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1. [bookmark: _Toc504713888]Introduction
This document provides discusses the decisions made for the Characterization Framework based on S4aV210784. Based on this discussion, the pCR in S4-210795 is generated.
1. Current Text in TR 26.955
[bookmark: _Toc55812977][bookmark: _Toc80952450]5.7	Characterization
Characterization is the comparison of a codec under test with an anchor based on the framework introduced in this clause. Characterization in this report is based on Bjöntegard-Delta (BD)-rate information according to [44].
Characterization is expected to provide a summary of the expected gains a codec under test would provide, compared to a reference codec. For characterization, the metric results in this Technical Report are used to derive summary numbers. It is important for a codec to understand the performance for individual scenarios, for individual configurations within a scenario, but also for individual reference sequences. At the same time, a summary comparison is beneficial to provide an overview of the overall performance. A summary based on averages of selected sequences as an example can only provide indication of the performance if the reference sequences would be fully representative. However, it is also of interest to understand maximum and minimum gains. 
  [image: ]
Figure 5.7-1: Characterization Framework
Based on this, a full characterization of a codec for a scenario against a 3GPP codec is expected to provide at least the following metrics
-   The BD-rate gain (for a given metric and a given anchor codec) for each reference sequence in the test configuration.
-   The minimum, maximum and average BD-rate gain (for a given metric and a given anchor codec) across all reference sequences in the test configuration.
Note that this results typically in the following results for a codec under test. For each scenario and for each configuration, a table is provided to compare against each anchor codec
-    where the row header documents the reference sequence for the test, e.g. S5-R<i> to the specific configuration.
-    where the column header documents the key of the metric
-    that documents in the cell with BD-Rate gain
-    the above is extended with three summary rows, where the column header documents average, minimum and maximum gain
An example is provided in Table 5.7-1.
Table 5.7-1 BD-Rate gain example table for a given codec under test, a given anchor codec and given test configuration
	Reference sequence
	y_psnr
	u_psnr
	v_psnr
	psnr
	ms-ssim
	vmaf

	S5-R01
	
	
	
	
	
	

	S5-R02
	
	
	
	
	
	

	S5-R03
	
	
	
	
	
	

	S5-R04
	
	
	
	
	
	

	S5-R05
	
	
	
	
	
	

	S5-R06
	
	
	
	
	
	

	S5-R07
	
	
	
	
	
	

	S5-R08
	
	
	
	
	
	

	S5-R09
	
	
	
	
	
	

	S5-R10
	
	
	
	
	
	

	S5-R11
	
	
	
	
	
	

	S5-R12
	
	
	
	
	
	

	S5-R13
	
	
	
	
	
	

	Average
	
	
	
	
	
	

	Minimum
	
	
	
	
	
	

	maximum
	
	
	
	
	
	



BD-Rate is computed according to the CTC method used in JVET and specified in [44] from the tools publicly available: Reference codec software, Excel file available in [57] for SDR and in [58] for HDR. 
The Excel files include the VBS script bdrate( ) to compute the BD-Rate performance between a test codec and a reference from four or five rate-distortion points.
These excel files have been extended in the Random-Access and low delay tabs to contain new columns for the new metrics: VMAF and MS-SSIM, in the SDR case only. The “SA4 extended excel files” for SDR and HDR are attached as S4-template-HDR.xlsx and S4-template-SDR.xlsx.
Editor’s Note: Need to decide what to do if a metric does not have a monotonic behavior for a particular sequence.
Editor’s Note: At this stage the BD-Rate is defined as result of the above excel sheets. In an updated version of the TR, an independent metric computation tool may be provided that allows to generate the BD-Rate values based on the metrics results. The reference for an extended version with 5 points is still tbd.
1. Test Data
In order to test the characterization, we used existing data, namely comparing 265 with VTM. We have test data with 4 entries and 5 entries.

Test Data with 4 entries:

· Anchor Data: 	https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-5-Gaming/265/Metrics/
· Test Data: 	https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-5-Gaming/VTM/Metrics/


Test Data with 5 entries:

· Anchor Data: 	https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/265/Metrics/
· Test Data: 	https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/VTM/Metrics/
1. Script
As promised above, script is provided to generate the characterization results. The script is hosted at https://github.com/haudiobe/5GVideo. The script can be used to compare an anchor and test.

The generic configuration usage is:

python3 compare.py ANCHOR TEST [OUTPUT]
· ANCHOR: the reference data, 
· TEST: test data to be compared against ANCHOR
· OUTPUT: optional output csv path

The scripts make use of the numpy and scipy python libraries.

The script permits two configuration options

comparing 2 metrics csvs:
python3 compare.py 
/data/Bitstreams/Scenario-5/265/S5-A01-265
/data/Bitstreams/Scenario-5/VTM/S5-A01-VTM

comparing 2 encoder configurations:
python3 compare.py 
/data/Bitstreams/Scenario-5/265@S5-HM-01 (Filters to @S5-HM-01)
/data/Bitstreams/Scenario-5/VTM@S5-VTM-01 (Filters to @S5-VTM-01)

Attached to this document, please find the updated script. Updates include:
1) Change from minus results to plus
2) Using the MS_SSIM log domain results
3) Adding min, max, avg in the script and cvs
1. Initial Results
Updated results are produced and attached to this document.
	Anchor

	Test

	Result


	265@S3-HM-01
	VTM@S3-VTM-01
	S3-HM-01.S3-VTM-01.csv

	265@S3-HM-02
	VTM@S3-VTM-02
	S3-HM-02.S3-VTM-02.csv

	265@S3-SCC-01
	VTM@S3-VTM-01
	S3-SCC-01.S3-VTM-01.csv

	265@S3-SCC-02
	VTM@S3-VTM-02
	S3-SCC-02.S3-VTM-02.csv

	265@S3-SCC-01
	VTM@S3-HM-01
	S3-SCC-01.S3-HM-01.csv

	265@S3-SCC-02
	VTM@S3-HM-02
	S3-SCC-02.S3-HM-02.csv


	
	Anchor

	Test

	Result


	265@S5-HM-01
	VTM@S5-VTM-01
	S5-HM-01.S5-VTM-01.csv

	265@S5-HM-02
	VTM@S5-VTM-02
	S5-HM-02.S5-VTM-02.csv

	265@S5-SCC-01
	VTM@S5-VTM-01
	S5-SCC-01.S5-VTM-01.csv

	265@S5-SCC-02
	VTM@S5-VTM-02
	S5-SCC-02.S5-VTM-02.csv

	265@S5-SCC-01
	VTM@S5-HM-01
	S5-SCC-01.S5-HM-01.csv

	265@S5-SCC-02
	VTM@S5-HM-02
	S5-SCC-02.S5-HM-02.csv



The attached results have been verified with the excel files include the VBS script bdrate( ) to compute the BD-Rate performance between a test codec and a reference from four or five rate-distortion points for selected data points. 
1. Some Observations and Proposals
Selected Plots are provided for TextMixTransitions-4K-420-10bit for PSNR, YPSNR, MS_SSIM and VMAF. The plots provide the RD-curves as well as the BD-rate areas. Whereas PSNR and YPSNR look stable, for MS_SSIM and VMAF, the min-max range is small, not to say negligible. This is due to the fact of the non-applicability of the metrics, and saturation.
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Based on this, it is proposed to not use MS-SSIM and VMAF for non-natural sequences in the characterization. Similar issues were observed for color component PSNR.
Another open issue is the interpolation function. This does not work properly if the values of two points are the same. In order to avoid the script failing for this purpose, one could:
1) Exclude the values of non-increasing metrics
2) Make the values artificially increasing below the accuracy of the reported metrics.
Whereas 1) more accurate, it has also the issue of failures, for example if all 4 or 5 points have the same y-value. Based on this, it is proposed in the computation to increase the values by 1/10th of the accuracy of the reported results, if it would be the same. For example, if 99.99 is reported twice, then 99.99 the second value is set to 99.991. This addition is negligible and in the rounding effects. 
1. Proposals
It is proposed to:
· Take the information into account
· Exclude MS-SSIM and VMAF from characterization for scenario 3 and 5
· Provide a robust implementation for non-increasing metrics. 

S4-210795 provides a pCR on this matter.
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RD-curve & BD-rate for psnr
[sequence] S3-R05 | TextMixTransitions-4K-420-10bit
[anchor] s3-scc-02.cfg @ [22, 27, 32, 37, 42]
[test] s3-vtm-01.cfg @ [22, 27, 32, 37, 42]
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RD-curve & BD-rate for ypsnr
[sequence] S3-R05 | TextMixTransitions-4K-420-10bit
[anchor] s3-scc-02.cfg @ [22, 27, 32, 37, 42]
[test] s3-vtm-01.cfg @ [22, 27, 32, 37, 42]
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RD-curve & BD-rate for ms_ssim
[sequence] S3-R05 | TextMixTransitions-4K-420-10bit
[anchor] s3-scc-02.cfg @ [22, 27, 32, 37, 42]
[test] s3-vtm-01.cfg @ [22, 27, 32, 37, 42]
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RD-curve & BD-rate for vmaf
[sequence] S3-R05 | TextMixTransitions-4K-420-10bit
[anchor] s3-scc-02.cfg @ [22, 27, 32, 37, 42]
[test] s3-vtm-01.cfg @ [22, 27, 32, 37, 42]
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