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Monte Carlo simulation and optimal design of synchronous

scanning underwater laser imaging system

XIAO Guo-liang, TU Da-wei,ZHANG Xu
(School of Mechatronic Engineering and Automation, Shanghai University , Shanghai 200072 , China)

Abstract ; Aimed at the short working distance and the low target image quality problems of synchronous scanning trig-

onometric ranging underwater laser imaging system caused by scattering and absorption , a stochastic model of underwa-

ter laser transmission is established by using Monte Carlo method based on the radiation transmission theory. The in-

fluence of target distance,laser intensity , baseline distance and objective caliber on the contrast quality of laser illumi-

nation target reflection image is discussed using TracePro,and the system parameters are optimized. Finally,based on

the actual situation and needs of the system, the laser light intensity of 1 W, baseline distance of 250 mm, and the lens

specification 50 mm /F2 are determined to ensure a better image contrast of target reflection point within the range of

7.5 m,thus ensuring the implementation of the synchronous scanning triangulation principle.
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Fig. 1 Principle and device structure of synchronous

scanning trlgonomemc ranging imaging system
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Fig. 2 The emission,receiving optical path

and geometric relationship after expansion
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Fig. 3 Position determination of photon after scattering

B EAE kA Z G, T 4kgia s i
R PR IR o, B

w, = (8)

o b Fil e 43 RO AU R BN R

R T EEGICRR ] 38 B G T TR SR AL BRI,
BOEBEHUE W, UISEIE W, SG B2 R

W, < W, = w, (9)
Hib W, T RAET n IRES 25 BAUE .

G PR, X 18 B I XA
Wi N O F AT B e i S A b, B RS R AR
CCD b+ mi,

K FH Tracepro Y24 43 Hr 4 14, ¥ B IE 2 ir 7R JL
fa[ & R ST 3D [ ELRE Y, Il i RO KA
Jo [ R A R s 2 T SR A Y 1) s S, FRAE S
TFHEKAN Bt B A EAE R, /58] CCD |
AL BRI SREL N, , LU S R T 45 Rl R R 5 | R i
BRI N, , WIE R HE B AKA L
S BT 1 T BT T 1) BT A B 2 R R A R K
MWL LS ERT I B, UGt s x J
PR Y B 1 5 BB A B bR RO AR LAR Y
6k, T 2T A5 B B X E R

¢c=Nih (10)

N,

HAE T Tracepro BAAF HOG A& ik 7 v (4 i
WSRO , AR PE AR AR DG S, X T S B EIN T
FE

(1) Al B AH R

TR A UE BLEOE R, B A =532 nm OB R E
& ¢ =4 mm, H OG5 5340 25008 = 1 20 A, 16 25 (B
W, =107 JeLRiB il 5 b 10 74

(2) KA T A 2=

HR A 7K A 53 AT WLOEIR S 15 e ST 7K
WCRHME , IR PR A 1 1) 7 2 4 2 4 M 420 nm
| 700 nm [ B IBOETE . XTI 532 nm
o6, i BB I R AL @ =0. 153 (1/m)

TR AR IO AR R 5 B (0) 2R JH XL Henyey-
Greenstein (RS BREAH IR . WEOTINE R « =
0.9, U AR E Y 7 A+ g, =0.924,g, = -0. 1,
SRR ¢ =0.230(1/m) .

(3) BHFpRmEDGA= A

WE S ISR PR, RN T S
AT Z (] g — Rl 3R 1H . TracePro ZX {42k HI X ]
U 4341 bR £ ( BSDF) $ 3R W 7K 3% 06 19 S Uf i3



W 5 4 4 No.8 2019

F BT FEOK FROERR RE RS R0 B AL 953

55 W ACRTEIE sl 4 R
BSDF = — 2 (11)

K4  HArsE ABG BSDF 5!
Fig. 4 ABG BSDF scattering model on target surface

o ry g ASOETT )3 By by B THT I 16 ) B i) it
ro TEFRIE L IBEY s 8 W HICH Oy 6] (¥ B o) 4t 1 7E
FH L BGY, W H Z R 2 A E B, - BN
BSDF fy7Aete o 16 FIERRUE K0 i (ABG BSDF 4
B IR B AR A OG- 2 B B - IR
0.3, B G2 10 7 RIETHUN# 0.7, ABG BS-
DF (28 B =1,6 =0, RN A SRS EA U
T AL e S TEE
4 HEERSHRRFHRULIZIT

20 RN 2 25 2 A58 1) B A R,
¥ CCD ﬁ%ﬁ&ﬁ%%é%%{/ﬁﬂﬂ%%ﬁﬁ*ﬁﬁ Xt
2 258 3D BIHATOCRIB IR . BUEAFZ
K, 05 EAT S A bs S B R tlch

5 S FARIE S0 6 I R S EsR R &,
L, BELRER S 200 mm , BT SO mm/ F1. 4, |5
R 1 2 Bk 3 Z3 IS I SO 0.5 W1 W
1.5 Wo il L, B HAREE S s, Btsi e
PR AR 2R AL HER, AR Mo S, R4
55 T Beer-Lambert AL, WGIE T RIRIAIERTE,

—
If

——
——

T
£

1
2
3

—
If

S/ (W-m™2)
=

3 35 4 45 5 55 6 65 7 75 3
BRGS0
E5  HErEEE SRRSO ER

Fig. 5 Relationship between target distance and spot light intensity
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Fig. 6 Relationship between target distance and imaging contrast
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