
EnsIR: An Ensemble Algorithm for Image 
Restoration via Gaussian Mixture Models

NeurIPS 2024
2024.11.2

Shangquan Sun1,2, Wenqi Ren3, Zikun Liu4, Hyunhee Park4, Rui Wang1,2, Xiaochun Cao3

1CAS, China    2UCAS, China    3Shenzhen Campus of SYSU, China    4Samsung



Motivation

Class 1

Class 2

Clean

Degraded

Classification: ℝ!×#×$ → 𝐾 Restoration: ℝ!×#×$ → ℝ!×#×$

Model 1: Class 1 2

Model 2: Class 1 2

Model 3: Class 1 2

Ensemble: Class 1 2 30dB 30.5dB 29.87dB

30.97dB

Acc:57.1%

Acc:59.2%

Acc:54.3%

Acc:61.4%



• Ensemble for Image Restoration

• For a reference set, formulate all data with Gaussian prior

• Partition data into bins:

• Within each bin, Gaussian prior still holds

• Then ensemble problem is split for estimating weights within. bins 

Problem Formulation



• Gaussian Mixture Models:

• Estimate ensemble weights by maximizing the log likelihood as

Gaussian Mixture Models and EM Algorithm



• Expectation step:

• Maximization step:

• Priors of Mean and Variance:

Gaussian Mixture Models and EM Algorithm



• LUT to save the weights for inference

Look-up Table for inference and Overall Algorithm



A Simple Case with bin width=64
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Bin set 1:
[0, 64) for 𝐱!
[0, 64) for 𝐱"
[0, 64) for 𝐱# 

Bin set 21:
[64,128) for 𝐱!
[64,128) for 𝐱"
[64,128) for 𝐱# 

Bin set 4#:
(192,256] for 𝐱!
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(192,256] for 𝐱# 
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Bin set 2:
[0, 64) for 𝐱!
[0, 64) for 𝐱"

[64,128) for 𝐱# 
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𝛂!

0 24 91

𝛂" = 0.1,0.2,0.7 = GMM( 0,24,91 , 81)
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𝛂"! = 0.1,0.4,0.5 = GMM( 0.125,84.25,93.74 , 91)



Result 2: Ablation Studies



Quantitative Comparison: Super-Resolution



Quantitative Comparison: Deblurring



Quantitative Comparison: Deraining



Visualization

• Weight Map



Visualization

• Feature by 
ResNet110 and PCA



Visualization

• Pixel Distribution 
within bin set
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