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Underwater Laser Autonomous Scanning Short-Range Azimuth Detection Method
Based on Fluid-Driven

Gan Lin", Zhang He

School of Mechanical Engineering , Nanjing University of Science and Technology, Nanjing, Jiangsu 210094, China

Abstract Aiming at the problem of underwater short-range detection of incoming targets, a random positioning
method driven by fluid dynamics is proposed. The single-beam pulse laser driven by the navigation hydrodynamic
force is used to dynamically scan, and the scanning periodic is recorded by the magnetic sensor. Based on the heavy
tail function, the target echo equation is derived, and the magnetic dipole equivalent model of the magnetic detection
system is established. The optical magnetic measurement signals are calculated respectively by using the peak
detection method and the threshold detection method. The underwater short-range target acquisition model and the
azimuth detection accuracy equivalent model are established. The influence mechanism of laser emission power,
pulse width, threshold, and noise on measurement accuracy is studied. The results show that the azimuth
measurement accuracy and target capture rate increase with the increase of the laser emission power, and decrease
with the increase of the pulse width and the receiving circuit noise voltage. The azimuth measurement accuracy
reaches the maximum when the detection threshold is 300 mV. The capture rate varies slightly with the increase of
the threshold. When the threshold is close to the peak of the echo pulse, the target capture rate decreases rapidly.
Key words measurement; random positioning; fluid-driven; underwater detection; detection accuracy; target
capture

OCIS codes 120.4820; 120.1880; 140.3538; 140.3460

18 = JE KT O 8 1K T 98 A 52 06 B H 2 7
AN i 0 CATT) BT 705 L 3 45 5
SIEATSHE PR 22 05 BB — B M8 R SR S X K T R T 41 7 BT % 1 B

9 2 2 B R 0 BB B R GIR AT
o T VD R84 T 16 W 2 1 7 0 (6K R W B N AT M BT
BT, B BLAC TR e TR R MG R WO IR SIBUK TR E B G R IR 44

WA 2018-10-10; {EE B HA. 2018-11-21; FHHAH: 2018-12-04
HEEWMB.: HEARPAEL (51605227) (s @ A2 Fe ARk 45 2% % 0 %8 4 (NUST30915011303)
" E-mail: kg568605@163.com

0304004-1



H

i b

3D MERATRELL S A Ak 28 M B B S 2
B 2 AR RE ML B /N B b, AR R
(=40 kn) , K JFE/N(3~8 m), AAR5RE /N, HAFHE
Ik 48 52 A Ao b R RN AR TE A ROE BR 19 K R
48K R R AR AR I Oy vk (RS Mg L 3 )
5 8 s 3) /N A ATT A R A 25 8] 5 )
FE ™ 5 B il T A% e 5 6k T vk 1 R

WOGEA T ] R bF RS BE @ L0 T R M o AR AR
SRR IE A 0ER AE /N HRR BRI, DR ST A
A KT R AR AR R L ARG K
TN Iy A AR RRE R 2 E gk o
AR EBEN Bt 2 H Bk E 220 28 kAR
KEIFE RS SCRkC1 1A SCEk [ 1242 1 oE [H)
HEHT AR RGP R AL S TR R
] IR o2 O HUH R T &AM T4k

BEXF K R /N I8 Bl (R BRI &R ge B A /N AL
b ARSI FRE RS o T A 0 R a5 AR SRR Y —
FH AR S 1 89K R AT AR 5 A i 5 vk L R R AT
K3 1 3R SO 2 45 A E RS S R

output laser
————— > laser echo
—— fluid direction

FIbRJ7 07 . T 50 R ok H0HE 2 s 101 30 O 2 2 5
e P4 ) 2 96 W A A (MID) 458 5B R, SR i {1 46
000 P ARG 00 35 2 ) i FOL RGN AR5 . THE R
O 5 S 2 e A 1 L D 2 A R S MR P T A A
EAR AR

2 BRIAR G TAR U

B PR o R BB AR B AL E 2 R . &
GETARRAR AN 2 fros . FEK R /N BLE SR i AT
R UL DS R AR o aale o I I e o A S TR )
e BB K o O 5 0 S RO B TR O B OF T
WS i A 25 18] 3 25 4710 H AR s 1 98 58§ b 122
G ES P R E A 1 TR B R R A TR g
i S Y B A o o DA T R BB i R 0 ) 3 5 > o
SYHOLHR I A AR 5, 18 R E S &0 iE D
T BA A 1 B BS BE L 28 1 RO o S
FABE 2 WA SRR B R SR L % AR S
M2 G 5T 4 e WOt 5 Mg F Y E= . 8

CIRUE SR R VARSI

transparent
window

magnetic sensor

BT AR S T R R AL E L R B

Fig. 1 Fluid-driven short-range random positioning system
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Fig. 2 Workflow of fluid-driven short-range random positioning system
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Table 1

Theoretical simulation and experimental parameters

Magnetic induction

Rotating speed

m /(Asm ') r /mm L /mm Gain
B /T w /(remin ")
8.95X10” 1.1 1 10 2000 200
Equivalent noise Threshold Magnetic Laser emission Laser emission  Analog digital sampling
voltage 0,,/mV level /mV resolution /pT power /W pulse width /ns frequency /MHz
10~60 100~600 0.012 10~20 5~30 100
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Fig. 4 Laser echo signals with different

laser emission powers
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Fig. 5 (a) Target capture rate and (b) probability distribution of azimuth measurement with different laser emission powers
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Fig. 6 Laser echo signals with different laser emission pulse widths
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