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Abstract

nation adaptability and difficulty in balancing global structure and local details, this paper proposes a light-pri-

Aiming at the shortcomings of existing low-light image enhancement methods, such as poor illumi-

or driven low-light enhancement network ( LPD-Net). First, an illumination prior module (IPM) is construc-
ted based on Retinex theory, which generates illumination-normalized features by introducing homomorphic fil-
tering priors to achieve global correction of non-uniform illumination. Second, a Mamba enhanced module
(MEM) based on an encoder-decoder architecture is designed, employing a hierarchical modeling strategy and
constructing a multi-scale pathway consisting of local window Mamba and global Mamba to achieve local detail
enhancement and global brightness restoration. On this basis, a dual-stream fusion color modulation (DFCM)
module is introduced, which captures horizontal and vertical spatial dependencies through bidirectional convo-
lutional blocks and integrates global-local features using a lightweight attention mechanism. Simultaneously,
channel gating and color modulation mechanisms are applied to adaptively restore color information and fine
image details. Finally, total variation regularization is introduced to constrain the illumination map, preventing
structural inconsistency caused by over-enhancement. Experimental results show that the proposed method a-
chieves 24. 370 dB PSNR and 0. 853 SSIM on the LOLv] dataset, significantly outperforming existing meth-
ods. The method demonstrates notable advantages in illumination correction, noise suppression, and detail
preservation, while also exhibiting strong generalization capability for real-world low-light scenarios.

Keywords low-light image enhancement; state space; homomorphic filtering; color modulation module ; total

variation regularization
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Tab.1 Comparison results of different LLIE methods on the LOLvl, LOLv2-real and LOLv2-synthetic databases
LOLv1 LOLv2real LOLv2-synthetic
Jitk G0

PSNR 1 SSIM 1 PSNR 1 SSIM 1 PSNR 1 SSIM 1
MBLLEN ' 2018 18. 825 0.771 17.973 0. 702 22. 046 0. 898
KinD"* 2019 17. 650 0.775 14.740 0. 641 13.290 0.578
KinD + + " 2020 21.300 0. 823 19. 087 0. 817 21.170 0. 881
ZeroDCE™ 2020 14. 861 0. 559 16. 059 0. 580 17.712 0.815
EnlightenGAN"’ 2021 17. 480 0. 651 15.513 0.770 16. 570 0. 734
MIRNet"™"’ 2022 22. 652 0.783 19. 520 0.737 23.481 0.917
Retinexformer'*"’ 2023 23. 466 0. 827 21.530 0. 834 26. 304 0. 942
LLFormer ™’ 2023 23.529 0.814 21.301 0. 801 24.038 0. 909
MBPNet ¥ 2023 22. 880 0. 834 22.295 0. 839 25. 340 0.932
RetinexMamba'"®’ 2024 24.025 0. 827 22.453 0. 844 26. 439 0.947
LCDBNet" 2024 24.206 0. 850 21. 186 0. 808 24. 617 0.935
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Fig.7 Exprimental result on the LLIE image databases
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Tab.2 Homomorphic filtering prior ablation study results
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Fig. 8 The generalization results on outdoor scenes
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Fig.9 The generalization results on indoor scenes
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