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Motivation

Background. Existing methods for Low-Light Image Enhancement face 
significant challenges in optimizing combined low- and high-frequency 
restoration within a unified framework.

Issues to be solved.
• Seamlessly integrating with existing LLIE methods
• Enhancing their frequency restoration capabilities (up to +7.9dB improvements)
• Requiring a minimal additional model complexity (~88K extra parameters)



Contribution

Our contributions are summarized:

Disentanglement learning. This strategy achieves separate optimization 
in the low-frequency and high-frequency domains while maintaining 
low-frequency consistency between the two stages.

Efficient coarse adjustment. ACCA, a extreme lightweight module 
implement convolutional adaptive spatial-channel aggregation, 
resulting in SOTA low-frequency adjustment results.

Universal  improvements over SOTA models .  It al lows effort less 
dep loyment of  advanced low-frequency or h igh-frequency 
enhancement models. Leveraging our method, we significantly improve 
prevailing LLIE models both quantitatively and qualitatively. 



Method

Overview

Coarse phase.  ACCA conducts coarse adjustment to initially enhance the input image 
� and produce the preliminary result ��.



Method

Overview

Coarse-to-fine phase. LDRM integrates Laplace representations for subsequent fine-
grained restoration by LLIE model. Low-frequency consistent loss �� between the two 
phases is introduced to achieve effective disentanglement optimization.



Method

ACCA for Coarse Adjustment

Overview: hybrid dual-branch network to 
regress global and local low-frequency 
adjustment parameters. 

W-CCA: novel window-based convolutional 
composition method with significant 
reduction in computational complexity.

Complexity analysis of W-CCA.



Method

LDRM for Consistent C2F Restoration

We re-design SOTA existing LLIE models by integrating 
Laplace representation and obtain Laplace maps:

All these decomposed Laplace maps are fed into 
our LDRM to generate restored Laplace maps. 

The final reconstructed output is obtained by inverse 
Laplace transformation:



Method

LDRM for Consistent C2F Restoration

Training LDRM, we use two supervision terms:

Ø Reconstruction Loss

Ø Low-frequency Loss

Ø Total Loss



Experiments

Quantitative Comparison



Experiments

Quantitative Comparison : ACCA
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Quantitative Comparison



Experiments

Qualitative Comparison
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Ablation Studies
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