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Image / Video Quality 

Assessment  



Problem Definition 

Rate 

the 

Quality 



Subjective Quality Assessment 

+ Reliable      - High cost 

Refer to: [James Ferwerda , Psychophysics 101: How to Run  
Perception Experiments in Computer Graphics, SIGGRAPH 2008].  

Scaling  Detection  Discrimination  

Figures taken from [Ferwerda 2008] 



Objective Quality Assessment 

Full Reference  No Reference  Reduced Reference  

Refer to: [ Wang & Bovik, Modern Image Quality Assessment, 2008].  



Generic Quality Assessment 

Workflow 

Distortion Map  Reference  Test  



Simple Distortion Metrics 

ÅMean Squared Error 
(MSE)   

 

ÅPeak Signal to Noise 
Ratio (PSNR)  
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ÅStructural Similarity Index Metric 
(SSIM):  More sophisticated, accounts for 
luminance contrast and structural distortions  

gba ssssmm ),(),(),(),( yxyxyx sclyxSSIM =



Limitations of Simple Distortion 

Metrics 

Same MSE for all three 

images!  

Random Noise Blur ~15% Decreased 

Luminance 

Reference 



Perception of Distortions 

High Low 

Difference Image  
(Color coded)  

Reference  
(bmp, 616K)  

Compressed  
(jpg, 48K)  



Limitations of Simple Distortion 

Metrics, cont. 

Visible difference doesnôt always mean 
lower quality!  



The Human Visual System 

(HVS) 

ÅExperimental 
Methods of Vision 

Science  

ÅMicro -electrode  

ÅRadioactive 
Marker  

ÅVivisection  

ÅPsychophysical 
Experimentation  

 

 

 



HVS effects: (1) Glare 

Video Courtesy of Tobias Ritschel 

ÅDisability 
Glare  
(blooming)  



Disability Glare 

ÅModel of Light 
Scattering  

ÅPoint Spread 

Function in spatial 
domain  

ÅOptical Transfer 
Function in 
Fourier Domain 
[Deeley et al.  
1991]  



(2) Light Adaptation 

Time       
Adaptation Level: 

10-4 cd/m2 
Adaptation Level: 

17 cd/m2 



Perceptually Uniform Space 
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Luminance [cd/m2] 

Å Transfer function:  
Maps Luminance  to 
Just Noticeable 
Differences (JNDs) 
in Luminance. 
[Mantiuk et al. 2004, 
Aydēn et al. 2008] 

 



(3) Contrast Sensitivity 

CSF(spatial frequency, adaptation level, temporal freq.,  

viewing dist, é) 
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Spatial Frequency 



Contrast Sensitivity Function 

(CSF) 

ÅSteady -state CSF S: 
Returns the Sensitivity 
(1/Threshold 
contrast), given the 
adaptation luminance 
and spatial frequency 
[Daly 1993, Mantiuk 
et al. 2011].  



(4) Visual Channels 

Cortex Transform 



(5) Visual Masking 

Loss of sensitivity to a signal in the presence of a 
ñsimilar frequencyò signal ñnearbyò. 



Visual Masking Models 

ÅExample:  
JPEGôs 
pointwise 
extended 
masking:  

Cô: Normalized Contrast  



Generic HVS-based Quality 

Assessment Workflow 

Visible Differences Predictor (VDP) [Daly 93, Mantiuk  et al. 05, Mantiuk  et al. 11],  

Visual Discrimation  Model (VDM) [ Lubin  95]  


