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Development of Underwater Polarization Imaging Technology
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Abstract Due to the absorption of water body and strong scattering of suspended particles, there is a serious
“curtain effect” in underwater optical imaging, which causes the details of the target in the scene to be submerged in
the background scattered light, and the image contrast is greatly reduced. Due to the uniqueness and difference of
target information and background information, the underwater polarization imaging technology developed from the
polarization characteristics of light field can effectively suppress the scattering light of underwater background. The
polarization differences between the target information light and the background scattered light are used to separate
them effectively and realize the clear imaging. At present, underwater polarization imaging technology is developing
rapidly, which has been widely used in many fields and new research results. This paper systematically introduces
the basic principle, implementation algorithm, and imaging effect of underwater polarization imaging technology,
and analyzes and prospects the future development of underwater polarization imaging technology according to the
advantages and disadvantages of existing technologies.
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Fig. 3 Comparison of original intensity image and

recovered image™” .  (a) Original intensity
image; (b) recovered image
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Fig. 4 Comparison of polarization-sum image’'s PSF and polarization-difference image's PSF™*! . (a) Polarization-sum

image's PSF; (b) polarization-difference image’s PSF
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vector™ . (a) Intensity image; (b) polarization-difference image; (c¢) normalized intensity curves
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image; (b2)—(d2) intensity distribution in the R, G, B channels of reconstructed image; (a3) intensity image in
clear water; (b3)—(d3) intensity distribution in the R, G, B channels of intensity image in clear water;

(ad)—(d4) statistics of intensity values in different regions
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Fig. 15 Recovered image of passive underwater

polarization imaging technology in neritic area in Ak AR SR B ]
real scene® . (a) Original intensity image; 2.3 KTEHERAGEAR
(b) recovered image KT 3 B R B AR AL R K R B T Y B AR A A
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[54]

Fig. 16 Polynomial fitting of non-uniform scene area™™ . (a) Intensity fitting of backscattered light; (b) degree of

polarization fitting of backscattered light

EME=3.89 | EME=1.69

Bl 17 JEE 5 s UG A . () Hu 5842 9716 5 (b) Schechner 45 BT 77 7 5 (o) JUIi o3 J3E PRI
Fig. 17 Comparison of image restoration in non-uniform scene. (a) Recovered image by Hu's method®" ; (b) recovered

image by Schechner’'s method™” ; (c¢) original intensity image
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Fig. 18 Physical model of underwater active

polarization imaging™"
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Fig. 19 Recovered image of traditional underwater active polarization imaging™"™ . (a) Original intensity image; (b) picture

of target information light; (c¢) picture of backscattered light
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Fig. 21 Flowchart of removing forward scattered light in active underwater imaging™’
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Fig. 22 Restoration of badminton target™ . (a) Original intensity image; (b) detail enlarged view of intensity image;

(c¢) recovered image; (d) detail enlarged view of recovered image
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Fig. 23 Comparison of Fourier spectra and intensity statistics values of intensity image and recovered image™™ .

(a)(b) Original intensity image and its Fourier spectrum; (c) (d) recovered image and its Fourier spectrum;

(e) intensity statistics value of the 240th row pixel of intensity image and recovered image

Pl 24 ARTa) H bR 22 ROBEZK R MR A 0 SRR 0 o 22803 o D 5k BE PR A 368 40 oA 2 IR

[56]

Fig. 24 Restoration results of different targets by multi-scale underwater polarization imaging™" . The left part is original

intensity image and the right part is the recovered image
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Fig. 26 Recovered results in water with gradually varied turbidity™” .

(a2)—(f2) using Liu's method
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Fig. 27 Comparison between original intensity images and the recovered images by Feng's method” .

(a)(c) (e) Original intensity images; (b)(d)(f) recovered images
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Fig. 28 Original intensity images and recovered images by Guan's method in turbid water with gradually varied depth™”
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