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Underwater degraded image—sharpening method based on optimal

polarization parameter reconstruction

Li Ronghua, Tang Zhichao, Piao Junfeng, Li Hongliang
(School of Mechanical Engineering, Dalian Jiaotong University, Dalian 116028, China)

Abstract: In order to solve the problems of blurred image and low contrast caused by the absorption and
scattering of underwater light by turbid water, an algorithm of underwater image optimal restoration based on
global polarization parameter estimation was proposed. Firstly, the local minimum filter was used to estimate the
underwater background light image, Stokes vector principle was introduced to calculate the degree of polarization
image, and normalized mutual information was used to further optimize the degree of polarization information, to
obtain the best reconstructed polarization parameters in the imaging region. Secondly, a method of image
reconstruction based on morphology was used to estimate the infinite underwater background light intensity
values automatically. Finally, the underwater simulated environment platform was built, and the underwater
polarization image was acquired in real time through a single channel fast rotating polarization detector. In order
to verify the effectiveness of the algorithm, the three objective evaluation indexes were adopted as quantification
to evaluate indexes factors. The results show that the algorithm is better than the other underwater image
restoration methods.
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Fig.1 Underwater polarization imaging
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Fig.6 Image restoration under high concentration
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Tab.1 Comparison results of high density image restoration algorithms

Fig.6(a) Fig.6(b) Fig.6(c) Fig.6(d) Fig.6(e)

Information entropy 5.4505 49413 55111 6.6261 7.2706
Average gradient 0.5407 0.2594 1.1639 0.8852 2.9033
Gray variance 10.1887 7.6285 8.3886 22.2530 34.2354

(a) BRJEETA] (b) Schechner Y JFEEIE (o) BHlE FEEFEEE  (d) LIEEEEIR (e) LI R IRIEE
(a) Intensity image (b) Image recovered by (c) Image recovered by (d) Image recovered (e) Image recovered by
Schechner method dark channel method by LI method the proposed method
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Fig.7 Image restoration under low concentration
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Tab.2 Comparison results of low density image restoration algorithms

Fig.7(a) Fig.7(b) Fig.7(c) Fig.7(d) Fig.7(e)

Information entropy 6.2114 5.7978 5.4828 5.0101 7.4050
Average gradient 0.8262 0.4569 1.2506 0.3238 1.4287
Gray variance 20.3039 14.6910 18.3434 10.3311 49.0291
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