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===== Change 1  =====
The document [61] reports verification test results comparing VVC to its predecessor HEVC on ultra high definition (UHD, a.k.a. 4K, 3840×2160) standard dynamic range (SDR) video content using formal subjective visual quality assessment testing. The purpose of the verification test was to confirm that the coding efficiency objective for the VVC standard has been met achieving a substantial bit-rate reduction for the same level of subjective visual quality relative to the HEVC Main Profile. As anticipated in the test plan, in addition to using the HM reference software encoder for HEVC and the VTM reference software encoder for VVC, which used essentially the same rate-distortion optimization encoding techniques, another VVC encoder that uses alternative techniques for subjective quality optimization and faster encoding had also become available for study and was included in the test – namely the VVenC open-source VVC encode [62]. The VVenC encoder, although still a preliminary implementation produced only two months following the completion of the standard, was used to represent an example of practical encoding as may be found in product implementations and is reported to be more than 100 times faster than the VTM encoder [63]. The compression performance of the HEVC reference software HM-16.22, the VVC reference software VTM-10.0, and the open-source VVC implementation VVenC-0.1.0, were compared for UHD SDR content using a random-access (RA) configuration suitable for streaming or broadcast applications.
The testing used the degradation category rating (DCR) test method (as in ITU-T P.910) [64] with an 11-point impairment scale (as in Rec. ITU-R BT.500). The results of a visual assessment of VVC compared to HEVC by naïve test subjects are reported. The assessment included five test sequences encoded in a random-access configuration with a random-access interval of 1.07 seconds. The measured mean opinion score (MOS) figures indicate a significant improvement of VVC relative to HEVC for both VVC implementations, VTM-10.0 and VVenC-0.1.0, resulting in overall average bit-rate savings estimates of 43% and 49%, respectively.
The SDR UHD subjective test was carried out at the following test sites:
· GBTech, Rome, IT
· RWTH Aachen University, Aachen, DE
The arrangements for the two test sites are shown in Table 8.2.2-1.
Table 8.2.2-1 Arrangements for VVC subjective test sites
	Test Site
	GBTech
	RWTH Aachen University

	Display, size 
(resolution setting)
	LG 65” CX6LA
(3840x2160)
	Sony PVM X550, 55” 
(3840x2160)

	Viewing distance
	2 viewers at 1,5H
	1 viewer at 1.5H

	Viewing angle
	60° (30° from screen center)
	90° (at screen center)

	Total number of viewers
	16 (7 females, 9 males; age 18-24), all screened for visual acuity and normal colour vision. 
	24 (5 females, 19 males, age 16-34), all screened for visual acuity and normal colour vision.



Verification tests for SDR HD in random access and low delay, HDR UHD random access and video 360 are still in progress in JVET.
Additional verification tests for HDR UHD, SDR HD and 360° omnidirectional video were perfomed in JVET. 
UHD HDR video verification test results are reported in the JVET-W2020 document [71]:
· Test was performed using 10 UHD, with 3840x2160 resolution, HDR sequences. 5 sequences were in Hybrid-Log Gamma (HLG) HDR format and 5 were in Perceptual Quantizer (PQ) HDR format. 
· Encoders were configured using random access settings. 
· VVC (using VTM-12.0 encoder) resulted in overall average bit-rate saving of 49% for HLG content and of 51% for PQ content over HEVC (using HM-16.23 encoder).
VVC verification test results for random access HD SDR video are reported in the JVET-V2020 document [72].
· Test was performed using 4 HD (1920x1080) resolution, SDR sequences.
· Encoders were configured with random acccess settings. 
· VVC (using VTM-11.0 encoder) resulted in overall average bit-rate saving of 49% over HEVC (using HM-16.22 encoder) and 51% bitrate saving using Fraunhofer HHI VVenC-0.3 encoder (execution run-times were reported to be 100x faster compared with the VTM encoder).
VVC verification test results for low delay HD SDR video are reported in the JVET-V2020 document [72]:
· Test was performed using 6 HD, with 1920x1080 resolution, SDR sequences. 3 sequences were representative of conversational applications and 3 were representative of online-gaming applications. 
· Encoders were configured with low-delay settings. 
· VVC (using VTM-11.0 encoder) resulted in overall average bit-rate saving of 37% over HEVC (using HM-16.22 encoder).
VVC verification test results for 360° omnidirectional video are reported in the JVET-V2020 document [72]:
· Test was performed using 4 360° omnidirectional SDR video sequences with 4K (4320x2160), 6K (6144×3072) and 8K (8192×4096) input resolutions.
· Encoders were configured with random access settings. 
· VVC bitstreams were coded with padded equirectangular projection (PERP) and generalized cubemap projection (GCMP). HEVC bitstreams were coded with PERP and padded cubemap projection (PCMP) respectively.
· VVC (using VTM-11.0 encoder) resulted in overall average bit-rate saving of 51% for PERP, and of 56% for GCMP/PCMP, over HEVC (using HM-16.22 encoder).

===== End of change  1 =====
===== Change 2  =====
[71]	JVET-W2020: “VVC verification test report for high dynamic range video content”, Mathias Wien, Vittorio Baroncini, Output document, Joint Video Experts Team (JVET) of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29, 23rd Meeting, by teleconference, 7–16 July 2021.
[72]	JVET-V2020: “VVC verification test report for HD SDR and 360° video content”, Mathias Wien, Vittorio Baroncini, Output document, Joint Video Experts Team (JVET) of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29, 22nd Meeting, by teleconference, 20 – 28 Apr. 2021.
===== End of change  2 =====


