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Abstract: Underwater images are degraded by wavelength-dependent absorption and multiple scattering.
As a result, they exhibit low contrast, strong color cast, and blurred detail. To address these issues, an
underwater image restoration model driven by the mean intensity difference prior (MIDP) was proposed.
First, the mean intensity difference between the ‘blue-green, red’ and ‘green-blue, red’ branches was
calculated in parallel within each local window and averaged to construct a noise-robust three-channel cou-
pled attenuation prior. Subsequently, based on the physical relationship of the ‘intensity difference - depth
map-transmission map’ chain, exponential mapping with an adaptive slope was introduced. The three-
channel transmission maps were accurately estimated through a first-order Taylor expansion combined

with a finite-difference approximation. Meanwhile, the mean of the set of pixels with the largest intensity
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difference was calculated to estimate the background light. Finally, the transmission maps and the back-
ground light were substituted into the inverse underwater imaging model to obtain restored images with nat-
ural colors and sharp details. First, image channels were split into two spectral branches: blue-green ver-
sus red, and green-blue versus red. Mean intensity differences were computed in parallel for both branches
inside every sliding window. The two branch differences were averaged, producing a coupled three-chan-
nel attenuation prior for estimating intensity difference. The intensity differences estimated by MIDP were
highly robust against image noise and local outliers. Next, a chained physical relation linked intensity dif-
ference, scene depth, and transmission map. An exponential mapping with adaptive slope transformed dif-
ferences into initial transmission map estimation. A first-order Taylor expansion and finite-difference ap-
proximation then refined per-channel transmission maps. Pixels with the largest intensity differences were
selected, and their mean was used to estimate background light. The estimated transmission map and
background light were inserted into the inverse underwater imaging model to restore clear images. The re-
sulting image exhibited natural colors, stronger contrast, and sharper detail. Extensive experiments are
conducted on real datasets UIEB and UCCS. Quantitative evaluation shows MIDP obtains the highest
combined scores on UIQM, UCIQE, CCF, and MWF. Quantitative evaluation shows that MIDP ob-
tains color fidelity, local contrast, and gradient sharpness rise significantly. Additional application experi-
ments were carried out on three vision tasks. In key-point detection, the restored images yielded many
more stable keypoints . In edge detection, the restored images produced clearer and more coherent re-
sults. In underwater segmentation mask, the restored images produce tighter mask boundaries and lower
false positive rates. These results demonstrate that MIDP adapts to varied water conditions and restores
images with high quality. These results also supply high-quality input data for downstream underwater vi-
sion tasks.

Key words: underwater image restoration; low-quality image enhancement; intensity difference prior;

transmission map estimation; background light estimation
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Fig.1 Underwater image restoration process of MIDP
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Fig.2 Underwater Imaging Model
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Fig.3 Intensity difference estimation results
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Fig.4 Transmission map estimation results
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Fig.5 Background light estimation results (linel), image restoration results (line2), color distribution (line3)
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Fig. 6 Qualitative assessment results on UIEB dataset ( The first-fourth rows represent figures 1-4, respectively)
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Tab.1 Mean assessment values on UIEB dataset (Bold figures indicate the best value ; blue figures indicate the second-best value )

Methods UIEBR UIEBC
UlQM +  UCIQE * CCF 4 MWF 4 UlQM +  UCIQE * CCF # MWF 4
Raw 2.579 0.548 20.512 0. 504 2.096 0.518 17.304 0.465
MIP 2.155 0.589 36.56 0.521 1.696 0. 540 28. 445 0.480
ULAP 2.349 0.611 38.971 0.562 1. 740 0. 564 31.253 0.519
NUDCP 2.560 0.621 39.601 0.593 2.219 0.583 33.506 0. 604
ACDC 3.221 0.548 26.829 0.590 2.945 0.547 19.729 0. 604
WWPF 2.841 0. 606 38.746 0.613 2.550 0.584 28.421 0.625
FUnIE 3.053 0.583 16. 543 0.569 2.850 0.551 15.113 0.578
S-UWNet 2.868 0.558 14.572 0.531 2. 340 0.521 12.377 0.477
MBANet 3.090 0.584 19.941 0.582 2.789 0.543 14.025 0.559
MIDP 3.330 0.593 39. 641 0. 649 2.970 0.601 33. 580 0. 656
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Fig. 7 Qualitative assessment results on UCCS dataset ( The first-fourth rows represent figures 1-3, respectively)
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Tab.2 Mean assessment values on UCCS dataset (Bold figures indicate the best value; blue figures indicate the second-

best value)

UCCS-B UCCS-BG UCCS-G
Methods UIQM UCIQE CCF MWF UIQM UCIQE CCF MWF UIQM UCIQE CCF MWF
0 0 A A A A A A A A A A
Raw 2.485 0.477 20.011 0.406 2.217 0.507 9.695 0.416 1.964 0.490 8.553 0.345
MIP 2.535 0.516 32.873 0.503 2.345 0.509 10.852 0.450 2.056 0.489 9.308 0.365
ULAP  2.649 0.523 38.291 0.559 2.431 0.532 19.790 0.541 2.040 0.490 15.496 0.386
NUDCP  2.752 0.604 46.506 0.620 2.670 0.566 17.530 0.635 2.664 0.519 14.500 0.560
ACDC  3.191 0.529 29.567 0.648 2.855 0.524 26.298 0.646 2.877 0.520 25.481 0.646
WWPF  3.070  0.569 37.230 0.600 2.020 0.596 31.502 0.647 2.791 0.583 33.290 0.635
FUnIE  3.125 0.508 14.054 0.551 3.104 0.554 9.941 0.627 3.002 0.528 9.614 0.574
S-UWNet 2.857 0.480 13.897 0.485 2.098 0.491 4.893 0.374 2.116 0.484 7.510 0.364
MBANet  3.252  0.533 20.922 0.634 3.043 0.525 16.262 0.597 2.932 0.531 16.215 0.582
MIDP  3.310 0.572 39.239 0.665 2.881 0.601 33.125 0.668 3.110 0.598 35.410 0.654
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Fig.8 Detailed assessment results
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Tab.3 Mean transmission map assessment values on UIEBR

sub-dataset (Bold figures indicate the best value )

Methods EPI 4 AG 4
DCP 0.377 0.093
UDCP 0.456 0.123
RCP 0.416 0.115
MIP 0.411 0.104
ULAP 0.489 0.148
DTM 0.482 0.139
NUDCP 0. 505 0. 157
MIDP 0.581 0. 189
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Tab.4 Mean assessment values of ablation experiments

(Bold figures indicate the best value)

Methods UIQM * UCIQE # CCF * MWF 4

Raw 2.579 0.548 20.512 0.504
—w/ol 2.527 . 537 32.239 0.515
—w/oll 2.391 539 31.921 0.516
—w/o Il 2.923 571 33.510 0.582

—w/olV 3.092 581 35.891 0.611

© o o o ©

MIDP 3.330 .593 39. 641 0. 649
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Fig.9 Ablation experiments results ( The number in the upper left corner represents the UCIQE value)
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Tab.5 Mean assessment values of different K values (Bold figures indicate the best value, with “/” separating UIEBR

and UIEBC)

K uiQM 4 UCIQE # CCF # MWF 4
10 3.217/2.781 0.582/0. 580 38.751/32.120 0.627/0.619
20 3.283/2.810 0.589/0. 585 39.429/33.086 0.635/0.628
30 3.330/2.970 0.593/0. 601 39.641/33. 580 0.649/0. 656
40 3.293/2.849 0.590/0. 593 39.080/33. 292 0.636/0.635
50 3.201/2.685 0.575/0.571 38.260/32. 050 0.619/0.614
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Tab.6 Mean assessment values of application experiments (Bold figures indicate the best value)

Raw MIP ULAP NUDCP

ACDC  WWPF  FuniE S-UWNet MBANet MIDP

keypoints 51 125 189 251
mloU (%)  0.709 0.683  0.695 0.683

260 90 52 249 286

0.689 0.682 0.673 0.707 0.698 0.710
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Fig. 10 Key points detection comparison results ( The number in the upper left corner represents the number of detecteing

key points)
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Fig. 12 Image segmentation comparison results
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