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Monte Carlo Simulation of Propagation
of 1.064 µm Laser Pulse in Fog

DONG Fei-Biao, LIN Wen-Bin

(Institute of Electromagnetics, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: In atmospheric wireless optical communication, the droplets in atmosphere may cause laser

signals to attenuate severely, thus resulting in the attenuation of the temporal spread and energy of

pulse signals. A Monte Carlo method is used to simulate the transmission of 1.064 µm laser pulses in

fog. In the simulation, the scattering phase function values of light in the fog with different visibility

are calculated according to the Mie scattering theory. The corresponding relation between the random

number and the scattering angle is obtained through random sampling. Compared with the method in

which the H-G phase function is used to represent the Mie scattering characteristics of particles to light

approximately, this method is more accurate. On this basis, the impulse response characteristics of laser

signals at different receiving view angles under different fog environment are simulated.
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n(r) = ar2exp(−br) (1)

>� n(r) C?D:�<�D:Æ;�E@�

&',�F, a � b 1�*7 V (km) �=A�

W(g/m3) ;2�BÆ; r �D:8 m <; [5]

a =
9.781
V 6W 5

× 1015 b =
1.304
VW

× 104 (2)

67;�&�@"&�=A�1�*7�

2�96&+,2�;&,1�*7�2�

8C?8 [6]

;�&�

n(r) = 1.059 × 107V 1.15r2exp(−0.8359V 0.43r) (3)

@"&�

n(r) = 3.104 × 1010V 1.7r2exp(−4.122V 0.54r) (4)

>��#Æ;�D:8 µm  n(r) �D:8

m−3µm−1 �(>Æ;1�*7;C22��

@"&� r0 = 0.4853V −0.54(µm)

;�&� r0 = 2.392V −0.43(µm)
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!".$, P (θ) �C?�51!"1 θ ?��
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ξθ = 2π

θS∫
0

p(θ)sinθdθ (5)
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1.064 µm ��!"�,#�,�&'�#()

3���ID"L8 n2 = 1.327− 2.89× 10−6i �
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J(K�

# g 1&�*7 V ?��2�*C 1 �

�65��@""�&�*+Æ-���
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2π
∑

Pm(θm) sin θm�θm = 1

N;QB!"1 θi �O (5) �RY8	�

si = 2π
m=i∑
m=1

Pm(θm) sin θm�θm �/���<(=

QBZ= [0,1] <�&,DC��", ξi 8	

67> (6) �8; θi �

si−1 < ξi ≤ si (6)

\ 1 1.064 µm ]^_`abcdefghijklm

Visibility(km) Scattering coefficient(m−1) Attenuation coefficient(m−1) g

0.02 0.070230 0.070240 0.8368

0.03 0.050590 0.050595 0.8125

0.05 0.030833 0.030835 0.7926

0.10 0.015125 0.015126 0.7157

(a) V=0.02 km (b) V = 0.03 km

(c) V=0.05 km (d) V = 0.1 km
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gih4#`cB�=IQnB8^ [11] �

�#Vh_i���:` (x,y,z) �Vh�

A (θ,ϕ) ��#cB w �C? θ � ϕ &38

!"1��:1�(jB�#%5edUed

c� w 8 1 J;�#�ed:`8 (0,0,0) �

	017��a�!1@DC&,:4� e

d�Aed*� ��$a@DC&,:48
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l =
− ln ξ
ka + ks

(7)

>� ξ 8 (0,1)?�DC&,��",� ks �

ka &3K�#!"�,�,#�,���,

k = ka + ks �gH l 8;& �#�GN:`

(x,y,z) �"��A (μx, μy, μz)8;�#2Qf[

��:` (x′, y′, z′) �⎧⎪⎪⎨
⎪⎪⎩

x′ = x+ μxl

y′ = y + μyl

z′ = z + μzl

(8)

6*�#bhQBgH&��Qj&,

#cB�c�#c�k8

w′ = w(1 − ka

ks + ka
) (9)

�#1�#f[&Q��!"1 θ 8	0

(!".$,:4� !"�:1� (0,2π)D

C&,:4B ϕ = 2πξ �	0ELkb� �

#f[&�
cEL���\��Ade [12] �

(�#�f^k;K�#Kl �4#

�`�#cBKlc=IQnB�*�<n

BL8 10−4 �4#�:=mM= zg9*h;

leQ;d;XN@�4#���#nQ�8

gi ��#�*�Ph; �4#�E�

o1c=4#:>1�QÆ��#n��8g

i ��#�6*emjB4#�#�:`�
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3 xy|o}Y~

p���aK 1.064µm� δ $*��4#

h:=mM=�"��Ad;L8 50 cm ��

#ed�A8 (0,0,1)�$*"�Wd*�D;
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(a) V=0.02 km (b) V = 0.03 km

(c) V=0.05 km (d) V = 0.1 km

Y 3 hk[ZUW^iocd]jkprqllmsm

n&3ÆnG!/0!".$,B�� 
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N8�"�oG L = 100 m �*7&38 0.02

km�0.03 km�0.05 km� 0.1 km4#:>1&

38 180◦�20◦� 10◦*��
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(b) V = 0.03 km

(c) V=0.05 km

(d) V = 0.1 km
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