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Change 1
[bookmark: _Toc62567309][bookmark: _Toc55812972]5.5	Metrics
[bookmark: _Toc62567310][bookmark: _Toc55812973]5.5.1	General
Each anchor bitstream gets assigned multiple performance metrics, in particular:
-	the bitrate of the sequence, 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 metrics in clause 5.5.2 apply.
-	If High Dynamic Range (HDR) is used, then the metrics in clause 5.5.3 apply.
Editor’s Note: The exact definition of metrics needs to be completed. It may be based on equations or a script provided by in this 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: _Toc62567311][bookmark: _Toc55812974]5.5.2	SDR Metrics
For standard dynamic range (SDR) sequences, the following metrics are used:
-	Peak-Signal to Noise Ratio (PSNRy) of luminance component, as specified in [44]:
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 luma sample values at position  of the decoded and original image.  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. 
Then the PSNR per sequence is computed as the sum of individual frames PSNR divided by the number of frames in the sequence.
Three PSNR numbers are ordinarily calculated in this manner; one for luma (PSNRy), and two for chroma (PSNRu and PSNRv).
-	Weighted PSNR over color components (wPSNRyuv):
wPSNRyuv = (6*wPSNRy + wPSNRu + wPSNRv)/ 8
-	Structural similarity metric (SSIM and MS-SSIM), as specified in [54] [55] and [56]:
The multi-scale SSIM method is illustrated in Figure x. Taking the reference x and distorted y image signals as the input, the system iteratively applies a low-pass filter and downsamples the filtered image by a factor of 2. We index the original image as Scale 1, and the highest scale as Scale M, which is obtained after M-1 iterations. At the j-th scale, the contrast comparison and the structure comparison are calculated and denoted as Cj (x, y) and Sj (x, y), respectively. The luminance comparison is computed only at Scale M and is denoted as lM (x, y). The overall SSIM evaluation is obtained by combining the measurement at different scales.
[image: Diagram

Description automatically generated]

Figure x: 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 .
[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.
See section 5.7, on the use of [59] for computation of MS-SSIM.
-	Video Multimethod Assessment Fusion (VMAF), as specified in [57].
See section 5.7, on the use of [59] to compute VMAF.

End of change 1
[bookmark: _Toc62567314][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].
A full characterization of a codec for a scenario against a 3GPP codec shall provide at least the following metrics:
-	The BD-rate gain for each defined anchor tuple and each required metric
-	The average BD-rate gain across all anchors of the scenario for each required metric.
  [image: ]
Figure 5.7-1: Characterization Framework
BD-Rate is computed according to the CTC method used in JVET and specified in [44] from the tools publicly available: Reference codec software, Excel file available in [57] for SDR and in [58] for HDR. 
The Excel files S4-template-HDR and S4-template-SDR include the VBS script bdrate( ) to compute the BD-Rate performance between a test codec and a reference from four rate-distortion points. 
Editor’s Note: The excel sheet is only documenting the correct implementation, but is not integral to the technical report per se.
These excel files have been extended in the Random-Access and low delay tabs to contain new columns for the new metrics: VMAF, SSIM and MS-SSIM, in the SDR case only. The “SA4 extended excel files” for SDR and HDR are attached.
For the computation of VMAF, SSIM and MS-SSIM, the C++ executable “vmafossexec” [59], open source provided by Netflix could be used (Licence BSD + Patent) (Note: a tag need to be defined for libvmaf and vmafossexec). MS-SSIM is computed in Vmafossexec with the default 11 Gaussian Window and default K1=0.01 and K2=0.03.
Here is the command line:
vmafossexec $VMAF_FMT $WIDTH $HEIGHT ref.yuv test.yuv $VMAFMODEL --thread 1 --psnr --ssim --ms-ssim --log metrics.vmaf
$VMAF_FMT: describe yuv subsampling (yuv420p10le or yuv420p8In10leOut)
$VMAFMODEL: vmaf_4k_v0.6.1.pkl (4K and more) or vmaf_v0.6.1.pkl (HD and lower res)
thread: 0 to use all threads available
Note: the VMAF executable allows to extract the psnr which could also be used to check if it matches reference software output.
Another optional method is provided, as described in Annex F, to compute the metrics automatically.  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 [44].
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