2.97%

	BranCastle2
	-2.88%
	-3.62%
	-3.83%
	-2.89%
	-3.77%
	-3.93%

	Class S1
	-1.67%
	-1.73%
	-1.75%
	-1.64%
	-1.54%
	-1.68%

	Class S2
	-2.53%
	-4.05%
	-3.69%
	-2.55%
	-3.64%
	-3.46%

	Overall
	-2.02%
	-2.66%
	-2.53%
	-2.01%
	-2.38%
	-2.40%



Table IV BD-rate performance of Test 5.1.c
	
	CTC Anchor: PHEC
	CE Anchor: PHEC with in-loop filters disabled across face discontinuities

	
	Y
	U
	V
	Y
	U
	V

	SkateboardInLot
	-3.47%
	-4.04%
	-3.91%
	-3.59%
	-3.57%
	-4.25%

	ChairLift
	-3.47%
	-3.80%
	-3.56%
	-3.40%
	-3.69%
	-3.47%

	KiteFlite
	-0.69%
	-0.51%
	-0.54%
	-0.66%
	-0.53%
	-0.42%

	Harbor
	-0.61%
	-0.39%
	-0.46%
	-0.51%
	-0.07%
	-0.37%

	Trolley
	-1.05%
	-0.96%
	-0.90%
	-1.01%
	-0.84%
	-0.65%

	GasLamp
	-0.82%
	-0.75%
	-0.82%
	-0.75%
	-0.60%
	-0.64%

	Balboa
	-2.88%
	-4.31%
	-3.78%
	-2.92%
	-3.91%
	-3.84%

	Broadway
	-2.20%
	-3.83%
	-3.27%
	-2.26%
	-3.76%
	-3.15%

	Landing2
	-2.23%
	-4.34%
	-4.09%
	-2.19%
	-3.01%
	-3.11%

	BranCastle2
	-2.88%
	-3.58%
	-3.78%
	-2.89%
	-3.74%
	-3.89%

	Class S1
	-1.68%
	-1.74%
	-1.70%
	-1.66%
	-1.55%
	-1.63%

	Class S2
	-2.55%
	-4.02%
	-3.73%
	-2.56%
	-3.60%
	-3.50%

	Overall
	-2.03%
	-2.65%
	-2.51%
	-2.02%
	-2.37%
	-2.38%



Table V BD-rate performance of Test 5.1.d
	
	CTC Anchor: PHEC
	CE Anchor: PHEC with in-loop filters disabled across face discontinuities

	
	Y
	U
	V
	Y
	U
	V

	SkateboardInLot
	-1.79%
	-3.03%
	-2.78%
	-1.92%
	-2.55%
	-3.13%

	ChairLift
	-2.19%
	-2.60%
	-2.46%
	-2.13%
	-2.49%
	-2.36%

	KiteFlite
	-0.68%
	-0.50%
	-0.56%
	-0.65%
	-0.52%
	-0.43%

	Harbor
	-0.59%
	-0.52%
	-0.52%
	-0.49%
	-0.20%
	-0.43%

	Trolley
	-1.00%
	-0.86%
	-0.86%
	-0.96%
	-0.74%
	-0.61%

	GasLamp
	-0.76%
	-0.78%
	-0.79%
	-0.70%
	-0.62%
	-0.60%

	Balboa
	-1.83%
	-3.25%
	-2.49%
	-1.88%
	-2.84%
	-2.55%

	Broadway
	-1.38%
	-2.65%
	-1.88%
	-1.44%
	-2.59%
	-1.76%

	Landing2
	-1.28%
	-2.99%
	-2.89%
	-1.24%
	-1.65%
	-1.91%

	BranCastle2
	-1.89%
	-2.31%
	-2.63%
	-1.91%
	-2.46%
	-2.74%

	Class S1
	-1.17%
	-1.38%
	-1.33%
	-1.14%
	-1.19%
	-1.26%

	Class S2
	-1.60%
	-2.80%
	-2.47%
	-1.62%
	-2.39%
	-2.24%

	Overall
	-1.34%
	-1.95%
	-1.79%
	-1.33%
	-1.67%
	-1.65%



Table VI BD-rate performance of Test 5.1.e
	
	CTC Anchor: PHEC
	CE Anchor: PHEC with in-loop filters disabled across face discontinuities

	
	Y
	U
	V
	Y
	U
	V

	SkateboardInLot
	-1.81%
	-2.97%
	-3.09%
	-1.94%
	-2.49%
	-3.43%

	ChairLift
	-2.20%
	-2.74%
	-2.57%
	-2.13%
	-2.62%
	-2.47%

	KiteFlite
	-0.69%
	-0.47%
	-0.52%
	-0.65%
	-0.49%
	-0.40%

	Harbor
	-0.60%
	-0.45%
	-0.52%
	-0.50%
	-0.12%
	-0.43%

	Trolley
	-1.01%
	-0.82%
	-0.83%
	-0.97%
	-0.71%
	-0.59%

	GasLamp
	-0.80%
	-0.77%
	-0.80%
	-0.74%
	-0.61%
	-0.62%

	Balboa
	-1.84%
	-3.17%
	-2.52%
	-1.88%
	-2.76%
	-2.58%

	Broadway
	-1.38%
	-2.67%
	-2.04%
	-1.44%
	-2.60%
	-1.92%

	Landing2
	-1.28%
	-3.21%
	-2.91%
	-1.24%
	-1.87%
	-1.93%

	BranCastle2
	-1.91%
	-2.41%
	-2.60%
	-1.93%
	-2.57%
	-2.71%

	Class S1
	-1.18%
	-1.37%
	-1.39%
	-1.16%
	-1.18%
	-1.32%

	Class S2
	-1.60%
	-2.86%
	-2.52%
	-1.62%
	-2.45%
	-2.28%

	Overall
	-1.35%
	-1.97%
	-1.84%
	-1.34%
	-1.69%
	-1.71%


[bookmark: _Ref533421542]
Table VII BD-rate performance of Test 5.1.f
	
	CTC Anchor: PHEC
	CE Anchor: PHEC with in-loop filters disabled across face discontinuities

	
	Y
	U
	V
	Y
	U
	V

	SkateboardInLot
	-1.92%
	-2.90%
	-2.47%
	-2.05%
	-2.42%
	-2.81%

	ChairLift
	-2.19%
	-2.62%
	-2.49%
	-2.12%
	-2.51%
	-2.40%

	KiteFlite
	-0.69%
	-0.45%
	-0.50%
	-0.66%
	-0.48%
	-0.37%

	Harbor
	-0.63%
	-0.41%
	-0.57%
	-0.52%
	-0.09%
	-0.48%

	Trolley
	-1.01%
	-0.92%
	-0.87%
	-0.98%
	-0.81%
	-0.62%

	GasLamp
	-0.80%
	-0.78%
	-0.80%
	-0.73%
	-0.62%
	-0.62%

	Balboa
	-1.80%
	-3.30%
	-2.72%
	-1.84%
	-2.89%
	-2.78%

	Broadway
	-1.38%
	-2.67%
	-2.02%
	-1.44%
	-2.61%
	-1.90%

	Landing2
	-1.28%
	-2.97%
	-2.84%
	-1.24%
	-1.63%
	-1.86%

	BranCastle2
	-1.90%
	-2.39%
	-2.62%
	-1.92%
	-2.55%
	-2.73%

	Class S1
	-1.21%
	-1.35%
	-1.28%
	-1.18%
	-1.15%
	-1.22%

	Class S2
	-1.59%
	-2.84%
	-2.55%
	-1.61%
	-2.42%
	-2.32%

	Overall
	-1.36%
	-1.94%
	-1.79%
	-1.35%
	-1.66%
	-1.66%


Subjective quality testing
In Fig. 1 to Fig. 14, the resulted viewport images under VTM-3.0 encoder configuration with QP = 37 of Test 1.1.b (PHEC with in-loop filters disabled across face discontinuities), and Test 5.1.a ~ Test 5.1.f are demonstrated to evaluate the seam artifacts appeared at face discontinuities.
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Fig. 1 The cropped image of SkateboardInLot frame 172 (Test 1.1.b)
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Fig. 2 The cropped image of SkateboardInLot frame 172 (Test 5.1.a)
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Fig. 3 The cropped image of SkateboardInLot frame 172 (Test 5.1.b)
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Fig. 4 The cropped image of SkateboardInLot frame 172 (Test 5.1.c)
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Fig. 5 The cropped image of SkateboardInLot frame 172 (Test 5.1.d)
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Fig. 6 The cropped image of SkateboardInLot frame 172 (Test 5.1.e)
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Fig. 7 The cropped image of SkateboardInLot frame 172 (Test 5.1.f)
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Fig. 8 The cropped image of Landing2 frame 116 (Test 1.1.b)
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Fig. 9 The cropped image of Landing2 frame 116 (Test 5.1.a)
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Fig. 10 The cropped image of Landing2 frame 116 (Test 5.1.b)
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Fig. 11 The cropped image of Landing2 frame 116 (Test 5.1.c)
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Fig. 12 The cropped image of Landing2 frame 116 (Test 5.1.d)
[image: ]
Fig. 13 The cropped image of Landing2 frame 116 (Test 5.1.e)
[image: ]
Fig. 14 The cropped image of Landing2 frame 116 (Test 5.1.f)
Conclusion
In this contribution, the subjective and objective performance of Test 5.1 is investigated. The experimental data reports that, in terms of end-to-end WS-PSNR-Y/U/V, Test 5.1.a ~ Test 5.1.f, respectively, achieve (-2.01%/-2.33%/-2.36%), (-2.01%/-2.38%/-2.40%), (-2.02%/-2.37%/-2.38%), (-1.33%/-1.67%/-1.65%), (-1.34%/-1.69%/-1.71%) and (-1.35%/-1.66%/-1.66%) BD-rate reduction, while the visual seam artifacts are also noticeably reduced.
Reference
[1] [bookmark: _Ref524968269][bookmark: _Ref524884907][bookmark: _Ref471282634]P. Hanhart, J.-L. Lin, and C. Pujara, “Description of Core Experiment 13 (CE13): Coding tools for 360° omnidirectional video”, Joint Video Experts Team (JVET) of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11, JVET-L1033, Oct. 2018, Macau, CN.
[2] [bookmark: _Ref524884864]360Lib, https://jvet.hhi.fraunhofer.de/svn/svn_360Lib/ 
[3] [bookmark: _Ref517440706][bookmark: _Ref524884873][bookmark: _Ref517440857]VVC software Benchmark Set, https://vcgit.hhi.fraunhofer.de/JVET-L-CE13/VVCSoftware_VTM/
[4] [bookmark: _Ref524884885]P. Hanhart, J. Boyce, K. Choi, and J.-L. Lin, “JVET common test conditions and evaluation procedures for 360° video”, Joint Video Exploration Team (JVET) of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11, JVET-L1012, Oct. 2018, Macau, CN. 
[5] [bookmark: _Ref517440628]Versatile Video Coding Test Model, https://vcgit.hhi.fraunhofer.de/jvet/VVCSoftware_VTM/
Patent rights declaration(s)
MediaTek Inc. may have current or pending patent rights relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form).

	Page: 10	Date Saved: 2019-01-02
image4.png




image5.png




image6.png




image7.png




image8.png




image9.png




image10.png




image11.png




image12.png




image13.png




image14.png




image15.png




image16.png




image1.png




image2.png




image3.png




