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Test Results of LTM 3.0


Abstract

During the 129th MPEG meeting the LCEVC BOG released the LCEVC Test Model v. 3.0.0 reference software. Subsequently, a debugged version 3.0.1 was released. 

This document describes the results that have been obtained by testing LTM 3.0.1 (“LTM 3.0.1”) under the LCEVC Common Test Conditions as described in [1] according to the guidelines and configuration files described in Annex 1 “Instructions for how to reproduce the CTC testing results” of [2].

[bookmark: _Hlk21627217]Preliminary MOS results[footnoteRef:2] were obtained using the DSIS methodology, as recommended by the ITU-R Recommendation BT.2095, under supervision of the Test Chair.  Larger-scale formal MOS testing with confidence intervals will be executed on the upcoming LTM 4.0. [2:  Executed on a small set of viewers according to formal DSIS methodology, with expert viewing double-check of results.  ] 


This document provides current CTC results prepared by V-Nova (Section 2) and cross-checks of these results by ATEME (Section 3). 

1. Characteristics of LCEVC coding scheme and implications for measuring efficiency benefits

Since the low complexity characteristics of LCEVC are relatively evident (and were further explored during Core Experiment 2 [3]), much time has been invested on determining the most appropriate way to assess the coding efficiency benefits that LCEVC brings to an enhanced codec.  

In particular, LCEVC requires to compare a traditional coding structure with a “layered” coding structure leveraging non-overlapping transform sizes as well as scaling operations, which is known to decrease the reliability of objective metrics [4 et al.].  Comparing different video codecs with simple objective metrics implicitly assumes that the tested codecs treat pixels in a similar way: this is not the case for LCEVC, and not all pixels are created equal.

In fact, LCEVC does not necessarily perform badly with metrics.  Simply, objective metric BD-rates often diverge materially across different metrics (e.g., PSNR vs. VMAF), and subjective assessments often diverge from conclusions that can be drawn by just looking at metrics.  For all tests conducted so far by the proponents and/or the BOG, formal subjective assessments double-checked with expert viewing have showed materially higher BD-rate benefits than it was suggested by objective metrics.

For example, results of the LCEVC CfP as well as test results provided by proponents in the past (e.g., [2] [5] [6] et al.) suggest that VMAF scores are closer to subjective scores than PSNR, likely due to VMAF having been designed to compare the quality of encodes at different resolutions (and thus it is more «accustomed» to scaling operations). However, also VMAF scores seem to be penalizing for LCEVC with respect to actual MOS scores.  

1. Current CTC performance results for LTM 3.0.1 Reference Software

Table 3, 4 and 5 below show the results[footnoteRef:3] obtained by the LCEVC Reference Software LTM v.3.0.1 when running the LCEVC CTC [1] using Configuration A as per [2] Annex 1.  [3:  MOS scores are preliminary, and currently being double-checked by the Test Chair] 



Table 1 – UHD enhancing JM
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Table 2 – UHD enhancing HM
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Table 3 – HD enhancing JM 
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Table 2-5 above also show the RD curves for each comparison.  It should be noted that – in line with the requirements of the LCEVC CfP [7] and of Core Experiment 1 [9] – the QPs for CTC anchors were selected so as to span across a wide range of bit rates, from very low quality to very high quality.  CTC sequences also include two synthetic and extremely sharp eSports clips.  

1. Cross-checks and verification of test results

[bookmark: _GoBack]This section presents results and comments provided by ATEME. Tests have been performed using LTM 3.0.1 (Tag LTM_3_0_1 from January 27th). Tests have been conducted following the CTC, as defined in MPEG document N18988. Both anchors and LTM encodings have been performed and checked. Anchors encodings have been found to be almost identical, with minor differences identified. LTM encodings have been found to be near identical, except for one sequence.

Results summary are reported in Table 4, Table 5 and Table 6.

[bookmark: _Ref33791045]Table 4 – UHD enhancing JM
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[bookmark: _Ref33791046]Table 5 – UHD enhancing HM
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[bookmark: _Ref33791048]Table 6 - HD enhancing JM
[image: ]


2. Comments on results

· UHD enhancing JM (Table 4): proponents and cross-checker results are strictly identical. 

· UHD enhancing HM (Table 5): There is a difference in the anchors for the Campfire sequence. It is explained by a mistake in the parameters made in the results reported in Table 2. A QP is shifted by one compared to CTC, thus generating a mismatch. By using the same QP for the results provided in Table 2, the cross-checker obtained identical results to those in Table 2. There is a bitrate difference for the Parkrunning3 sequence between proponent and cross-checker LTM encodings. This is unexplained as of now. However, as metrics scores are identical, and other sequences are fully identical, it is speculated that it is related to a minor mistake. Further investigation will be conducted.

· HD enhancing JM (Table 6):  The marginal difference is coming from the anchors. Although this small difference is not explained yet, it is a minor issue, that will be investigated, nonetheless.

· Due to a heterogeneity issue in our computing grid, measured processing times generated were not reliable, and thus are not reported. Software has been inspected, and although no numerical results are provided, the cross-checker would like to mention that no computationally intensive functions were noticed. The encoding/decoding process is fairly simple, especially compared to state-of-the-art codecs.

2. Comments on CTC

As it happened, reproducing anchors and LTM encodings was not straightforward. Numerous issues had to be solved. In this respect, the cross-checker would like to thank V-Nova people for their availability and helpfulness.

It is recommended to revisit the CTC. To this end, the following comments are provided as a basis for discussion.

· Text clarification
· Having the quantization settings spread between the CTC document and the excel sheet is unpractical. Everything could be in the same place.
· The configuration files usage must be clarified. Confusions and mistakes happen with the current text, especially for the JM.
· Examples of command lines could be provided in the CTC document.
· For easier reading, order of sequences in the tables could be made consistent.

· Quantization parameters
· As already discussed, quantization parameters are set on a per sequence basis. It allows providing results in use-case relevant bit rate ranges.
· However, for anchors and base layers, some settings are very similar. Would not it be enough for the specific context of the CTC to have a single set of QP for anchors and base layers?
· The LCEVC quantization steps (LOQ) are not represented “as usual”. Could it be possible to provide some insight on the meaning of LOQ and its impact on rate/quality?
· As far as I understand, LOQ maximum value of 32767 means no residual. Does that mean that LOQ of 32767 is equivalent to not having enhancement?
· For the second enhancement layer, LOQ is always equal to 32767. Does that mean that the second enhancement layer is not tested within the CTC framework?
· If some parts of the LTM configuration are using only base layer, should not we consider the use of quarter resolution as anchor? Or a convex hull of full and quarter resolutions?

· JM configuration
· For the specific usage of JM, three configuration files are used: one default, one for HD and one for UHD. This could be simplified.
· First, by using proper option, one can get rid of the default cfg file.
· Second, the UHD config file raises issues:
· The results are worse than with the random access cfg used for HD, which questions the relevance of the test.
· We are supposed to use the same configuration for anchors and base layers. However, for a UHD anchor, the base layer is HD
· Finally, I would recommend using a single configuration file for JM, the well-known random access configuration.

· Base versus anchors encoding
· As already mentioned, base layer is supposed to use the same configuration as corresponding anchor. In the case of the JM, it causes a consistency issue with the configuration file, as the UHD configuration is used for the HD base layer.
· QP are different between base and anchors. Could it be possible to have some explanations? Is there a rule allowing to fix relative QP between base and anchor?

· LTM software and base layer
· The LTM provides two ways of handling the base layer:
· Either one provides the already processed base as a YUV file
· Or one let the LTM conduct all the process (resize, base encoding, LCEVC encoding, bitstream construction)
· The latter case is the most practical. However, it is implemented with some hard-coded instructions, namely codecs, configuration files and command lines.
· It would be useful to revisit the LTM interface in order to make the base layer encoding more visible. For example, passing the configuration file and encoder/decoder path as parameter would avoid doubts on the exact nature of the experiments.


1. Conclusions 

LTM3 v.3.0.1 shows improved VQ performances against the respective leveraged codecs.

[bookmark: _Hlk21627349]Further improvements are expected with the next versions of the Test Model (LTM v.4.0), which are expected to include additional VQ-enhancing tools not yet leveraged by LTM v.3.0.1.

A revisit of the CTC is recommended in order to ease the testing process and the results analysis.
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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%
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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% -15.41% -47.45%

ParkRunning3 4.95% -8.42% -35.54%

Campfire 4.26% -12.07% -45.71%

Average Class A CfP 3.13% -11.97% -42.90%

Fortnite (Part 1) 8.68% -9.23% -43.37%

Average Class A CTC 4.52% -11.28% -43.02%
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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

RitualDance -6.76% -20.92% -45.69%

Cactus 12.21% -18.31% -43.96%

BasketballDrive 42.99% -18.97% -34.64%

Average Class B CfP 16.15% -19.40% -41.43%

EuroTruck 18.51% -10.66% -36.00%

Average Class B CTC 16.74% -17.22% -40.07%
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