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[bookmark: _Toc103032776]5.8	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: Graphical user interface, diagram, application
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Figure 5.8-1: 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 BD-Rate gain for a given metrics is documented as BDR-<metric> in percentage.
-   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 tThis results typically results 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 using a single digit 
-    the above is extended with three summary rows, where the column header documents average, minimum and maximum gain
An example is provided in Table 5.8-1.
Table 5.8-1 BD-Rate Gain example table for an example scenario SX with 4 reference sequences, a given codec under test, a given anchor codec and given test configuration
	Reference sequence
	psnr
	y_psnr
	vmaf
	ms_ssim

	SX-R01
	
	
	
	

	SX-R02
	
	
	
	

	SX-R03
	
	
	
	

	SX-R04
	
	
	
	

	Average
	
	
	
	

	Minimum
	
	
	
	

	maximum
	
	
	
	



BD-Rate Gain is computed according to the Common Test Condition (CTC) method used in JVET and specified in [44]. According to the IETF draft on "Video Codec Testing and Quality Measurement" [70], clause 4.2, the BD-Rate Gain is defined as a measure of the bitrate reduction offered by a codec or codec feature, while maintaining the same quality as measured by objective metrics.  The rate change is computed as the average percent difference in rate over a range of qualities.  Metric score ranges are not static - they are calculated either from a range of bitrates of the reference codec, or from quantizers of a third, anchor codec. Given an anchor codec and test codec, the BD-Rate Gain values are calculated as follows:
1. Rate/quality points are calculated for the anchor and test code as (Qanchor[i], Ranchor[i]), i=1, …, Nanchor and (Qtest[i], Rtest[i]), i=1, …, Ntest
· -	At least four points need to be computed, i.e. Ntest >=4 and Ntest >=4.  These points should be the same quantizers when comparing two versions of the same codec. 
· -	Additional points outside of the range should be discarded.
2. The rates Ranchor[i]and Rtest[i] are converted into logarithmic scale.
3. A piecewise cubic hermite interpolating polynomial is fit to the points for each codec to produce functions of log-rate in terms of quality measure. Interpolation functions require that two quality values are different.  Hence, if provided data does have identical quality values, the higher rate point is adjusted to a slightly higher value that is withing the rounding error of the identical value, for example if twice 23.24 is reported, value 1 is set to 23.240 and the second value is set to 23.241.
4. Metric Quality score ranges are chosen by the maximum of the minimum value of the codecany of the two codecs under test andand the minimum of the maximum value of the anchor codecany of the two codecs, i.e.
· min_range = max (min(Qanchor[i]), min(Qtest[i])). 
· max_range = min (max(Qanchor[i]), max(Qtest[i])) 
5. The log-rate is numerically integrated over the metric range for each curve, using at least 1000 samples and trapezoidal integration.
6. The resulting integrated log-rates are converted back into linear rate, and then the percent difference is calculated from the anchor to the test codec. This difference is reported as the BD-Rate Gain.
7. The plot is provided in linear scale for bitrate and for quality metric, and the “gain” of test against anchor is shown in green, where as if there would be a loss, a loss would be shown in “red”. The points in the linear domain are plotted also using piecewise cubic hermite polynomial interpolation.
As described in [44], the PSNR ranges of two curves generally do not overlap completely, and the current practice is to avoid measuring the part of the area between curves that are extrapolated rather than interpolated, which can give unpredictable results if the non-overlapping parts are large. Therefore, the area between the two curves is only measured in the region where there is an overlap. If two curve overlap is only in a very small region, the BD-rate will be calculated using only a small (and possibly atypical) part of the available data. Therefore, it is important that the overlap is substantial for the BD-rate value to be meaningful.
With the availability of quality data for the anchor and the test, Overlap is defined as follows:


The characterizsation of the codecs in the framework is documented when the overlap is substantial. For each characterization, the average, minimum and maximum overlap is provided.
Table 5.8-2 Overlap example table for an example scenario SX with 4 reference sequences, a given codec under test, a given anchor codec and given test configuration
	Overlap
	psnr
	y_psnr
	vmaf
	ms_ssim

	Minimum
	
	
	
	

	Maximum
	
	
	
	

	Average
	
	
	
	


Based on this information, it is decided whether the overlap is sufficiently substantial in order to report BD-rate gains or if only Quality-Rate curves are provided.
An example for BD-rate computation and the associaled values is provided in Figure 5.8-2.
[image: ]Editor’s Note: Remaining figures still need to be updated to follow below plots
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Figure 5.8-2: BD-Rate Gain computation example
The JVET Excel files for the CTC include a VBS script bdrate() to compute the BD-Rate performance between a test codec and a reference from four or five rate-distortion points. However, to address different corner cases as well as to ensure applicability to the reported csv metrics files, the above algorithm is converted into a script python to generate the BD-Rate Gain for a codec under test vs. an anchor. For details on the script compare.py available here https://github.com/haudiobe/5GVideo, please refer to Annex F. 
For providing the BD-Rate Gain values for a single reference sequence and configuration, please use
Usage: python3 compare.py -s <key anchor> <key test>
Example: python3 compare.py -s S1-T01-264 S1-T01-265
For providing the BD-Rate Gain values for all reference sequences of one configuration, please use
Usage: python3 compare.py -c <key anchor configuration> <key test configuration>
Example: python3 compare.py -c S1-JM-01 S1-HM-01
It is assumed that the directory structure is configured as in the attachments and the compare function is placed in the root directory where all scenarios are provided. In case all information for one configuration is provided, the data is written into a csv file in the directory Characterization of the codec under test with the naming convention: 
<anchor configuration>.<test configuration>.csv
Example: S1-JM-01.S1-HM-01.csv
NOTE: For consistency, the JVET 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, but are not considered to be used for BD-Rate computation.
In addition, the code permits to provide the Overlap using the following command:
Usage: python3 compare.py -c --overlap <key anchor configuration> <key test configuration>
Example: python3 compare.py -c --overlap S1-JM-01 S1-HM-01
The data is written into a csv file in the directory Characterization of the codec under test with the naming convention: 
<anchor configuration>.<test configuration>.overlap.csv
Example: S1-JM-01.S1-HM-01.overlap.csv
=====  CHANGE  =====
[bookmark: _Toc103032913]7.3.2.2	Scenario 1: Full HD
This clause provides information related to quality-rate performance and characterization of H.265/HEVC HM mode configurations against H.264/AVC for Scenario 1 Full HD. 
As an example, Figure 7.3.2.2-1 provides Rate-Quality curves and BD rate gain for psnr and vmaf of H.265/HEVC HM with S1-JM-01 against H.264/AVC HM with configuration S1-JM-01 for reference sequence S1-R04.
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Figure 7.3.2.2-1 Rate-Quality curves and BD rate gain for psnr and vmaf of H.265/HEVC HM with S1-HM-01 against H.264/AVC with configuration S1-JM-01 for reference sequence S1-R04
All Rate-Quality curves, overlap information and  and BD rate gain plots information are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-1-FHD/265/Characterization/.
The overlap summary is provided in Table 7.3.2.2-1. 
Table 7.3.2.2-1 Overlap Summary of H.265/HEVC HM with S1-HM-01 against H.264/AVC with configuration S1-JM-01, i.e. with the Full HD SDR scenario reference sequences
	Overlap
	psnr
	y_psnr
	vmaf
	ms_ssim

	Minimum
	41
	34.8
	70.2
	71.4

	Maximum
	95.7
	96
	93.1
	96.3

	Average
	77.5
	77.6
	80.5
	83.3



These overlap results are considered sufficiently substantial to document the characterization of H.265/HEVC HM mode configurations against H.264/AVC for Scenario 1 Full HD. In particular, Table 7.3.2.2-1 2 provides the BD rate gain of H.265/HEVC HM with S1-HM-01 against H.264/AVC with configuration S1-HM-01, i.e. with the Full HD SDR scenario reference sequences.
[bookmark: _Hlk103594488]Table 7.3.2.2-1 2 BD rate gain of H.265/HEVC HM with S1-HM-01 against H.264/AVC with configuration S1-JM-01, i.e. with the Full HD SDR scenario reference sequences
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S1-R01
	Brest-Sedof-FHD
	68.7
	70.9
	57.6
	46.2

	S1-R02
	Rain Fruits-FHD
	47.0
	48.1
	46.4
	44.8

	S1-R03
	Park Joy-FHD
	22.3
	20.8
	28.2
	25.2

	S1-R04
	Soccer-FHD
	56.6
	56.5
	55.7
	54.8

	S1-R05
	Tunnel Flag-FHD
	45.9
	44.5
	47.1
	48.0

	S1-R06
	Boat-FHD
	32.1
	31.9
	35.3
	31.7

	S1-R07
	Fountain-FHD
	21.5
	21.4
	28.1
	21.2

	S1-R08
	Riverbank-FHD
	37.6
	34.2
	36.0
	29.3

	Minimum
	
	21.5
	20.8
	28.1
	21.2

	Maximum
	
	68.7
	70.9
	57.6
	54.8

	Average
	
	41.5
	41.0
	41.8
	37.6



=====  CHANGE  =====
[bookmark: _Toc100837896]8.2.3.2	Scenario 1: Full HD
This clause provides information related to the quality-rate performance and characterization of VTM mode configurations against H.264/AVC for Scenario 1 Full HD. 
As an example, Figure 8.2.3.2-1 provides Rate-Quality curves and BD rate gain for psnr and vmaf of VTM with S1-VTM-01 against H.264/AVC with configuration S1-JM-01 for reference sequence S1-R04.
[image: ][image: ]
Figure 8.2.3.2-1 Rate-Quality curves and BD rate gain for psnr and vmaf of VTM with S1-VTM-01 against H.264/AVC with configuration S1-JM-01 for reference sequence S1-R04
All Rate-Quality curves, overlap information and BD rate information are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-1-FHD/VTM/Characterization/.
The overlap summary is provided in Table 8.2.3.2-1. 
Table 8.2.3.2-1 Overlap Summary of of VTM with S1-VTM-01 against H.264/AVC with configuration S1-JM-01, i.e., with the Full HD SDR scenario reference sequences
	Overlap
	psnr
	y_psnr
	vmaf
	ms_ssim

	Minimum
	29
	24.5
	36.7
	49.6

	Maximum
	83
	84.1
	82
	86.4

	Average
	59.2
	62.3
	58.5
	67



These overlap results are not considered sufficiently substantial to document the characterization of H.265/HEVC HM mode configurations against H.264/AVC for Scenario 1 Full HD.
For this scenario, the PSNR ranges of the curves between VVC and H.264/AVC overlaps at an average of 59% and can be as low as 29%
[In particular, Table 8.2.3.2-1 provides the BD rate gain of VTM with S1-VTM-01 against H.264/AVC with configuration S1-JM-01, i.e., with the Full HD SDR scenario reference sequences.
Table 8.2.3.2-1 BD rate gain of VTM with S1-VTM-01 against H.264/AVC with configuration S1-JM-01, i.e., with the Full HD SDR scenario reference sequences
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S1-R01
	Brest-Sedof-FHD
	
	
	
	

	S1-R02
	Rain Fruits-FHD
	
	
	
	

	S1-R03
	Park Joy-FHD
	
	
	
	

	S1-R04
	Soccer-FHD
	
	
	
	

	S1-R05
	Tunnel Flag-FHD
	
	
	
	

	S1-R06
	Boat-FHD
	
	
	
	

	S1-R07
	Fountain-FHD
	
	
	
	

	S1-R08
	Riverbank-FHD
	
	
	
	

	Minimum
	
	
	
	
	

	Maximum
	
	
	
	
	

	Average
	
	
	
	
	


]
[As an example, Figure 8.2.3.2-1 provides Rate-Quality curves and BD rate gain for psnr of VTM with S1-VTM-01 against H.264/AVC with configuration S1-JM-01 for reference sequence S1-R01 with an overlap of only 28.99%-
[image: Chart, line chart
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Figure 8.2.3.2-1 Rate-Quality curves and BD rate gain for psnr of VTM with S1-VTM-01 against H.264/AVC with configuration S1-JM-01 for reference sequence S1-R01]
[Based on current available results, Rate-Quality curves and BD rate gain plots are provided online at https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-1-FHD/VTM/Characterization/.]

image1.png
Anchor
Metrics :>

Anchor Tuple Metrics

L Characterization
- Results

Test

Metrics )

Test Tuple Metrics





image2.png
Rate-Quality Curve

3

32

2000 4000 6000 8000 10000 12000 14000 16000

90 95

BDR-psnr: 45.2 (75.5)

—— S5-A01-264
42| — S5A0L-265

32

2000 4000 6000 8000 10000 12000 14000 16000

Bitrate kbit/s




image3.png
Quality (psnr)

BD rate gain: 44.713

Rate-Quality Curve
40 40
38 2
2
s
36 36
34
2 32

2000 4000 6000 8000 10000 12000 14000 16000

Bitrate tolog scale

Bit rate in kbit/s.

80 85
Bit rate in kbit/s.

BDR-psnr: 44.7

90

—— 55-A01-264
—— S5-A01-265

32

2500 5000 7500 10000 12500 15000 17500 20000

Bitrate kbit/s

95





image4.png
psnr

BDR-psnr: 56.6 (74.5)

a1

T
—— S1-A04-264
—— S1-A04-265

1000 2000 3000 4000 5000 6000

Bitrate kbit/s

7000 8000





image5.png
BDR-vmaf: 55.7 (77.2)

vmaf

—— S1-A04-264
—— S1-A04-265

5000 6000 7000 8000

Bitrate kbit/s

60

1000 2000 3000 4000




image6.png
psnr

BDR-psnr: 56.6

T
4 — s1-A04-264
—— S1-A04-265

a0-

39

35

2000 4000 6000

Bitrate kbit/s

8000

10000





image7.png
vmaf

100

95

90

85

80

75

70

65

BDR-vmaf: 55.7

—— S1-A04-264
—— S1-A04-265

2000

4000 6000

Bitrate kbit/s

8000





image8.png
psnr

BDR-psnr: 72.8 (54.3)

T T
—— 51-A04-264
~——— S1-T04VTM |

a1

35

1000 2000 3000 4000 5000 6000 7000 8000

Bitrate kbit/s




image9.png
vmaf

95

90+

85

80

75

70

65

60

BDR-vmaf: 71.8 (55.2)

—— S1-A04-264
—— S1T04VTM

1000

2000

3000

4000 5000

Bitrate kbit/s

6000

7000 8000





image10.png
Quality (psnr)

BD rate gain: 82.338

Rate-Quality Curve
a0 T a0 . S
38- 38
36 36 =
£
] .
34 234
s
g
(<4
32 32
30 30
30000 40000 50000 60000 70000 85 9.0 95 10,0 105 L0

10000

20000

Bit rate in kbit/s

Bit rate in kbit/s





