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===== CHANGE 1 =====
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===== CHANGE 2 =====
[bookmark: _Toc37326150]5.3	Key Performance Indicators and Metrics
This clause defines performance metrics as used in section 7, to numerically and objectively express a Decoder's reaction to compressed video data that is possibly modified due to erasures. Only objective metrics are considered which can be computed from sequences being available in a 3G format as described in Annex C by using the method detailed in annex B.	Comment by Thibaud Biatek: Section on characterization of existing codecs.	Comment by Thibaud Biatek: Tbd	Comment by Thibaud Biatek: Section describing formulas
The following section provides a general description of the quality metrics. For the exact computation with the availability of sequences in 3G format please refer to annex C.
The following acronyms are utilized throughout the remainder of this subclause:
-	OrigSeq: The original video sequence that has been used as input for the video encoder.
-	ReconSeq: The reconstructed video sequence, the output of a standard compliant decoder that operates on the output of the video encoder without channel simulation, i.e. without any errors. Timing alignment between the OrigSeq and ReconSeq are assumed.
-	ReceivedSeq: The video sequence that has been reconstructed and error-concealed by an error-tolerant video decoder, after a) the video encoder operated on the OrigSeq and produced an error free packet stream file as output, b) the channel simulator used the error free packet stream file and applied errors and delays to it so to produce an error-prone packet file which is used as the input of the error-tolerant video decoder. For comparison purpose, a constant delay between OrigSeq and the ReceivedSeq is assumed, whereby this constant delay is removed before comparison.
Each of the following metrics generates a single value when run for a complete video sequence.
The APSNR metric described in subclause 5.3.1 is evaluated for all sequences. The additional metrics described in subclause 5.3.2 are specific to HDR content and is provided only that type of content.
[bookmark: _Toc517427688]5.3.1	Average Peak Signal-to-Noise Ratio (APSNR)
The average Peak Signal-to-Noise Ratio (APSNR) calculated between all pictures of the OrigSeq and the ReconSeq or the ReceivedSeq, respectively. First, the Peak Signal-to-Noise Ratio (PSNR) of each picture is calculated with a precision sufficient to prevent rounding errors in the future steps. Thereafter, the PSNR values of all pictures are averaged. The result is reported with a precision of two digits.
NOTE:	This is the traditional metric referred to as PSNR in the academic literature and in the context of video compression research.
Only the luminance component of the video signal is used.
In case that results from several ReceivedSeq are to be combined, the average of all PSNR values for all ReceivedSeq is computed as the final result.

5.3.2	HDR quality metrics: PSNRL100, DE100 and wPSNR
For HDR/WCG content represented with Hybrid Log-Gamma (HLG) transfer function as per BT.2100/HLG [16], conventional PSNR as shown in subclause 5.3.1 computed on the luma and chroma codewords (Y’CbCr samples) was found relevant for quality assessment. 
For HDR/WCG content represented with ST 2084/PQ transfer function, as per BT.2100/PQ [16], two groups of quality metrics have been found to more appropriate, these metrics are:
· CIELab domain metrics:
· PSNRL100: reflects a fidelity level for the luminance component. This metric is computed in the CIELab colour space domain of the input and output sample values of the codec.
· DE100: reflects a fidelity level for the chromaticity. This metric is computed in the CIELab colour space demain of the input and output sample values of the codec. 
These metrics have been found useful to provide information on combined performance on bit-rate saving, thus avoiding PSNR YUV combined metric computation. Computation of these metrics requires to convert OrigSeq and ReconSeq in the CIELab colour space domain.
· Y’CbCr domain metric:
· wPSNR: reflects a fidelity level for each Y’, Cb and Cr color components independently, similarly to PSNR. wPSNR metric is calculated in the Y’CbCr domain (with BT.2100/PQ representation) on luma and chroma components samples of the input and ouput samples. Weighted multiplier, based on the luma sample value, is applied to model the perceptual sensitivity of Human Visual System for the given representation. The table of weighting multiples can be found in [C].
In case that results from several ReceivedSeq are to be combined, the average values of these metrics for all ReceivedSeq are computed as the final results.

===== End of CHANGE 2 =====


===== CHANGE 32 =====
[bookmark: _Toc37326178]Annex B
Objective quality metrics
[bookmark: _Toc37326179]B.1	Introduction
This Annex provides documentation on objective quality metrics used for codec characterization in this Technical Report. Performance evaluation is conducted using methodology and good practices established in MPEG, thus this annex references relevant documents. In addition, the quality evaluation tools and associated scripts are provided in section B.6
B.2	APSNR
The PSNR value for each frame is computed as described in document [C], Section 3.1 (see Equations 1 and 2).
The APSNR value is computed as the average of per-frame PSNR value, as described in document [C], Section 3.2 (see Equation 3).
B.3	PSNRL100
The PSNRL100 is computed as described in [B], Section A.3.
B.4	DE100
The DE100 is computed as described in [B], Section A.2.
B.5	wPSNR
The wPSNR is computed as described in [B], Section A.1.
B.6	Quality evaluation tools and scripts
TBD: Link to 3gpp gitbhub, scripts, simulations instructions, etc …

===== End of CHANGE 32 =====

