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Fig. 1. Simulated turbid underwater multiple aperture ima-

ging experiment scene.
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Fig. 2. Comparison of simulated turbid underwater target image recovery results. Up panel: Doll image recovery results. Down pan-
el: Metal coin image recovery results. (al), (a2) The polarization degree distribution and background scattering estimated by the fit-
ting method; (b1), (b2) refocusing estimation of polarization degree distribution and background scattering; (c1), (¢2) horizontally
polarized image; (d1), (d2) vertically polarized images; (el), (e2) image restoration by fitting method; (f1), (f2) image recovery from

reference perspective; (gl), (g2) multi-perspective fusion to restore the image.
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Table 1.  Quantitative comparison of experiment 1 results.

PSNR SSIM
AR mawsudiit BEwA SWmme WEESEARE  BE0A ZWARS
WAL, WL WAL WAL PRS2 AL
BefH 21.4314 22.5242 25.8240 0.7330 0.8359 0.8885
4xJE T 23.0696 23.9585 24.5581 0.7232 0.8325 0.8796

B3 BRURENE sk KR B bR BRI G 45 55t L, Hod BRSO BRI Z 4558 TRy & Ja Mg E 458 (al),
(a2) K EME; (bL), (b2) Y& BE 1 X5 WL A9 52 L ER 5 (cl), (c2) ¥R BE 2 X By 2 JR IS s (d1), (d2) ¥R EE 3 X% R i & R ER; (el),

(e2) VR I 4 X I 1 25 R 15

Fig. 3. Comparison of simulated different turbid concentrations underwater target image recovery results. Up panel: Doll image re-

covery results. Down panel: Metal coin image recovery results. (al), (a2) Images in clear water; (bl), (b2) the restoration image cor-

responding to concentration 1; (c1), (c2) the restoration image corresponding to concentration 2; (d1), (d2) the restoration image

corresponding to concentration 3; (el), (e2) the restoration image corresponding to concentration 4.
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Table 2.  Quantitative comparison of experiment 2 results.

B PSNR SSIM
w1 W2 W3 W4 w1 ) WS e
BUfm 25.7283 25.1960 24.4806 23.4975 0.8491 0.8395 0.8261 0.8175
SJEm 25.0172 23.8439 22.7466 21.9243 0.8380 0.8220 0.8172 0.8041

B4 B FE P BEK T HAR EEIKE 4RI, b O Do AR Z 4558 T RO m m AR E 4R (al),
(a2) KB (b1), (b2) JEVPUBE 1 X500 A S IR IER; (1), (c2) PRVDUREE 2 X1 B SZ LRI ; (d1), (d2) JevbHk BT 3 % b Y &2 I

14

Fig. 4. Comparison of simulated underwater target image recovery results with different sediment concentrations. Up panel: Doll

image recovery results. Down panel: Metal coin image recovery results. (al), (a2) Image of clear water; (bl), (b2) the restoration

image corresponding to sediment concentration 1; (c1), (¢2) the restoration image corresponding to sediment concentration 2; (d1),

(d2) the restoration image corresponding to sediment concentration 3.

#3 3 ARER LK

Table 3.  Quantitative comparison of experiment 3 results.

- PSNR SSIM
His TR L Verb ik 2 Verb ik 3 Vduarids-al Verb ik 2 PVPIRES
Hif 24.7755 23.3930 21.5748 0.7945 0.7303 0.6863

&JR T 23.9531 22.6072 20.4858 0.7610 0.7030 0.6184
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Abstract

Underwater optical imaging is the key technology to explore the underwater mystery. However, due to the
absorption and backscattering effects of the media in the underwater environment, the image acquired by the
detector will be severely degraded. In order to obtain the effective underwater scene information, it is necessary
to restore the acquired underwater image. The restoration technology based on differential polarization is one of
the main methods of restoring the underwater images, which can suppress the background scattered light by the
common-mode suppression between orthogonal polarization graphs, thus realizing the restoration of underwater
image. However, the relevant research shows that the restoration effect of this method is general for the
underwater non-uniform light field. The main reason is that the estimation errors of polarization degree and
background scattering intensity under the condition of the non-uniform underwater light field are large. Out of
the above problem, in this paper we present the multiple aperture underwater imaging technology of fused
polarization information. The method uses the camera array to realize the large virtual aperture imaging
system, thus obtaining the wide-angle light field information, and then to fuse the depth information of the
scene to realize the accurate estimation of background scattering light intensity and polarization degree under
the condition of underwater non-uniform light field. The estimated parameter value can better reflect the global
characteristics of the scene. Through the imaging experiments on the targets with different polarization degrees
in the turbid underwater environment, comparing with the current advanced restoration algorithm, the results
show that the proposed method can effectively solve the problems of background scattering and polarization
degree significant estimation error caused by non-uniform underwater light field, and obtain high-quality
restoration results. Through the contrast imaging experiment of the target in the underwater environment with
different turbidity concentrations, the results show that with the increase of turbidity concentration of the
water, the image recovery effect of the method in this paper is gradually weakened. However, it still has a good
restoration effect at a large concentration. At the same time, imaging experiments are conducted on targets in
underwater environments with different sediment concentrations. The results show that the method proposed in

this paper can also obtain a better restoration image in the turbid water environment containing sediment.

Keywords: underwater imaging, multiple aperture, backscattering, polarization degree
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