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A variable step scan method for underwater range-gated imaging

HAN Hong-wei, ZHANG Xiao-hui, GE Wei-long
( Department of Weaponry Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: In order to both reduce the number of scanning frames and ensure the image quality, a variable step scanning
method was put forward for range-gated underwater laser imaging. Firstly, the focal length, focal position of the receiver lens and
the system scanning scope were defined based on both radiation detection theory and the principle of depth of field. Then the step
size of delay and the width of the gated pulse were calculated according to the time-domain broadening of underwater laser pulses.
Finally, the simulation and experiments were conducted. The experimental results show that the range-gated imaging system
based on the proposed scan method can scan over the scope from 15m to 48. 6m with 7 pulses imaging, and the image quality is

kept at the same time. This proves the validity of this method, and provides an attempt for the actual application of range-gated

technique in underwater imaging.
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Table 1 The setting of parameters in computation

name value/ unit name value/unit name value/unit
a 0.159/m w 0.6 n 0.5
v 0.8 p 1 l 18mm
0 200m] T, Tns G 10°
6 15mrad D 3cm M,N 720 x576
n 1.33 &g 0. 05mm A 532nm
c 0.3m/ns R 15m Ey, 0.25plx
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Fig. 1 Image of target at 40m
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Fig.3 Results of different scan manner

a—the third frame at variable manner b—the fourth frame at variable man-
ner c—the second frame at 50ns manner d—the tenth frame at 10ns

G B R BRAS SO ) 7 TR SR — A A P 158
3 WIANEE 4 WU, 7258 3 mE R, A Bk B e —
FRO> S BE B R R G BT e, TR 5 4 TR Bk
Ui, Il 7 S B Bk b s KR T RE R . B 3c (B 3d 2
RAER P KRBT TR EREMR . IRERR
RRBA, W 3e Brzm , 78 H 4316 RIS 2 it
o2 4 BUJS 1A IO I B 1Y )i 5 T A SRR R /N, T
ol 3d R, HAA A AR 28 10 wiB AR B e e A
FHARH B AR

4 % it

KT EOCRE B S R R A NS B L, B8 KE
(T#%259 R)



BISE H2Y HK/NEL

& AL BOL E IR BT 5 R

259

FrEMBErMeE, WEIT AN G &8 BALEROEE
BHURBBIEAE AR ; 75— 0718 , & AR BOL AR
HIRRAROCE NSRBI, B0l TRKIERE,
/NP B 20T AR P AL T B e, B LA, TR T
K EE R BE S AME R R SIE S R A LR B0
HIEA

(4) BRI & IR BOCE B R BOH, SRAL
BEROETRE DO 5 S8k, R o B ES R
GBI R, Il X 280y RGEH
P STE—2, B& A AROLE A E | TRUM
SRR SREA

5 gt

N g

5 AL BOL B IR AR O SRk 32 3l I 64 —
ANE BRI, AT LR 5 B SR B BE
BE AT 35 4 S LA SR E L, A T LA 4 WA TR LA
T AL 3 AF FH T 9% 030 55 W ofg UL | B R
B RAEWA AR AR A SR E; A%
HORERST . Tl A AT ) R A AT R
BEZRTHOCEA, # RARBLFREEREK
B 2

s % x W

[1] MARCUS S, COLELLA B D. Silid-state laser synthetic aperture radar

(2]

(3]

[4]

(5]

(6]

[7]

(8]

[9]

[10]

[I]. Applied Optics,1994,33(6) ;:960-964.
GREEN T J, MARCUS S, COLELLA B D. Synthetic aperture rada
imaging with a solid-state laser[ ]]. Applied Optics,1995,34(30):
6941-6949.

BASHKANSKY M, KUCKE R L, FUNK E. Two-dimensinal synthel-
ic aperture imaging in the optical domain[ J]. Optics Letters,2002,
27(22) .1983-1985.

BECK S M, BUCK J R, BUELL W F, e al. Synthetic-aperture ima-
ging laser radar; laboralory demonstration and signal processing[]].
Applied Optics,2005,44(35) :7621-7629.

ALLEACE G. Northrop Grumman successfully demostrates synthetic
aperture laser radar for tactical imagery [ EB/OL]. (2006-9-10 )
[2010-07-02]. http://www. irconnect. com/ noc/press/ pages/ news_
releases. html? d = 103583.

BUCK J R, KRAUSE B W, MALM A, et al. Synthetic aperture ima-
ging at optical wavelengths[ C]//The Conference on Lasers and Elec-
tro-Optics/The International Quantum Electronics Conference. Balti-
more; Optical Society of America,2009.1-2.
YOSHKADO S, ARUGA T. Feasibility study of synthelic aperiure in-
frared laser radar techniques for imaging of static and moving objects
[J]. Applied Optics,1998,37(24) ;5631-5639.

XING M D, GUO L, TANG Y, et al. Design on the experiment opti-
cal system of synthetic aperure imaging lidar[ J]. Infrad and Laser En-
gineering,2009 ,38(2) ;290294 (in Chinese).
ZHOU Y, XU N, LUAN Z, et al. 2-D imaging experimen! of a 2-D
target in a laboratory-scale synthetic aperuture imaging lidar[ J]. Acta
Optica Sinica,2009,29(7) :2030-2032 ( in Chinese ).

WANG S W, HOU T J,ZHOU D F, et al. Synthetic aperture lidar

[J]. Laser Technology,2008,32(1) :4-7(in Chinese).

(34229 W)

BB G R, AR S B T ER X
B—ATRENTERE, YR8k EX—
FRAFRT, RBE% IR SCu PR A R R B -1, Bk —
USSR . % R AR B HRINIAR FRAN S B P M 38
RS BEE TR, FHKIEAK R #6858 JE P s
PR BT LR, S TR 55 (B BRI R %
7B BB R AR M S AL R R R T — ek

B £ X W
FU B, YANG K Ch, RAO J H, et al. Analysis of MCP gain selection

for underwater range-gated imaging applications based on ICCD[J].
Journal of Modern Optics,2010,57(5) :408-417.

STRAND M P. Imaging model for underwater range-gated imaging
systems[ J]. Proccedings of SPIE, 1991,1537:151-160.
XUXW,GUOJ, YUQY, et al. Key technique of laser range gated
imaging[ J]. Laser Technology,2003,27(6) : 603-605 (in Chinese).
FOURIER G R, BONNIER D, FORAND ] L. Underwater laser ima-
ging system with large field-of-view[ J]. Proccedings of SPIE, 1994,
2258, 413421,

t]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

{10]

(1]

SWARTA B A. Laser range gate underwater imaging advances[J].
Proccedings of IEEE Oceans’ 94,1994 ,2.722-727.
SUN J, ZHANG X H, GE W L, et al. Relation between imaging
quality and gate-control signal of underwater range-gated imaging sys-
tem[ J]. Acta Optica Sinica, 2009, 29 (8): 21852190 (in Chi-
nese).
FOURNIER G R, BONNIER D, FORAND J L, et al. Range-gated
underwater laser imaging system[ J]. Optical Engineering, 1993, 32
(9): 2185-2190.
DUSSAULT D, HOESS P. Noise performance comparison of ICCD
with CCD and EMCCD cameras[ J]. Proccedings of SPIE, 2004,
5563 195-204.
YUDY, TAN HY. Engineering optics| M. Beijing: Machinery In-
dustry Press, 1999 . 58-63 (in Chinese).
ZHOU Y M, LIU Q Zh, ZHANG X H, et al. An efficient methed
for simulaiing time-domain broadening of laser pulse propagating un-
derwater[ J]. Chinese Journal of Lasers, 2009, 36(1); 143-147(in
Chinese) .
MOBLEY C D, SUNDMAN L K, BOSSS E. Phase function ellects
on oceanic light field [ J]. Applied Optics, 2002, 41 (6) . 1035-
1050.



