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=====  CHANGE  =====
[bookmark: _Toc94802583]5.5.7	Reference computation of SDR metrics
Clause 5.5.3 specifies that all metrics are computed with 10-bit precision. 8-bit to 10 bit up-conversion is performed with HDRConvert tool [67] using the attached script HDRConvert_8bto10b.cfg. Note that ScaleOnly is set to 1 to address sequences with pixel values that are not within standard video range.
Computation of PSNR(Y), PSNR(U) and PSNR(V) metrics as defined in clause 5.5.3 is performed with HDRMetrics tool as included in HDRTools version 0.23 [67] with the following parameters specified:
· EnablePSNR=1                                                   
· EnableJVETPSNR=1
· MaxSampleValue=1020.0
Computation of MS-SSIM metric as defined in clause 5.5.4 is performed with HDRMetrics tool with the following parameters specified:
· EnableJVETMSSSIM=1
· MaxSampleValue=1020.0
For the computation of VMAF, the C++ executable "vmafossexec" [59], open source provided by Netflix is used (https://github.com/Netflix/vmaf/releases/tag/v2.1.1). 
Here is the command line:
vmafossexec $VMAF_FMT $WIDTH $HEIGHT ref.yuv test.yuv $VMAFMODEL --thread 1 --log metrics.vmaf
$VMAF_FMT: describe yuv subsampling (yuv420p10le as all metrics are computed in 10 bit domain)
$VMAFMODEL: vmaf_v0.6.1.pkl
thread: 1 (no threads used)
Additional libvmaf parameters phone_model and enable_transform are set to 0.
=====  CHANGE  =====
[bookmark: _Toc94802721]Editor’s Note: The results are to be checked until the next AHG telco, otherwise agreed,
[
7.4.2.2	Scenario 1: Full HD
This clause provides characterization of H.265/HEVC HM mode configurations against H.264/AVC JM for Scenario 1 Full HD. In particular, Table 7.4.2.2-1 provides the BD rate gain of H.265/HEVC HM with S1-HM-01 against H.264/AVC JM with configuration S1-HM-01, i.e. with the Full HD SDR scenario reference sequences.
Table 7.4.2.2-1 BD rate gain of H.265/HEVC HM with S1-JM-01 against H.264/AVC HM with configuration S1-JM-01, i.e. with the Full HD SDR scenario reference sequences
Editor’s Note:  MS SSIM and VMAF metrics for H.265/HEVC still missing.
	Reference sequence
	Name
	psnr
	y_psnr
	ms_ssim
	vmaf

	S1-R01
	Brest-Sedof-FHD
	32.082
	30.383
	29.719
	36.382

	S1-R02
	Rain Fruits-FHD
	39.327
	41.448
	43.211
	45.182

	S1-R03
	Park Joy-FHD
	22.333
	21.425
	26.250
	29.556

	S1-R04
	Soccer-FHD
	55.723
	56.078
	56.040
	57.538

	S1-R05
	Tunnel Flag-FHD
	43.287
	43.673
	47.438
	47.884

	S1-R06
	Boat-FHD
	30.424
	31.060
	32.543
	36.866

	S1-R07
	Fountain-FHD
	19.184
	20.408
	20.356
	28.095

	S1-R08
	Riverbank-FHD
	34.445
	32.541
	29.372
	38.015

	Minimum
	
	19.184
	20.408
	20.356
	28.095

	Maximum
	
	55.723
	56.078
	56.040
	57.538

	Average
	
	34.601
	34.627
	35.616
	39.940



As an example, Figure 7.4.2.2-1 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC HM with S1-JM-01 against H.264/AVC HM with configuration S1-JM-01 for reference sequence S1-R01.
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Figure 7.4.2.2-1 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC HM with S1-JM-01 against H.264/AVC HM with configuration S1-JM-01 for reference sequence S1-R01
All Rate-Quality curves and BD rate gain plots 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/.
=====  CHANGE  =====
[bookmark: _Toc94802722]7.4.2.3	Scenario 3: Screen Content
This clause provides characterization of H.265/HEVC HM mode configurations against H.264/AVC JM for Scenario 3 Screen Content. In particular, 
· Table 7.4.2.3-1 provides the BD rate gain of H.265/HEVC HM with S3-HM-01 against H.264/AVC JM with configuration S3-JM-01, i.e. with the screen content scenario reference sequences and no fixed intra.
· Table 7.4.2.3-2 provides the BD rate gain of H.265/HEVC HM with S3-HM-02 against H.264/AVC JM with configuration S3-JM-02, i.e. with the screen content scenario reference sequences with fixed Intra every second.
Table 7.4.2.3-1 BD rate gain of H.265/HEVC HM with S3-HM-01 against H.264/AVC JM with configuration S3-JM-01, i.e. with the screen content scenario reference sequences and no fixed intra
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R02
	MovingText2-4K-8bit
	61.70354.366
	61.45352.687

	S3-R04
	MovingText2-FullHD-8bit
	63.91358.192
	64.63057.625

	S3-R06
	TextMixTransitions-4K-8bit
	55.81951.410
	51.84446.157

	S3-R08
	TextMixTransitions-FullHD-8bit
	42.34738.372
	39.99534.940

	S3-R10
	GraphicsMixSimple-4K-8bit
	57.48156.881
	56.71256.014

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	40.47539.796
	39.75438.957

	S3-R14
	GraphicsMixTransitions-4K-8bit
	62.69662.109
	61.53860.846

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	54.67354.051
	53.48652.737

	S3-R17
	Mission-Control
	32.47630.667
	31.67129.504

	Minimum
	
	32.47630.667
	31.67129.504

	Maximum
	
	63.91362.109
	64.63060.846

	Average
	
	52.39849.538
	51.23147.719


Table 7.4.2.3-2 BD rate gain of H.265/HEVC HM with S3-HM-02 against H.264/AVC JM with configuration S3-JM-02, i.e. with the screen content scenario reference sequences with fixed Intra every second
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R02
	MovingText2-4K-8bit
	52.98045.261
	51.85842.569

	S3-R04
	MovingText2-FullHD-8bit
	51.53145.021
	51.75143.714

	S3-R06
	TextMixTransitions-4K-8bit
	49.09644.084
	44.09237.335

	S3-R08
	TextMixTransitions-FullHD-8bit
	32.99628.694
	31.09825.632

	S3-R10
	GraphicsMixSimple-4K-8bit
	47.62946.839
	46.23545.307

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	34.60933.744
	33.39932.365

	S3-R14
	GraphicsMixTransitions-4K-8bit
	55.32054.628
	54.01453.193

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	46.66845.918
	45.43644.551

	S3-R17
	Mission-Control
	26.97825.349
	26.69324.727

	Minimum
	
	26.97825.349
	26.69324.727

	Maximum
	
	55.32054.628
	54.01453.193

	Average
	
	44.20141.060
	42.73138.821



As an example, Figure 7.4.2.3-1 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC HM with S3-HM-01 against H.264/AVC HM with configuration S3-JM-01 for reference sequence S3-R02.
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Figure 7.4.2.3-1 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC HM with S3-HM-01 against H.264/AVC HM with configuration S3-JM-01 for reference sequence S3-R02

All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/265/Characterization/.
=====  CHANGE  =====
[bookmark: _Toc94802723]7.4.2.4	Scenario 4: Messaging and Social Sharing
This clause provides characterization of H.265/HEVC HM mode configurations against H.264/AVC JM for Scenario 4 Messaging and Social Sharing. In particular, 
· Table 7.4.2.4-1 provides the BD rate gain of H.265/HEVC HM with S4-HM-01 against H.264/AVC JM with configuration S4-JM-01, i.e. with the messaging and social sharing scenario reference sequences and no fixed intra.
· Table 7.4.2.4-2 provides the BD rate gain of H.265/HEVC HM with S4-HM-02 against H.264/AVC JM with configuration S4-JM-02, i.e. with the messaging and social sharing scenario reference sequences with fixed Intra every second.
Table 7.4.2.4-1 BD rate gain of H.265/HEVC HM with S4-HM-01 against H.264/AVC JM with configuration S4-JM-01, i.e. with the messaging and social sharing scenario reference sequences and no fixed intra
Editor’s Note: S4-R02 shows some strange behaviour for 265 in the metric computation
	Reference sequence
	Name
	psnr
	y_psnr
	ms_ssim
	vmaf

	S4-R01
	Vertical-Bees
	60.07660.081
	60.04460.036
	64.24564.236
	62.21862.371

	S4-R02
	Vertical-Walking
	21.67021.661
	20.39220.392
	25.97221.661
	30.37220.392

	S4-R03
	Neon-4K
	33.43833.458
	31.70031.728
	34.27334.311
	38.00938.049

	S4-R04
	Skater-4K
	71.45568.180
	70.63466.387
	71.11970.769
	68.39968.409

	Minimum
	
	21.67021.661
	20.39220.392
	25.97221.661
	30.37220.392

	Maximum
	
	71.45568.180
	70.63466.387
	71.11970.769
	68.39968.409

	Average
	
	46.66045.845
	45.69244.636
	48.90245.845
	49.75044.636


Table 7.4.2.4-2 BD rate gain of H.265/HEVC HM with S4-HM-02 against H.264/AVC JM with configuration S4-JM-02, i.e. with the messaging and social sharing scenario reference sequences and fixed Intra every second
	Reference sequence
	Name
	psnr
	y_psnr
	ms_ssim
	vmaf

	S4-R01
	Vertical-Bees
	41.96241.918
	43.61843.533
	47.66147.635
	47.35447.62

	S4-R02
	Vertical-Walking
	15.85419.54
	14.52119.187
	18.35219.814
	23.22122.606

	S4-R03
	Neon-4K
	23.86623.919
	22.64022.696
	26.49926.56
	34.79134.866

	S4-R04
	Skater-4K
	63.23054.935
	63.62253.263
	62.96761.999
	60.84760.878

	Minimum
	
	15.85419.54
	14.52119.187
	18.35219.814
	23.22122.606

	Maximum
	
	63.23054.935
	63.62253.263
	62.96761.999
	60.84760.878

	Average
	
	36.22837.281
	36.10037.383
	38.87039.320
	41.55341.340


 
As an example, Figure 7.4.2.4-1 provides Rate-Quality curves and BD rate gain for vmaf of H.265/HEVC HM with S4-HM-01 against H.264/AVC HM with configuration S4-JM-01 for reference sequence S4-R01.
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Figure 7.4.2.4-1 Rate-Quality curves and BD rate gain for vmaf of H.265/HEVC HM with S4-HM-01 against H.264/AVC HM with configuration S4-JM-01 for reference sequence S4-R01
As a another example, Figure 7.4.2.4-2 provides Rate-Quality curves and BD rate gain for ms_ssimvmaf of H.265/HEVC HM with S4-HM-02 against H.264/AVC HM with configuration S4-JM-02 for reference sequence S4-R014.
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Figure 7.4.2.4-21 Rate-Quality curves and BD rate gain for vmaf of H.265/HEVC HM with S4-HM-021 against H.264/AVC HM with configuration S4-JM-021 for reference sequence S4-R01
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-4-Sharing/265/Characterization/.
=====  CHANGE  =====
7.4.2.5	Scenario 5: Online Gaming
This clause provides characterization of H.265/HEVC HM mode configurations against H.264/AVC JM for Scenario 5 Online Gaming. In particular, 
· Table 7.4.2.5-1 provides the BD rate gain of H.265/HEVC HM with S5-HM-01 against H.264/AVC JM with configuration S5-JM-01, i.e. with the online gaming scenario reference sequences and no fixed intra.
· Table 7.4.2.5-2 provides the BD rate gain of H.265/HEVC HM with S5-HM-02 against H.264/AVC JM with configuration S5-JM-02, i.e. with the online gaming scenario reference sequences with fixed Intra every second.
Table 7.4.2.5-1 BD rate gain of H.265/HEVC HM with S5-HM-01 against H.264/AVC JM with configuration S5-JM-01, i.e. with the online gaming scenario reference sequences and no fixed intra
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	45.20045.131
	44.75344.661

	S5-R02
	Baolei-Man
	36.49135.947
	35.33434.673

	S5-R03
	Baolei-Woman
	44.70243.954
	44.01343.102

	S5-R04
	Baolei-Balloon
	52.25652.179
	52.30552.212

	S5-R05
	Baolei-Yard
	48.19248.097
	48.09847.978

	S5-R06
	Jianling-Temple
	23.43623.311
	23.02922.879

	S5-R07
	Jianling-Beach
	37.03236.726
	34.87934.483

	S5-R08
	Heroes-of-the-Storm
	31.90931.683
	31.80831.535

	S5-R09
	Project-CARS
	40.48540.397
	37.85737.746

	S5-R10
	World-of-WarCraft
	49.07648.828
	48.42348.111

	S5-R11
	MineCraft
	28.26928.148
	25.83825.702

	S5-R12
	CS-GO
	52.55051.747
	49.32448.306

	S5-R13
	StarCraft
	44.88344.375
	43.36542.703

	Minimum
	
	23.43623.311
	23.02922.879

	Maximum
	
	52.55052.179
	52.30552.212

	Average
	
	41.11440.809
	39.92539.545



Table 7.4.2.5-2 BD rate gain of H.265/HEVC HM with S5-HM-02 against H.264/AVC JM with configuration S5-JM-02, i.e. with the online gaming scenario reference sequences and fixed intra every second
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	32.42332.334
	32.74932.642

	S5-R02
	Baolei-Man
	27.01726.475
	26.77626.124

	S5-R03
	Baolei-Woman
	33.73932.969
	33.94832.989

	S5-R04
	Baolei-Balloon
	42.55942.439
	43.46643.316

	S5-R05
	Baolei-Yard
	41.25341.111
	42.08341.907

	S5-R06
	Jianling-Temple
	20.84020.726
	20.91920.784

	S5-R07
	Jianling-Beach
	23.63723.325
	23.33822.930

	S5-R08
	Heroes-of-the-Storm
	20.94920.668
	21.32620.980

	S5-R09
	Project-CARS
	31.20931.119
	31.80731.697

	S5-R10
	World-of-WarCraft
	37.03636.756
	36.36435.998

	S5-R11
	MineCraft
	25.86125.801
	24.85924.790

	S5-R12
	CS-GO
	36.29035.470
	35.61034.595

	S5-R13
	StarCraft
	29.93029.267
	29.32328.465

	Minimum
	
	20.84020.668
	20.91920.784

	Maximum
	
	42.55942.439
	43.46643.316

	Average
	
	30.98030.651
	30.96730.555



As an example, 
· Figure 7.4.2.5-1 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC HM with S5-HM-01 against H.264/AVC HM with configuration S5-JM-01 for reference sequence S5-R01
· Figure 7.4.2.5-2 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC HM with S5-HM-02 against H.264/AVC HM with configuration S5-JM-02 for reference sequence S5-R01
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Figure 7.4.2.5-1 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC HM with S5-JM-01 against H.264/AVC HM with configuration S5-JM-01 for reference sequence S5-R01
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Figure 7.4.2.5-2 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC HM with S5-JM-02 against H.264/AVC HM with configuration S5-JM-02 for reference sequence S5-R01
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-5-Gaming/265/Characterization/.
[bookmark: _Toc94802725]=====  CHANGE  =====
7.4.2.6	Summary
Table 7.4.2.6-1 provides a summary of BD rate gain in psnr and vmaf of H.265/HEVC HM against H.264/AVC JM for different scenarios and configurations.
Table 7.4.2.6-1 Summary of BD rate gain in psnr and vmaf of H.265/HEVC HM against H.264/AVC JM for different scenarios and configurations
	Scenario
	average psnr
	min psnr
	max psnr
	average vmaf
	min vmaf
	max vmaf

	S1
	34.601
	19.184
	55.723
	39.940
	28.095
	57.538

	S3 no intra
	52.39849.538
	32.47630.667
	63.91362.109
	n/a
	n/a
	n/a

	S3 intra
	44.20141.060
	26.97825.349
	55.32054.628
	n/a
	n/a
	n/a

	S4 no intra
	46.660
	21.670
	68.18071.455
	49.750
	30.372
	68.409399

	S4 intra
	36.288
	15.854
	54.93563.230
	41.553
	23.221
	60.87860.847

	S5 no intra
	41.11440.809
	23.43623.311
	52.55052.179
	n/a
	n/a
	n/a

	S5 intra
	30.98032.003
	20.84021.483
	42.55943.508
	n/a
	n/a
	n/a

	Minimum
	30.980
	20.840
	42.55943.508
	39.940
	28.095
	57.53857.538

	Maximum
	52.398
	32.476
	63.91368.180
	49.750
	30.372
	68.39968.409


]
=====  CHANGE  =====
Editor’s Note: The results are to be checked until the next AHG telco, otherwise agreed,
[
[bookmark: _Toc94802727]7.4.3.2	Scenario 3: Screen Content
This clause provides characterization of H.265/HEVC SCC mode configurations against H.264/AVC JM for Scenario 3 Screen Content. In particular, 
· Table 7.4.3.2-1 provides the BD rate gain of H.265/HEVC SCC with S3-SCC-01 against H.264/AVC JM with configuration S3-JM-01, i.e. with the screen content scenario reference sequences and no fixed intra.
· Table 7.4.3.2-2 provides the BD rate gain of H.265/HEVC SCC with S3-SCC-02 against H.264/AVC JM with configuration S3-JM-02, i.e. with the screen content scenario reference sequences with fixed Intra every second.
Table 7.4.3.2-1 BD rate gain of H.265/HEVC SCC with S3-SCC-01 against H.264/AVC JM with configuration S3-JM-01, i.e. with the screen content scenario reference sequences and no fixed intra
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R02
	MovingText2-4K-8bit
	68.96762.790
	67.81360.234

	S3-R04
	MovingText2-FullHD-8bit
	67.50762.274
	67.70661.199

	S3-R06
	TextMixTransitions-4K-8bit
	72.32269.548
	68.28364.486

	S3-R08
	TextMixTransitions-FullHD-8bit
	56.08552.938
	51.80447.663

	S3-R10
	GraphicsMixSimple-4K-8bit
	75.68175.355
	74.77274.386

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	56.46855.989
	55.13154.562

	S3-R14
	GraphicsMixTransitions-4K-8bit
	68.33667.839
	66.83966.245

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	58.35057.778
	56.40255.705

	S3-R17
	Mission-Control
	55.33454.095
	54.94753.462

	Minimum
	
	55.33452.938
	51.80447.663

	Maximum
	
	75.68175.355
	74.77274.386

	Average
	
	64.33962.067
	62.63359.771


Table 7.4.3.2-2 BD rate gain of H.265/HEVC SCC with S3-SCC-02 against H.264/AVC JM with configuration S3-JM-02, i.e. with the screen content scenario reference sequences with fixed Intra every second
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R02
	MovingText2-4K-8bit
	62.23555.661
	60.63552.47

	S3-R04
	MovingText2-FullHD-8bit
	57.29651.348
	56.96149.54

	S3-R06
	TextMixTransitions-4K-8bit
	72.30369.603
	68.36364.596

	S3-R08
	TextMixTransitions-FullHD-8bit
	54.12251.133
	50.78246.872

	S3-R10
	GraphicsMixSimple-4K-8bit
	72.56472.162
	71.34770.867

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	55.05354.471
	53.23552.529

	S3-R14
	GraphicsMixTransitions-4K-8bit
	67.35366.848
	65.91865.311

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	55.81055.182
	53.75953.01

	S3-R17
	Mission-Control
	53.79852.731
	53.77452.488

	Minimum
	
	53.79851.133
	50.78246.872

	Maximum
	
	72.56472.162
	71.34770.867

	Average
	
	61.17058.793
	59.41956.409



As an example, 
· Figure 7.4.3.2-1 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S3-SCC-01 against H.264/AVC HM with configuration S3-JM-01 for reference sequence S3-R10
· Figure 7.4.3.2-2 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S3-SCC-02 against H.264/AVC HM with configuration S3-JM-02 for reference sequence S3-R10
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Description automatically generated]Figure 7.4.3.2-1 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S3-SCC-01 against H.264/AVC HM with configuration S3-JM-01 for reference sequence S3-R10
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Figure 7.4.3.2-2 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S3-SCC-02 against H.264/AVC HM with configuration S3-JM-02 for reference sequence S3-R10
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/265/Characterization/.
=====  CHANGE  =====
[bookmark: _Toc94802728]7.4.3.3	Scenario 5: Online Gaming
This clause provides characterization of H.265/HEVC SCC mode configurations against H.264/AVC JM for Scenario 5 Online Gaming. In particular, 
· Table 7.4.3.3-1 provides the BD rate gain of H.265/HEVC SCC with S5-SCC-01 against H.264/AVC JM with configuration S5-JM-01, i.e. with the online gaming scenario reference sequences and no fixed intra.
· Table 7.4.3.3-2 provides the BD rate gain of H.265/HEVC SCC with S5-SCC-02 against H.264/AVC JM with configuration S5-JM-02, i.e. with the online gaming scenario reference sequences with fixed Intra every second.
Table 7.4.3.3-1 BD rate gain of H.265/HEVC SCC with S5-SCC-01 against H.264/AVC JM with configuration S5-JM-01, i.e. with the online gaming scenario reference sequences and no fixed intra
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	45.70845.640
	45.15045.058

	S5-R02
	Baolei-Man
	36.94836.408
	35.52234.864

	S5-R03
	Baolei-Woman
	45.58044.842
	44.76543.865

	S5-R04
	Baolei-Balloon
	52.78752.711
	52.77152.678

	S5-R05
	Baolei-Yard
	48.41248.317
	48.24848.129

	S5-R06
	Jianling-Temple
	25.46725.345
	24.73424.587

	S5-R07
	Jianling-Beach
	39.93439.643
	37.32636.946

	S5-R08
	Heroes-of-the-Storm
	34.29934.083
	33.95933.696

	S5-R09
	Project-CARS
	42.51442.430
	39.48539.376

	S5-R10
	World-of-WarCraft
	50.94050.702
	49.84749.545

	S5-R11
	MineCraft
	39.49139.392
	34.39734.280

	S5-R12
	CS-GO
	56.97956.245
	52.97752.017

	S5-R13
	StarCraft
	47.86247.377
	45.57844.939

	Minimum
	
	25.46725.345
	24.73424.587

	Maximum
	
	56.97956.245
	52.97752.678

	Average
	
	43.60943.318
	41.90541.537



Table 7.4.3.3-2 BD rate gain of H.265/HEVC SCC with S5-SCC-02 against H.264/AVC JM with configuration S5-JM-02, i.e. with the online gaming scenario reference sequences and fixed intra every second
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	33.41233.325
	33.54033.435

	S5-R02
	Baolei-Man
	28.19227.660
	27.63926.996

	S5-R03
	Baolei-Woman
	35.61834.869
	35.58634.651

	S5-R04
	Baolei-Balloon
	43.18643.067
	44.01243.862

	S5-R05
	Baolei-Yard
	41.47541.334
	42.20942.034

	S5-R06
	Jianling-Temple
	22.97722.868
	22.73022.600

	S5-R07
	Jianling-Beach
	29.11828.835
	28.12027.744

	S5-R08
	Heroes-of-the-Storm
	24.74824.484
	24.91424.586

	S5-R09
	Project-CARS
	34.00433.919
	33.89633.790

	S5-R10
	World-of-WarCraft
	41.00640.745
	40.02639.683

	S5-R11
	MineCraft
	38.37138.325
	35.08635.030

	S5-R12
	CS-GO
	43.80543.087
	41.77040.859

	S5-R13
	StarCraft
	34.95434.338
	33.44432.634

	Minimum
	
	22.97722.868
	22.73022.600

	Maximum
	
	43.80543.087
	44.01243.862

	Average
	
	34.68234.374
	34.07533.685



As an example, 
· Figure 7.4.3.3-1 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S5-SCC-01 against H.264/AVC HM with configuration S5-JM-01 for reference sequence S5-R04
· Figure 7.4.3.3-2 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S5-SCC-02 against H.264/AVC HM with configuration S5-JM-02 for reference sequence S5-R04
[image: Chart, line chart

Description automatically generated][image: Chart, line chart

Description automatically generated]
Figure 7.4.3.3-1 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S5-SCC-01 against H.264/AVC HM with configuration S5-JM-01 for reference sequence S5-R04
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Figure 7.4.3.3-2 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S5-SCC-02 against H.264/AVC HM with configuration S5-JM-02 for reference sequence S5-R04
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-5-Gaming/265/Characterization/.
=====  CHANGE  =====
[bookmark: _Toc94802729]7.4.3.4	Summary
Table 7.4.3.4-1 provides a summary of BD rate gain in psnr and vmaf of H.265/HEVC SCC against H.264/AVC JM for different scenarios and configurations.
Table 7.4.3.4-1 Summary of BD rate gain in psnr of H.265/HEVC SCC against H.264/AVC JM for different scenarios and configurations
	Scenario
	average psnr
	min psnr
	max psnr

	S3 no intra
	64.33962.067
	55.33452.938
	75.68175.355

	S3 intra
	61.17058.793
	53.79851.133
	72.56472.162

	S5 no intra
	43.318
	25.46725.345
	56.97956.245

	S5 intra
	43.60935.638
	22.97723.599
	43.80544.123

	Minimum
	43.31835.638
	22.97723.599
	43.80544.123

	Maximum
	64.33962.067
	55.33452.938
	75.68175.355


]
=====  CHANGE  =====
Editor’s Note: The results are to be checked until the next AHG telco, otherwise agreed,
[
7.5.2.2	Scenario 3: Screen Content
This clause provides characterization of H.265/HEVC SCC mode configurations against H.265/HEVC HM for Scenario 3 Screen Content. In particular, 
· Table 7.5.2.2-1 provides the BD rate gain of H.265/HEVC SCC with S3-SCC-01/03 against H.265/HEVC HM with configuration S3-HM-01/03, i.e. with the screen content scenario reference sequences and no fixed intra.
· Table 7.5.2.2-2 provides the BD rate gain of H.265/HEVC SCC with S3-SCC-02/04 against H.265/HEVC HM with configuration S3-HM-02/04, i.e. with the screen content scenario reference sequences fixed Intra every second.
Table 7.5.2.2-1 BD rate gain of H.265/HEVC SCC with S3-SCC-01/03 against H.265/HEVC HM with configuration S3-HM-01/03, i.e. with the screen content scenario reference sequences and no fixed intra
	Reference sequence
	Name
	psnry_psnr
	y_psnrpsnr

	S3-R01
	MovingText2-4K-10bit
	18.94316.48
	16.50718.92

	S3-R02
	MovingText2-4K-8bit
	18.65116.22
	16.21018.66

	S3-R03
	MovingText2-FullHD-10bit
	9.9908.63
	8.6289.99

	S3-R04
	MovingText2-FullHD-8bit
	10.3858.97
	8.96010.39

	S3-R05
	TextMixTransitions-4K-10bit
	36.63933.95
	33.94236.65

	S3-R06
	TextMixTransitions-4K-8bit
	37.44634.07
	34.06837.45

	S3-R07
	TextMixTransitions-FullHD-10bit
	22.56619.00
	19.02222.55

	S3-R08
	TextMixTransitions-FullHD-8bit
	23.19619.24
	19.26423.18

	S3-R09
	GraphicsMixSimple-4K-10bit
	43.44642.55
	42.54743.45

	S3-R10
	GraphicsMixSimple-4K-8bit
	43.48642.51
	42.52043.48

	S3-R11
	GraphicsMixSimple-FullHD-10bit
	27.10625.79
	25.78927.11

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	27.37126.08
	26.06127.39

	S3-R13
	GraphicsMixTransitions-4K-10bit
	14.59113.51
	13.49714.61

	S3-R14
	GraphicsMixTransitions-4K-8bit
	14.67313.36
	13.39114.65

	S3-R15
	GraphicsMixTransitions-FullHD-10bit
	7.3155.69
	5.7147.30

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	8.0946.31
	6.3188.09

	S3-R17
	Mission-Control
	32.70532.85
	32.84732.70

	Minimum
	
	7.3155.69
	5.7147.30

	Maximum
	
	43.48642.55
	42.52043.48

	Average
	
	23.33021.48
	21.48723.33


Table 7.5.2.2-2 BD rate gain of H.265/HEVC SCC with S3-SCC-02/04 against H.265/HEVC HM with configuration S3-HM-02/04, i.e. with the screen content scenario reference sequences fixed Intra every second
	Reference sequence
	Name
	psnry_psnr
	y_psnrpsnr

	S3-R01
	MovingText2-4K-10bit
	17.59015.65
	15.67717.58

	S3-R02
	MovingText2-4K-8bit
	17.53015.55
	15.53717.54

	S3-R03
	MovingText2-FullHD-10bit
	11.64810.62
	10.59611.66

	S3-R04
	MovingText2-FullHD-8bit
	11.76910.57
	10.55111.79

	S3-R05
	TextMixTransitions-4K-10bit
	45.77143.85
	43.86645.76

	S3-R06
	TextMixTransitions-4K-8bit
	46.12243.92
	43.92446.11

	S3-R07
	TextMixTransitions-FullHD-10bit
	31.36028.40
	28.41331.35

	S3-R08
	TextMixTransitions-FullHD-8bit
	31.39228.53
	28.52931.40

	S3-R09
	GraphicsMixSimple-4K-10bit
	47.62147.01
	47.01147.62

	S3-R10
	GraphicsMixSimple-4K-8bit
	47.54446.62
	46.64847.52

	S3-R11
	GraphicsMixSimple-FullHD-10bit
	31.49630.30
	30.30731.49

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	31.46930.12
	30.09031.49

	S3-R13
	GraphicsMixTransitions-4K-10bit
	26.29425.44
	25.46826.28

	S3-R14
	GraphicsMixTransitions-4K-8bit
	26.29625.15
	25.13126.31

	S3-R15
	GraphicsMixTransitions-FullHD-10bit
	16.61115.11
	15.10916.62

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	16.99415.26
	15.24617.01

	S3-R17
	Mission-Control
	35.64035.68
	35.69535.63

	Minimum
	
	11.64810.57
	10.55111.66

	Maximum
	
	47.62147.01
	47.01147.62

	Average
	
	29.00927.52
	27.51829.01



As an example, 
· Figure 7.5.2.2-1 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC HM with S3-SCC-03 against H.265/HEVC HM with configuration S3-HM-03 for reference sequence S35-R09
· Figure 7.5.2.2-2 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S3-SCC-04 against H.265/HEVC HM with configuration S3-HM-04 for reference sequence S35-R09
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Figure 7.5.2.2-1 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S35-SCC-03 against H.265/HEVC HM with configuration S35-HM-03 for reference sequence S35-R09
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Figure 7.5.2.2-2 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S35-SCC-04 against H.265/HEVC HM with configuration S35-HM-04 for reference sequence S35-R09
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/265/Characterization/.

=====  CHANGE  =====
[bookmark: _Toc94802733]7.5.2.3	Scenario 5: Online Gaming
This clause provides characterization of H.265/HEVC SCC mode configurations against H.265/HEVC HM for Scenario 5 Online Gaming. In particular, 
· Table 7.5.2.3-1 provides the BD rate gain of H.265/HEVC SCC with S5-SCC-01 against H.265/HEVC HM with configuration S5-HM-01, i.e. with the online gaming scenario reference sequences and no fixed intra.
· Table 7.5.2.3-2 provides the BD rate gain of H.265/HEVC SCC with S5-SCC-02 against H.265/HEVC HM with configuration S5-HM-02, i.e. with the online gaming scenario reference sequences and fixed intra every second.
Table 7.5.2.3-1 BD rate gain of H.265/HEVC SCC with S5-SCC-01 against H.265/HEVC HM with configuration S5-HM-01, i.e. with the online gaming scenario reference sequences and no fixed intra
	Reference sequence
	Name
	psnry_psnr
	y_psnrpsnr

	S5-R01
	AOV
	0.9690.74
	0.7420.97

	S5-R02
	Baolei-Man
	0.8100.35
	0.3470.81

	S5-R03
	Baolei-Woman
	1.6811.41
	1.4101.68

	S5-R04
	Baolei-Balloon
	1.0370.88
	0.8851.04

	S5-R05
	Baolei-Yard
	0.3960.25
	0.2450.39

	S5-R06
	Jianling-Temple
	2.7682.31
	2.3052.77

	S5-R07
	Jianling-Beach
	4.9263.97
	3.9674.92

	S5-R08
	Heroes-of-the-Storm
	3.4853.09
	3.0933.49

	S5-R09
	Project-CARS
	3.6032.72
	2.7183.60

	S5-R10
	World-of-WarCraft
	3.8452.86
	2.8633.85

	S5-R11
	MineCraft
	16.64412.51
	12.51416.64

	S5-R12
	CS-GO
	9.4787.32
	7.3229.49

	S5-R13
	StarCraft
	5.4613.91
	3.9085.45

	Minimum
	
	0.3960.25
	0.2450.39

	Maximum
	
	16.64412.51
	12.51416.64

	Average
	
	4.2393.26
	3.2554.24



Table 7.5.2.3-2 BD rate gain of H.265/HEVC SCC with S5-SCC-02 against H.265/HEVC HM with configuration S5-HM-02, i.e. with the online gaming scenario reference sequences and fixed intra every second
	Reference sequence
	Name
	y_psnr
	y_psnr

	S5-R01
	AOV
	1.4871.18
	1.1781.49

	S5-R02
	Baolei-Man
	1.6391.17
	1.1741.64

	S5-R03
	Baolei-Woman
	2.8812.46
	2.4622.89

	S5-R04
	Baolei-Balloon
	1.0510.92
	0.9181.05

	S5-R05
	Baolei-Yard
	0.3470.18
	0.1790.35

	S5-R06
	Jianling-Temple
	2.6722.27
	2.2722.67

	S5-R07
	Jianling-Beach
	7.1486.07
	6.0727.15

	S5-R08
	Heroes-of-the-Storm
	4.7344.45
	4.4524.73

	S5-R09
	Project-CARS
	4.1523.10
	3.1054.15

	S5-R10
	World-of-WarCraft
	6.4075.78
	5.7786.40

	S5-R11
	MineCraft
	17.15013.96
	13.95817.15

	S5-R12
	CS-GO
	11.8159.49
	9.48611.81

	S5-R13
	StarCraft
	7.1595.73
	5.7297.16

	Minimum
	
	0.3470.18
	0.1790.35

	Maximum
	
	17.15013.96
	13.95817.15

	Average
	
	5.2804.37
	4.3665.28



As an example, 
· Figure 7.5.2.3-1 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S5-SCC-01 against H.265/HEVC HM with configuration S5-HM-01 for reference sequence S5-R11
· Figure 7.5.2.3-2 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S5-SCC-02 against H.265/HEVC HM with configuration S5-HM-02 for reference sequence S5-R11
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Figure 7.5.2.3-1 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S5-SCC-01 against H.265/HEVC HM with configuration S5-HM-01 for reference sequence S5-R11
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Figure 7.5.2.3-2 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S5-SCC-02 against H.265/HEVC HM with configuration S5-HM-02 for reference sequence S5-R11
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-5-Gaming/265/Characterization/.
=====  CHANGE  =====
[bookmark: _Toc94802734]7.5.2.4	Summary
Table 7.5.2.4-1 provides a summary of BD rate gain in psnr of H.265/HEVC SCC against H.265/HEVC HM for different scenarios and configurations.
Table 7.5.2.4-1 Summary of BD rate gain in psnr of H.265/HEVC SCC against H.265/HEVC HM for different scenarios and configurations
	Scenario
	average psnr
	min psnr
	max psnr

	S3 no intra
	23.33023.33
	7.3157.30
	43.48643.48

	S3 intra
	29.00929.01
	11.64811.66
	47.62147.62

	S5 no intra
	4.2394.24
	0.3960.39
	16.64416.64

	S5 intra
	5.2805.28
	0.3470.35
	17.15017.15

	Minimum
	4.2394.24
	0.3470.35
	16.64417.15

	Maximum
	29.00929.01
	11.64811.66
	47.62147.62


]
=====  CHANGE  =====
[bookmark: _Toc71665317][bookmark: _Toc94802863]B.2	Raw Video Sequences
[bookmark: _Toc71665318][bookmark: _Toc94802864]B.2.1 Overview
For a raw video sequence used in the context of this Technical Report, the following metadata is expected to be provided:
1)	Spatial Resolution width
2)	Spatial Resolution height
3)	Chroma Format
4)	Chroma Sub-Sampling
5)	Picture Aspect ratio
6)	Frame rate
7) Bit depth
8) Colour space format (default is 1 for BT.709)
9)	Transfer characteristics (default is 1 for BT.709)
10) Frame count (and optionally the duration)
11) HDR Metadata
In addition, the following aspects were collected that should be added:
12)	Video storage format
13)	MD5 of raw video
14)	Reference to bitstream (URL to weblink where the original sequence is available)
15)	Copyright statement
16)	Contact Person
17)	packing and storage format
18)	thumbnail preview
19)	mp4 preview
20)	Name of sequence
21)	Sequence key
22)	Some background information
23) Information on how the sequence had been generated.
24) md5-10 documenting the md5 of the 10 bit version after conversion
Some information may be optional, others may be optionally defaulted.
A JSON scheme is defined in clause B.2.2 for this matter. An example is provided in clause B.2.3.
=====  CHANGE  =====
[bookmark: _Toc71665319][bookmark: _Toc94802865]B.2.2 JSON Schema
JSON schema for the raw format is here: 
https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/ReferenceSequences/raw-schema.json
	{
    "$schema": "http://json-schema.org/draft-07/schema",
    "$id": "https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/ReferenceSequences/raw-schema.json",
    "type": "object",
    "title": "The root schema",
    "description": "Schema for raw sequences.",
    "default": {},
    "required": ["Sequence", "Properties", "copyRight", "Contact"],
    "properties": {
        "Sequence": {
            "$id": "#/properties/Sequence",
            "type": "object",
            "title": "Schema for the Sequence",
            "description": "Includes all information about the sequence",
            "default": {},
            "required": ["Name", "Background", "Scenario", "URI", "md5", "size", "md5-10"],
            "properties": {
                "Name": {
                    "$id": "#/properties/Sequence/properties/Name",
                    "type": "string",
                    "title": "The Name schema",
                    "description": "Provides a unique name of the sequence."
                },
                "Background": {
                    "$id": "#/properties/Sequence/properties/Background",
                    "type": "string",
                    "title": "The Background schema",
                    "description": "Provides some background information on the sequence."
                },
                "Scenario": {
                    "$id": "#/properties/Sequence/properties/Scenario",
                    "type": "string",
                    "title": "The Scenario schema",
                    "description": "Provides information to which Scenario this sequence relates."
                },
                "Key": {
                    "$id": "#/properties/Sequence/properties/Key",
                    "type": "string",
                    "title": "The Key schema",
                    "description": "Provides the key used in TR 26.955.",
                    "examples": ["S5-R5"]
                },
                "URI": {
                    "$id": "#/properties/Sequence/properties/URI",
                    "type": "uri",
                    "title": "The URI schema",
                    "description": "Provides a reference/URL to the raw video data."
                },
                "md5": {
                    "$id": "#/properties/Sequence/properties/md5",
                    "type": "string",
                    "title": "The md5 schema",
                    "description": "Provides the md5 of the raw sequence.",
                    "examples": ["d055a94f35f7594776186fc5d09a9fa4"]
                },
                "md5-10": {
                    "$id": "#/properties/Sequence/properties/md5-10",
                    "type": "string",
                    "title": "The md5-10 schema",
                    "description": "documents the md5 of the 10 bit version after conversion.",
                    "examples": ["d055a94f35f7594776186fc5d09a9fa4"]
                },
                "thumbnail": {
                    "$id": "#/properties/Sequence/properties/thumbnail",
                    "type": "uri",
                    "title": "The thumbnail schema",
                    "description": "Provides a reference/URL to a typical frame of the video."
                },
                "preview": {
                    "$id": "#/properties/Sequence/properties/preview",
                    "type": "uri",
                    "title": "The preview schema",
                    "description": "Provides a reference/URL to an mp4 encoded video."
                },
                "TR26.955": {
                    "$id": "#/properties/Sequence/properties/TR26.955",
                    "type": "string",
                    "title": "The TR26.955 schema",
                    "description": "An explanation about the purpose of this instance.",
                    "default": "",
                    "examples": ["Annex C.3.2.3.2"]
                },
                "size": {
                    "$id": "#/properties/Sequence/properties/size",
                    "type": "integer",
                    "title": "The size schema",
                    "description": "The size of the raw video in octets."
                }
            },
            "additionalProperties": true
        },
        "Properties": {
            "$id": "#/properties/Properties",
            "type": "object",
            "title": "The Properties schema",
            "description": "the properties of the raw video."
            ],
            "required": ["width", "height", "bitDepth", "frameRate", "colourPrimaries", "transferCharacteristics", "matrixCoefficients", "sampleAspectRatio", "duration", "frameCount"],
            "properties": {
                "width": {
                    "$id": "#/properties/Properties/properties/width",
                    "type": "integer",
                    "title": "The width schema",
                    "description": "width in pixels.",
                    "examples": [3840]
                },
                "height": {
                    "$id": "#/properties/Properties/properties/height",
                    "type": "integer",
                    "title": "The height schema",
                    "description": "height in pixels.",
                    "examples": [2160]
                },
                "format": {
                    "$id": "#/properties/Properties/properties/format",
                    "type": "string",
                    "title": "The format schema",
                    "description": "raw video format",
                    "default": "yuv",
                    "examples": ["yuv"]
                },
                "packing": {
                    "$id": "#/properties/Properties/properties/packing",
                    "type": "string",
                    "title": "The packing schema",
                    "description": "packing of the raw video.",
                    "default": "planar",
                    "examples": ["planar"]
                },
                "scan": {
                    "$id": "#/properties/Properties/properties/scan",
                    "type": "string",
                    "title": "The scan schema",
                    "description": "scan schema of the raw video.",
                    "default": "progressive",
                    "examples": ["progressive"]
                },
                "subsampling": {
                    "$id": "#/properties/Properties/properties/subsampling",
                    "type": "string",
                    "title": "The subsampling schema",
                    "description": "colour subsampling.",
                    "default": "420",
                    "examples": ["420"]
                },
                "bitDepth": {
                    "$id": "#/properties/Properties/properties/bitDepth",
                    "type": "integer",
                    "title": "The bitDepth schema",
                    "description": "bitdepth of the video.",
                    "default": 0,
                    "examples": [10]
                },
                "frameRate": {
                    "$id": "#/properties/Properties/properties/frameRate",
                    "type": "number",
                    "title": "The frameRate schema",
                    "description": "Framerate of the video."
                },
                "colourPrimaries": {
                    "$id": "#/properties/Properties/properties/colourPrimaries",
                    "type": "string",
                    "title": "The colourPrimaries schema",
                    "description": "Colour Primaries according to ISO/IEC 23091-3.",
                    "examples": ["1", "9"]
                },
                "transferCharacteristics": {
                    "$id": "#/properties/Properties/properties/transferCharacteristics",
                    "type": "string",
                    "title": "The transferCharacteristics schema",
                    "description": "Transfer Characteristics according to ISO/IEC 23091-3.",
                    "examples": ["1", "14", "16", "18"]
                },
                "matrixCoefficients": {
                    "$id": "#/properties/Properties/properties/matrixCoefficients",
                    "type": "string",
                    "title": "The matrixCoefficients schema",
                    "description": "Matrix Coefficients according to ISO/IEC 23091-3.",
                    "examples": ["1", "9"]
                },
                "sampleAspectRatio": {
                    "$id": "#/properties/Properties/properties/sampleAspectRatio",
                    "type": "string",
                    "title": "The sampleAspectRatio schema",
                    "description": "Sample Aspect Ratio according to ISO/IEC 23091-3.",
                    "examples": ["1"]
                },
                "duration": {
                    "$id": "#/properties/Properties/properties/duration",
                    "type": "number",
                    "title": "The duration schema",
                    "description": "Duration of the sequence in seconds.",
                    "examples": [5.46]
                },
                "frameCount": {
                    "$id": "#/properties/Properties/properties/frameCount",
                    "type": "integer",
                    "title": "The frameCount schema",
                    "description": "The number of frames in the sequence.",
                    "examples": [327]
                },
                "startFrame": {
                    "$id": "#/properties/Properties/properties/startFrame",
                    "type": "integer",
                    "title": "The startFrame schema",
                    "description": "The first frame in the sequence that is to be used starting from 1.",
                    "default": 1,
                    "examples": [1]
                },
                "videoFullRangeFlag": {
                    "$id": "#/properties/Properties/properties/videoFullRangeFlag",
                    "type": "string",
                    "title": "The videoFullRangeFlag schema",
                    "description": "The fullRange video flag according to ISO/IEC 23091-3.",
                    "default": "1",
                    "examples": ["0", "1"]
                },
                "chromaSampleLocType": {
                    "$id": "#/properties/Properties/properties/chromaSampleLocType",
                    "type": "string",
                    "title": "The chromaSampleLocType schema",
                    "description": "THe chroma sample location according to ISO/IEC 23091-3.",
				  "default": "0",
                    "examples": ["0", "2"]
                },
                "HDRmasterDisplay": {
                    "$id": "#/properties/Properties/properties/HDRmasterDisplay",
                    "type": "string",
                    "title": "The HDRmasterDisplay schema",
                    "description": "HDR Master Display metadata.",
                    "examples": ["G(13250,34500)B(7500,3000)R(34000,16000)WP(15635,16450)L(40000000,47)"]
                },
                "HDRmaxCLL": {
                    "$id": "#/properties/Properties/properties/HDRmaxCLL",
                    "type": "string",
                    "title": "The HDRmaxCLL schema",
                    "description": "HDRmaxCLL information.",
                    "examples": ["4000"]
                },
                "HDRmaxFALL": {
                    "$id": "#/properties/Properties/properties/HDRmaxFALL",
                    "type": "string",
                    "title": "The HDRmaxFALL schema",
                    "description": "HDRmaxFALL schema.",
                    "examples": ["0"]
                }
            },
            "additionalProperties": true
        },
        "copyRight": {
            "$id": "#/properties/copyRight",
            "type": "string",
            "title": "The copyRight schema",
            "description": "Copyright statement."
        },
        "Contact": {
            "$id": "#/properties/Contact",
            "type": "object",
            "title": "The Contact schema",
            "description": "A contact for the sequence."
                }
            ],
            "required": ["Name"],
            "properties": {
                "Name": {
                    "$id": "#/properties/Contact/properties/Name",
                    "type": "string",
                    "title": "The Name schema",
                    "description": "The name of a person."
                },
                "Company": {
                    "$id": "#/properties/Contact/properties/Company",
                    "type": "string",
                    "title": "The Company schema",
                    "description": "Company."
                },
                "e-mail": {
                    "$id": "#/properties/Contact/properties/e-mail",
                    "type": "string",
                    "title": "The e-mail schema",
                    "description": "e-mail or web page link."
                },
                "generation": {
                    "$id": "#/properties/Contact/properties/generation",
                    "type": "string",
                    "title": "The generation schema",
                    "description": "Information on how the data was generated"
                }
            },
            "additionalProperties": true
        }
    },
    "additionalProperties": true
}



=====  CHANGE  =====
[bookmark: _Toc71665320][bookmark: _Toc94802866]B.2.3 Example
	{
    "Sequence": {
        "Name": "Meridian",
        "Background": "The Meridian test sequence is tbd.",
        "Scenario": "4K-TV",
        "Key": "S5-R5",
        "URI": "meridian.yuv",
        "md5": "d055a94f35f7594776186fc5d09a9fa4",
        "md5-10": "d055a94f35f7594776186fc5d09a9fa4",
        "thumbnail": "./meridian.png",
        "preview": "./meridian.mp4",
        "TR26.955": "Annex C.3.2.3.2",
        "size": 8136806400
    },
    "Properties": {
        "width": 3840,
        "height": 2160,
        "format": "yuv",
        "packing": "planar",
        "scan": "progressive",
        "subsampling": "420",
        "bitDepth": 10,
        "frameRate": 59.94,
        "colourPrimaries": "9",
        "transferCharacteristics": "16",
        "matrixCoefficients": "9",
        "sampleAspectRatio": "1",
        "duration": 5.46,
        "frameCount": 327,
        "startFrame": 1,
        "videoFullRangeFlag": "0",
        "chromaSampleLocType": "2",
        "HDRmasterDisplay": "G(13250,34500)B(7500,3000)R(34000,16000)WP(15635,16450)L(40000000,47)",
        "HDRmaxCLL": "4000",
        "HDRmaxFALL": "0"
    },
    "copyRight": "Copyright \u00c2\u00a9 The video sequence provided above and all intellectual property rights therein remain the property of Netflix Inc. This video sequence is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/4.0/ ",
    "Contact": {
        "Name": "Thomas Stockhammer",
        "Company": "Qualcomm",
        "e-mail": "tsto@qti.qualcomm.com",
        "generation": "The original sequences can be accessed here https://media.xiph.org/video/derf/"
    }
}




=====  CHANGE  =====
[bookmark: _Toc94803032]D.3.1 	Hosting
All anchor test bitstreams are hosted at: 
https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/. 
Below this folder, a hierarchy is created 
-	Scenario
-	Codec
-	Anchor/Test Tuple
-	Anchor/Test Bitstream
Below this folder, for each anchor a dedicated folder is created. 
The folder includes at least the following information:
-	JSON file for binary video according to schema in clause B.3.2.
-	binary video bitstream 
The basic structure is as follows
Anchors
Scenario-1-HD/                    05-May-2021 19:06      -  
Scenario-2-4K/                    05-May-2021 19:07      -  
Scenario-3-Screen/                10-May-2021 21:18      -  
Scenario-4-Sharing/               05-May-2021 19:07      -  
Scenario-5-Gaming/                06-May-2021 00:38      -  


=====  CHANGE  =====
[bookmark: _Toc94803037]E.1	Introduction
The development of anchors, tests and metrics is supported by a software package provided here: https://github.com/haudiobe/5GVideo. The software packager permits the following functionalities:
1. to produce anchors and test bitstreams. 
a) Input
-	a reference sequence csv according to the format in this document. It includes the key and the reference to the online repository
-	a stream csv file according to the format provided in this document. It includes the tuple key, the reference sequence, the reference encoder, the configuration files, the variations and the anchor keys.
b) Output
-	the set of anchors in an anchor tuple in json according to the agreed naming convention
1. to produce metrics. The following information is needed.
a) Input
-	a reference sequence csv according to the format in this document. It includes the key and the reference to the online repository
-	a stream csv file according to the format provided in this document. It includes the tuple key, the reference sequence, the reference encoder, the configuration files, the variations and the anchor keys.
-	the set of anchors in an anchor tuple in json according to the agreed naming convention
b) Output
-	a metrics json file for each anchor tuple according to the definition in clause 5.5.
1. to verify reconstruction and metrics. The following information is needed.
a) Input
-	a reference sequence csv according to the format in this document. It includes the key and the reference to the online repository
-	a stream csv file according to the format provided in this document. It includes the tuple key, the reference sequence, the reference encoder, the configuration files, the variations and the anchor keys.
-	the set of anchors in an anchor tuple in json according to the agreed naming convention
b) Output
-	a list of verification report entries according to the definition in Annex B.4.
1. to verify bitstreams. The following information is needed.
a) Input
-	a reference sequence csv according to the format in this document. It includes the key and the reference to the online repository
-	a stream csv file according to the format provided in this document. It includes the tuple key, the reference sequence, the reference encoder, the configuration files, the variations and the anchor keys.
-	the set of anchors in an anchor tuple in json according to the agreed naming convention
b) Output
-	a list of verification report entries according to the definition in Annex B.4.
1. to create characterization results. The following information is needed.
a) Input
-	the configuration of the anchor and the test
-	the metrics for which characterization is done.
b) Output
-	Characterization reports.
-	Plots for the characterizations
The software is currently hosted here: https://github.com/haudiobe/5GVideo
Editor’s Note: needs update for final scripting details
=====  CHANGE  =====
[bookmark: _Toc94803038]E.2		README
[bookmark: overview]E.2.1	Overview
these script can be used to produce / verify specific encoders and scenarios according to TR26.955.
[bookmark: installation]E.2.2	Installation
git clone https://github.com/haudiobe/5GVideo 
cd 5GVideo
Please use a python virtual environment to install dependencies and run the scripts.
install dependencies:
pip3 install -r src/requirements.txt
[bookmark: working-directory]E.2.3	working directory
the scripts are meant to work on local directory containing data organized as in: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/
the VCC_WORKING_DIR environment variable is used to configure the location of that directory.
[bookmark: download-content-from-server]E.2.4	download content from server
downloads anchor bitstreams, metrics, encoder config, and reference sequence list for a given scenario:
python3 download.py streams https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-1-FHD/264/streams.csv $VCC_WORKING_DIR/Bitstreams/Scenario-1-FHD/264
downloads anchor reference sequences for a csv list:
python3 src/download.py sequences https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-1-FHD/264/streams.csv $VCC_WORKING_DIR/Bitstreams/Scenario-1-FHD/reference-sequences.csv
[bookmark: characterization]E.2.5	characterization
The characterization script is meant to compare test data to an anchor. For instance, to compare sequences JM and HM for Scenario-1-FHD, you should have the following data:
$VCC_WORKING_DIR/Bitstreams/Scenario-1-FHD/
$VCC_WORKING_DIR/Bitstreams/Scenario-1-FHD/264/S1-A01-264.json
$VCC_WORKING_DIR/Bitstreams/Scenario-1-FHD/264/streams.csv
$VCC_WORKING_DIR/Bitstreams/Scenario-1-FHD/264/Metrics/S1-A01-264.csv
[...]

$VCC_WORKING_DIR/Bitstreams/Scenario-1-FHD/
$VCC_WORKING_DIR/Bitstreams/Scenario-1-FHD/264/S1-A01-265.json
$VCC_WORKING_DIR/Bitstreams/Scenario-1-FHD/265/streams.csv
$VCC_WORKING_DIR/Bitstreams/Scenario-1-FHD/265/Metrics/S1-A01-264.csv
[...]
To compare and plot psnr, y_psnr, and ms_ssim for these 2 sequences:
python3 src/compare.py --plot -s S1-A01-264 S1-A01-265 psnr y_psnr ms_ssim
Assuming you have all the anchors for encoder config S1-JM-01 and S1-HM-01, you can process them at once:
python3 src/compare.py --plot -c S1-JM-01 S1-HM-01 psnr y_psnr ms_ssim
[bookmark: encode-decode-convert-metrics-commands]E.2.6	encode, decode, convert, metrics commands
src/vcc.py provides the commands to encode, decode, and compute metrics.
All the commands described below support processing a single anchor …
python3 src/metrics.py -s S1-A11-265 csv-metrics
a single sequence (QP) …
python3 src/metrics.py -s S1-A11-265-22 csv-metrics
or batch all anchors oif a given encoder config.
python3 src/metrics.py -c S1-HM-02 csv-metrics
[bookmark: encode]encode
JM19_0_ENCODER=~/deps/JM/bin/lencod_static

python3 src/vcc.py -s S1-A01-264 encode [--dry-run]
dry-run mode prints the command used to encode to stdout but doesn’t run it, but it does compute existing bitstream md5.
[bookmark: decode]decode
JM19_0_DECODER=~/deps/JM/bin/ldecod_static

python3 src/vcc.py -s S1-A01-264 decode [--dry-run]
dry-run mode prints the command used to encode to stdout but doesn’t run it, but it does compute existing reconstruction md5.
[bookmark: convert]convert
HDRCONVERT_TOOL=~/deps/HDRTools/build/bin/HDRConvert

python3 src/vcc.py -s S1-A11-265 decode --reference [--dry-run]
python3 src/vcc.py -s S1-A11-265 decode --reconstructions [--dry-run]
Performs conversion needed before metrics computation using HDRTools’ HDRConvert.
when –reconstructions is specfied, the reconstructions for all QPs are processed. when –reference is specified, the reference sequence is processed instead.
Conversion is either be 8 to 10 bit YUV, or YUV to EXR. When conversion is not needed for a given sequence, the script does nothing.
The converted sequences are stored in a tmp subfolder for each anchor.
dry-run mode prints the command used to convert to stdout but doesn’t run it.
[bookmark: metrics]metrics
HDRMETRICS_TOOL=~/deps/HDRTools/build/bin/HDRMetrics
VMAF_EXE=~/deps/vmaf/libvmaf/build/tools/vmafossexec
VMAF_MODEL=/home/deps/vmaf/model/vmaf_v0.6.1.json

python3 src/vcc.py -s S1-A11-265 metrics [--dry-run]
Computes metrics for the given sequence. This step also computes bitrate after removing SEI.
HDRTOOLS or VMAF can be enabled / disabled through environment variables.
DISABLE_HDRMETRICS=1
DISABLE_VMAF=1
This step is meant to run after successfull conversion. It uses the converted sequence where appropriate, and raise an error if it doesn’t exist.
dry-run mode doesn’t run HDRTools or vmaf, but it does parse existing logs.
[bookmark: metrics-csv-export]metrics csv export
Metrics are saved on the anchors JSON file. A script can be used to export them to .csv:
python3 src/metrics.py -s S1-A11-265 csv-metrics
python3 src/metrics.py -c S1-HM-02 csv-metrics
For the above commands, the metrics .csv files can then be found in: $VCC_WORKING_DIR/Bitstreams/Scenario-1-FHD/265/Metrics

image1.png
Rate-Quality Curve

BD rate gain: 32.082

38
36
E T
& &
234 z
H H
L L
<3 3
32
30
/
10000 20000 30000 40000 50000 60000 85 50 95 100 105 1.0
Bit rate in bit/s

Bit rate in bit/s




image2.png
BD rate gain: 54.366

Rate-Quality Curve
525- e 52.5
50.0 50.0
475 475

Quality (psnr)
&
<

425

Quality (psnr)
£y
&
o

&
N
&

40.0

40.0

375

7

375

95

2000

4000

6000

8000 10000 12000 14000 16000
Bit rate in bit/s

8.0 85 9.0
Bit rate in bit/s





image3.png
BD rate gain: 61.703

Rate-Quality Curve
525- A 52.5
50.0 50.0 4
475 415
Bas0 Sas0
z z
E |
Sazs Gaz2s
40.0- 40.0
375 / 315
35.0 35.0
70 75 8.0 85 9.0 95

4000

6000 8000 10000 12000 14000 16000

Bit rate in kbit/s

Bit rate in kbit/s




image4.png
100

95

© ® ©
8 & 8

Quality (vmaf)
N
b

65

Rate-Quality Curve

BD rate gain: 62.371

100

95

8

®
&

Quality (vmaf)

o
3

75

70

60

/

65

60

0

1000

1500

2000 2500
Bit rate in bit/s

3000

3500 4000 4500

6.0

6.5

7.0
Bit rate in bit/s

75

80

85




image5.png
100

95

8

®
&

®
&

o
bl

Rate-Quality Curve

BD rate gain: 62.218

100

Quality (vmaf)

70

65

Quality (vmaf)

70

60

/

65

60

500

1000

1500 2000 2500
Bit rate in bit/s

3000

3500 4000

4500

6.0 6.5 70 75 8.0 85
Bit rate in bit/s




image6.png
Quality (vmaf)

Rate-Quality Curve

BD rate gain: 47.620

100
|
95
%0 =
5
E
2
2z
85 T
I3
80
7 i - 75 v .
1000 2000 3000 4000 5000 6000 7000 8000 9000 65 70 75 8.0 85 50

Bit rate in bit/s

Bit rate in bit/s




image7.png
Rate-Quality Curve

BD rate gain: 47.354

100~
95
z 9% =
5 5
E £
2 2
2z 2z
R E
o o
80
7 1 = B snmm 7
1000 2000 3000 4000 5000 6000 7000 8000 9000 65 70 75 8.0 85 90

Bit rate in bit/s

Bit rate in bit/s





image8.png
BD rate gain: 45.131

Rate-Quality Curve
42 42
40 40
B B
ﬁ_SH éBB
z z
H H
L L
<3 3
36 36
34
32 32 <
8000 10000 12000 14000 16000 75 80 85 50 95
Bit rate in bit/s

2000

4000

6000

Bit rate in bit/s




image9.png
BD rate gain: 45.200

Quality (psnr)

Rate-Quality Curve
42
40
£
EHE
z
s
L
(<4
36
34
32 <
2000 4000 6000 8000 10000 12000 14000 16000 75 80 85 5.0 95

Bit rate in kbit/s Bit rate in kbit/s




image10.png
Rate-Quality Curve 8D rate gain: 32.334

Quality (psnr)
8

W
&

T iR o .
a2
a0
S
2z
3
s
O38
36
34 .
5000 10000 15000 20000 25000 30000 50 5 50 95 6.0
Bit rate in bit/s

Bit rate in bit/s




image11.png
Rate-Quality Curve

BD rate gain: 32.423

w“ ey e .
42 42
T Ta0
£ ]
z z
3 ko
2 g
G38 G38
36 36
34 34
15000 20000 25000 30000 8.0 85 9.0 95 10.0

5000

10000

Bit rate in kbit/s

Bit rate in kbit/s




image12.png
BD rate gain: 75.681

Rate-Quality Curve
525 525
50.0 / 50.0
475 415
H / B
Baso Baso
Z z
s ]
G425 G425
40.0- 40.0
375 / 375
35.0 35.0 .
00 200 300 _ 400 500 600 700 800 a5 50 55 60 5
Bit rate in kbit/s

Bit rate in kbit/s




image13.png
Rate-Quality Curve

BD rate gain: 75.355

525 525+
50.0 50.0
47.5 47.5
2450 2450
z 2
7
o425 o425
40.0 40.0-
375 37.5:
35.0 35.0
300 400 500 600 700 800 5.5
Bit rate in bit/s

100

Bit rate in bit/s





image14.png
BD rate gain: 72.162

Rate-Quality Curve
52.5 525
50.0 50.0
475 475
Sas0 Las0
Zz z
H / E
Ca25 / Cas
40.0 / 40.0
375 / 375
35.0 35.0
1000 1500 2000 2500 55 6.0 65 70 75 8.0

500

Bit rate in bit/s

Bit rate in bit/s




image15.png
BD rate gain: 72.564

Rate-Quality Curve
525 52.5
50.0 50.0
475 475
L450 Las0
z z
E |
Ca25- Cazs
40.0 40.0
375 375
35.0 35.0
1500 2000 2500 65 7.0

500

1000

Bit rate in kbit/s

Bit rate in kbit/s




image16.png
Rate-Quality Curve 8D rate gain: 52.711

T 46

Quality (psnr)

Quality (psnr)

34

95 10.0 105 11.0

00 30000 40000 50000 60000 9.0
Bit rate in bit/s

Bit rate in bit/s




image17.png
BD rate gain: 52.787

Rate-Quality Curve
46 o 46 e
44- 44
42 42
H £
£ ]
Z40 240
® ®©
) L
=3 o
38- 38
36 / 36
34 34
20000 30000 40000 50000 60000 9.0 9.5 10.0 10.5 11.0

10000

Bit rate in kbit/s

Bit rate in kbit/s




image18.png
Rate-Quality Curve BD rate gain: 43.067

o warnin 18 Taks

=

®
H

&

b

Quality (psnr)
&

Quality (psnr)

/ .

20000 40000 60000 80000 100000 950 975 10.00 1025 1050 10.75 11.00 11.25 11.50
Bit rate in bit/s Bit rate in bit/s




image19.png
Rate-Quality Curve BD rate gain: 43.186

2

Quality (psnr)
&

e s T
46
~44
g
£
z
S 42
4
40
38
40000 60000 80000 100000 9.50 5 1000 10.25 10.50 10.75 11.00 11.25 11.50

Bit rate in kbit/s Bit rate in kbit/s




image20.png
Quality (psnr)

BD rate gain: 43.446

Rate-Quality Curve
52.5 525
50.0 50.0
47.5- ~475
B
£
45.0 Zas0
5
2
<
25 425

40.0

40.0 /
375 / 375

100 150 200 250 300 350 400 450 425 450 . 500 525 550 575  6.00
Bit rate in kbit/s Bit rate in kbit/s





image21.png
Quality (psnr)

BD rate gain: 43.446

Rate-Quality Curve
525 52.5
50.0 50.0
47.5- _415
B
g
k=3
45.0 Zaso
T
8
<4
225 25
200 0.0
37.5- / 375
425 450 475 500 525 550 575

100 150 200 250 300 350 400 450
Bit rate in bit/s Bit rate in bit/s




image22.png
BD rate gain: 47.621

Rate-Quality Curve
525 525
50.0- 50.0
o475 ~415
B H
£ £
Zas0 250
s 3
E 3
3 3
425 a5
400 / 400
375 / 375 -
200 400 600 800 1000 1200 1400 1600 1800 55 60 65 70 75
Bit rate in kbit/s

Bit rate in kbit/s




image23.png
BD rate gain: 47.621

Rate-Quality Curve
525 52.5
50.0 50.0
475~ ~415
H H
g g
£ k=3
> >
2450 2450
] ]
S 8
I3 <4
25 a25
200 20,0
375 % 315 -
200 400 600 800 1000 1200 1400 1600 1800 55 6.0 6.5 7.0 75
Bit rate in bit/s

Bit rate in bit/s




image24.png
a2

40

38

Quality (psnr)

36

34

32

Rate-Quality Curve

BD rate gain: 16.644

2

Quality (psnr)

a2

40

38

36

34

32

10000

20000 30000
Bit rate in bit/s

40000

50000

85

9.0

9.5
Bit rate in bit/s

10.0

105





image25.png
Quality (psnr)

Rate-Quality Curve BD rate gain: 16.644

"=z M
a2 a2
40 40
38
36
34- 34
2 / B
10000 20000 30000 40000 50000 8.5 9.0 9.5 10.0

Bit rate in kbit/s Bit rate in kbit/s




image26.png
Quality (psnr)

BD rate gain: 17.150

Rate-Quality Curve

a6

a4

s
S

=
&

Quality (psnr)

w
8

36

34
10000 20000 30000 40000 50000 60000 70000 9.0 95 10.0 105
Bit rate in bit/s Bit rate in bit/s




image27.png
Rate-Quality Curve

BD rate gain: 17.150

46 46
a4 a4
_ a2 42
g 3
e k=
> >
£40- £40
2 g
3 <]
38 38
36 36
34
10000 20000 30000 40000 50000 60000 70000 9.0 9.5 10.0 10.5 11.0

Bit rate in kbit/s

Bit rate in kbit/s





