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Fig. 1. Principle diagram of the Fresnel reflection.
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Fig. 2. Light’s incidence to water bubble interfacel'%.
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Table 1.  Intensity of the bubble external interface

with multiple reflection and refraction.

IR AN R

AR ) 2 B 3 () 4 (00
5 0.0201 0.9603 0.0193 3.8662 x 10*
10 0.0201 0.9602 0.0193 3.9015 x 10+*
15 0.0202 0.9599 0.0194 4.0710 x 10*
20 0.0207 0.9590 0.0198 4.6056 x 10*
25 0.0220 0.9567 0.0207 6.0192 x 10*
30 0.0251 0.9509 0.0230 9.5371 x 10
35 0.0328 0.9364 0.0287 0.0019
40 0.0542 0.8971 0.0436 0.0045
45 0.1342 0.7570 0.0888 0.0158
46 0.1761 0.6878 0.1062 0.0223
47 0.2466 0.5786 0.1262 0.0334
48 0.3945 0.3782 0.1353 0.0552

48.75(IH4E) 09372 0.0042  0.0039 0.0037
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Table 2.  The DOP of the bubble external inter-

face with multiple reflection and refraction.
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Fig. 4. Reflectance curve of the different target’s surface
and the change trend of DOLP: (a) Cuprum; (b) aluminium;

(c) iron.
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Fig. 5. Simulation diagram of photon transport

process in bubble group containing target.
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Fig. 6. Polarization imaging system and underwater bubble experiment platform: (a) Multi-band polarization imaging system;

(b) underwater bubble polarization system.
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Fig. 9. Strength and polarization information of underwater target under different angles: (a) Intensity figure under different angles;

(b) DOP figure under different angles.

144201-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 14 (2021)

144201

90°, FRIBAT I &SGR 3 £, SLaed ek
5 2 B Am IR AL BE SR AT BUEO 4.

& 10 g2 EURAER—Fi b T, P&l 10(a)
() AE— 343 B R B R 550 nm, 670 nm DL 58
W BLRAEN BARA BT 1 A A St A B B (S A
SRR IR, [FFE, & 10(b) Fon BARA R 2 1Y
AU B B R iR B . SR ] 10 FTLA K
B, T AR A BB K S AR R rh B B R
JERMEREIE B, A BARBUR BRCR 14
AN—F. 7E 550 nm PEEE, KT H bR 58 B EIHK
BT, A ISR (B 1) A S B H 4 (B R
2) FE 405 5 AL T HAB I By, (H AT L] & i
AAERENRIZ R EMIMS; 550 nm JEEAT 670 nm

(2)

©coooooo00000
O = DN WWE B Ot
oo cono o

©cooooo00000
O NN WWE Bt
oot oo o

550 R

6703 EL

P B AR L H AR B9 iR 15 8 32 2GR
PRAe B, FARFIT 5 X0 AN . 53¢
B SE By, i B P BRI S DI X L
BEfLF, 2 BB R /. SRR T H
ﬁ%fﬁﬂ%A%ﬁE&ﬂ%ﬁ& ST, A
IR AR, 3 B2 2K R TP Y PIARR
BIBIE T 21T

4.3 KTHBEHENAEHRESEMRBIR
DREL: A
SUTEEXTAS [R] SR AE B A 7K T H AR FE 15 B
w4515 B SRR BT, Y2 4038 R A AH CWF 5T B
BE B SIS NT : ASHEIR S R R G AR

0.50 L& 0.50
0.45 |- 5 0.45
0.40 s T 0.40
0.35 | 0.35
0.30 | 0.30
0.25 | 0.25
0.20 | 0.20
0.15 | 0.15
0.10 0.10
0.05 0.05
0 0

0.50 0.50
0.45 ¢ 0.45
0.40 © 0.40
0.35 0.35
0.30 0.30
0.25 0.25
0.20 0.20
0.15 | 0.15
0.10 |. 0.10
0.05 0.05
0 0

SEPBL

K10 AEEBLRAT KT BARBURIEL  (a) BB 1; (b) A1 2
Fig. 10. The underwater target imaging under the condition of different bands: (a) Material 1; (b) material 2.
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Fig. 11. Object of different material: (a) Iron sheet7 (b) aluminum sheet; (c) brass sheet; (d) copper sheet.
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Fig. 12. Intensity and polarization information of different material: (a) Iron sheet; (b) aluminum sheet; (c) brass sheet; (d) copper

sheet.
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Fig. 13. Influence of changes of the typical metal material on the target polarization imaging: (a) Target’s strength information stat-

istics and analysis of different material; (b) target’s polarization degree statistics and analysis of different material.
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Fig. 14. Figure of intensity and polarization information under different bubble density: (a) Intensity’s figure; (b) DOP’s figure.

200 (a) H bR I

a —— ANESD

180 —o— R
160
= 140
£ 120
g 100
% 80
X 60
40

20 :/.’4./.___.—40/.

O 1 1 1 1 1 1

0 1 2 3 4 5 6

SISEE /A
P15 AREISE EE XS /K R At H AR 4R AR B 52 R

0.30

(b) —= HIFEC
0951 o TR

0.20 |

DX P2 i BE A
o
&

0 1 2 3 4 5 6
HAEE /A

(a) AR BB (b) IR AR BB R E

Fig. 15. Bubble group density effects on the underwater bubble target polarization imaging: (a) Trend chart of intensity informa-

tion; (b) trend chart of DOP information.
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Fig. 16. The underwater target details views under the condition of different imaging distance: (a) 0.5 m; (b) 0.6 m; (c) 0.7 m;

(d) 0.8 m; (e) 0.9 m; (f) 1.0 m.
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Fig. 18. The first behavior indicates intensity figure of bubbles medium density, the second behavior indicates figure of polarization
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Fig. 17. Goal 1’s strength and gray histogram and polarization fusion: (a) Intensity and histogram; (b) polarization fusion and histo-
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Table 4. Image evaluation index.
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Abstract

Underwater optical imaging is an important way to implement the seabed exploration and target
recognition. There occur a lot of bubbles due to the sea wave, ship wake, marine creatures’ swimming and
breathing. The underwater target imaging effect is often limited by light scattering effect of bubbles, so it is
difficult to identify targets, and the general optical technology is difficult to eliminate the bubbles’ influence on
imaging. In this article from the bubble theoretical derivation and the bubble simulation, we investigate the
changing trend of target’s polarization information under the condition of different light incident angles in the
underwater environment, data gathering, data processing and data analysis, by using the polarimetric image
fusion method to suppress the influence of bubbles to build a complete target imaging research system under
bubble group environment in line with the above several big aspects. According to the above problem, in this
paper, the change of light intensity and polarization information of incoming light in underwater single bubble,
bubble group and target’s surface are investigated; the target imaging in the bubble group environment with
the change of light incident angle and polarization imaging band on the basis of the construction of
experimental platform of underwater bubbles is explored; the change trends of strength and polarization
information with different metal targets are studied; the change trends of strength and polarization information
of underwater target under thickness of different bubble groups are analyzed; finally the underwater target
images under the condition of different imaging resolutions and the using of fusion methods of polarization
feature extraction and visual information of image to suppress the bubble influence on underwater target
imaging are studied. The experimental results show that the target imaging under bubble group environment is
influenced by many factors, and using polarimetric image fusion method can well weaken the bubble group’s
influence on imaging, and improve the clarity of underwater target. In view of difficult problems about target
identification existing in the high-density bubble group environment, we will use energy loss compensation or

machine learning method to realize the target recognition and image restoration in the future.

Keywords: polarization information, bubble density, target identification, image fusion
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