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Fig. 1 Overall framework of the proposed method. (a) Overall network architecture diagram; (b) DenoiseY network architecture diagram
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Fig. 3 Comparison of enhancement results and brightness surface maps for different methods on the LOLv1 test images
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MGRHAT OSSR, A SCHE R 28468 hR T8 1
=L EOR R RE . JUHAE LIME 5 NPE %4 4
NIQE 5 BRISQUE 43 %l *& 3.356/19.38 5 3.268/20.93,
WEL T A J7 . 78 MEF 5 DICM %048 |, R4
AT AR e bs ERAEH, A SO R TE
S AER I, TR AR R B S PR AR e P . 1RGSR
— R, ARSCAUEA I AR EGOE RGeS, [
AR TC W 25 1 TSR B A il s it . 1 SR ELSE ]
1§, Wik T H R ARz Ak bE .

2) EPES T

Ry itk — 20 PEAG 2% T R AE AR L X B2 37 5 1 R
HasR ke, ANSCE LIME, NPE, MEF 5 DICM Py~
RIEHR B it U R FEA A TSR X [, S5 534n
K4 FR . EITP 2L EAREGE X SibR th 13 R 25 2R v ULy
PR . Bt 25 el B X ek, 8 T B FL AR R
1) Jry PR B

MIE 4 TTUAE Y, £ RTEAR R 50T 3 s o)
R 225 BTG E 8 5 TR 5
KinD F1 SCI 777 i T AR X 52 B 5 6% 474 RO

%2 ARSI R B8R 58 K LA A F AR L

Table 2 Comparison of no-reference metrics for different methods on the unpaired low-light image enhancement dataset

LIME NPE MEF DICM
Method
NIQE BRISQUE, NIQEL BRISQUE, NIQE BRISQUE, NIQEL BRISQUE

KinD 4.77 26.653 3.536 27.212 5.397 35.003 3.559 28.006
Nel 4.206 22.834 3.999 31.603 4.533 30.267 2.917 22.382
MIRNet 3.975 26.166 3.604 26.771 4.064 32.554 3.126 25.213
EnlightenGAN 3.657 21.910 4.018 33.599 3.783 27.598 2.917 22.382
RetinexMamba 3.982 26.553 3.394 23.180 3.764 27.557 2.890 20.825
LightenDiffusion 3.865 23.076 3.371 24.385 3.926 24.130 3.364 21.020
Retinexformer 4.072 26.223 3.477 24.647 3.789 23.899 2.975 22.465
Ours 3.356 19.38 3.268 20.93 3.74 25.78 2.936 22.90
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Fig. 4 Visual comparison of enhancement results for different methods on the unpaired dataset
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R4 THVTA AR SC R A A O AR B A 3ot A SO
LOLvI $E4E i T T BRI A I Bl sL 5, F5hn
£AJFE PSNR, SSIM, JHAEIZERWIZE 3 Fis,
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Table 3  Ablation study results of different module designs in the

proposed method

FEiA MR & PSNR/dB SSIM
FRARIA B FET+MSA 23.89 0.783
IR A+ YCbCr 24.61 0.812
[i5iile B + MCPA 25.04 0.831
PRI C+LCA 25.48 0.837
AT SERELERY 25.66 0.844

ATLAE I, BEE MSEERZT A, B0 R
SLERTE, WUE T AR E-OOR MR EA . MCPA DL
LCA A &tk B A RMRRMERET, I
HURZSHIEEET (MSA ) DAERFIEAR A 4o A A
VW EAE R ST SR W Rl S IR, L PSNR I
SSIM 4351k 23.89 dB 5 0.783.,

e IERY b, #E B 5| A YCbCr i {453 [a] i 4 5
W, Ay SRR - O F M T U Rl AR, A2
fift 1 Gt —E A A RRAE T4, PSNR #27+ % 24.61 dB,
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2o SERHRER O TUN T4 P e s, TEL5H
ROR SRR ERE LS E L4, H PSNR 5 SSIM 4
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Fig. 5 Performance of different enhancement methods for face detection in dark environments

%4 T REZ*T ACC. TAR #= AP #5479 b4
Table 4 Comparison of ACC, TAR, and AP metrics across different methods

Method ACCT TARD AP
Input 0.1712 0.1721 0.1699
KinD 0.2468 0.2603 0.2473

Scl 0.3699 0.3767 0.34

MIRNet 0.3082 0.3082 0.3083

EnlightenGAN 0.4315 0.4452 0.4319
Retinexmamba 0.3151 0.3219 0.3152
LightenDiffusion 0.1844 0.1843 0.1843
Retinexformer 0.4109 0.4041 0.4041
Ours 0.5068 0.5137 0.5069
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Abstract

Objective Existing low-light image enhancement methods generally suffer from high model complexity, considerable deployment cost,
and semantic coupling between luminance and chrominance information, which often leads to fusion artifacts and restricts their application
on resource-constrained devices. To address these issues, this paper proposes a lightweight low-light image enhancement network that
combines multi-channel parallel attention and cross-fusion mechanisms. In the YCbCr color space, luminance and chrominance
information are modeled separately. A lightweight denoising module and a multi-head self-attention mechanism are introduced to extract
illumination structure features, while a multi-channel parallel attention module is introduced to enhance color-context modeling. In
addition, a luminance-guided cross-fusion module is introduced to achieve collaborative enhancement of structure and color under joint
channel-spatial attention optimization.

Methods The input image is first converted into the YCbCr color space and decomposed into the Y, Cb, and Cr channels. The Y channel
is processed by the DenoiseY module to suppress noise, and then passed through a multi-head self-attention module (MSA) to extract
structural features. To improve contextual modeling efficiency, a pooling operation is inserted before MSA to reduce the number of tokens.
Meanwhile, the Cb and Cr channels are enhanced by the MCPA module, which performs multi-scale attention modeling to extract richer
color-context information.

Subsequently, in the LCA module, the denoised Y channel is used as a guidance feature to fuse with the Cb and Cr channels. This
module incorporates channel attention based on the squeeze-and-excitation (SE) mechanism together with element-wise interaction,

Foundation item: Project supported by the National Key R&D Program of China Fund (2023YFB3609400), and the National Natural Science Foundation
of China (62101132)
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enabling luminance-guided structure-color fusion.

Finally, the fused features are restored to the RGB space through convolution layers to generate the enhanced image. By separately
modeling luminance and chrominance information and introducing cross-guided fusion between the two branches, the proposed method
effectively improves the overall quality of low-light images in terms of detail preservation, illumination enhancement, and color restoration.

Results and Discussions The proposed network achieves 25.66 dB PSNR / 0.84 SSIM on LOLv1, 24.61 dB PSNR / 0.85 SSIM on
LOLvV2, and 20.26 dB PSNR / 0.57 SSIM on LSRW, outperforming recent methods such as Retinexformer. Meanwhile, the model contains
only 0.059 million parameters and requires 10.06 GFLOPs, demonstrating its lightweight nature and computational efficiency. In addition,
low-light face detection experiments conducted on the DARK FACE dataset show that all three detection metrics exceed 50%, indicating
good generalization capability under low-light conditions.

Experimental results further show that MCPA is embedded into both the luminance and chrominance branches to extract contextual
information at different scales and perform feature reweighting, thereby improving the network’s adaptive modeling ability for multi-scale
structural patterns and color variations. The LCA module enables joint modeling of structure and color, where structural information
provided by the Y branch dynamically guides the adjustment of chrominance features, effectively improving detail fidelity and color
consistency in the enhanced images.

Conclusions The proposed method achieves high-quality low-light image enhancement under resource-constrained conditions.
Experimental results on multiple public datasets verify its superior performance, especially in achieving a favorable balance among
structural fidelity, color naturalness, and computational efficiency. This study demonstrates that separate modeling of luminance and
chrominance information, together with a luminance-guided cross-fusion strategy, can effectively alleviate the fusion artifacts caused by
luminance-color coupling in conventional methods.

Keywords: low-light image enhancement; luminance-color decoupling; attention mechanism; multi-head self-attention; image perceptual

quality; lightweight network
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