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Multi-criteria Quality Assessment Method for Low-illumination Enhanced Images Based on Visual
Loss

CHEN Qi,SUN Jin, WANG Jigang and HUANG Changcheng

College of Civil Aviation, Nanjing University of Aeronautics and Astronautics,Nanjing 211106, China

Abstract Low-light image enhancement improves the perception and interpretability of the images.and the assessment of the en-
hanced images impacts the image’s reliability and playing a guiding role in parameter selection and model adjustment of the en-
hancement algorithm. However, the existing image quality assessments are not completely for low-light enhanced images, which
lead to discrepancies between the assessment results and subjective perceptions. In this paper,a multi-criterion based Low-light
Enhanced Image Quality Assessment(MC-LEIQA) is proposed by analyzing of the visual loss factors based on human visual per-
ception. According to the visual artifacts such as insufficient brightness gain, artifacts, false contours,and color shifts that occur
during the process of enhancing low-light images, MC-LEIQA designs an assessment criterion based on the fusion of adaptive
brightness gain degree using Kullback-Leibler divergence, structural recovery degree based on variance and gradient,and color re-
covery degree. Additionally,it introduces a correction coefficient for positive offset that incorporates automatic brightness percep-
tion to achieve accurate quality assessment of low-light enhanced images. Ablation experiments demonstrate the rationality and
necessity of the selected assessment metrics in this study. Furthermore,comparative experiments with the classical image quality
assessment methods on public datasets further validate that the proposed method exhibits higher assessment accuracy and effec-
tiveness for low-light enhanced images.

Keywords Low-light image enhancement.,Image quality assessment, Multi-criteria fusion,Image visual loss analysis
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Fig. 1 Positive offset of the low-light enhancement
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Fig.2 Three visual losses of low-light image enhancement
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corresponding reference image
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Fig. 4 Residuals of the low-light enhanced images and the

reference image before and after correction
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Fig. 5 Comparison of different image visual losses in the same scene
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Table 1  Assessment results of three visual losses in low-light enhanced images
R E & EEY ERCEEN B m %

H6(c) H6dD H6(c) H6(dD H6(e)  H 6D
PSNRE! 4 18.9900  9.4900  13.6000 15.5700  20.0400 15.1300
SSIML12] 4 0.8991  0.3585  0.8673  0.6855  0.9239  0.9217
FSIML13] 4 0.9806  0.9391  0.9849  0.9610  0.9846  0.9835
LPIPSH4] 0.2913  0.3071  0.4097  0.6982  0.5392  0.6315
Wu’s methodl18] 0.2279 0.3514 0.4381 0.5092 0.3480 0.3627
GRIDSH97 4 0.8535  0.6371  0.7675  0.7780  0.6917  0.5742
HDaN[20] 4 0.1965  0.4792  0.6051  0.7681  0.4285  0.4703
MC- LEIQA(Ours) 4 0.8803  0.6048  0.8571  0.7022  0.7236  0.6259
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Fig. 6 Three visual losses occur after low-light enhancement
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Fig. 7 Subjective consistency comparison between the proposed method and classical full-reference image quality assessment methods
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Table 2 Comparison of the objective performance between the proposed method and typical full-reference image
quality assessment methods
~ ~ - ’ S -
PSNRM ssimtzl - FSIME) Lprpsiid] . GRIDS[!9]  HDaN[20]  MC-LEIQA(Ours)
method18]
PLCC 4 0.6553 0.8230 0.5231 0.8821 0.9230 0.9617 0.9321 0.9710
RMSE v 0.5161 0.4025 0.6327 0.3669 0.3071 0.2633 0.3159 0.2423
SRCC 4 0.6371 0.7574 0.5013 0.7941 0.8910 0.9358 0.9126 0.94114
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Table 3 Objective assessment results of the ablation experiment for
the proposed criteria
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(2) N/ 0.9167 0.3483 0.9031
(3) J 0.9052  0.3592  0.8862
) N N 0.9671  0.2693  0.9320
(5) N N; 0.9523  0.2951  0.9318
(6) NG NG 0.9234  0.3378  0.9175
(7) N N N 0.9710  0.2423  0.9414
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Fig. 8 Positive offset by the brightness enhancements

241100114-5



Com puter Science

HEHES  Vol. 52,No. 11A, Nov. 2025

# 4 LIME fl CLAHE 59 3 3 56 18 B AN R PF 4 7 vk #9445
Table 4 Different assessment results for enhanced images by LIME and CLAHE

A % Bk PSNRUA - ssiMUZl A psiMEB) 4 Lpipstit) y mCthO:;;] R GRIDSL) 4 HDaNL20J 4 Nit)i::ci/\
LIME 19.77 0.6231 0.9712 0.3041 0.4375 0.5860 0.6432 0.6712
i CLAHE 18.08 0.4432 0.9123 0.5176 0.3982 0.5712 0.6028 0.6794
e LIME 17. 27 0.7704 0.9809 0.3048 0.5089 0.7616 0.7590 0.7458
CLAHE 13.29 0.5966 0.9459 0.5109 0.4493 0.7419 0.7240 0.7568
s LIME 19.63 0.6429 0.9662 0.4135 0.4736 0.6985 0.7095 0.7122
CLAHE 19. 20 0.4835 0.9395 0.4974 0.4517 0.6577 0.6493 0.7492
AL LIME 15.63 0.8019 0.9598 0.2972 0.5245 0.8586 0.8074 0.8430
CLAHE 14.75 0.7735 0.9324 0.3594 0.4947 0.7961 0.7590 0.8688
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