
Quantitative Evaluation Details 

In the BRISQUE quantitative image evaluation metric, the mean subtracted contrast 
normalized coefficients of each pixel represented as 𝐼(𝑖, 𝑗) and its neighboring pixels 
including the horizontal H(i,j), vertical V(i,j), diagonal I1(i,j), and off-diagonal D2(i,j) 
neighbors (Figure S1) are calculated (Equations S1–5).   

 
Figure S1. The neighbors of a target pixel 

𝐼(𝑖, 𝑗) =  
𝐼(𝑖, 𝑗) −  𝜇(𝑖, 𝑗)

𝜎(𝑖, 𝑗) + 𝐶
                                                        (Equation S1) 

𝐻(𝑖, 𝑗) =  𝐼(𝑖, 𝑗)𝐼(𝑖, 𝑗 + 1)                                                       (Equation S2) 

𝑉(𝑖, 𝑗) =  𝐼(𝑖, 𝑗)𝐼(𝑖 + 1, 𝑗)                                                       (Equation S3) 

𝐷1(𝑖, 𝑗) =  𝐼(𝑖, 𝑗)𝐼(𝑖 + 1, 𝑗 + 1)                                              (Equation S4) 

𝐷2(𝑖, 𝑗) =  𝐼(𝑖, 𝑗)𝐼(𝑖 + 1, 𝑗 − 1)                                              (Equation S5) 

where I(i,j) is the intensity of the pixel at positIons i, j. 𝜇 is the local mean and 𝜎 is the 
standard deviation estimated using a weighting Gaussian function. C is a constant to 
avoid the instability of the calculations when the denominator approaches zero. 
 
The generalized Gaussian distribution [33] and the asymmetric generalized Gaussian 
distribution models [34] are employed to estimate the mean and the standard 
deviation. Consequently, the calculated metrics are passed to a regression model to 
assign a quality score for the image. 

In the SSIM image evaluation metric, to calculate the SSIM score, each image is divided 
into smaller windows with the same spatial positions in the modified and reference 
images. Consequently, the average pixel values, standard deviation, and covariance 
for each window in both images are calculated as shown in Equations S6–9.  
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                                                             (Equation S6) 
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                                                           (Equation S7) 



𝑟(𝑥, 𝑦) =  
𝜎𝑥𝑦 +  𝐶3

𝜎𝑥𝜎𝑦 + 𝐶3
                                                                 (Equation S8) 

𝑆𝑆𝐼𝑀(𝑥, 𝑦) =  𝑙(𝑥, 𝑦) .  𝑐(𝑥, 𝑦) .  𝑟(𝑥, 𝑦)                                 (Equation S9)  

where x and y are equal-sized windows from two images X and Y. Average pixel values 
𝜇𝑥, 𝜇𝑦 to estimate brightness differences, standard deviation pixel values 𝜎𝑥𝜎𝑦  to 

estimate the contrast differences, and covariance 𝜎𝑥𝑦 to estimate structure 

differences. Finally, 𝐶1, 𝐶2, and 𝐶3 are constants to avoid the instability of the 
calculations when the denominators approach zero.   
 


