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Adaptive underwater image enhancement model based on multiple input fusion

Li Kexun Gao Zhijun Liu Jianyong Zhang Meng Zhang Wenzhou
(College of Electrical and Control Engineering, Shenyang Jianzhu University, Shenyang 110168, China)

Abstract: In response to common image degradation issues in underwater complex environments, such as low light,
color distortion, and blurring. this paper proposes an image enhancement model based on multi-input fusion. First. by
combining a standard underwater input image with white balance processing and a denoised input image with contrast
enhancement, the model generates corresponding weights by utilizing image degradation information and relying solely
on the original image to effectively address the restrictive effects of the underwater medium. Four types of weight maps
are then designed to optimize the visibility of distant objects, which is affected by light scattering and absorption, thus
improving the overall visual quality and detail representation of the image. Finally, through a multi-scale fusion
process, the model progressively merges features at different scales, reducing artifacts and enhancing image details.
Experimental results show that the proposed model achieves average values of 0. 660 3 for UCIQE, 4. 556 9 for UIQM,
and 7. 434 1 for information entropy on the UIEB, EUVP, and RUIE datasets. Compared with other typical and novel
algorithms, the proposed model outperforms in color distortion correction, detail enrichment, contrast enhancement,
and subjective visual judgment., validating its superiority and robustness in underwater image enhancement.

Keywords: underwater Image processing; Multi-Scale fusion; weight design; underwater imaging model;
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Fig. 1 Multi-input fusion image enhancement model strategy diagram
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Fig. 2 Underwater color cast images and their corresponding histograms
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Fig.4 The Laplacian pyramid
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TR, UCIQE 43 %8k w2 44 3R MR AE (0% R4 5 7 T 3%
BELF, UIQM fE % R I EQAE K T (9 6% FL S0 4
TR T B R L KT HU B UTQM 43 B304k 8 36 7R 78 13X 48 J7 [ 3%
BT . TE PEAS BRI 5 2% DL A0 AR B, 43 B0 K
TG EINER .

A3kt b R Bk R AT Ak B A BE ML 1 5K R LT
8P UCIQE . UIQM, IE, i1 & 45 R A ik 1.2.3 fr
e ATLLE L, AR SCHLR B UCIQE - ¥ {4 . UIQM 7 3
{H 1E SF- 4 {H BB A8, o7 LUE H AR SORE R A 34 58 ) B 1%
F e 8 LT AT RE L AN O T R BRI R R Sy B A
N

Fx1 KTHEBEGRETMH
Table 1 Underwater color image quality evaluation (UCIQE)
E | AR ARz ERs ER1 ERs  ERo EE&7 EE&s E&o AR FHE
UIEB 0.4701 0.4544 0.4652 0.4376 0.4403 0.4855 0.4933 0.4393 0.4026 0.3312 0.4419
L°UWE 0.4993 0.4592 0.3790 0.5373 0.3650 0.386 1 0.4302 0.4036 0.3034 0.3305 0.409 4
Cycgan 0.5150 0.4387 0.4653 0.3820 0.5419 0.4574 0.5612 0.5821 0.4113 0.4229 0.4778
GDCP 0.5252 0.5561 0.5346 0.4613 0.5221 0.4082 0.5234 0.5026 0.4540 0.5081 0.4996
Fusion 0.647 1 0.6814 0.6542 0.6390 0.6755 0.6334 0.6620 0.6102 0.5963 0.6846 0.648 4
ALK 0.6762 0.6810 0.6513 0.6436 0.6701 0.6652 0.7001 0.6242 0.5965 0.6950 0.660 3
x2 KTEHEGERENE
Table 2 Underwater image quality measurement (UIQM)
T5 i F&1 Eigz KE&3 EKB4e Egs EfRe KR EBRS KR KBl FYE
UIEB 4.071 8 3.5098 4.9582 4.0832 4.8956 2.4893 4.8965 4.3786 4.1874 2.0943 3.9565
L2UWE 5.2091 3.1832 4.5678 3.2981 4.3938 3.0564 4.2983 4.5489 4.7458 3.0681 4.0369
Cycgan  5.4193 1.2285 5.4403 2.0845 4.7582 2.9851 4.6732 3.8521 4.8546 2.8932 3.8189
GDCP 4.964 2 2.8294 4.6743 2.8153 3.9821 2.3720 3.3452 4.9821 3.1289 2.1893 3.5283
Fusion 5.8293 3.8942 5.3218 3.9845 4.0953 2.0914 4.0952 4.8744 4.9832 2.3057 4.1475
ARSI 5.5678 3.9452 4.9854 4.0183 5.2891 3.9483 4.0967 4.7821 5.0712 3.8650 4.5569
x3 FEH
Table 3 Information entropy (IE)
LRES &1 K2 K&3 B4 KBRS ERe  EHRT EHRS K& ERlo FHE
UIEB 7.3742 7.4378 7.9182 7.1093 7.4839 7.0794 7.8493 7.2379 7.2309 7.0103 7.3731
L"UWE 7.2094 7.2347 7.2083 7.0849 7.2890 7.0589 7.5865 7.3294 7.1930 7.0091 7.2203
Cycgan 7.3948 7.1092 7.3294 7.0876 7.2380 7.3459 7.3594 7.2340 7.0324 6.9845 7.2115
GDCP 7.0238 7.3459 7.1209 7.2903 7.4589 7.3948 7.1029 7.3408 6.9325 6.8433 7.1854
Fusion 7.4389 7.2093 7.8534 7.4369 7.3492 7.5482 7.5789 7.2859 7.3291 6.9985 7.4028
ARICHP: 7.2389 7.2479 7.8473 7.4589 7.5239 7.2389 7.6854 7.3479 7.5487 7.1029 7.4341
3 i B R T S ZROK T B R OGRS Bk B

ARSCHR T — B T 22 ) ARl KT TR 50 ik A
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