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Multi-channel low-light image enhancement method
based on global robust Retinex model
WU Hanning', YI Jizheng’, LI Xiaoyao’, and LI Sijia®

1) College of Electronic Information and Physics, Central South University of Forestry and Technology, Changsha 410004, P. R. China
2) College of Advanced Interdisciplinary Studies, Central South University of Forestry Technology, Changsha 410004, P. R. China

Abstract: In response to the issues where existing illumination enhancement methods ignore the changes in hue and
saturation under different lighting conditions, resulting in the loss of excessive detail information while suppressing
noise, we propose a global robust Retinex model (GRM) based on the Retinex theory to enhance illumination across
all color channels. A contraction mapping is used to implement fractional-order norms, making the decomposed
illumination map smoother. For the reflection map gradient, we employ a weight matrix and regularization term
calculated based on the input image information to obtain a reflection map with less noise and more details. The
alternating direction method of multipliers is chosen to solve the model, and gamma correction is applied to obtain
the ideal illumination map. The processed reflection map is then combined with the illumination map to yield the
final result. Experimental results on the Adobe FiveK, DICM, VV, and LIME datasets show that GRM not only
competes with methods such as the robust Retinex model, low-rank regularization Retinex model, and plug-and-play
Retinex model in terms of peak signal-to-noise ratio, structural similarity, and image quality assessment metrics, but

also demonstrates stronger denoising capabilities and more significant image lighting recovery. The GRM model
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provides a superior solution for enhancing noisy images captured in low-light environments.

Key words: computer image; low-light image enhancement; Retinex model; alternating direction method of multipliers;

fractional-order norm; image denoising
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Fig. 2 Comparison of enhanced results for low-light images in the Dataset 1.

3.2.2 EWxtre

1 P& % {15 M [b (peak signal to noise ratio,
PSNR) . %% ¥ #H {8l ¥ (structural similarity index
measure, SSIM) . [ 28 K14 it & 3F i 15 A5

(natural image quality evaluator, NIQE) , & B o,
JEHT 1Y 181 A8 5T 48 57 (color perception-based
picture quality index, CPCQI) Fll3& TR fiE 48 Al AN [1]
I AR 1Y JE 2 7% R i PEAG 8 A5 (no-reference



$3 4

BT, 5 T R EHE Retinex A5 1) Z230 18 55 Y6 K G 1

331

(a) A% (b) DONG

(f) SRIE (g) RRM

(¢) BIMEF

(h) LR3M

(d) LIME (e) NPE

(i) PNP (j) GRM

B3 Hdnde 2 rhest R R g )

Fig. 3 Comparison of enhanced results for low-light images in the Dataset 2.
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Table 2 Analysis of parameter sensitivity
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1 3.0 0.1 19.253  0.805 3.019 0.918
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1 10.0 0.1 20.478 0.810 3.149 0.888
1 20.0 0.1 21.254  0.817 3.024 0.909
1 3.0 1.0 19.246  0.801 3.164 0.890
1 3.0 10.0  19.220 0.793 3.409 0.846
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Fig. 4 Convergence analysis of GRM model.

% iF

AHFSE R T Retinex B¢, 48— FhREA 24k
BB M () 55 0 RMR S SRS R GRM, - MU A TS
Hh o ik R B T LRI B L, A i R v O R
LA I HE A P A X R RN, 3R
PRPAEEER. I A NS B S B Ve B LA R
o B EAR IR BRI AR TR, R
NG SIS WSS E e b S PR RN R o)
SUHEEANT, ARG . RS I Tk
BRCRf# GRM, X F—5K Bk 512 x 340 (1 H
SRIME S EEIG, CRMITEFERTZ) 422,782 s. 7E
LA TFREIE 5 SRS R, GRM A
IUAEARSE oy T R B €, T LR R G T
WALTE ARy I, 5 H TSt i o et B
g ).

HETH: MmavaAERHRRRN % B H (CX20240692) 5 R
b B 47 K A BF 5T A BHOF QBT 3 4 9 B H (2023CX0
2091)

EBRN: 2 T(765058609@00.com), Vg RHE A7 A -1 A
w4 W AN .

31 3 RET, S, BN, % ET RS Retinex 5
T (1) 22388 38 55 06 R 5 [T, TR R 22 B T,
2025, 42(3): 326-333.

S 3Lk / References:

[ 1 ] IBRAHIM H, PIK KONG N S. Brightness preserving
dynamic histogram equalization for image contrast
enhancement [J]. IEEE Transactions on Consumer
Electronics, 2007, 53(4): 1752-1758.

[ 2 ] DONG Xuan, WANG Guan, PANG Yi, et al. Fast effi-

cient algorithm for enhancement of low lighting video [C]//

2011 IEEE International Conference on Multimedia and

Expo. Piscataway, USA: IEEE, 2011: 1-6.

YING Zhenqiang, LI Ge, GAO Wen. A bio-inspired multi-

—
w
[

exposure fusion framework for low-light image enhance-
ment [EB/OL]. (2017-11-02) [2023-10-18]. https:/arxiv.
org/abs/1711.00591.

[ 4] &M, BUER, AR, 5. ST S5 5a0s

EENEMEOCRGERT]. T REEREIE AR,
2024, 29(4): 862-874.
ZHAO Minghua, WEN Yichun, DU Shuangli, et al. Low-
light image enhancement algorithm based on illumination
and scene texture attention map [J]. Journal of Image and
Graphics, 2024, 29(4): 862-874. (in Chinese)

[ 5] WANG Ruixing, ZHANG Qing, FU C W, et al. Underex-

posed photo enhancement using deep illumination estima-

tion [C]// TEEE/CVF Conference on Computer Vision and

Pattern Recognition. Piscataway, USA: IEEE, 2019: 6842-

6850.

CAI Yuanhao, BIAN Hao, LIN Jing, et al. Retinexformer:

—
[o)}
[

one-stage Retinex-based transformer for low-light image
enhancement [C]// IEEE/CVF International Conference on
Computer Vision. Piscataway, USA: IEEE, 2023: 12470-
12479.

(7 ] Bt BRyeit, OthpE. JETEEUFE RS rROEE

Bk ], WotStm TRt g, 2024, 61
(24): 340-349.
CHEN Bin, CHEN Keyuan, WU Shigian. Low-light image
enhancement via cross-domain feature fusion [J]. Laser &
Optoelectronics Progress, 2024, 61(24): 340-349. (in Chi-
nese)

[ 8 ] LAND E H. The Retinex theory of color vision [J]. Scien-
tific American, 1977, 237(6): 108-128.

[ 9 ] JOBSON D J, RAHMAN Z, WOODELL G A. A multi-
scale Retinex for bridging the gap between color images
and the human observation of scenes [J]. IEEE Transac-
tions on Image Processing, 1997, 6(7): 965-976.

[10] WANG Shuhang, ZHENG Jin, HU Haimiao, et al. Natu-

ralness preserved enhancement algorithm for non-uniform



53 W ST, AR, BET A JRrE A% Retinex A5 14 2238 10 55 O R (G 1G5 333
illumination images [J]. TEEE Transactions on Image Pro- LR3M: robust low-light enhancement via low-rank

[11

[12

[13

[14

[15

[16

[17

[

]

]

]

]

[

[

cessing, 2013, 22(9): 3538-35438.

ZEPNEE, EHRLL, JAMREE, SF. AR T IUoTEAR R
B2 A8 Iy i EHGIR G e A SR [0 ] oAl
2023, 51(4): 975-983.

LI Xiaoyao, WANG Lianhong, ZHOU Yicong, et al. Image
mixed denoising using quaternion-based non-local low
rank and total variation [J]. Acta Electronica Sinica, 2023,
51(4): 975-983. (in Chinese)

GUO Xiaojie, LI Yu, LING Haibin. LIME: low-light
image enhancement via illumination map estimation [J].
IEEE Transactions on Image Processing, 2017, 26(2):
982-993.

FU Xueyang, ZENG Delu, HUANG Yue, et al. A
weighted variational model for simultaneous reflectance
and illumination estimation [C]/ IEEE Conference on
Computer Vision and Pattern Recognition. Piscataway,
USA: IEEE, 2016: 2782-2790.

FU Xueyang, ZENG Delu, HUANG Yue, et al. A fusion-
based enhancing method for weakly illuminated images
[J]. Signal Processing, 2016, 129: 82-96.

CAI Bolun, XU Xianming, GUO Kailing, et al. A joint
intrinsic-extrinsic prior model for Retinex [C]// IEEE Inter-
national Conference on Computer Vision.
USA: [EEE, 2017: 4020-4029.

X, MR, ERk, 5. R AERDEIRRIR I
SOCEBIER L] BT SE R, 2024, 46
(2): 643-651.

LIU Bo, TIAN Guangliang, XIAO Bin, et al. Low light

Piscataway,

image enhancement with adaptive light initialization [J].
Journal of Electronics & Information Technology, 2024, 46
(2): 643-651. (in Chinese)

LI Mading, LIU Jiaying, YANG Wenhan, et al. Structure-
revealing low-light image enhancement via robust Retinex
model [J]. TEEE Transactions on Image Processing, 2018,
27(6): 2828-2841.

[ 18] REN Xutong, YANG Wenhan, CHENG Wenhuang, et al.

[19]

[20

[

[21

[

[22]

[23]

[24]

[25]

regularized Retinex model [J]. TEEE Transactions on
Image Processing, 2020, 29: 5862-5876.

LIN Y H, LU Yichang. Low-light enhancement using a
plug-and-play Retinex model with shrinkage mapping for
illumination estimation [J].
Processing, 2022, 31: 4897-4908.
KAASSCHIETER E F.

IEEE Transactions on Image
Preconditioned  conjugate
gradients for solving singular systems [J]. Journal of
Computational and Applied Mathematics, 1988, 24(1/2):
265-275.
VONIKAKIS V. Busting image enhancement and tone-
mapping algorithms: a collection of the most challenging
cases |EB/OL]. [2023-10-24].
google.com/site/vonikakis/datasets.

LEE C, LEE C, KIM C S. Contrast enhancement based on

Available: https:/sites.

layered difference representation of 2D histograms [J].
IEEE Transactions on Image Processing, 2013, 22(12):
5372-5384.

MITTAL A, SOUNDARARAJAN R, BOVIK A C. Making
a "completely blind" image quality analyzer [J]. IEEE
Signal Processing Letters, 2013, 20(3): 209-212.

GU Ke, TAO Dacheng, QIAO Junfei, et al. Learning a no-
reference quality assessment model of enhanced images
with big data [J]. TEEE Transactions on Neural Networks
and Learning Systems, 2018, 29(4): 1301-1313.

GU Ke, ZHAI Guangtao, YANG Xiaokang, et al. Using
free energy principle for blind image quality assessment
[J]. IEEE Transactions on Multimedia, 2015, 17(1):
50-63.

(PXHEH: HF; RXFREF: AA)

*hFERE AL



