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=====  CHANGE  =====
[bookmark: _Toc55812964][bookmark: _Toc41600566]5	Test and Characterization Framework for Video Codecs
[bookmark: _Toc55812965]5.1	Overview
This clause defines the characterization framework for video codecs for relevant 3GPP scenarios. For this purpose, the following is applied:
· A set of relevant scenarios are defined. The scenarios reflect a typical application for video codecs in 5G sSystems and networks. The scenarios are introduced in clause 6 and may be extended in future versions of this document.
· For each scenario, one or several reference sequences are defined that are serve as the baseline for anchor generation.
· For each test scenario, one or several anchors are defined and generated. For details on anchors, please refer to clause 5.3. For anchor generation, reference software tools are used as introduced in clause 5.4.
· For each of the anchors, metrics are provided. Metrics are documented in detail in clause 5.5.
· Tests for new codecs can be developed and generated. They are equivalent to anchor generation, but possibly for other codecs. Tests are introduced in clause 5.6.
· Codecs can are be characterized against anchors. Characterization is documented in terms of expected bitrate savings for a codec, and may include additional comparison parameters such as complexity increase, etc. The basic characterization is introduced in clause 5.7.
An overview of the anchor generation framework and the anchor metrics is provided in Figure 5.1-1. An integral part of this Technical Report is:
-	Reference and anchor sequence formats to store raw video data
-	One or multiple rReference sSequences for each of the defined the different scenarios
-	Reference sSoftware encoders
-	Anchor cConfiguration files
-	Anchor bitstreams in a well-defined anchor bitstream format
-	A anchor metric computation based on test a reference sequence, anchor bitstream and an anchor sequence.
-	Conforming decoders to generate anchor sequences from an anchor bitstream
-	Anchor metrics
NOTE: as the anchor sequences can be generated by conforming decoders, anchor sequences are not included in this technical report
[image: ]
Figure 5.1-1 Anchor Generation Framework and Anchor Metrics Generation
[bookmark: _Toc55812966]5.2	Reference Sequences
This specification provides reference sequences that are used in order to provide anchors and are also made available in order to generate test results for other codecs. Reference sequences are selected to represent scenarios.
Reference sequences are collected in Annex C of this document among the properties and the license.
In order to address reference sequences with different raw formats and to maintain timing in these sequences, it was decided to they are provide reference sequences in a consistent format  that maintains sequence properties as well as timing. The format and follows the MP4 format for raw video sequences as defined in ISO/IEC 23001-17 [4623001-17]. More details on test reference sequence format is provided in Annex B.3.
[bookmark: _Toc55812967]5.3	Anchors
Anchors provide a baseline that a tested method can be compared against. Anchors defined in this specification use a codec/profile/level that exists in an existing 3GPP specification as introduced in clause 4.
Anchors are collected in tuples to address different quality and bitrates that can then be used for evaluation over a larger set of operation points.
The following principle apply to anchor definitions:
· Each scenario typically has several well-defined anchors
· An anchor is a combination of:
· Explanation what this anchor is important for
· Original Reference sSequence
· Reference eEncoder
· Encoder configuration
· Encoding complexity estimation, if possibleavailable
· Variable encoder configuration to create multiple quality/bitrate variants (using for example QP variations or other bitrate/quality evaluation tools). 
· Anchor tuples creating multiple variants, each including
· Anchor bitstream
· Anchor Metrics
· Additional recommended anchor information includes
· MD5 check sum of the complete decoded yuv file
· Output picture log 
· 
· Anchors and anchor tuples are an integral part of the Technical Report
· Anchors are preferably stored in an ISO BMFF-based container format.
Anchor tuples should be created over a wide range of parameters in order to provide sufficient data and overlap with expected test results to support the generation of characterization results (see clause 5.7)..
The generation of anchor tuples is shown in Figure 5.3-1.
[image: ]
Figure 5.3-1: Anchor Tuple Generation Framework and Anchor Tuple Metrics Generation
[bookmark: _Toc55812968]5.4	Reference Software Tools
[bookmark: _Toc55812969]5.4.1	General
Anchors are generated with a dedicated reference software. The reference software is documented in order to permit repeatability of the anchor generation.
Reference configurations for reference encoders are provided in Annex D.
[bookmark: _Toc55812970]5.4.2	H.264/AVC
For H.264/AVC generated anchors, the following reference software has been used:
· JM19.0 H.264/MPEG-4 AVC Reference Software: The reference software for H.264/MPEG-4 AVC is called JM (Joint Test Model). The JM software is maintained and can be downloaded from in the repository https://vcgit.hhi.fraunhofer.de/jct-vc/JM and development versions are available. For JM-based H.264/MPEG-4 AVC anchors, version 19.0 is used except specified otherwise. The reference software supports the following 3GPP profiles and levels
· Tbd

[bookmark: _Toc55812971]5.4.3	H.265/HEVC
For H.265/HEVC generated anchors, the following reference software has been used:
· HM16.22 H.265/MPEG-H HEVC Reference Software: The reference software for H.265/MPEG-H HEVC is called HM (HEVC Test Model). The HM software is maintained and can be downloaded from in the repository https://vcgit.hhi.fraunhofer.de/jct-vc/HM and development versions are available. For HM-based H.265/MPEG-4 HEVC anchors, version 16.22 is used except specified otherwise. The reference software supports the following 3GPP profiles and levels
· tbd
[bookmark: _Toc55812972]5.5	Metrics
[bookmark: _Toc55812973]5.5.1	General
Each anchor bitstream gets assigned multiple performance metrics, in particular:
· the bitrate of the sequence on ISO BMFF basis, i.e. the sum of the size of all samples divided by duration of the sequence.
· If Standard Dynamic Range (SDR) is used, then the metrics in clause 5.5.2 apply.
· If High Dynamic Range (HDR) is used, then the metrics in clause 5.5.3 apply.
These document does not specify metrics in the report, but the exact definition of metrics based on a provided computational script introduced in Annex B.4 and integral to this Technical Report.
Subjective evaluation of anchors streams is not excluded per se, but this specification does not define any recommended metric or method. Details are for further study.
[bookmark: _Toc55812974]5.5.2	SDR Metrics
For standard dynamic range (SDR) sequences, the following metrics are used:
[some specification is needed]
· Luminance Peak-Signal to Noise Ratio (PSNRy) of luminance componentPSNR
· Weighted PSNR over color components (wPSNR)
· Structural similarity metric (SSIM)
· Video Multimethod Assessment Fusion (VMAF)
For details refer to [44].
[bookmark: _Toc55812975]5.5.3	HDR Metrics
For high dynamic range (HDR) sequences, the following metrics are used:
· PSNRL100, 
· wPSNR, 
· DE100.
For details refer to [44].
tbd
[bookmark: _Toc55812976]5.6	Tests
Tests may be executed to compare against anchors defined in this specification. 
Tests, equivalently to anchors, are collected in tuples to address different quality and bitrates that can then be used for evaluation over a larger set of operation points.
A test is developed against an anchor and is a combination of:
· Anchor
· Original Reference Sequence
· Test encoderReference Encoder
· Test eEncoder configuration that matches the anchor configuration
· Encoding complexity estimation, if possibleavailable
· Variable encoder configuration to create multiple quality/bitrate variants (using for example QP variations or other bitrate/quality evaluation tools). 
· Test tuples creating multiple variants, each including
· Test bitstream
· Test Metrics
· Additional recommended anchor information includes
· MD5 check sum of the complete decoded yuv file
· Output picture log 
· Tests are an integral part of the Technical Report
The generation of test tuples is shown in Figure 5.6-1.
[image: ]
Figure 5.6-1: Test Tuple Generation Framework and Test Tuple Metrics Generation
[bookmark: _Toc55812977]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].
It is expected that for each of the scenarios, the following information is documented:
· The BD-rate for each anchor tuple and each metric.
· The average BD-rate for all anchors of the scenario against one codec for one metric.
· [The average BD-rate for all anchors of the scenario against one codec for all metrics]
[image: ]
Figure 5.7-1: Characterization Framework
BD-Rate computation is supported by a script that uses anchor tuple and test tuple metrics to provide the characterization results as shown in Figure 5.7-1. 
For details on BD-Rate computation, refer to Annex B.5.
=====  CHANGE  =====
[bookmark: _Toc41600571][bookmark: _Toc55812978]6	Relevant Scenarios and Anchors
[bookmark: _Toc41600572][bookmark: _Toc55812979]6.1	Introduction
This clause collects relevant scenarios based on the template defined in Annex A. It also defines the anchors for each scenario based on the existing 3GPP codecs and profiles defined in clause 4.
=====  CHANGE  =====
[bookmark: _Toc41600577][bookmark: _Toc55812984]6.2.4	Encoding and Decoding Constraints
Table 6.2-2 provides an overview of encoding and decoding constraints for H.264/AVC Full HD and H.265/HEVC Full HD Profiles. This will support the definition of detailed test conditions.
Table 6.2-2 Encoding and Decoding Configurations
	Encoding and Decoding Constraints
	H.264/AVC Full HD
	H.265/HEVC Full HD

	Relevant Codec and Codec Profile/Levels according to TS26.116 and TS26.511.
	H.264/AVC Progressive High Profile Level 4.2 [7]
	HEVC/H.265 Main-10 Profile 
Main Tier Level 4.1 [8]

	Random access frequency
	1 second, 3.84 seconds
[other numbers tbd]
	1 second, 3.84 seconds
[other numbers tbd]

	Error resiliency requirements
	None
	None

	Bit rates and quality configuration
	QP, for example = [20, 23, 26, 29]
others
	[bookmark: _Hlk36584825]QP for example = [23[footnoteRef:2], 25, 28, 31, 34] [2:  Achieves the objective of high quality for more difficult source material.] 

others

	Bit rate parameters (CBR, VBR, CAE, HRD parameters)
	Fixed QP
CBR 8–12 Mbit/s
VBR capped at 12 Mbit/s
others
	Fixed QP
CBR 5–8 Mbit/s
VBR capped at 12 Mbit/s
others

	ABR encoding requirements (switching frequency, etc.)
	1 second [other numbers tbd]
ABR through multiple QPs
	1 second [other numbers tbd]
ABR through multiple QPs

	Latency requirements and specific encoding settings
	No latency requirements beyond RAP so picture reordering allowed
	No latency requirements beyond RAP so picture reordering allowed

	Encoding complexity context 
	real-time encoding, cloud-based encoding, offline encoding, etc.
detailed parameters tbd
	real-time encoding, cloud-based encoding, offline encoding, etc.
detailed parameters tbd

	Required decoding capabilities
	H.264/AVC Progressive High Profile Level 4.2 [7]
	HEVC/H.265 Main-10 Profile 
Main Tier Level 4.1 [8]



=====  CHANGE  =====
[bookmark: _Toc41600578][bookmark: _Toc55812985]6.2.5	Performance Metrics
The following performance metrics are considered for this scenario:
tbdAll metrics as defined in clause 5.5 apply.
[bookmark: _Toc41600580][bookmark: _Toc55812987]=====  CHANGE  =====
6.2.7	Selected Test Reference Sequences
[bookmark: _Toc41600581][bookmark: _Toc55812988]6.2.7.1	Standard Dynamic RangeTable 6.2.7-1 provides the selected reference sequences for this scenario. Keys are identified to refer to the sequences in the context of the scenario. The sequences are named and a reference to the details of the sequence is provided. A justification is provided, why this sequence is selected.
Table 6.2.7-1 Selected Reference Sequences for Full HD Scenario
	Key
	Name
	Reference
	Justification/Comment

	S1-R1
	<add>
	Annex C.X
	<add>

	
	
	
	

	
	
	
	

	
	
	
	



· 
Example sequences are here https://media.xiph.org/video/derf/
[bookmark: _Toc41600582][bookmark: _Toc55812989]6.2.7.2	High Dynamic Range
tbd
[bookmark: _Toc41600583][bookmark: _Toc55812990]=====  CHANGE  =====
6.2.8	Detailed Test ConditionsAnchor Generation Details
[bookmark: _Toc41600584][bookmark: _Toc55812991]6.2.8.1	Overview
This clause provides details on how to generate the anchors for the Full HD Scenario.
· tbd
[bookmark: _Toc41600585][bookmark: _Toc55812992]6.2.8.2	Reference Software AVC 1H.264/AVC Anchors
tbd
[bookmark: _Toc41600586][bookmark: _Toc55812993]
6.2.8.2.1	Overview
Table 6.2.8.2.1-1 provides an overview of the H.264/AVC anchor tuples. Keys are identified to refer to the anchors in the context of the scenario.
Table 6.2.8.2.1-1 Anchor Tuple generation with H.264/AVC for Full HD Scenario
	Key
	Clause
	Reference Sequence
	Reference Encoder
	Configuration
	Variations

	S1-A1-264
	6.2.8.2.2
	S1-R1
	JM19.0
	JM-01
	QP

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


6.2.8.2.2 S1-A1-264
<Explanation what this anchor is important for>
6.2.8.3 6.2.8.3	Reference Software HEVC 1: HM16.20H.265/HEVC Anchors
6.2.8.2.1	Overview
Table 6.2.8.2.1-1 provides an overview of the H.265/HEVC anchor tuples. Keys are identified to refer to the anchors in the context of the scenario.
Table 6.2.8.2.1-1 Anchor Tuple generation with H.265/HEVC for Full HD Scenario
	Key
	Clause
	Reference Sequence
	Reference Encoder
	Configuration
	Variations

	S1-A1-265
	6.2.8.3.2
	S1-R1
	JM19.0
	HM-01
	QP

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


6.2.8.3.2 S1-A1-265
<Explanation what this anchor is important for>
6.2.8.4 
As reference software for HEVC, the following was used
-	https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/HM-16.20/
Example setting: https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/HM-16.20/cfg/encoder_randomaccess_main10.cfg with following proposed changes
- 	IntraPeriod: Intra Period such that 1 second is achieved
- 	DecodingRefreshType: 1 (CRA)  2 (IDR)
- 	GOPSize: adjusted to Intra
-	QP: [25, 28, 31, 34]
[bookmark: _Toc41600623][bookmark: _Toc55813058]=====  CHANGE  =====
7	Anchors and Characterization for Existing Codecs
7.1	Introduction
7.2	H.264/AVC Anchors
Document the anchors and results for all scenarios for H.264/AVC.
7.3	H.265/HEVC Anchors
Document the anchors and results for all scenarios for H.265/HEVC.
7.4	H.265/HEVC Characterization against H.264/AVC
Do a first characterization, also to show the how the results are preferably presented.
=====  CHANGE  =====
Annex D
Reference Configurations
D.1	Introduction
tbd
D.2		H.264/AVC JM19.0 Reference Configurations
D.2.1 	JM-01: Low-latency
Add details
D.3		H.265/HEVC HM16.22 Reference Configurations
D.3.1 	HM-01: Low-latency
Add details
Example setting: https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/HM-16.20/cfg/encoder_randomaccess_main10.cfg with following proposed changes
- 	IntraPeriod: Intra Period such that 1 second is achieved
- 	DecodingRefreshType: 1 (CRA)  2 (IDR)
- 	GOPSize: adjusted to Intra
-	Variations QP
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