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Abstract In this paper, an underwater image restoration method based on non-uniform incident light imaging model
is proposed to solve the problems of blurring, low contrast, and color distortion of underwater images. Through
wavelet decomposition, we can suppress the scattering light in the lowest frequency subband while reducing the
noise and enhancing the details in high-frequency subbands. The contrast deviation and the color deviation caused by
underwater non-uniform incident light can be corrected by dynamic range stretching and histogram matching. The
experimental results show that the proposed method can restore images with high definition, balanced contrast, and
natural colors. The average of the underwater color image quality evaluation (UCIQE) index is 0.6240, which is
superior to that of the algorithms reported in the references.
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Fig. 1 Characteristics of spectra. (a)(c) Reference images; (b)(d) corresponding turbid underwater images; (e)(g) spectra of

reference images after Fourier transforming; (f)(h) spectra of turbid underwater images after Fourier transforming
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Fig. 2 Comparisons of filtering windows. (a) Rectangular filtering window; (b) super-pixel segmentation filtering window;

(¢) transmission coefficient map corresponding to Fig. 2(a); (d) transmission coefficient map corresponding to Fig. 2(b)
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Fig. 6 Experimental results of different algorithms. (a) Original images; (b) RDCP algorithm; (c¢) IBLA algorithm;

(d) algorithm in Ref. [9]; (e) Fusion algorithm; (f) CNN combined with HWD algorithm; (g) proposed algorithm
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Table 1 Quantitative evaluation results in terms of UCIQE index

Image Original Ref. [7] Ref. [8] Ref. [9] Ref. [5] Ref. [10] Proposed
1 0.4230 0.5435 0. 4890 0.5339 0.6260 0.5632 0.6360
2 0.5816 0.6091 0.6725 0.6074 0. 6487 0.6132 0.6511
3 0.4294 0.5613 0.4667 0.5917 0.6214 0.5888 0.6351
4 0.5397 0.5701 0. 6035 0. 6269 0.6149 0.5863 0.6180
5 0. 4355 0.5518 0.5160 0.5770 0.6321 0.5730 0.6341
6 0.4403 0.4929 0.6210 0.5193 0.6121 0. 5881 0.6191
7 0. 4464 0. 5457 0.5147 0.5668 0.6120 0. 5829 0.6142
8 0.4909 0.5476 0.5649 0.4937 0.5828 0.5374 0.5845

Average 0.4734 0.5528 0. 5560 0.5646 0.6187 0.5791 0.6240
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0.40 v -
—k—original N a (a)
0.35 -+ -Ref. [7] . i .
- % -Ref. [8] e g
0.30 [ - o -Ref. [9] T 4 1
095 =4 ~Ref. 15 ' . J
m Y «@ Ref. [10] e A
g 0.20 —a—proposed - i P “‘Qﬁ:
- :& ‘:.’* * =¥ b/ /’ ‘,1‘@!‘;“” A
- T - S X -~ \
WRSSETE o :

0.154
0.10
0.05

$ S

O L
0 2 4 6 8 10 12 14 16 18 20
Turbidity

1.0
09} g
0.8 N
0.74’;.,_‘_.,‘.,5':‘”"2,’5!’
;} Oﬁir : ::;‘F‘*“*
n —— original

0.5 Ref. [7]
0.4} - »-Ref. [8]
- o ~Ref. [9]
0.3 - a-Ref. 5]

0.2 == Ref. [10]
*“| —a—proposed
0.1

Q)

0 2 4 6 8 10 12 14 16 18 20
Turbidity

B8 AS[RIVE AR B T A BB 45 X . (a) RMSE #8455 (b) SSIM #8473
Fig. 8 Comparison of numerical results under different turbidities. (a) RMSE index; (b) SSIM index
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