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Abstract: For the problems of image quality degradation in underwater scene target detection, an
algorithm which combined the improved dark channel with MSR was proposed, which could adaptively
compute water attenuation coefficient and effectively realize the recovery of underwater target. Through
the built-in underwater imaging measurement device, the detection image of the underwater simulated
environment with the aid of imaging system was obtained, the underwater detection image was processed
step by step according to the algorithm flow chart, and an image for the effective recovery of underwater

target radiation information was obtained. In order to objectively evaluate the algorithm effect, contrast,
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average gradient and information entropy were adopted as quantification to evaluate indexes factors. A
quantitative comparison study between this algorithm and the conventional three algorithms was performed.

The result show that the improved algorithm to deal with the results is better than the selected compared

algorithms under all the quantitative evaluation indexes factors.

theoretical exploration method for the underwater target detection,

The research results provide a basic

as well as have certain guiding

significance for the implementation of underwater target detection.
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Fig.1 Principle diagram of the underwater imaging detection
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Fig.2 Schematic diagram of underwater detection experiment
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Fig.3 Flow chart of data acquisition and processing
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Fig.4 Flow chart of improved dark channel algorithm
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Fig.6 (a) Degraded image of underwater scene; (b) restored image

of underwater scene

9T s P SO B SR T R L 8
B L5 5 B =A@ AL R AR I 1, XESCR R
% (SSR H ik \MSR 55k 5 I i 18 595 i K R &2
Ak REE R AT 25 G E X AR

FErh AR A 0 b R R Al T B0 B . S HE A
LA JZ O T AR b, AR XT LR R R RO
W] G 2 & SO 1 b RS R AU

= Z 8(i ,j)Py(i ) (9)

S 2 B L RE S ke [ AR A0 Y B 22 DL R PR R
B AR 0 AR — E AR EAT DL S e AR T R X
TR T S AE AR, ARfEB R 3R A TR A 45 T2 IR
M 2 H AR AR o, O A SN

2

ag= L AL (2D | (8D ] oy
J \ady

MxN 5 o3 V2 L0 ax

PR 09 £ B s T 45 M R AR GE i 3R, W] R
e [ 5 2 5 - 2 5 B 05 BV (0K, R R a0
R, HoZm & W5 B R, B AR Y B8O i, 37 5%
SRR A, R R RO B, R R I
mr

0203012-4



Gk LA

%2 M www.irla.cn % 49 %
c A T AN [ B E R AN A AR T A R
H(x)=- Z Pin(P,) (11)

X AR IR AR BB ER B 1R, B I SSR FIA
MSR 3 | 38 38 57 3 5 30 R B I g 0l us R AT Ak

25N T R o PR A A5 Bl DU R OR [ A A
R XARBCR K N BR, R KB —E R
Ft, {H SSR 51k A7 1€ %2 FR AN , MSR B30 3 ik # 25
25 B bR B 0GR S B, BB EREOK T B & R
SO ARSI B S, SO B N A b
ST HA =

KA

57 (a) i
(d) W HE

IBAEPE 155 (b) SSR 51k 45 0t 5 (c) MSR H ik 2

FLE R s (e) SO kg R

Fig.7 (a) Degraded image; (b) results of SSR algorithm; (c) results
of MSR algorithm; (d) results of dark channel algorithm;

(e) results of proposed algorithm
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Tab.1 Underwater image quantitative evaluation

result of different algorithms processing

Information

Contrast Mean gradient entropy

Degraded image 4.393 1 6.6193 5.290 3
SSR algorithm 6.478 0 8.0379 7.3737
MSR algorithm 69.1229 8.4310 15.990 0
Dark channel algorithm  5.5198 7.4197 5.502 2
Our method 80.549 9 9.200 0 17.9570

Sy BRI, BEECAY SSR G vA (MSR Bk | s i E vk
AR SO IE AT S, R ER A LR CE B S
5 B RS TSR R B A B2 T, 0 B 4% Bk K
TRAEGNE SRR E —EEM . (H2& 008
IR FIRABREAERRESR, £ 1Pt
SR R 38 SR R AT K T BHR B R AL
HE R EBAEX W B 5 BB =AY
PEH 48 br 100 F 38 B X L B33

4% %
SCHER XK T B 2R FR BT H AR SR IR 5 5 R AR

(9 )L, 20 23 BT 1 7K T B0 5 AR AR I R i TR R R
KT IR Y BARL, H K IR FOEE B S H AR
B B M A PLEL, PR T E AR R A SRR
AR T KT HARFRAELE B o AR KT 3R 8T 3k
IO AR 00 [ A ) BURE M, 4R T A & KR E
S5 3 0 0 T Rk 455 2 R MSR BASBL Tk
T 5 5tB A BRI A SR 52 o X R IR S 5 %
o EAT AR Sk A By B, BEAT LS B E
W, R IG A R T KT HARY 5o s BUE
PO IR AR X SRR A S LR AT T SR
X EE S5 R AR, S0 R AE A% U AR I A T X
FOAE PREVE o WF S0 45 2R O K T SO A B H AR 2R
AT A M ITERE, KT HARSE A TR
TS HE T — R BIE 1R S EOR S

S 3k

[1]  Corchs S, Schettini R. Underwater image processing: state of
the art of restoration and image enhancement methods [J].
Eurasip J Adv Sig Pr, 2010: 746052.

[2] William K L, Kargl S G, Thorsos E I, et al. Acoustic
scattering from a solid aluminum cylinder in contact with a
sand sediment: Measurements, modeling, and interpretation
[J1. J Acoust Soc Am, 2010, 127(6): 3356—3364.

[3] Mei Fenghua, Li Chao, Zhang Yuxin. Application of spectral
imaging technology in maritime target detection [J]. Chinese
Optics, 2017, 10(6): 708-718. (in Chinese)

MERAE, 20, 5K 2. 635 IR FOR T8 1 350 H AR 30
iR 1. w62, 2017, 10(6): 708-718.
[4] Jaffe J S. Performance bounds on synchronous laser line scan

systems[J]. Opt Express, 2005, 13(3): 738-748.

0203012-5



bk T2

%2 M www.irla.cn % 49 %
[5] Lu Chenxiang, Wang Lu, Zeng Xiangyang. A structured [11] Klausner N H, Azimi-Sadjadi M R. Performance prediction
sparse feature extraction method of acoustic signal emitted and estimation for underwater target detection using
from underwater target [J]. Journal of Harbin Engineering multichannel sonar[J]. IEEE J Ocean Eng, 2019(99): 1-13.
University, 2018, 39(262): 26—30. (in Chinese) [12] Wang Xinwei, Sun Liang, Lei Pingshun, et al. Underwater
Rl R, E W, % BA. KT B AR 5 10 45 1 A6 7R B 4 AE 52 3D triangular range-intensity correlation imaging beyond
BOH E (0], W R LR R 27 4R, 2018, 39(262): 26—-30. visibility range (invited)[J]. Infrared and Laser Engineering,
[6] Shen Zhenmin, Zhao Tong, Wang Yuncai, et al. Underwater 2018, 47(9): 0903001. (in Chinese)
target detection of chaotic pulse laser radar [J]. Infrared and TR, Phae, BN, . KR LB = AR A R Ok
Laser Engineering, 2019, 48(4): 0406004. (in Chinese) SRR RO [T]. 2050 530 TR, 2018, 47(9): 0903001.
WRE, B, L4, % WMk #OEE B KT B 5% [13] Guo Jichang, Li Chongyi, Guo Chunle, et al. Research
MIT]. 2048 5806 T/, 2019, 48(4): 0406004. progress of underwater image enhancement and restoration
[7] Yang Liming, Liang Jian, Zhang Wenfei, et al. Underwater methods [J]. Journal of Image and Graphics, 2017, 22(3):
polarimetric imaging target enhancement technology based on 0273-0287. (in Chinese)
unpolarized illumination [J]. Acta Optica Sinica, 2018, 38 R4k B, BEAL, FEF KR, %L KN RIS 80 A 2 bR 7 %k 0F
(6): 0611003. (in Chinese) g5 0F (1], H E R B TE 4R, 2017, 22(3): 0273-0287.
T 18, A, BROCTE, AFL BT R R 4RO IR A KT e AR [14] Wang Hao, Zhang Ye, Shen Honghai, et al. Review of
RA% H bR 398 B R [T]. 62 4Rk, 2018, 38(6): 0611003. image enhancement algorithms[J]. Chinese Optics, 2017, 10
[8] Fan Zhiguo, Song Qiang, Dai Qingqing, et al. Underwater (4): 438-448. (in Chinese)
target polarization recovery method based on global Tk, kM, W, S RIR AR B 2R [T]. TP E DR,
parameter estimation [J]. Optics and Precision Engineering, 2017, 10(4): 438-448.
2018, 26(7): 1621-1632. (in Chinese) [15] Wang Yibin, Yin Shibai, Lv Zhuowen. Underwater image
W2 E, KRR, R, & 2 RSN OK T B bR R IR restoration with adaptive background light estimation and
IRk J62E K TR, 2018, 26(7): 1621-1632. non-local prior [J]. Optics and Precision Engineering, 2019,
[9] Kocak D M, Dalgleish F R, Caimi F M, et al. A focus on 27(2): 499-510. (in Chinese)
recent developments and trends in underwater imaging [J]. F—wk, FREE, BELL HIEN T RO SR R R
Mar Technol Soc J, 2008, 42(1): 52-67. B KT BRI T]. St K% T, 2019, 27(2): 499-510.
[10] Schechner Y Y, Karpel N. Recovery of underwater visibility [16] He K M, Sun J, Tang X O. Single image haze removal

and structure by polarization analysis [J]. IEEE J Ocean

Eng, 2005, 30(3): 570-587.

0203012-6

using dark channel prior[J]. IEEE T Pattern Anal, 2011, 33
(12): 2341-2353.



