
14 � � 2013 � 12 �

����� 1672-8785(2013)12-0014-06

����	
���������

�������
(������������������ �� 710054)

����	
��������������	 !"
#
$������	
%
&'�(�)*	�+,-�.�/��� ��0	
��1��2�3��4
5�(�6/��% 7�!8"#$%$�&'$�(9)�*+,�-:.;	
�0/$���	
���(��0Æ1<	2�3=�*�$(�-:4>5?
/ Matlab @A6B	78/	
(�;@�$��*+,�.;�
����	
�*+,�(�9�$
:;�	
�TN929.12 <=���A DOI: 10.3969/j.issn.1672-8785.2013.12.003

Study of Attenuation Characteristics of Laser
Propagation in Fog
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Abstract: Laser is susceptible to weather when it is propagating in atmosphere. This is because the

severe weather including rain, snow and fog has a great attenuation function to laser and may cause

the communication to be poor. So, it is necessary to analyze the transmission effect and attenuation

characteristics of laser under different weather conditions. According to the experience relations of water

content and visibility in radiation fog and advection fog, the formulas for calculating the transmission

attenuation of laser in atmosphere under the fog weather condition are analyzed. Three typical empirical

models for fog attenuation are simulated numerically by Matlab and the relationship of the visibility in

fog with the attenuation coefficient of laser is obtained.
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1 `abc
�%,!(�0'��1(2	(Æ)%

�)�1�2��3)��*��4*5�+

63�&4,+���5,�*��-7�

-7�,8��&4,+��Æ+63�4

,�%,+�-� [2] 	���,�	 5 .�

/	%- 1 �

d 1 efgh

Rank State of the weather Atmospheric visibility

0 fog < 50 m

1 Thick fog 50 m∼200 m

2 moderate fog 200 m∼500 m

3 light fog 500 m∼1000 m

4 weak fog 1000 m∼2000 m

5 haze 2000 m∼4000 m

2 abijc`dkeafg
�!'#��������%�6

49 (0:1) �23��"�.���4,�

%,24	������7/��� ���	

.������ ����%;��8<	='

,>�00�9 5?��9,�@,8A6

��9�:";109 ���2B7�

&� 1 µm �0�%,&� 50 m '	�9�B

7C 20∼30 µm �0�%,� 100 m '	

D��9�,8B7&� 8 µm [3] �0;,	)

'	D��9�B7! 7∼15 µm [4] 	�<9

3��4��;,	:'	D��9�B7!

2∼5 µm 	�<9E��5��;<���:"

�6	��",7� (=�) �!�� (89�)

:;�,7��,8*7+	 20 µm 	!��

��9*7�%&� 20 µm �

2.1 l,-./�0
�9�@FÆ Gamma�G [5] �1��G�

><��9
==�2	�<��,7*��

=?�

n(r) = craexp(−drb) (1)

% (1) -&�H>�@H>B7,A8��9

>	2� r 	�9B7	 c � d 	-7�9?:

3�I>��B r , m 	H>	� [6] �

a =
9.781
V 6W 5

1015 (2)

b =
1.304
V W

104 (3)

%�	 V 	���%, (km) 	 W 	C4�

(g/m3) �

,7��!����9@F�G��%,

�
.'%�J	 [7]

,7��

n(r) = 1.059× 107V 1.15r2 · exp(−0.8359V 0.43r) (4)

!���

n(r) = 3.104 × 1010V 1.7r2 · exp(−4.122V 0.54r) (5)

,7��!���C4���%,�
.

'%�J	 [8]

,7��

W = (18.35V )−1.43 = 0.0156V −1.43 (6)

!���

W = (42.0V )−1.54 = 0.00316V −1.54 (7)

%�	 V 	���%, (km) 	 W 	C4�

(g/m3) 	 n(r) �H>	 m−3µm−1 �

,7��!����9@,%C4��


.'%�J	 [9]

,7��

N = 50.8W 0.098 (8)

!���

N = 609.2W−0.052 (9)

%�	 N 	�9�@,	H>	 cm−3 �

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.34, No.12, Dec 2013



16 � � 2013 � 12 �

? 1Æ5��9@,%C4��&@	?�

advection-&,7�	 radiation -&!���2

?�,*5	'�!��	�9�@,�C4

��4D��&	�,7���9@,�C4

��4D�4D��AB�1(2	!���9

�@,<,7��9�@,+-.>�/�

&?Æ5�C4�! 0.01∼1.0 g/m3 	!���

@,��! 609∼750 /cm3 	�,7���9@,

��! 32∼51 /cm3 ��&,*5	�A!,

7��!!��	�9@,�KE�!"	�

���C4���%,���$%!�9�@

,�

C 1 DLBM�FECNGF

2.2 5678-m9:n

�($��D���;O$%�HE36

FG�HE
.FG:��P�I��%,�

����
.FG�J��Q��KR	1!�

��%,�$%H<��!��=?	�!

�����&	S�%,%�=?���G@

$�L	�I [10] 	0J!�H
2
����

1(2�

(1) Kreid F%

KreidJ5�����@>%�%,�&@

%	 [11]

α =
q

v
(10)

%�	 q 	
.%>�

M���I�5'��	 I0 	�T�N,

	 z ��*=J (z=0) �K���	 I1 	UK

N,	 z��*=!KVIV����! I2 [12],

>

I1 = (
d1

d0 + θz
)I0e

−α0z (11)

I2 = (
d1

d0 + θz
)I0e

−α1z = (
d1

d0 + θz
)I0e

(−α0+α1)z

(12)

%�	 d1 � d0 �J	O/� �L?P�*

7	 θ 	�D  Q	 z 	��+�	 α0 
 α1

	L.W�����@>�RV� I1 � I2 �

:%8X	�

I2 = I1e
−αz (13)

���(���Y 1 m' �S�%O�S

��8'@	�T� A-&	H>�%	 db/m	

7M�2�

A =
10
z

lg
I1

I2
(db/m) (14)

R% (13) ZK% (14) 	[� z \ 1 m 	�

A = 4.343 · 103α(db/km) (15)

- 2M5�N.]='��%> q@	N.

@�OA+	 ±(10 ∼ 20)% �1P><-O	

��' 10.6 µm ]=���<2Q]=����

�LU�R�
��

d 2 opqrstf q u

λ(μm) 10.6 1.06 0.63 0.53

q 2.1 3.06 3.18 2.46

� Kreid
.'%V% (15) 	�5�A]

=�������

A0.63 = 13.8107V −1.00db/km (16)

A1.06 = 13.2896V −1.00db/km (17)

A10.6 = 9.1203V −1.00db/km (18)

(2) Chylek F%

Chylek J5�-.B
.'% [13] 	&'%

�D�����B7&� 13 µm '<��W

'%	

α = 1.5πCW/λ(m−1) (19)

%�	W �H>	 g/m3 	 λ �H>	 µm 	 C

	%>��A]=� C @%- 3 �
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d 3 opqrf C u

λ(μm) 1.06 3.8 5.3 10.6 11 12

C 0.61 0.68 0.58 0.33 0.30 0.35

0���]=	 1.06 µm '	P� ChylekB


.'%V% (6) �% (7) 	�

,7��A = 183.6366V −1.43db/km (20)

!���A = 37.198V −1.54db/km (21)

0���]=	 10.6 µm '	

,7��A = 9.9344V −1.43db/km (22)

!���A = 2.0124V −1.54db/km (23)

P� Chylek B
.'%V% (6) �% (7) 	

�2Q]=�����'%�

,7��A3.8 = 57.1032V −1.43db/km (24)

A5.3 = 34.9211V −1.43db/km (25)

A11 = 8.7029V −1.43db/km (26)

A12 = 9.3073V −1.43db/km (27)

!���A3.8 = 11.567V −1.54db/km (28)

A5.3 = 7.0738V −1.54db/km (29)

A11 = 1.7629V −1.54db/km (30)

A12 = 1.8853V −1.54db/km (31)

(3) Vasseur F%

Vasseur;<L.><��� 10.6 µm� 0.63

µm �����
.'% [14] �

A0.63 = 360W 0.64 (32)

A10.6 = 610W (33)

0���]=	 0.63 µm '	

,7��

A = 360W 0.64 = 25.1132V −0.9152db/km (34)

!���

A = 360W 0.64 = 15.3154V −0.9856db/km (35)

0���]=	 10.6 µm '	

,7��A = 610W = 9.516V −1.43db/km (36)

!���A = 610W = 1.9276V −1.54db/km (37)

2.3 AvBCD�w

�A
.F%���^E�B�2?+

&�?� advection -&,7�	 radiation -&

!���

, 0.63 µm 
1.06 µm� 10.6 µm]=	Q	

' Kreid FG
 Chylek FG
 Vasseur FGXS

^E	<6R�
.F%������%,�

KE�? 2 !]=	 10.6 µm ����J�,7

��!��2������%,�KE&@�2

? 2 �,*5	 ChylekFG� Vasseur FG�

��80O��? 3 !]=	 1.06 µm �%�

����%,�KE&@�0�%,&� 1 km

'	,7�<!�����@>	 Kreid FG

���@>&&�? 4 !]=	 0.63 µm �%

�����%,�KE&@	� KreidFG�!

��2 Vasseur FG�;V�B"O��? 5 !

� Chylek FG2	���A]=����,7

��!��������%,�KE&@�2

? 6 �,*5	]=	 1.06 µm �%���

�@>&��F�%,�4	������

�'������&�

(a)
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(b)

C 2 10.6 µm YZGDHNT[SÆT\MN

_]) (a) UUVD� (b) U^WD

C 3 1.06 µm YZGDHNT[SÆT\MN_]

C 4 0.63 µm YZGDHNT[SÆT\MN_]

(a)

(b)

C 5 G Chylek _V`XWYZGDHNT[

SÆT\MN_]) (a) UUVD� (b) U^

WD

C 6 G Kreid _V`XWYZGDHNT[

SÆT\MN_]

�AB�1(2	=]=�����6&�"�
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,7�����@><�!����%��

Kreid FG2	�A]=�������'��

�@>��%,�&@�? 6+&�@�'��

]=!����`"��	�.!R�
6U

� 10.6 µm ��	��%,	 100 m '��@>

�C�� 91 db/km �<6? 2∼ ? 6  X	�]

=8A��%,8A�YZ2	���,7�

����0[<�!����a�I���,

7�C���9�@F<!���	�,

7�C��4��La�

3 xy

�!-�\KYE
abbJ�����

��]K�����',�+�c����]

dKE	�&��'�����K�c�"�

���c^�����@>��%,���	

'���2����������I�XS

�!�	���Z�L��������R�


.FG	A'M'ef �J5�-� �


.FG	[N� MATLAB ,[XS�^E�

Z��^E?,*5	�%,6'	��A

F%$*����_\de�g��&O	�

%,P	�AF%$*�����AJ�P

&�8h	0�%,6i'	��AF%$*�

���8A"	�%,Pi	AJ�P�I

����B
.F%�Z��F%'	�i�

%,�YZ2	��ef �I���f(	O

/I�(jQVV�+���]8!����

�����0�%,a� 0.5 km�YZ2	�A

^QÆ5�
.��F%=,����AJ"

&�I���a�%,2�'��� ��_

�Hf �	Hf ����%O/I(jQ

VV�+�`�&@�L��`	B
.F%a

bRO��%,%����F<6g��&
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