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Image Restoration (IR) and
Image Quality Assessment (IQA)

• Image Restoration (IR) aims at recovering a high-quality image from
its degraded observation.

• Image Quality Assessment (IQA) methods were developed to
measure the Perceptual Quality of images.

• IQA methods are widely used to evaluate IR algorithms, e.g., PSNR,
SSIM and Perceptual Index (PI).



Ground Truth

Perceptual Image Restoration

Less distortion
PSNR-oriented

Photo-realistic
GAN-based

The invention of Generative Adversarial Networks (GANs) greatly 
improves the perceptual performance



Ground Truth
PSNR / SSIM

Gap Between IQA Metric and Human Judgment

PSNR-oriented GAN-based

Increasing inconsistency between high numerical performances 
(PSNR, SSIM, PI, etc.) and perceptual performance.



Gap Between IQA Metric and Human Judgment
Before 2018, Evaluation Using PSNR/SSIM

Ground Truth
PSNR / SSIM Preferred by Human

23.52 / 0.7056 19.86 / 0.5530
Good in PSNR, SSIM



Ground Truth
PI / NIQE Preferred by Human

3.80 / 6.47 4.30 / 6.90
Good in PI, NIQE

Gap Between IQA Metric and Human Judgment
After 2018, Evaluation Using PI/NIQE

PI and NIQE are suggested in Blau, Y., & Michaeli, T. The perception-distortion tradeoff. CVPR 2018



• Can existing IQA methods objectively evaluate current 
Image Restoration algorithms, especially GAN-based 
algorithms?

• With the focus on beating benchmarks on the flawed
IQA methods, are we getting better Image Restoration 
algorithms?



Perceptual Image Processing ALgorithms
PIPAL



PIPAL: Perceptual Image Processing ALgorithms

250
Reference Images

40
Distortion Types

29,000
Distortion Images

1,130,000
Human Ratings



Reference Image GAN-based algorithms outputs

Blur Noise RCAN

SRGAN ESRGAN RankSRGAN

PIPAL: Perceptual Image Processing ALgorithms
Novel GAN-based distortion



PIPAL: Perceptual Image Processing ALgorithms

Elo System:

• Possibility-based rating system, each image has an Elo Score.
• The difference of the Elo scores indicates the possibility of a 

user’s preference.
• We update the Elo Score by pairwise human judgments.
• Extendible in the future



PIPAL: Perceptual Image Processing ALgorithms



PIPAL: Perceptual Image Processing ALgorithms



PIPAL: Perceptual Image Processing ALgorithms



PIPAL: Perceptual Image Processing ALgorithms



• Can existing IQA methods objectively evaluate current 
Image Restoration algorithms, especially GAN-based 
algorithms?

• With the focus on beating benchmarks on the flawed
IQA methods, are we getting better Image Restoration 
algorithms?



Benchmarking IQA methods
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We collect 23 state-of-the-art IQA methods to build the benchmark.
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Benchmarking IQA methods

The first row shows the scatter plots of MOS score vs. IQA methods for all SR algorithms.
The second row gives scatter plots for GAN-based SR algorithms
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Benchmarking IQA methods

Anti-correlated
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Benchmarking IQA methods

Moderate Best



Benchmarking IQA methods

• PIPAL poses challenges for IQA methods

• Evaluating Image Restoration algorithms only using
existing IQA metrics is not appropriate

• Deep network based IQA methods (LPIPS, PieAPP,
DISTS) perform better.



• Can existing IQA methods objectively evaluate current 
Image Restoration algorithms, especially GAN-based 
algorithms?

• With the focus on beating benchmarks on the flawed
IQA methods, are we getting better Image Restoration 
algorithms?



Benchmarking Image Restoration Algorithms
We build benchmark for Image Restoration using algorithms in PIPAL.



Benchmarking Image Restoration Algorithms

Increase MOS by 90
in 4 years



Benchmarking Image Restoration Algorithms



Benchmarking Image Restoration Algorithms



Benchmarking Super-Resolution Algorithms

• None of existing IQA methods is always effective in 
evaluation.

• Excessively optimizing performance on a specific IQA 
may cause a decrease in perceptual quality



Conclusion

• GAN-based Algorithms Pose challenges to IQA methods

• Existing IQA methods are inadequate in evaluating
perceptual image restoration algorithms

• Deep network based IQA method show better
performances.
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