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Abstract: Aiming at the problem that images taken in low-light environments are affected by the strength
of illumination, which leads to poor image quality, this study proposes a low-light image enhancement al-
gorithm based on the fusion of bilateral filtering MSR and AutoMSRCR. First, the brightness of the origi-
nal low-light image is enhanced using the MSR algorithm based on bilateral filtering in HSV color space.
As a result, a brightness-enhanced image with the original color information 1s obtained. Then, the CLLA-
HE algorithm is used to enhance the details of the brightness channel based on the Lab color space, and a
detail-enhanced image is obtained. Finally, the AutoMSRCR algorithm is used to process the original low-
light image and perform weighted fusion with the detail-enhanced image to obtain the final enhanced im-

age. Using UCIQE, AG, SD, and IE as evaluation indexes, the proposed algorithm outperformed the
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MSR, MSRCR, CLAHE, and GAMMA algorithms. The results show that the proposed algorithm opti-
mized image quality with UCIQE, AG, SD, and IE reaching values of 0.472 1, 12.674 2, 0. 263 2, and

7.637 9, respectively. The obtained image contains more color information, is clearer, the image contrast

is natural look, and the edge texture information of the image is more complete. That is, images enhanced

by this algorithm are of the highest quality. This study provides a feasible method for low-light image en-

hancement.
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Fig.1 Flow chart of adaptive color gain algorithm
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Tab.1 Objective evaluation indicators of different images

LB AT /s

Image Evaluate
MSR MSRCR CLAHE i GAMMA AL
0.461 0. 848 0.0156 0.078 5 0.929
SD 0.244 16 0.2373 0.2204 0.2373 0.2491
1E 7.386 6 6.476 4 6.967 7 7.2654 7.489 4
Imagel
AG 4.974 5 5.496 0 8.066 6 9.718 9 11.373 0
UCIQE 0.3751 0.2305 0.4891 0.469 5 0.4592
SD 0.2243 0.1227 0.207 3 0.2175 0.2299
IE 6.708 8 6.0858 7.460 2 7.3727 7.508 0
Image?2
AG 3.3175 3.0719 3.8175 5. 3464 6.1124
UCIQE 0.3589 0.2599 0.462 6 0.4455 0.4639
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Tab.1 Objective evaluation indicators of different images
BB TR /s
Image Evaluate N
MSR MSRCR CLAHE it GAMMA AL
SD 0.290 2 0.164 2 0.174 5 0.206 1 0.307 2
IE 7.399 8 7.1134 6.852 7 7.426 2 7.7957
Image3
AG 6.1889 6.352 1 5.092 6 8.1185 10.4379
UCIQE 0.458 3 0.338 2 0.469 8 0.477 4 0.4810
SD 0.2726 0.1350 0.0989 0.1540 0.273 1
1E 6.940 2 6.578 2 6.348 8 7.117 8 7.6358
Image4
AG 6.546 5 7.866 2 4.208 8 9.8710 17.228 2
UCIQE 0.4851 0.3059 0.342 8 0.3869 0.4816
SD 0.1114 0.079 4 0.094 1 0.1433 0.224 6
1E 6.3220 6.037 4 6.3300 7.0625 7.5818
Image5
AG 3.797 2 4.4010 4.5990 9.2759 14.527 4
UCIQE 0.3321 0.2416 0.3265 0.3756 0.443 2
SD 0.344 1 0.184 5 0.100 2 0.172 1 0.2953
IE 7.500 8 7.324 3 6.056 0 7.024 1 7.816 8
Image6
AG 10.142 2 11.062 4 3.8898 9.824 1 16.366 2
UCIQE 0.494 2 0.3378 0.3589 0.416 0 0.503 6

XF El ST 00 b BT HG A s % TR G o R
(2) 1] UG B AR SCH 1 78 DU R AS () 11 T4 T 45
i 0 AR T At U A B 5 O O e Bk
FH ECARE AR SR AE b o 22 FNOBE 4 A L 0 £ T
AR B S, 0 VO TSR 15 B A SR AR B R S Y
P15 335 OB B2 40 1 B Ab BE L R % T A O
TE 8 Vi B2 45 AR FIAE B0 0 J0 46 b b AR OBk
5 MSRCR 836 A H A (8% W E iy 48 T+ T
WA 8% VR B 25 48 bR 4E MSRCR (9 ZL iy I
PeFH T 65.24% At LR E WA, T LA
HR AR ST I ' R LA 0 R SRR R T B
MW R MR E A EREN
M3, BN EL 2 AR MR BT AR ) R E R

B AE AR R B0 R 3R B RS B
> WS E AN S O R4 R
PE AR T B G S ), R SR Y — R B R
JE % MSR %3 5 AutoMSRCR %5 ¥ il & 19 1%
T PR B 5 o 3 o IO A PR AR R AT

R2 AREEMIERABER L

Tab.2 Comparison of mean values of different evaluation

indicators
(=BT SD IE AG UCIQE
MSR 0.2478 7.043 5.8278 0.4173
MSRCR 0.1539 6.6026 6.3749 0.2857
CLAHE 0.1492 6.6692 4.9457 0.4083
i GAMMA 0.1884 7.2115 8.6024 0.4285
A3 0.2632 7.6379 12.6742 0.4721

oi b BRI 3R B R R (BB % B2 T IR R Y
JE VAT 38 7E JEAT IR B 5 i S0 B R 1 1R
J5, HAF M 45 4% UCIQE, AG,SD,IE 43 336 5] T
0.4721,12.674 2,0.263 2,7.637 9, 7£5 MSR-
CR#& % MSRE % .CLAHE & % (it GAM-
MA SE AT X & B, R AN 3 Wi B2 % L
JEE R0 Sk S H AL B AR I AR T . I
XTI AT A s A B, PR A AN RE Al
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