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Learning Distortion Invariant Feature
Representation for Image Restoration 

From A Causality Perspective 

Motivation
Ø Existing works on image restoration cannot generalize well to real-world degradations with different 

degrees and types.
Ø A spurious correlation between 𝐼! and 𝐼" is captured by ERM, which introduce the bad confounding 

effects of specific distortion 𝑑 and destroy the generalization capability of IR network.
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Contributions
Ø We revisit the image restoration task from a causality view and pinpoint that the reason for the poor 

generalization of the restoration network, is that the restoration network is not independent to the 
distortions in the training dataset.

Ø Based on the back-door criterion in causality, we propose a novel training paradigm, Distortion Invariant 
representation Learning (DIL) for image restoration, where the intervention is instantiated by a virtually 
model updating under the counterfactual distortion augmentation and is eliminated with the optimization 
based on meta-learning.
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Methods
• Backdoor criterion in causal inference

• Image restoration with back-door criterion

• Modeling 𝑷 𝑰𝒐 𝑰𝒅, 𝑫 = 𝒅𝒊 in optimization process

• Modeling 𝑷 𝑰𝒐 𝒅𝒐(𝑰𝒅) with meta learning

• Four Variants:
• 𝑫𝑰𝑳𝒑𝒇: parallel sampling 

first-order gradient
• 𝑫𝑰𝑳𝒑𝒔: parallel sampling

second-order gradient
• 𝑫𝑰𝑳𝒔𝒇: 𝒔𝒆𝒓𝒊𝒂𝒍 sampling 

first-order gradient
• 𝑫𝑰𝑳𝒔𝒔: 𝒔𝒆𝒓𝒊𝒂𝒍 sampling

second-order gradient
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• Two sampling strategies
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Experiments
Ø Image Denoising 
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Experiments

Ø Image Deblurring 
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Experiments

Ø Hybrid-distorted Image Restoration 

Ø RealSR

Ø Cross different backbones
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Experiments

Ø Real Image Denoising & Image Deraining
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Subjective Comparison

Ø Image Denoising
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Ø Image Deblurring
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