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INTRODUCTION
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SSIM concept (Wang et al 2004)
▸ Build metric that is simpler than multi-band CSF-based metrics
▸ Instead of modeling vision, measure “structural similarity” between images

Original SSIM definition:
▸ Patch-based computation (11x11 patches with Gaussian weights/ 𝜎𝜎=1.5)
▸ A product of 3 quantities: 

− differences in luminance: l x, y = 2𝜇𝜇𝑥𝑥𝜇𝜇𝑦𝑦+𝐶𝐶1
𝜇𝜇𝑥𝑥2 + 𝜇𝜇𝑦𝑦2+𝐶𝐶1

− differences in contrast:     c 𝑥𝑥,𝑦𝑦 = 2𝜎𝜎𝑥𝑥𝜎𝜎𝑦𝑦+𝐶𝐶2
𝜎𝜎𝑥𝑥2 +𝜎𝜎𝑦𝑦2+𝐶𝐶2

− differences in structure: 𝑠𝑠 𝑥𝑥,𝑦𝑦 = 𝜎𝜎𝑥𝑥𝑦𝑦+𝐶𝐶2
𝜎𝜎𝑥𝑥𝜎𝜎𝑦𝑦+𝐶𝐶2

▸ Frame-level SSIM = aggregate of patch-level estimates.

Some questions:
▸ With default C1,C2 constants the second part of SSIM reduces to: 2𝜎𝜎𝑥𝑥𝑦𝑦

𝜎𝜎𝑥𝑥2 +𝜎𝜎𝑦𝑦2
!

− This is no longer a measure of difference in contrast or structure!
− What it measures then?

▸ It was suggested [Horé & Ziou 2010] that:   1−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

~ 𝑆𝑆𝑆𝑆𝑀𝑀
2𝜎𝜎𝑥𝑥𝑦𝑦

− Is this true? Is there a real connection between SSIM and MSE/PSNR?

SSIM concept

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑥𝑥,𝑦𝑦 = l x, y ⋅ c 𝑥𝑥,𝑦𝑦 ⋅ 𝑠𝑠 𝑥𝑥,𝑦𝑦
= 2𝜇𝜇𝑥𝑥𝜇𝜇𝑦𝑦+𝐶𝐶1

𝜇𝜇𝑥𝑥2 + 𝜇𝜇𝑦𝑦2+𝐶𝐶1
⋅ 2𝜎𝜎𝑥𝑥𝜎𝜎𝑦𝑦+𝐶𝐶2
𝜎𝜎𝑥𝑥2 +𝜎𝜎𝑦𝑦2+𝐶𝐶2

⋅ 𝜎𝜎𝑥𝑥𝑦𝑦+𝐶𝐶2
𝜎𝜎𝑥𝑥𝜎𝜎𝑦𝑦+𝐶𝐶2

= 2𝜇𝜇𝑥𝑥𝜇𝜇𝑦𝑦+𝐶𝐶1
𝜇𝜇𝑥𝑥2 + 𝜇𝜇𝑦𝑦2+𝐶𝐶1

⋅ 2𝜎𝜎𝑥𝑥𝑦𝑦+𝐶𝐶2
𝜎𝜎𝑥𝑥2 +𝜎𝜎𝑦𝑦2+𝐶𝐶2
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ALTERNATIVE MODEL OF SSIM 
COMPUTATION
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Symmetric 2-band definition
▸ Full formula: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑥𝑥,𝑦𝑦 ≈ 𝜉𝜉 𝑥𝑥𝐿𝐿,𝑦𝑦𝐿𝐿 ⋅ 𝜉𝜉 𝑥𝑥𝐻𝐻 ,𝑦𝑦𝐻𝐻
▸ Where

𝜉𝜉 𝑥𝑥, 𝑦𝑦 = 2𝑬𝑬 𝑥𝑥𝑥𝑥 +𝐶𝐶
𝑬𝑬 𝑥𝑥2 +𝑬𝑬 𝑥𝑥2 +𝐶𝐶

are identical operators applied to low-pass and high-pass versions of images x, y. 

Processing diagram: 

Band Separation:
▸ Low-pass and high-pass are obtained by Gaussian filter with sigma=3. 
▸ In viewing settings where display Nyquist is 40 cpd this implies split at point of peak sensitivity of human vision.

Proposed Alternative Model
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Example of operation
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Experimental Validations

Impairments:                                             Data set:  Kodak test images

- Codec introduced noise
- Resolution changes
- Gaussian blur
- Additive noise
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Codec noise / hi-res images 
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Codec noise / low-res images
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Gaussian blur
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Additive noise
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Consequences & Applications

Main topics:

- Relationship between SSIM and other objective metrics
- Boosting SSIM scores by LF/HF noise-shaping and pre-filtering
- More sophisticated models based on SSIM
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Symmetric 2-band definition
▸ Full formula:    𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑥𝑥,𝑦𝑦 ≈ 𝜉𝜉 𝑥𝑥𝐿𝐿,𝑦𝑦𝐿𝐿 ⋅ 𝜉𝜉 𝑥𝑥𝐻𝐻 ,𝑦𝑦𝐻𝐻

where:                 𝜉𝜉 𝑥𝑥,𝑦𝑦 = 2𝑬𝑬 𝑥𝑥𝑥𝑥 +𝐶𝐶
𝑬𝑬 𝑥𝑥2 +𝑬𝑬 𝑥𝑥2 +𝐶𝐶

Connection to MSE:
▸ Let’s expand:   1

𝜉𝜉 𝑥𝑥,𝑥𝑥
= 𝑬𝑬 𝑥𝑥2 +𝑬𝑬 𝑥𝑥+(𝑥𝑥−𝑥𝑥) 2

2𝑬𝑬 𝑥𝑥𝑥𝑥
= 1 + 𝑬𝑬 (𝑥𝑥−𝑥𝑥)2

2𝑬𝑬 𝑥𝑥𝑥𝑥

▸ Consequently:  1−𝜉𝜉 𝑥𝑥,𝑥𝑥
𝜉𝜉 𝑥𝑥,𝑥𝑥

= 𝑆𝑆𝑆𝑆𝑀𝑀(𝑥𝑥,𝑥𝑥)
2𝑬𝑬 𝑥𝑥𝑥𝑥

- refinement of result of [Hoare & Zhou, 2010]
▸ Problem: one still needs to know covariance 𝑬𝑬 𝑥𝑥𝑦𝑦 to connect to MSE/PSNR!

Connection to SNR:
▸ Let’s expand it differently : 𝜉𝜉 𝑥𝑥,𝑦𝑦 = 1 − 𝑬𝑬 𝑥𝑥−𝑥𝑥 2

𝑬𝑬 𝑥𝑥2 +𝑬𝑬 𝑥𝑥2

▸ Consequently: 1
1−𝜉𝜉 𝑥𝑥,𝑥𝑥

= 𝑆𝑆𝑆𝑆𝑆𝑆 𝑥𝑥,𝑦𝑦 + 𝑆𝑆𝑆𝑆𝑆𝑆(𝑦𝑦, 𝑥𝑥)

▸ Full formula for patch-level SSIM: 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑥𝑥,𝑦𝑦 ~ 1 − 1
𝑆𝑆𝑆𝑆𝑆𝑆 𝑥𝑥𝐿𝐿,𝑥𝑥𝐿𝐿 +𝑆𝑆𝑆𝑆𝑆𝑆 𝑥𝑥𝐿𝐿,𝑥𝑥𝐿𝐿

× 1 − 1
𝑆𝑆𝑆𝑆𝑆𝑆 𝑥𝑥𝐻𝐻,𝑥𝑥𝐻𝐻 + 𝑆𝑆𝑆𝑆𝑆𝑆 𝑥𝑥𝐻𝐻,𝑥𝑥𝐻𝐻

▸ NB: SSIM can be computed as a composite of SNR values computed for low-pass and high-pass images!
▸ So the connection to other objective metrics such as SNR or PSNR exits, but it is not that simple! 

Relation to other objective metrics
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The game of balancing errors:
▸ Idea: distribute the errors between LF and HF bands such that 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑥𝑥,𝑦𝑦 ≈ 𝜉𝜉 𝑥𝑥𝐿𝐿 ,𝑦𝑦𝐿𝐿 ⋅ 𝜉𝜉 𝑥𝑥𝐻𝐻 ,𝑦𝑦𝐻𝐻 is maximal. 
▸ If errors are tradeable, then one can show that: max

𝛿𝛿: 𝜉𝜉𝐿𝐿=𝜉𝜉0+𝛿𝛿,𝜉𝜉𝐻𝐻 =𝜉𝜉0−𝛿𝛿
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝜉𝜉𝐿𝐿, 𝜉𝜉𝐻𝐻 ⇒ 𝛿𝛿 = 0 ⇒ 𝜉𝜉𝐿𝐿 = 𝜉𝜉𝐻𝐻.

Simple practical solution: apply unsharp mask filter!
▸ Effects as visible in uncompressed image:                                     The same images after H.264/Intra encoding with QP=42:        

Boosting SSIM scores by pre-filtering

Credit: Luc Trudeau : https://medium.com/ @luc.trudeau/a-pre-processing-filter-for-ssim-a60ce91f3374

https://medium.com/%20@luc.trudeau/a-pre-processing-filter-for-ssim-a60ce91f3374
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Extend SSIM model to N bands:
▸ N-band SSIM:

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑥𝑥, 𝑦𝑦 = �
𝑖𝑖=1

𝑆𝑆

𝜉𝜉 𝑥𝑥𝑖𝑖 ,𝑦𝑦𝑖𝑖
𝑤𝑤𝑖𝑖 , 𝜉𝜉 𝑥𝑥,𝑦𝑦 =

2𝑬𝑬 𝑥𝑥𝑦𝑦 + 𝐶𝐶
𝑬𝑬 𝑥𝑥2 + 𝑬𝑬 𝑦𝑦2 + 𝐶𝐶

▸ where:
− 𝑥𝑥𝑖𝑖 ,𝑦𝑦𝑖𝑖 - are band-filtered versions of input images, 
− 𝑤𝑤𝑖𝑖 are perceptual weights applied to band-level scores, 
− 𝐶𝐶 is a small constant.

Natural extension of SSIM:
▸ Uses the same atomic patch-level measures as SSIM
▸ Subbands that can be defined in angular units, aligned with CSF model 

(unlike MS-SSIM, which operates at fixed pixel-level scales)
▸ Connects well to perceptual science: Barten CSF modes, SQRI, Sarnoff JND 

model, VDP, etc. Back to the starting point for SSIM! 

Back to error visibility?

CSF and 6 filters centered @ 0.8, 1.7, 2.8, 4, and 8 cpd  
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CONCLUSIONS
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New model for computing SSIM is introduced
▸ Uses 2-band decomposition + symmetric processing in each band

It works
▸ Matches the original SSIM model under

− Codec noise
− Resolution changes 
− Gaussian blur
− Additive noise

Utilities
▸ Methodological 
▸ Enables encoder and filter optimizations
▸ Explains connection to other objective metrics (SNR, PSNR, MSE)
▸ Brings us back to perceptual models!

Next steps
▸ N-band SSIM – this promises to be a lot of fun!
▸ Parametric quality models – returnable to different screen sizes, SDR/HDR, etc. Much needed for multi-screen!

Summary & Outlook
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