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Abstract

China

A new underwater image restoration method under natural light is proposed according to the ocean optics

definition of background light. Optical parameters of water (attenuation coefficient and dissipation coefficient) used

to calculate the background light are estimated based on reasonable hypothesis and deduction of optical theory

formula.

transmission functions of three channels (red, green and blue),

transmission image. Finally,

The relationship between scattering coefficient and wavelength is used to calculate the values of

and guided filtering is used to refine the

the underwater image is reconstructed with an inverse solving imaging model.

Experimental results show that the proposed algorithm has some advantages in restoring the original color of the

scene and removing the backscattering.
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Fig. 4 Original image and image restoration quality.

(a) Original image; (b) using method in Ref. [4];

(¢) using proposed method
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Fig. 6 Original image and image restoration results with uniform and adequate illumination.
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Fig. 7 Original image and image restoration results with uniform and scarcity illumination.

(a) Original image; (b) using method in Ref. [4];

(¢) using proposed method
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Table 1 Comparison of objective evaluation results obtained by proposed method and

method in Ref. [4] in different imaging conditions

. . . . Color cast Contrast ratio Entropy
Imaging condition Arithmetic
Up Down Up Down Up Down
) Original image 7.19 3.87 23.75 8.3 6.49 6.07
Uniform and
Method in Ref. [4] 3.95 2.12 33.59 15.17 6.44 6.61
adequate illumination
Proposed method 1.52 1.43 55.08 35.73 6.67 6.7
) Original image 13.19 8.61 8.12 8.97 5.58 5.87
Uniform and
A Method in Ref. [4] 7.09 4.99 8.58 10.39 6.14 6.27
scarcity illumination
Proposed method 2.73 1.62 13.23 17.32 6.26 6.56
Original image 8.24 4.41 22.88 31.15 6.49 6.41
Uneven illumination Method in Ref. [4] 4.36 3.56 34.30 46.43 6.74 6.53
Proposed method 2.09 0.63 53.42 44.38 6.82 6.93
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Fig. 8 Original image and image restoration results with uneven illumination.

(a) Original image; (b) using method in Ref. [4]; (c¢) using proposed method
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Fig. 9 Time cost with several resolution images in different imaging conditions.

(a) Uniform and adequate illumination; (b) uniform and scarcity illumination;

(¢) uneven illumination
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Fig. 10 Original image and image restoration results with different algorithms.

(a) Original image; (b) method in Ref. [17]; (c¢) method in Ref. [18]; (d) proposed method
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Table 2 Comparison of objective evaluation results obtained

by proposed method and methods in Ref. [17] and Ref. [18]

Term Color cast Contrast ratio  Entropy
Original image 1.21 140 7.02
Method in Ref. [17] 1.23 160 6.86
Method in Ref. [18] 0.77 138 7.03
Proposed method 0.77 182 7.12
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Fig. 11 Original image and image restoration results with
different methods. (a) Original image;
(b) method in Ref. [6]; (c¢) proposed method
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Table 3 Comparison of objective evaluation results obtained

by proposed method and method in Ref. [6]

Term Color cast Contrast ratio  Entropy
Original image 4.38 184.73 4.38
Method in Ref. [6] 3.45 276.27 3.45
Proposed method 1.29 444,37 4.29
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Table 4 Comparison of objective evaluation results obtained by proposed algorithm and different image enhancement algorithms

Term Color cast Contrast ratio Entropy
Original image 9.67 8.14 5.50
Multiscale Rtinex 0.17 21.18 5.76
MSRCR 0.16 429.33 7.46
Automatic white balance 2.10 5.05 5.49
CLAHE 4.69 98.44 6.10
Method in Ref. [4] 5.40 14.28 6.10
Method in Ref. [§] 8.47 11.25 5.70
Proposed method 1.59 69.27 6.62
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Fig. 12 Original image and image enhancement results with different algorithms.

(a) Original image; (b) multiscale Rtinex; (¢) MSRCR; (d) automatic white balance;
(e) CLAHE; (f) method in Ref. [4]; (g) method in Ref. [8]; (h) proposed method
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