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Summary of LCEVC tests conducted to date
Abstract
This document reports the test results performed on LCEVC to date.
Requirements for Low Complexity Enhancement Video Coding (LCEVC) were set forth by N18098.  As a result of Call for Proposal N18350, requirements were achieved by the winning submission, selected as basis for the new LCEVC standard.  The standard specification for LCEVC, as well as the LTM test model, were developed.  
As detailed below, multiple contributions demonstrated satisfaction of requirements set forth by N18098, including the most recent LTM 4 tests, successfully cross-checked.
Some submissions have also performed additional analyses beyond what indicated in the LCEVC CTC, for instance by extending the quality/bitrate ranges (e.g., down to anchor QP 22 for M53523, and even to near lossless for M52806) or by comparing full-resolution LCEVC encodes with upsampled half-resolution anchors (M49253, M52997, M53523, M53796, M52806).  Some contributions have also tested different configuration settings for LCEVC than the ones provided with the CTC (M52997, M53523, M53796, M52806, M53813). Results are consistent, confirming satisfaction of requirements set forth by N18098.
LCEVC Requirements
LCEVC performance requirements are detailed in N18098 [2]:  
“When enhancing an n-th generation MPEG codec (e.g. AVC), compression efficiency for the aggregate stream is appreciably higher than that of the n-th generation MPEG codec used at full resolution and as close as possible to that of the (n+1)-th generation MPEG codec (e.g. HEVC) used at full resolution, at bandwidths and operating conditions relevant to mass market distribution; 
and
Encoding and decoding complexity for the aggregate full resolution video (i.e. base plus enhancement) shall be comparable with that of the base encoder or decoder, respectively, when used alone at full resolution.”
The LCEVC Call for Proposals N17944 [1] also specified the following criteria for evaluation:
“In all evaluations, it is anticipated that subjective evaluation will have primary importance.  
PSNR results are provided for the main purpose of ensuring that the enhancement data is designed to produce a reconstructed signal that approximates the original source as closely as possible.”  
Summary of testing performed to date
During the collaborative phase of the development of LCEVC a number of tests have been made using initially the software that formed the basis for the Test Model, and subsequently the Test Model in its various versions. The current version is Test Model 4.0 [3].
The table below shows a summary of the testing performed to date, also indicating the ones (6 contributions so far) that included either CTC crosschecks or other LTM independent tests.
	Meeting
	Stage
	Contribution
	Tested Software
	Test Performed
	Test Performer
	Document No.

	126
2019/03
	Call for Proposals 
	Results
	P11/P12
	Subjective (MOS)
	MPEG Test Chair
	N18350

	127
2019/07
	Working Draft
	Core Experiment 1 – 
Efficacy of residual encoding 
	P11
	PSNR
	V-Nova, Twitch
	M49253

	127
2019/07
	Working Draft
	Core Experiment 2 – 
LCEVC Complexity 
	P11
	Cycle counts, ms, MB
	V-Nova, Technicolor
	M49254

	128
2019/10
	Working Draft
	Test Results using various base codecs
	Optimized implementation
	PSNR
	UNIVPM
	M51038

	128
2019/10
	Working Draft
	Test of LTM 2.0 & optimized implementation
	LTM 2.0 & optimized implementation
	PSNR, VMAF, MOS
	V-Nova
	M51438

	128
2019/10
	Working Draft
	Test of LTM 2.0
(indep. test) 
	LTM 2.0
	PSNR
	ATEME
	M51138

	129
2020/01
	Committee Draft
	Test of LTM 3.0
	LTM 3.0
	PSNR, VMAF, MOS
	V-Nova
	M52268

	129
2020/01
	Committee Draft
	Test of LTM 3.0
(crosscheck)
	LTM 3.0
	PSNR, VMAF, MOS
	V-Nova, ATEME
	N19160

	130
2020/04
	Draft DIS
	LTM 4.0 Test and update on performance results
	LTM 3.0, LTM 4.0, optimized implementation
	PSNR, VMAF, MOS
	V-Nova
	M52997

	130
2020/04
	Draft DIS
	Test and analysis of LTM 4.0
(including crosscheck)
	LTM 4.0
	PSNR, VMAF
	Zhejiang University
	M53523

	130
2020/04
	Draft DIS
	LTM 3 performance analysis
(indep. test)
	LTM 3.0
	PSNR, VMAF
	ATEME
	M53796

	130
2020/04
	Draft DIS
	Analysis of LCEVC
(indep. test)
	LTM 4.0
	PSNR, VMAF
	V-Nova, UNIVPM, University of Manitoba
	M52806

	130
2020/04
	Draft DIS
	Rate Distortion performance assessment of LTM 4.0
(crosscheck)
	LTM 4.0
	PSNR
	UNIVPM 
	M53813



The various tests performed focused either on validating satisfaction of requirements or on characterizing specific aspects of LCEVC also beyond strict satisfaction of requirements (e.g., performance at bitrates beyond mass video distribution bitrates, convex hull analyses, comparison with next generation codecs, etc.).
Tests pertaining to satisfaction of requirements
Call for Proposals (N18350)
For the winning submission, which formed the basis for the specification of LCEVC, the Test Chair report (M47961, N18350) included MOS scores providing the following MOS BD-rates:
[image: ]
[bookmark: _GoBack]The report concluded “The analysis of the results showed a clear superiority of the Proponents submissions in relation to the performances of the Anchors.”
Complexity requirements were also satisfied by the winning submission:
•	P11 encoding times (total base + enhancement) – 8-bit: 30% of the AVC anchor 
•	P11 decoding times (total base + enhancement) – 8-bit: 8% of the AVC anchor
•	P12 encoding times (total base + enhancement) – 10-bit: 30% of the HEVC anchor
•	P12 decoding times (total base + enhancement) – 10-bit: 66% of the HEVC anchorg
Core Experiment 2 – LCEVC Complexity (M49254)
CE 2.0 simulated the complexity associated with decoding the enhancement codec only, in particular when implemented on commercial devices, using the Broadcom BCM7271 set top box SOC as example. This was aimed to illustrate the impact of integrating the LCEVC on existing devices. 
CE 2.1 instead simulated the complexity of software implementation. In particular, measuring in detail the complexity associated with decoding the leveraged codec plus the enhancement codec versus the leveraged codec used in isolation at full resolution.
Results confirmed satisfaction of Requirements set forth in N18098.
Preliminary test of LTM 2.0 (M51138) 
This was an informative contribution about preliminary tests conducted on LCEVC using the LTM 2 software, “not meant to be thorough nor to serve as a reference”.
LTM 2.0 was fully functional, but in terms of Visual Quality (VQ) performance was still missing the possibility to best leverage some coding tools (e.g., temporal processing), relevant for some sequences.   At the same time, the LTM decoder was already capable of decoding specification-compliant streams.
While acknowledging that LTM 2.0 was meant for producing compliant streams and not optimal for VQ testing, a VQ assessment was still conducted on PSNR along with casual viewing.  It must be noted that, due to the proponent not having yet provided guidelines for configuration parameter settings, the configuration settings used for LCEVC were suboptimal. LTM 2.0 was found functional and significantly faster than other verification models, and the VQ performance was found not convincing.
Test of LTM 2.0 & optimized implementation (M51438) 
Submission M51038 reported a re-run of CfP sequences with LTM version 2.0 as well as a much wider amount of tests using an optimized implementation of LCEVC.
Despite LTM 2.0 not being ideal for VQ testing, a quick validation test was executed on Parkrunning3 and Campfire, where LTM 2.0 achieved better PSNR BD-rates than CfP submissions.  
A much more thorough analysis (including DSIS MOS, PSNR and VMAF) was conducted on 16 test sequences, including CfP sequences as well as sequences proposed by Twitch for Core Experiment 1. 
Results confirmed outperformance of the anchors and satisfaction of requirements. Notably, results over a wide range of sequences and methodologies (including “convex hull” methodology) highlighted some degree of divergence between VMAF and PSNR, and in general formal DSIS MOS BD-rates consistently stronger than objective metrics, highlighting the (expected) importance of subjective assessments for proper LCEVC evaluation.
Test of LTM 3.0 (M52268)  
This was the first complete VQ assessment executed on an LTM test model, according to the newly revised LCEVC CTC. 
Results confirmed satisfaction of requirements.
Results for JM were the following:
[image: ]
Results for HM were the following:
[image: ]
The submission also includes a comparison with results of the CfP, quantifying the material improvements achieved by LCEVC during the collaborative phase, although results are not entirely like-for-like comparable due to the change of coding conditions between CfP and CTC.
Production of formal DSIS MOS scores according to the ITU-R Recommendation BT.2095 was performed by an independent laboratory and overseen by the Test Chair.
Test of LTM 3.0 (N19160) 
This output document contains a cross-check of the objective PSNR and VMAF results of running the amended CTC [2] on LTM 3.0.  Within rounding errors, results confirmed the ones in M52268.
[bookmark: _Ref38539106]LTM 4.0 test and update on performance results (M52997)
This document presents test results for the LCEVC Test Model (LTM), including LTM 4.0.  The results are presented in chronological order.  The results show that LCEVC, from the CfP results onwards, consistently demonstrated over a wide variety of testing methodologies, to satisfy the requirements set forth in N18098. 
The contribution highlights that LTM 4.0 introduces a new quantization processing when compared with LTM 3.0. The CTC were defined for LTM 3.0, and this test shows that the values of stepwidths should be modified. Accordingly, quantization configurations in the CTC must be reviewed to reflect the best operating range for LTM 4.0.
Using the same CTC configurations as were set for LTM 3.0 (i.e., suboptimal for LTM 4.0), results achieved with LTM 4.0 were the following:

[image: ]
[image: ]
[image: ]

The document also provides results obtained by halving the quantization parameters with respect to what indicated in the CTC configurations for LTM 3.0.  For these tests, for which configurations are more sensible for LTM 4.0, also BD-rate MOS was reported.
[image: ]
[image: ]
[image: ]
Importantly, the QP of anchors and LCEVC encodes were designed in order to achieve bitrates compatible with mass market distribution and quality levels amenable to subjective testing.  Achieved bitrates ranged from 1 to 12 Mbps for HD, and from 2 to 51 Mbps for UHD.  Achieved LCEVC MOS scores ranged from 2.5 to 7.6 for HD and from 2.2 to 8.6 for UHD.
Production of DSIS MOS scores according to the ITU-R Recommendation BT.2095 was performed by an independent laboratory and overseen by the Test Chair.
The contribution also reports the % of total bitrate used by LCEVC for both cases.  It is interesting to note that LTM 4.0 uses more enhancement for sequences that have more details. For example, in the case of EuroTruck (a synthetic sequence containing a large amount of details as shown in Core Experiment 1) the amount of LCEVC enhancement is almost 30% of the overall bitrate. This seems to be consistent with the behaviour observed for LCEVC, which modulates the amount of bits required for the enhancement based on the amount of details present in the video.
[image: ]
Finally, the contribution also provides more extensive analyses obtained by using the optimized implementation of LCEVC in combination with x264 and x265, as illustrated in paragraph 5.3.
Encoding and decoding times also confirm satisfaction of complexity requirements set forth in N18098:
[image: ]
Test and analysis of LTM 4.0 (M53523)
In this contribution, three tests were conducted.
Test 1 follows the LCEVC CTC to cross-check test results of LTM4.0.  
The result shows that:
· LTM4.0 shows significant VMAF BD-rate gain in all test cases.
· LTM4.0 shows quite big PSNR BD-rate differences on different sequences, from -45.19% to 48.96% .
The results match those provided in m52997.
[image: ]
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Feedback to CTC is provided.  The contribution also contains additional tests with wider bitrate ranges, different LTM configurations and comparing LCEVC encodes with upsampled half-resolution anchors, as summarized in paragraph 5.4.
Rate distortion performance assessment of LTM 4.0 (M53813)
The results reported in this contribution are produced using LTM 4, exploring different quantization settings.  Results are in line with other CTC tests and confirm that LCEVC-enhanced encodes outperform JM and HM native encodes, with larger gains in PSNR especially in the lower range of bitrates.
Further tests
Core Experiment 1 – Efficacy of residual encoding (M49253)
The goal of CE 1 was to demonstrate that enhancing a base encode with LCEVC is preferable to focusing all of the bitrate on a downsampled encode and then upsample it with a state-of-the-art upsampling method.  In order to do this, CE1 analyzed the effect of using LCEVC residuals in the reconstruction of a video sequence at full resolution starting from a down/up-sampled video sequence.
A number of detail-rich sequences were provided for the Core Experiment by Twitch, who also led the Core Experiment.  Two of these sequences (Fortnite Part 1 and EuroTruck) were later adopted also in the LCEVC CTC.
The results of CE 1 demonstrated the efficacy of the residuals both in asymptotic scenarios (i.e., with perfect base reconstruction, uncompressed half resolution) and in real-life scenarios (i.e., with the base encoded employing a standard codec, in particular JM).
In the asymptotic scenarios even very modest amounts of LCEVC bitrate generated material PSNR uplift with respect to all of the tested upsamplers. In the real-life scenarios the PSNR BD-rate gain was on average -33.5% and a gain was demonstrated for every sequence tested.
Importantly, these gains have also been shown during expert viewing sessions open to the MPEG community to translate in significant visual impact (as shown by a series of exemplary screenshots in M49253), in particular providing improvements in terms of sharpness, detail reconstruction and reduction of artefacts.
Test Results using various base codecs (M51038)
The document reports preliminary results of testing a proprietary implementation of LCEVC in conjunction with four different state of the art video codecs:
HEVC, EVC, VVC, from MPEG, and AV1, from AOM.
The results are preliminary, and limited to a single test sequence,  but they show the feasibility of applying LCEVC with any base codec, and the different improvements of the video quality with respect to the base codec used at full resolution:
As expected, the gain of LCEVC is larger with older codecs like HEVC, and smaller with newer codecs like VVC.
LTM 3.0 performance analysis (M53796)
The document aims at a deeper understanding of what LCEVC can do, and therefore performs some additional tests meant to complement the CTC results. LCEVC is usually compared to a full resolution anchor. However, it is observed that the LCEVC bitstreams can be composed essentially of base layers bits. Therefore, it is proposed in this contribution to also compare LCEVC to base resolution anchors. An example of such a comparison is provided hereafter, where HM 3840 is the full resolution (UHD) anchor while HM 1920 is the base resolution anchor.
[image: ][image: ]
As a conclusion, it is observed that LCEVC significantly outperforms full resolution anchors. It is also shown that:
· There is a sweet spot in terms of bitrate/QP range where LCEVC performs better.
· At lower bitrates, LCEVC bitstreams are mostly composed of base layer bits.
· The anchors currently used in the CTC do not reflect the optimal HM potential performance
· Using objective metrics, LCEVC at full resolution is on par with performing a “convex hull” on different resolutions anchors.
[bookmark: _Ref38539058]LTM 4.0 test and update on performance results (M52997)
In addition to the results summarized in paragraph 4.7, this contribution also provides more extensive analyses obtained by using the optimized implementation of LCEVC in combination with x264 and x265.  An analysis of the results of enhancing x264 “slow” preset with LCEVC is presented, where on 136 1080p sequences LCEVC outperforms the native anchor in 100% of the cases when comparing with VMAF (median BD-rate: -48.06%) and in 92% of the cases when comparing with PSNR (median BD-rate -30.72%).
Some examples of convex hull RD-curves are reported (using encodes at 1080p, 720p, 540p, 432p and 360p), showing how the convex hull of LCEVC-enhanced encodes outperforms the convex hull of native encodes. An example of such comparisons is provided below:
[image: ]
[bookmark: _Ref38539990] 	Test and analysis of LTM 4.0 (M53523) 
In addition to cross-checking CTC results (Test 1), the contribution contains additional tests.
Test 2 uses the HEVC CTC QPs (extended bitrate range) and defines two anchors with half-resolution and full-resolution coding for UHD sequences in HM test case. 
In the extended bitrate range, LTM4.0 still shows similar significant VMAF BD-rate gain verses to both anchors.
In the extended bitrate range, LTM4.0 results in performance loss in PSNR BD-rate. But it still shows significant differences in PSNR BD-rate for different sequences, from -13.90% to 59.61%. And quite different performance of LTM4.0 may happen for the same sequence when it is compared to different anchors, from -21.66% to 59.61%.
[image: ]
Test 3 switches off the default quantization matrix of LTM4.0, achieving similar result as Test 2. The default quantization matrix does not affect much on objective results. Subjective test may be conducted to evaluate the effect of using quantization matrix.
[image: ]
Analysis of LCEVC (M52806)
This contribution focuses not on validating satisfaction of requirements set forth by N18098, but on providing a richer understanding of how LCEVC works.  In particular, it focuses on typical doubts that surround LCEVC, such as:
· How does LCEVC perform at much higher bitrate ranges?  (e.g., even beyond visually lossless)
· How much percentage bitrate goes into LCEVC enhancement?
· Does LCEVC produce material fidelity improvement when evaluated with “convex hull” methodology, including comparisons of encodes at different resolutions?  
[image: ][image: ]The analyses in the contribution demonstrate that LCEVC is reasonably efficient at compressing spatial detail.  Compression performances converge at high bitrates (as it would be expected with most codecs), but show good RD-curve slopes also in the visually-lossless / near-lossless range.
The contribution also sheds light on the fact that the proportion of bitrate dedicated to LCEVC vs. base significantly depend on the type of sequence (i.e., proportion of energy concentrated in high frequencies) as well as the operating point:
Percentage of LCEVC bitrate over total bitrate (LTM4 enhancing JM)
	Base QP
Step Width 2
	32
2500
	29
1900
	25
1380
	20
1000
	17
300

	Cactus 
	7.3%
	12.3%
	18.9%
	22.1%
	72.1%

	EuroTruck Simulator
	9.0%
	14.9%
	20.1%
	22.1%
	75.1%



The contribution also results of a “convex hull” analysis of the El Fuente test set (140 representative sequences) at 1080p, 720p, 540p, 432p and 360p.  Convex hull benefits of LCEVC are consistent with those identified by CTC tests with same-resolution comparisons.
In particular, LCEVC’s more graceful degradation allows to maintain high resolutions for a relatively larger range of the convex-hull RD-curve.
User Data experiment with LTM 4.0 (M53814)
Independently of the other tests on Visual Quality performance, this document reports the results obtained inserting embedded User Data either at 2 bits per block or 6 bits per block, as specified by the text for DIS and implemented in LTM 4.0.
The main result is the verification that the additional bitrate associated to a User Data with uniform distribution (produced by a random number generator) are comparable to the bitrate of the source, with a deviation between +8% increase and -11% decrease with respect to the theoretical bitrate of the source.
Another important aspect highlighted in the document is the need to set different minimum Step Width values for LCEVC layer 1 depending on the bit depth of the YUV original and the 2 or 6 bits per block of the User Data. Such results are summarized in the following table, and have been proposed to add a note in the specification.
	YUV ORIGINAL
BIT DEPTH
	USER DATA
BIT DEPTH
	COEFF + UD
BIT DEPTH
	MINIMUM SW1

	8
	2
	11
	Any

	10
	2
	13
	Any

	12
	2
	15
	2 (below the minimum 4)

	14
	2
	17
	8

	8
	6
	15
	2 (below the minimum 4)

	10
	6
	17
	8

	12
	6
	19
	32

	14
	6
	21
	128



Conclusions
According to the above, multiple contributions demonstrated satisfaction of requirements set forth by N18098, including the most recent LTM 4 tests, successfully cross-checked.
Some submissions have also performed additional analyses beyond what indicated in the LCEVC CTC, for instance by extending the quality/bitrate ranges (e.g., down to anchor QP 22 for M53523, and even to near lossless for M52806) or by comparing full-resolution LCEVC encodes with upsampled half-resolution anchors (M49253, M52997, M53523, M53796, M52806).  Some contributions have also tested different configuration settings for LCEVC than the ones provided with the CTC (M52997, M53523, M53796, M52806, M53813). Results are consistent, indicating that while full resolution LCEVC encodes significantly outperform full resolution anchors at mass market video distribution bitrates (e.g., anchor QP ranging from 30 to 40), outside of operating points directly relevant to requirements N18098, at the lowest bitrates full-resolution LCEVC encodes converge to the quality of a half-resolution anchor, while at the highest bitrates they converge to that of a full-resolution anchor. Convex hull RD-curves of LCEVC generally outperform convex hull RD-curves of native encodes. As illustrated by M52997 and M52806, convex hull RD-curves of LCEVC generally outperform convex hull RD-curves of native encodes.

References
[1] [bookmark: _Ref38362789]N17944, "Call for Proposals for Low Complexity Video Coding Enhancements"
MPEG 124, Macao, MO, October 2018,
http://wg11.sc29.org/doc_end_user/documents/124_Macao/wg11/w17944.zip
[2] N18098, "Requirements for Low Complexity Video Coding Enhancements"
MPEG 124, Macao, MO, October 2018
http://wg11.sc29.org/doc_end_user/documents/124_Macao/wg11/w18098.zip
[3] [bookmark: _Hlk21676152][bookmark: _Ref38363387]N18987, “Test Model 4 of Low Complexity Enhancement Video Coding”
MPEG 129, Brussels, BE, January 2020
http://wg11.sc29.org/doc_end_user/documents/129_Brussels/wg11/w18987.zip
[4] N18988, “Common Test Conditions of Low Complexity Enhancement Video Coding”
MPEG 129, Brussels, BE, January 2020
http://wg11.sc29.org/doc_end_user/documents/129_Brussels/wg11/w18988.zip
[5] M49253, “[LCEVC] - CE1 Summary Report”
MPEG 127, Gothenburg, SE, July 2019
http://wg11.sc29.org/doc_end_user/documents/127_Gothenburg/wg11/m49253-v2-m42953-CE1-SummaryReport-v.2.zip




image1.jpeg




image2.emf
UHD  (JM) UHD  (HM) HD  (JM)

P11 JM vs. JM P12 HM vs. HM P11 JM vs. JM

BD-rate-MOS BD-rate-MOS BD-rate-MOS

FoodMarket4 -51.74% -33.93% RitualDance -35.10%

ParkRunning3 -55.51% -32.47% Cactus -37.33%

Campfire -40.69% -19.17% BasketballDrive -31.85%

Average Class A -49.32% -28.53% Average Class A -34.76%
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LTM3 Config. A LTM3 Config. A LTM3 Config. A

LCEVC JM vs. JM LCEVC JM vs. JM LCEVC JM vs. JM

BD-rate-PSNR BD-rate-VMAF BD-rate-MOS

FoodMarket4 -33.21% -41.18% -44.55%

ParkRunning3 -44.15% -50.96% -52.17%

Campfire -29.71% -37.88% -46.39%

Average Class A CfP -35.69% -43.34% -47.70%

Fortnite (Part 1) -30.87% -36.84% -48.01%

Average Class A CTC -34.48% -41.72% -47.78%

LTM3 Config. A LTM3 Config. A LTM3 Config. A

LCEVC JM vs. JM LCEVC JM vs. JM LCEVC JM vs. JM

BD-rate-PSNR BD-rate-VMAF BD-rate-MOS

RitualDance -6.76% -20.92% -45.69%

Cactus 12.19% -18.27% -43.92%

BasketballDrive 43.01% -18.80% -34.44%

Average Class B CfP 16.15% -19.33% -41.35%

EuroTruck 18.51% -10.66% -36.00%

Average Class B CTC 16.74% -17.16% -40.01%
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LTM3 Config. A LTM3 Config. A LTM3 Config. A

LCEVC HM vs. HM LCEVC HM vs. HM LCEVC HM vs. HM

BD-rate-PSNR BD-rate-VMAF BD-rate-MOS

FoodMarket4 0.18% -15.38% -47.45%

ParkRunning3 -12.54% -23.73% -46.29%

Campfire -10.98% -31.92% -45.76%

Average Class A CfP -7.78% -23.68% -46.50%

Fortnite (Part 1) 8.74% -9.28% -43.36%

Average Class A CTC -3.65% -20.08% -45.71%


image5.png
LT™™M4 LT™M4
LCEVC UM vs. JM LCEVC UM vs. JM
BD-rate-PSNR BD-rate-VMAF

FoodMarketd -35.26% -42.99%
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Average Class B CTC 12.40% -20.68% -47.03%
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Overview UHD JM

LTM4 Config. A

LTM4 Config. A

LCEVC JM vs. JM

LCEVC JM vs. JM]|

BD-rate-PSNR BD-rate- VMAF
FoodMarket4 35.26% -42.99%
ParkRunning3 -45.19% -51.03%
Campfire -30.86% -38.94%
Fortnite (Part 1) -34.01% -40.70%
Average Class A CTC -36.33% -43.42%
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Overview HD JM

LTM4 Config. A

LTM4 Config. A

LCEVC JM vs. JM

LCEVC JM vs. JM

BD-rate-PSNR BD-rate-VMAF
RitualDance -15.80% 28.72%
Cactus 7.62% -21.13%
BasketballDrive 48.96% -18.75%
EuroTruck -3.66% -26.40%
Average Class B CTC 9.28% -23.75%
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LCEVC HM vs. HM | LCEVC HM vs. HM
BD-rate-PSNR BD-rate-VMAF

FoodMarketd -4.89% -19.45%
ParkRunning3 -25.60% 36.16%
Campfire -15.13% 3567%
Fortnite (Part 1) 9.29% -1036%
Average Class A CTC 9.08% 2541%
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TEST?2 - Fllow HM CTC

LTM4(full reso-anchor) [LTM4(full reso-anchor)| Ln:;‘:‘:n“n'“‘* [LTMd(half reso-anchor)
LCEVCHMyvs. HM | LCEVC HMyvs. HM | LCEVC HM vs. HM | LCEVC HMyvs. HM
BD-rate PSNR BD-rate VMAF BD-rate PSNR BD-rate VMAF
FoodMarketd 1817% B3% 312% 2157%
ParkRunning3 -13.90% 4201% 441% 2105%
Campfire 5.63% 3922% 577% 25.88%
Fortnite (Part 1) 59.61% 781% 2166% 32.90%
“Average Class A CTC 14.56% 28.09% 522% 2535%
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‘TESTS - Self-defined Quantization matrix

[LTA (Fall reco-anclior)

LTS (fall reso-anchior)

LT (half reso-anchor)

LCEVCHMve HM | LCEVCHMveHM | LCEVCHMveHM LCEVC M we. BV
BD-ms PSR, BD-rata-VMAF BD-rata PSNR. BD-ate VMAF
FoodMarkett 1825% 2B3% 313% 2157
PariRuming’ 1359% 0% 438% 2105%
Campfie 598% 939% 147% 2608%
Formite (Part ) s283% 8985 2370% 533%
1250% 284% 1% 2550%
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