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Executive Summary
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• In August 2019, Sky initiated a collaborative research project to understand how different picture quality metrics 
perform based on asset characteristics and encoding technologies. 

• The collaboration work consisted of Sky Group (and affiliates) and four universities (all of whom are part of the 
Video Quality Experts Group (VQEG)) 

• The scope of work reported here focuses on the performance of eight picture quality metrics for HD constant 
bitrate (CBR) videos. 

• The results comprise both proprietary and open source metrics

• VMAF seems to show a performance significantly better than that of  the proprietary metrics 

• Proprietary metrics show performance that overcomes that of  other open source metrics

• The VQMS’ disagreement allows to characterise the accuracy of the VQM

• The way a PVS is encoded might determine the difficulty of accurately assessing its visual quality objectively
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Hodor project: overview
Goal

• To characterise the performance of
commercial/proprietary video quality
metrics (PVQMs)

• Objectively determine processed video
sequences (PVSs) whose visual quality is
difficult to assess objectively.
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• Apple's HLS specification using the Elemental transcoder 

• For sports, the frame rates for sports content were interpolated to 

50 or 59.94 frames per second (fps) depending on the region

• For movies, the frame rate was same as source

• Video bitrates ranged from 365kbps to 7800kbps

• Scenes were carefully selected according to recognised guidelines, 

and scene duration were 10 seconds

Dataset  construction
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§ A total of 368 PVSs were generated
o 47 sources: Sports/Movies
o 8  Hypothetical Reference Circuits 

§ 6 Open-source VQMs and 2 PVQMs
o Open-source: PSNR, SSIM, MS-SSIM, VIF, XPSNR, VMAF
o Proprietary: PVQM1 and PVQM2

Dataset  construction
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§ VMAF seems to show a performance significantly better than that of  
the PROPRIETARY METRICS 

§ PROPRIETARY METRICS show performance that overcomes that of  
other OPEN SOURCE METRICS

§ The VQMS’ DISAGREEMENT allows to characterize the accuracy of the 
VQM

§ The way a PVS is encoded might determine the difficulty of accurately 
assessing its visual quality objectively

Findings
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§ All scores from the different VQMs were normalised to the VMAF scale (i.e. 0 to 
100)

§ If a pair of metrics differs in their predicted scores by more than 7 points, then 
we say this pair of metrics disagree

§ If the metrics differ by less than 7 points, we say the metrics agree. This is 
because a change of more than 7 VMAF points would be perceptible and 
noticeable to a viewer

§ Pairwise comparisons of eight metrics will result in 28 comparisons on a single 
transcoded video

§ This approach allowed us to identify transcoded videos where metrics 
disagreed the most

Disagreement measure



Dataset  construction
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For legal reasons Images were removed 



Disagreement measure: Example
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PVS 1 PVS 2

LOW DISAGREEMENT HIGH DISAGREEMENT

PVQM1        PVQM2PVQM1        PVQM2



Small scale subjective test
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§ 83 Processed Video Sequences (PVSs)
§ 30 PVSs with low VQM disagreement
§ 53 PVSs with high VQM disagreement
§ 16 subjects  
§ Method: DSIS 
§ Experiment conducted in 2 labs (Italy, 

Germany)



Applying SUREAL
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Subject #3                                      Subject #13

§ BT.500 suggested to 
reject subject #3



Results: VQMs Comparison
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1

PLCC.:

SROCC:  

RMSE:       

1

0

VMAF shows higher accuracy

TABLE II
COMPARING ALL VQMS IN TERMS OF ACCURACY

Metric PLCC SROCC RMSE

PSNR 0.43 0.61 1.05

SSIM 0.49 0.57 1.02

MSSIM 0.65 0.72 0.88

VIF 0.69 0.68 0.85

XPSNR 0.80 0.81 0.70

PVQM1 0.79 0.76 0.72

PVQM2 0.84 0.84 0.63

VMAF 0.91 0.91 0.50



Results: VQMs Comparison
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§ Is the metric on the row better than the one on the column 
with statistical significance in term of PLCC ? 

Proprietary metrics are not significantly different one from each other but
their performance significantly overcomes the one of the PSNR, SSIM and
MSSSIM

PSNR SSIM MSSSIM VIF XPSNR PVQM1 PVQM2 VMAF

PSNR - 0 0 0 0 0 0 0

SSIM 0 - 0 0 0 0 0 0

MSSIM 1 0 - 0 0 0 0 0

VIF 1 1 0 - 0 0 0 0

XPSNR 1 1 1 0 - 0 0 0

PVQM1 1 1 1 0 0 - 0 0

PVQM2 1 1 1 1 0 0 - 0

VMAF 1 1 1 1 1 1 1 -
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§ All VQMs showed significant alignment on the whole dataset

Results: VQMs Comparison
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§ Fraction of PVSs on which each PVQM disagrees with the open-source VQMs 
as function of the content type

Results: VQMs Comparison
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§ When VQMs disagree, each VQM is likely to show lower accuracy
§ In case of agreement VQMs performance approximate that of a subjective 

test

Results: VQMs disagreement vs accuracy
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§ VQMs disagreement makes the objective evaluation of visual quality difficult 
§ Is it the same in the contest of a subjective test ?
§ Are PVSs with high VQMs Disagreement those suitable for a subjective test?

Results: VQMs disagreement vs accuracy
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§ The VQMs disagreement can, to a certain extent, be predicted from bitstream 
features

§ This establishes a link between the VQMs accuracy and the way the PVS was 
encoded

§ Important bitstream features:
o bitrate, motion vector, quantization parameter,
o the percentage of Intra blocks in a slice and the percentage of 2Nx2N Intra coded blocks.

Results: VQMs disagreement & bitstream features
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o LM= Linear Model

o RT = Regression Tree

o NN= Neural Network (1 hidden 
layer, 4 neurons)

o SVR (Gaus) = Support Vector 
Regression with gaussian kernel

o SVR (rbf) = Support Vector 
Regression with rbf kernel

Results: VQMs disagreement & bitstream features
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Thank you for your attention


