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Calculation method of near-field rejection rate of underwater

wake lidar with coaxial optical system
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Abstract: The multiple scattering has happened when the laser pulse of the underwater lidar by wake is
in the near-field transmission. Its coaxial optical system has a certain near-field suppression ability to the
strong scattering and can prevent saturation of the receiver system. The near-field suppression ratio of the
coaxial optical system is of great significance. The reason for that the traditional formula of photon
returned contribution was not suitable for the near-field calculation was analyzed and a new formula was
presented for underwater near-field coaxial optical system. A simple method to solve it with coordinate
transforms was presented. The near-field suppression ratio was calculated based on Monte Carlo
simulation. The relationship between near-field suppression ratio and suppression time and the relationship
between near-field suppression ratio and the laser pulse width were analyzed and calculated. The results
prove that this method can satisfy the needs of underwater coaxial optical system analysis completely.
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Fig.1 Underwater lidar system by ship wake
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Fig.2 Schematic of underwater coaxial optical system
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Fig.3 Model of underwater coaxial optical system



8 2065
o ) 18l :g o
Pn Ql 2.2
d , P, Monte Carlo
[7-8]
' P, , P, XOY , OM.
prP, Up=P | 2| cexp(=cd)- W, (1) :
m xoy 0.
Y U 40 0 BNCE)
;8 O ;C ;
W” o
Monte Carlo 4
b X/O/ Y’ o
, 2
(1) P, ,
0, d, d
(2) OM, ,
XOY Q2 > QZ
° Ha4X0Y LR T Q5 G rlREM LR F
P, s P, Fig.4 Geometry relationship between @, and (; in the coordinate
0O Zi,- ( 1 system of XOY
PnSl PnSZ)O sPn—an PnSl
, , 4 o
P,S, Y Y2 s d;
(P 2) Q ﬂ é 4(3) \(C) >
prif,,a; o 1 2 Xov. o'
n AO—l,AO-Z’ aAa-n,
n P, Xoy o
Ao, (&,m) 217"(&,77:') Ao, o' ).(0)'4
i=1
)\*)O /=—D1°PX ’ =—D1'Py
n 0= 0= (5)
lim D pr(é&,m)-Ac= ﬂ pr(P,,d)-do  (2) :(Py, Py, P, P
—0 =1
(2) 9 P"
’ Ad).(e)
K(P, U= | prir.6)-rdrdf 3) . xov 0'x’
0,NQ, Q1 Qz 5
;0N 0, :(r,0) xoy ol .
C S spr(r, 0) , (1) (0'x,0'y) 0 :
o , O'x=(x1+x)/2, 0" y=(y,+y2)/2 (6)
(1) H-G r(y) s 6=—arctan( Ya—V1 ) (7)
2 2 Xo—X3
p('y)=3—- l—g‘ . 1+cos Y (4)
2 2+g"  (1+g*-2gcosy)™? (3 (x2,)9) 2



41

2066
o 4(b) ,8=1
, o o g (0.6,0.9),
, (5)~(7) 4 0, ©n
s xXoy S m
Xoy (x,y,2) X'o'Y
: pm+l= Lemz (pmlmCOS()Dm_quin(Pm) +meOSGm
"y, D'=R-T-(x,y,z, )T (8) 1-1,
TR ’ pi= 0041 cosg,p,sing,)g,c086,  (14)
1 0 -0’y cosf —sinf 0 1-1,
T=/0 1 -0’y |,R=|sinf® cosh O 9 . p
! ©) l,,n=—sinf,cose,\/ l—li +1,,c0s0,,
00 1 0 0o 1
’ X0y (3) « »[13]
o 4 5
b (o] 3
2.3
[10] (11 1 Monte Carlo
(MC)™ o ,MC °
3.1
0, 0.1m, OM,
[12] MC 004m,OM2 Ql D1=0.08m,
( 5ns, c=0.219 m™",
(3)) wy=0.81,
5 o
1.0
R s Olpeam 5 P o(xo,yo,zo) f\.\
2 0.8}
Us(po,q0, 1) E \
= 0.6}
o= RoeanCOS(2705) £
V=R SI(2TE)) (10) 2" '\
W |’] 2_
L{FO —=cs ==
Po=SIN( Apean&s)cOS(27E,) 0 20 40 60 80 100 120
. . Time/ns
‘q[,=s1n(abeam§s)s1n(2w§4) (11) B S 34065 2 5 00 50
l=cos(Qtunts) Fig.5 Suppression ratio of underwater coaxial optical system
Zgi(i:1’2’3) (0’1) o
Al . 5 , ,
Al=—In¢/c (12) 0.5m 90% ;
.c . 1.5m s
P,=2mé (0,2m) , ,
0, Henyey-Greenstein 1 °
2 3.2
_ L[ legt)——(1=8)° _ H
Om—arccos| 5 (1+g") (I—g+208)" (13) 6 4B
:g ,g=0 o 6 ’



2067

(1]

(2]

(3]

[4]

-3dB s
’ o
’
’ o
16|
E 14}
g 12t
510
&
s 8 -
“ R 6 7 8 9 10
Pulse width/ns

P 6 41 il it (] 5 Bk o S BE 69 56 R

Fig.6 Relationship between suppression time and laser pulse width
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