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=====  CHANGE  =====
[bookmark: _Toc41600555][bookmark: _Toc55812935][bookmark: _Toc49376959][bookmark: _Toc71665116]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
AAC	Advanced Audio Coding
ABR	Adaptive BitRate
AOM	Alliance for Open Media
AOV	Arena Of Valor
ATSC	Advanced Television Systems Committee
AVC	Advanced Video Coding
AVCHD	AVC High Definition
AVI	Audio Video Interleave
BMFF	Based Media File Format
CABAC	Context-Adaptive Binary Arithmetic Coding
CAE	Content Aware Encoding
CBP	Constrained Baseline Profile
CBR	Constant BitRate
CGI	Computed Generated Imaginary
CHP	Constrained High Profile
CMAF	Common Media Application Format	
CRA	Clean Random Access
CSV	Comma-Separated Values
CTC	Common Test Conditions
CTU	Coding Tree Unit
DASH	Dynamic Adaptive Streaming over HTTP
DVB	Digital Video Broadcasting
EBU	European Broadcast Union
EFS	Effective File Size
EPZS	Enhanced Predictive Zonal Search
ERP	Equi-Rectangular Projection
EVC	Essential Video Coding
EXR	EXtended Range
FPS	Frames Per Second
GOP	Group-Of-Pictures
HDMI	High-Definition Multimedia Interface
HDR	High Dynamic Range
HDTV	High Definition TeleVision
HEVC	High-Efficiency Video Coding
HFR	High Frame Rate
HLG	Hybrid Log-Gamma
HLS	HTTP Live Streaming
HMD	Head-Mounted Display
HRD	Hypothetical Reference Decoder
HTML	HyperText Markup Language
IDR	Instantaneous Decoder Refresh
JCT-VC	Joint Collaborative Team on Video Coding
JSON	JavaScript Object Notation
JVET	Joint Video Experts Team
MIME	Multipurpose Internet Mail Extensions
MKV	MatrosKa Video
MMO	Massive Multiplayer Online
MMORPG	MMO Role-Playing Game
MMS	Multimedia Messaging Service
MOBA	Multiplayer Online Battle Arena
MOS	Mean Opinion Score
MPD	Media Presentation Description
MPEG	Moving Pictures Expert Group
MS-SSIM	Multi-Scale Structural Similarity Index
MSE	Mean Square Error
MTSI	Multimedia Telephony Service over IMS
OBS	Open Broadcaster Software
PSNR	Peak Signal to Noise Ratio
RAP	Random Acces Point	
RCS	Rich Communication Services
RDPCM	Residual Differential Pulse Code Modulation
RGB	Red Green Blue
RPG	Role-Playing Game	
RTMP	Real-Time Messaging Protocol
RTP	Realtime Transport Protocol
RTS	RealTime Strategy
SCC	Screen Content Coding
SCM	Screen Content coding Model
SDK	Software Development Kit
SDR	Standard Definition Range
SEI	Supplemental Enhancement Information
SI 	Spatial perceptual Information
SSIM	Structural Similarity Index Measure
SVOD	Subscription Video On Demand
TI 	Temporal perceptual Information
TIFF	Tagged Image File Format
UDP	User Datagram Protocol
UHD	Ultra High Definition
URI	Uniform Resource Identifier
URL	Uniform Resource Locator
UVG	Ultra Video Group
VBR	Variable BitRate
VBS	Visual Basic Script
VCL	Video Coding Layer
VMAF	Video Multimethod Assessment Fusion
VSEI	Versatile Supplemental Enhancement Information
VTM	VVC Test Model
VVC	Versatile Video Coding
WCG	Wide Colour Gamut

=====  CHANGE  =====
[bookmark: _Toc62567309][bookmark: _Toc55812972][bookmark: _Toc71665153]5.5	Metrics
[bookmark: _Toc62567310][bookmark: _Toc55812973][bookmark: _Toc71665154]5.5.1	General
Each anchor bitstream gets assigned multiple performance metrics, in particular:
-	the bitrate of the sequenceas defined in clause 5.5.2, i.e. the sum of the size of all compressed pictures divided by duration of the sequence.,
-	If Standard Dynamic Range (SDR) is used, then the quality metrics in clause 5.5.2 3 apply.
-	If High Dynamic Range (HDR) is used, then the quality metrics in clause 5.5.3 5 apply.

An overview of the metrics is provided below. These metrics are implemented in software scripts defined in Annex F. This software is used to compute and report all the metrics. 
A detailed reporting schema for metrics is provided in clause 5.5.6.
Metrics for test streams are expected to follow the same principles.
Editor’s Note:  At this stage the metrics are defined as the output of the reference software that generates the anchors. In an updated version of the TR, an independent metric computation tool will be provided that allows to generate the identical metrics based on the references sequence and the decoded test sequence.
Subjective evaluation of anchors and test streams is not excluded per se, but this specification does not define any recommended metric or method until nowconsidered in this report.
[bookmark: _Toc62567311][bookmark: _Toc55812974][bookmark: _Toc71665155]5.5.2	Bitrate
Anchors and test streams are provided as bitstream files generated by reference software encoders. The file size of the bitstream provides a reasonable measure for the efficiency of codec in terms of compression efficiency, together with a distortion/quality metrics as defined in clauses 5.5.3 and 5.5.4. However, in some cases the bitstream includes information that is irrelevant for the reconstruction but may be useful for example for debug and cross-check issues. An example for such information is the md5 hash for each reconstructed frame. While such information is useful, it is expected to be not counted when evaluating the compression efficiency.
In order to define a meaningful and comparable value for the size of the bitstream, the effective file size EFS is defined as the size of the encapsulated bitstream 
· including all information that is needed for reconstruction of the anchor sequence,
· excluding all information that is not needed for reconstruction of the anchor sequence.
Each reference encoder or even each scenario may define an EFS. Note that the EFS is always expressed in octets.  
Furthermore, in order to normalize the results, the compression efficiency is most suitably expressed by dividing the EFS by the duration of the encoded reference sequence, referred to duration in seconds.
Based on these considerations, the bitrate Bitrate of an anchor or test stream is defined as:
	Bitrate = 8 * EFS/ (1000 * duration) in kbit/s	(5.5.2-1)
5.5.32	SDR Quality Metrics - General
For quality metrics, a set of well-established metrics are re-used. All defined metrics define a single number when comparing the sample values of the original reference sequence  and reconstructed and decoded sequence . In this case for each colour component c=(Y,U,V) and each frame of the video sequence t=1, …, N, describe the sample positions within a luma image of width  and height , as well as within a chroma image of width  and height   and the reconstructed anchor or test sequence. 
For all metrics, it is assumed that the original sequence and the decoded sequence have 10 bit precision, i.e. the range of the values is between 0 and 1023. Should a sequence have less than 10 bit, i.e. 8 bit, then the metric is computed by applying an 8 bit to 10 bit conversion by appending 2 trailing 0s.
The following basic metrics per frame are defined. For an individual frame t and each colour component c, the mean square error  is calculated for colour component channel  of the decoded output image and the luma channel  of the original image according to

where  and  are the width and height of the colour component component, respectively. The PSNR value for the frame t and each colour component c is then calculated as:

Then the PSNR for each bitstream is computed as the sum of all individual frame PSNR values divided by the number of frames in the sequence, i.e.

This definition follows the definition of in [44].
5.5.4	SDR Quality Metrics
Based on the introduction in clause 5.5.3, For for standard dynamic range (SDR) sequences, the following metrics are used:
-	Peak-Signal to Noise Ratio PSNR(Y)  (PSNRy) of luma component, as specified in [44]defined in clause 5.5.3,:

-	For an individual frame, the mean square error is calculated between the luma channel  of the decoded output image and the luma channel  of the original image according to

where  and  are the width and height of the luma component, respectively. The luma PSNR value for the frame is then calculated as:


where bitDepth is the bit-depth of the input video.  For reporting, bitDepth shall be equal to 10 for all sequences.  All 8-bit content shall be converted to 10-bit input in the encoder by shifting 2 bits to the left and using the 10-bit PSNR calculation to report testing results. The max PSNR for a frame is fixed to 999.99 dB.
Then the PSNR for each bitstream is computed as the sum of all individual frame PSNR values divided by the number of frames in the sequence.
Similarly, the Peak-Signal to Noise Ratio PSNR(U) of chroma component for chroma U as defined in clause 5.5.3u and v, PSNRu and PSNRv respectively, are computed using the chroma sample values,.
-	Peak-Signal to Noise Ratio PSNR(V) of chroma component V as defined in clause 5.5.3,
-	Weighted Average average PSNR, PSNR over all colour components PSNR(PSNRyuv):
	PSNRyuv = (6*PSNR(Y)y + PSNR(U)u + PSNR(V)v)/ 8
-	Structural similarity metric MS-SSIM, as specified in [54] [55] and [56]:
[image: Diagram

Description automatically generated]The multi-scale SSIM method is illustrated in Figure 5.5.4-1x. Taking the original reference sequence  and reconstructed and decoded sequence reference x and distorted y image signals as the input (referred to as x and y in Figure 5.5.4-1), the system iteratively applies a low-pass filter and downsamples the filtered image by a factor of 2. We index the original image as sScale 1, and the highest scale as sScale M, which is obtained after M-1 iterations. At the j-th scale, the contrast and structure components are calculated and denoted as Cj (x, y) and Sj (x, y), respectively. The luma component (inappropriately named as the luminance component in the references) is computed only at sScale j=M and is denoted as lM (x, y). The overall metric for each frame is obtained by combining the measurement at different scales.

[image: ]

Figure 5.5.4-1x: Multi-scale structural similarity measurement system (L: low-pass filter, 2↓: downsampling by 2)

[bookmark: OLE_LINK3]The MS-SSIM between the original image, I, and the reconstructed image component, I’, is calculated as:




where  are pixels of original and reconstructed frames,  is the number of pixels per frame, , , , , ,  are the constants:
β1 = γ1= 0.0448, β2 = γ2 = 0.2856, β3 = γ3 = 0.3001, β4 = γ4 = 0.2363, and α5 = β5 = γ5 = 0.1333.
C1= (K1*maxValue)2 
C2= (K2*maxValue)2
 C3=C2/2,
 K1 = 0.01, K2 = 0.03, maxValue =(1<<bitDepth)-1, and .
As bitDepth is set to 10, the maxValue is set to 1023.
[bookmark: OLE_LINK4]Average values , at pixels  and   are computed as weighted sum of  neighbors with Gaussian weights. ,  represent the variance at pixels  and .   is covariance of these two pixels.
The MS_SSIM value for each bitstream is computed as the sum of all individual frame MS_SSIM values divided by the number of frames in the sequence.
See clause 5.7, on the use of [59] for computation of MS-SSIM.
It is quite common to convert the MS-SSIM numbers to a dB representation since that representation can be more easily interpreted and is somewhat similar to the PSNR representation. Such computation also has an impact in the BD-rate numbers since the resulting points end up having more similar properties to the PSNR ones for the BD-rate computation. Both HDRTools and VMAF support this conversion, using:
	log_MS_SSIM = (-10.0 * log10(1 – MS_SSIM)) in dB;
The log_MS_SSIM value for each bitstream is computed as the sum of all individual frame log_MS_SSIM values divided by the number of frames in the sequence. 
Note that if the log_MS_SSIM is used, the MS_SSIM values for each bitstream is no more available
-	Video Multimethod Assessment Fusion (VMAF) VMAF, as specified in [57]. See section clause 5.7 , on the use of [59] to compute VMAF.
The exact definition for all SDR quality metrics is based on the software scripts as referenced in Annex F of this report. A reporting scheme for SDR metrics is defined in clause 5.5.6.
[bookmark: _Toc55812975][bookmark: _Toc71665156]5.5.53	HDR Quality Metrics
For high dynamic range (HDR) sequences, the following Mmetrics as defined in clause 5.5.3 are used:
-		Peak-Signal to Noise Ratio PSNR(Y) of luma component as specified in [44],
-	Peak-Signal to Noise Ratio PSNR(Y) of chroma component U,
-	Peak-Signal to Noise Ratio PSNR(V) of chroma component V,
-	Weighted average PSNR, PSNR over all colour components PSNR.
In addition, HDR specific quality metrics are reported. For this purpose, the YUV sequences, both original reference sequence and reconstructed sequences are transformed first from YUV 4:2:0 to 4:4:4 and then to floating point RGB to obtain 32-bit EXR floating point representation. The output is then used in the next step to compute
-	PSNRL100, as specified in [44] and [58],
-	Weighted PSNR over colour components (wPSNR), as specified in [44] and [58], 
-	DE100, as specified in [44] and [58].

The basic approach to generate HDR metrics is shown in Figure 5.5.5-1.
[image: ]
Figure 5.5.5-1: Basic approach for HDR metrics generation

The exact definition for all HDR quality metrics is based on the software scripts as referenced in Annex F of this report. A reporting scheme for HDR metrics is defined in clause 5.5.6.Editor’s Note: For now, we use the output of the HM test model encoder – addition to scripts will be provided based on a fix of the HDRTools.
[bookmark: _Toc71665157]5.5.64	Anchor Tuple Metrics Reporting
For each anchor tuple, the Metrics are reported in a single csv file as defined in IETF RFC 4180 [60]. 
Additional metrics may be reported, for example encoding times, etc.
Table 5.5.64-1 provides the result format for SDR/HLG.
Table 5.55.64-1 Result Format for Full HD Scenario for SDR/HLG
	Name
	Type
	Semantics

	parameter
	BIGINT
	the associated variation parameter as defined for the anchor, for example the QP

	bitrate
	DOUBLEPRECISION
	The Bitrate as defined in Equation (5.5.2-1) based on the size effective file size and normalized to kbit/s of the file divided by the duration of the reference sequence in bit/s as defined in clause 5.5.21 with 2 decimal digits accuracy.

	y_psnr
	DOUBLEPRECISION
	Peak signal to noise ratio for Y planes in dB as defined as PSNR(Y) in clause 5.5.42 with 2 decimal digits accuracy.

	u_psnr
	DOUBLEPRECISION
	Peak signal to noise ratio for U planes in dB as defined as PSNR(U) in clause 5.5.42 with 2 decimal digits accuracy.

	v_psnr
	DOUBLEPRECISION
	Peak signal to noise ratio for V planes in dB as defined as PSNR(V) in clause 5.5.42 with 2 decimal digits accuracy.

	psnr
	DOUBLEPRECISION
	Weighted average PSNR, PSNR over all colour components PSNR as defined as PSNR in clause 5.5.4 with 2 decimal digits accuracy.

	ms_ssim
	DOUBLEPRECISION
	structural similarity between frames in dB as defined in clause 5.5.42 with 4 2 decimal digits accuracy.

	vmaf
	DOUBLEPRECISION
	Video Multimethod Assessment Fusion (VMAF) as defined in clause 5.5.42 with 2 decimal digits accuracy.

	bitrate_log
	DOUBLEPRECISION
	The bitrate as documented by the encoder log. If not known, it is set to 0. 

	encode_time
	DOUBLEPRECISION
	Total time spent to encode the sequence with reference encoder in seconds. If not known, it is set to 0. 

	decode_time
	DOUBLEPRECISION
	Total time spent to decode the sequence with reference decoder in seconds. If not known, it is set to 0. 



Table 5.5.64-2 provides the result format for HDR.
Table 5.5.64-2 Result Format for HDR
	Name
	Type
	Semantics

	Parameter
	BIGINT
	the associated variation parameter as defined for the anchor, for example the QP

	Bitrate
	DOUBLEPRECISION
	The Bitrate as defined in Equation (5.5.2-1) based on the effective file size and normalized to kbit/s as defined in clause 5.5.2 with 2 decimal digits accuracy.The size of the file divided by the duration of the reference sequence in bit/s as defined in clause 5.5.1.

	y_psnr
	DOUBLEPRECISION
	Peak signal to noise ratio for Y planes in dB as defined as PSNR(Y) in clause 5.5.5 with 2 decimal digits accuracy.Peak signal to noise ratio for Y planes in dB as defined in clause 5.5.2.

	u_psnr
	DOUBLEPRECISION
	Peak signal to noise ratio for U planes in dB as defined as PSNR(U) in clause 5.5.5 with 2 decimal digits accuracy.Peak signal to noise ratio for U planes in dB as defined in clause 5.5.2.

	v_psnr
	DOUBLEPRECISION
	Peak signal to noise ratio for V planes in dB as defined as PSNR(V) in clause 5.5.5 with 2 decimal digits accuracy.Peak signal to noise ratio for V planes in dB as defined in clause 5.5.2.

	wWpsnr
	DOUBLEPRECISION
	Weighted average PSNR, PSNR over all colour components PSNR as defined as PSNR in clause 5.5.5 with 2 decimal digits accuracy.Weighted peak signal to noise ratio for Y, U and V planes in dB as defined in clause 5.5.3.

	psnrl100
	DOUBLEPRECISION
	PSNRL100 as defined in clause 5.5.5 with 2 decimal digits accuracy.3

	de100
	DOUBLEPRECISION
	DE100 as defined in clause 5.5.53 with 2 decimal digits accuracy..

	bitrate_log
	DOUBLEPRECISION
	The bitrate as documented by the encoder log. If not known, it is set to 0.

	encode_time
	DOUBLEPRECISION
	Total time spent to encode the sequence with reference encoder in seconds. If not known, it is set to 0.

	decode_time
	DOUBLEPRECISION
	Total time spent to decode the sequence with reference decoder in seconds. If not known, it is set to 0. 



[bookmark: _Toc71665273]6.6.8.3.2	Common Parameters
Each source sequence is encoded with: 
-	QP: [22, 27, 32, 37, 42] 
-	InternalBitDepth is 10 # codec operating bit-depth where all sequences (including 8 bit sequences) are coded with an internal bitdeph of 10 in accordance with [44] and metrics are calculated in 10 bits.
-	SEIDecodedPictureHash=1
As the SEIDecodedPictureHash is set to 1, the effective file size (EFS) needs to take into account the removal of this SEI message when computing the bitrate metric as defined in clause 5.5.2.
=====  CHANGE  =====
[bookmark: _Toc71665295]8.2.3.4.2.1	Common Parameters
To generate the anchor bitstreams, the following is applied: 
· VTM Main 10 in low delay P configuration is used with screen content tools enabled. In addition, to enable screen content tools, the following settings are set to 1:  IBC, HashME, BDPCM.
· InternalBitDepth is 10 # codec operating bit-depth where all sequences (including 8 bit sequences) are coded with an internal bitdeph of 10 in accordance with [44] and metrics are calculated in 10 bits.
· Each source sequence is encoded with the following parameters: QP: [22, 27, 32, 37, 42]
· SEIDecodedPictureHash=1
As the SEIDecodedPictureHash is set to 1, the effective file size (EFS) needs to take into account the removal of this SEI message when computing the bitrate metric as defined in clause 5.5.2.
=====  CHANGE  =====
8.2.3.6.2.1	Common Parameters
To generate the anchor bitstreams, the following is applied: 
· VTM Main 10 in low delay B configuration is used with screen content tools enabled. In addition, to enable screen content tools, the following settings are set to 1:  IBC, HashME, BDPCM.
· InternalBitDepth is 10 # codec operating bit-depth where all sequences (including 8 bit sequences) are coded with an internal bitdeph of 10 in accordance with [44] and metrics are calculated in 10 bits.
· Each source sequence is encoded with the following parameters: QP: [22, 27, 32, 37]
· SEIDecodedPictureHash=1
As the SEIDecodedPictureHash is set to 1, the effective file size (EFS) needs to take into account the removal of this SEI message when computing the bitrate metric as defined in clause 5.5.2.
=====  CHANGE  =====
[bookmark: _Toc71665324]B.3.3 Example
{
    "Bitstream": {
        "URI": "./S3-A01-265_22.bin",
        "key": "S3-A01-265_22",
        "md5": "36d42a42c4f1096e6a6fe5d01cae9edf",
        "size": 13709661
    },
    "Contact": {
        "Company": "3GPP",
        "e-mail": "3GPP_TSG_SA_WG4_VIDEO@LIST.ETSI.ORG"
    },
    "Generation": {
        "config-file": "HM-01.cfg",
        "encoder": "HM16.22",
        "key": "S3-R01",
        "log-file": "encoder_S3-A01-265_22.log",
        "sequence": "MovingText2-4K-10bit.json",
        "variant": "-qp 22"
    },
    "Metrics": {
        "Bitrate": "10967.73",
        "BitrateLog": "10940.37",
        "DecodeTime": "119.08",
        "EncodeTime": "51116.6",
        "MS_SSIM": "0.9978",
        "UPSNR": "52.96",
        "VMAF": "100.0",
        "VPSNR": "54.97",
        "YPSNR": "53.44"
        "PSNR": "53.57"
    },
    "Reconstruction": {
        "decoder": "HM16.22",
        "log-file": "decoder_S3-A01-265_22.log",
        "md5": "unknown"
    },
    "Verification": {
        "date": "na",
        "verified": "false"
    },
    "copyRight": "The MovingText2 video sequence has been produced for the purpose of this study on the characterization of video codecs in 3GPP."
}
=====  CHANGE  =====
[bookmark: _Toc71665328]B.4.3 Example
{
    "Bitstream": {
        "URI": "./S5-A39-265_27.bin",
        "key": "S5-A39-265_27",
        "md5": "78277b18a30720d2db81f601019e2f9c",
        "size": 3903135,
        "upload-date": "2021/03/06"
    },
    "Contact": {
        "Company": "3GPP",
        "e-mail": "3GPP_TSG_SA_WG4_VIDEO@LIST.ETSI.ORG"
    },
    "Generation": {
        "config-file": "SCC-01.cfg",
        "encoder": "SCC8.8",
        "key": "S5-R13",
        "log-file": "encoder_S5-A39-265_27.log",
        "sequence": "StarCraft.json",
        "variant": "-qp 27"
    },
    "Metrics": {
        "Bitrate": "3122.51",
        "BitrateLog": "3095.15",
        "DecodeTime": "40.23",
        "EncodeTime": "30471.3",
        "MS_SSIM": "900.99",
        "PSNR": "40.61",  
        "UPSNR": "44.19",
        "VMAF": "93.9",
        "VPSNR": "44.88",
        "YPSNR": "39.3"
    },
    "Reconstruction": {
        "decoder": "SCC8.8",
        "log-file": "decoder_S5-A39-265_27.log",
        "md5": "unknown"
    },
    "Verification": {
        "status-bitstream": ["successful","missing","failed","ambiguous"]
        "status-reconstruction": ["successful","missing","failed","ambiguous"]
        "Report": {
	    "Contact": {
        	"Company": "Example, LLC",
        	"name": "Max Mustermann"
        	"e-mail": "mustermann@example.org"
    		},
            "date": "2021/03/06",
            "meeting": "SA4#114e",
            "input": "S4-210xxx",
            "type": "bitstream",["reconstruction"],
            "status": ["successful","pending","failed"]
            "information": "Reconstruction md5 1788f44fbd64ead28b7ebf21b7f47fef" report
	},
    },

    "copyRight": "The copyright under which the StarCraft video sequence provided by DERF-Twitch is made available can be found on that link: https://media.xiph.org/video/derf/twitch/copyright.txt."
}
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