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Measurement of Disturbance Performance
of Infrared Smoke
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Abstract: The disturbance performance of smoke against infrared imaging and tracking needs to be

verified through field test. The field test includes the use of a given smoke and a moving target, the

reasonable planning of the relative positions of the smoke, target and imaging sensor, the changing of the

releasing time and condition of the smoke and the test of the extinction and disturbance effectiveness of the

smoke. According to the data obtained by the infrared imaging sensor, the extinction and disturbance

model of the given smoke is verified and revised. Its infrared disturbance rule is derived. This work

provides reliable basis for the correct use of the given smoke and the study of its effectiveness in disturbing

infrared imaging and tracking.

Key words: infrared; smoke; field test; disturbance; imaging

0 01


��������������Æ��

�
�	���������������	


	�

�����
�������
���

��		
��
���
�
�����


 
������!�����"�
���

�������Æ�������
�#���

��	
	�
���
���������

����#�������$�������

' ()�2012–03–10

!*+,�)*% 863 &-23+,-4. (2110AAJ211)

./"0�/1 (1966-)�0�12153�245�678639:4;<=>5768'E-mail: painel@sina.com

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.33, No.5, May 2012



28 � � 2012 	 5 


�	�#���$�
#%�	
���&'

��&���	���	������

(�

�)�(���� (�*��
��)��) �(

+
�	���$����,���*#���

�#)� ����
��

���-+.

���
,�)�
!����/�&�� 

�0��!-".��� [1] �

#����1�#�$��	�����

���	
��
, "/!"���$%


#%
2&�1�	�#'0��)�,(�

(�����(+
3#/�)4�#����

*
��$%�����$�&'%(
��5

6�)�./��

+,
*-��1���	��561/

�&��������2+'(.��56�7

���/�,���	���56�/���

�	�����).-*) �	
���5

6�&�#�38��0+,�����).

��	-*38���-�9���56��

�
:7�56.1��;/�0
<���.

�&��1
4��(+
�2/23344�

"/���56�
�
=�55/�,.05

8+>��1�#56
=1� ����"

2� 3��62
76?5�@75
��

5�	65
A/2�1�#&'�!4B5


67�8.?5(8%(

$%(8���

	�	
$9
���5�	�������

����Æ�	$�9792�

1 ?97:@A;<=B>C
�	:�8��#,,:��;��<,

:��;C,� (�6) �#D,:
�
31

&'8�����$��;<���
=��

�,:
������=9��Æ,: (:-

1)[1−2] �>)���	����������+

.��,:�>E;	
���

? 1 �:F<@=AGB>?;

����"�@,
�	H����I�

C������$�DA���<�����

�=J� I(λ) 
>?������BJ� dy �

�	C��$� dI(λ) �E�!D�

dI(λ) = −I(λ)σ
e
(λ, y)dy (1)

F�
 σ
e
(λ, y) ��	�G�=9H6�

?�

I(λ) = I0(λ) exp
[
−

∫ y2

y1

σ
e
(λ, y)dy

]
(2)

����H�	;<C� σe ��	@J c

�6K
@EKAHL�,�=9H6 α
e
�G

�=9H6�BF��	@J�9+�� K

A���MEB��;�

α
e

=
GQ

e

ρV
(3)

���;6� N �M#��	�

α
e

= NA
P
Q

e
= Nπd2

i
Q

e
/4 = Nπr2Q

e
(4)

F�
 G ��;�GHICJ� Qe �DI�

�(;� ρ �,�EJ� V ��;�1J� A
P

�)EFC�	�;%(8���;�IC (K

)�NL� d �B�) �

α
e
��"/��!#56���

Infrared (monthly)/Vol.33, No.5, May 2012 http://journal.sitp.ac.cn/hw



� 33 ��� 5 � � � 29

�1�	HJ�
$�(�
&'�(�

���M�GK��O65�NH"/=�?

5��P%( [3−4] �

2 ?D8?@@9AE7:@A;F
B:C

:�=9H6"/�!#56��
���

)�1�#���62O�PÆ�I��4�


(+=��1�5�	��#56Q��.�

4��������#QR��#�"/3#

JK���	���(�
:C0�$%��

&'%(�
$%(
CR%(8��	���

��"2��LD)���	� �M�
L

D�+�
�� ������S�S9���

<T*U�4'�LD$%Æ('�N �#

��.���J�

���	��
���#D�1/
$(

�TOVM�V'�NP=J�U'OJPJ�

W0V+J)��
QJ����
VM(N 

�	P8�5L�V'(WE�
��	��

R'*�NP=J(KS�
����%�W0

V+J(N �	����R�E��
 �Q

J(���	�$*�@J�2���	��

	
�#�T
O./���	�@J
�P

��<
(�
���
OJ#D�FEQ�

RH�

�
OJU+J!D�#D�/��5�

���,V <W
XOJU+J�BF2Y

�������0Z<W
XOJU+JS�!

D (L��O) �T���0ZW
XOJU+J

�BF2BF (
OUG
�LUB) �


VW�H�IX
XVKMEC
(C:

���=X�Y�����2�YZ[
[(

C�
OÆUJ8Y��(CK[��
�(

W���K�
(2YOK\\
����]3

(C�Z�UO
<- 2(b) >S�1CUF(

C��Z[�F^
UOL]M,�M
N_G

CY�&=
<- 2(c) >S�`Z)C
[O�

�L]F=
(CP'BO
UO382,(=

\
<- 2(d) 
- 2(e) >S (��
^Q�a�

OJ
RQ�M(C�+J) �
�#�[�


�]�����#]�%( L0
�		


�#�_(�^SUO<W
)M`(-%��

�>E���

? 2 =Ab_G`Ba�

? 3 aTU<@U\b<@]\\^GbV=Accd_ed�=W`cd

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.33, No.5, May 2012



30 � � 2012 	 5 


? 4 @aaTUfaTXeGgbYc

���	��=9���./(�TO[

O��
Y������#�

� �	��

Ch
-*��C
dfJK@g(�����

- 3 >S����SS�
��eSS��[

O�ZJ)�Y��ZJef�

- 4 >S��1�	���#�Q�/�

LDef�

3 AEDBE;G
���!/�,�6��� �LD
()

��,:�	%(�=9�� [5] �
���[

��gEh3"/
�	��J,[)iN�

����S�S9��4'
XS9Si

df��HS9T*U4��� (@
\�%(

8)�./) 
:Cj"/-*fk2j]�g

�
AUClhS9T*A
��%( [6] �

7�����"2��k4�:��	�

��#���?5�C���-*�
���

���"2�()OFI�(f^�R���

=9���@i���./h6���9j� 

�l�*�
 �V �<W8��Z�Eh

JA
A)+���KA
!m���9j �

l�*���
i2���	���>E
=

9��62�

����.�
A�_`��

��@E

��	C (���)/�,��C) 
(��/

�k���(+
?5�31$���	()�

��76(;-*k6���a!���=9

A�

M =
αmeasured

αreal

(5)

F�
αmeasured �k-Wj – Kk 9%(8�

��=9H6� αreal �+@J%(8,k-W

j – Kk 9C���=9H6�

- 5 >S�,:�	@JC���"2�

���9j �l�*)���?5%(8�

�[�#AUn�����*�i- 5�()l

Z

��!D$9Q� m�

? 5 lo�:m`cG>npao

Infrared (monthly)/Vol.33, No.5, May 2012 http://journal.sitp.ac.cn/hw



� 33 ��� 5 � � � 31

&C����.����Un-*�K#

]
AbZ���#.��(�
76=9H6

(;�n����"2����62f^�oJ

!D (��F ���R�ZJ!D) 
A)+

���	-�����oJ3H�
-���

D�[�=�FC�D
�ZJ�oJmG�

3H�)�	�ZJ�&�A
&EA#n�

Emax 
 Emin 
?)poJ�����Rq�

n =
Emax − Emin

G
r

(6)

-������oJA�

G(x, y) = int

(
Emax − Emin

n

)
(7)

4 DF


)���%(8�55/�,-*\�

�#��
��]���� / eSS��=9

��
>E$9������#%(�!D
c

0
��]�l�*��	@JJR�3H�i

�#.��()lZ
�	�� 3 ∼ 5 µm S�

������M`�>E��
�� 8 ∼ 14 µm

S�������� �>E���@EpG

��[�#A�ef (X�	@JY� 1.9 g/m3

C
(��SS�����qq 90 %),)Q�

m0�:C
#�S9�
T*U��]�	=

9�a�6A!D��$9�),@g��.

��+�5�	���)���������

��#�5C�$�97]4��92�"/

*Z��
.1�56���1��	���

��=
4�*+�d�
<Æo
��r0

�h3�
k0�	 ()��	) �ke��%

( ($�	
�31Ao) 8!m����j�

p�-�q�$��

f<#$

[1] rss�rr<s =gh>? [M]. tt�uv�
iuvs� 2009.

[2] jtw�xuk�tvu�ws =@ABClDm
E [M]. tt�uv�iuvs� 2004.

[3] xÆw�nv�xvo�wsF<@�:B>?;
ewyGpy [J]. qrCFG, 2011, 18(1): 90–93.

[4] zssz{xy|e}xc�:GB>?;py
[D]. ~t�~t;�	�� 2001.

[5] zusy{�:paoza{{py [J]. qrCF
G, 2007, 14(5): 124–126.

[6] ||}s}>>|}~F�:~�~�t�Gpy
[J]. uHCGv?w, 2007, 27(5): 303–306.

IJxK News

LyzMNÆO Astrium {P|Q

Spot 6 }RST

U www.spacenews.com VW~� 
HXG
H-&IJ (ISRO) K 4 L 3 IMY
Z ÆN
OJK�LMM[N�$O\P]PQ�RQ
R (PSLV) ,SS Astrium ^T_U�T Spot 6

UV�\V`PQ�W$XN�T	WY$OX
ZY�RX
�a ISRO 
YY[b\Z� Spot

6 PQ] 800 kg 
^[c[�dX, 694 km 	
\O\e\]P]^�

Astrium^T_U+�_�Æ`ab��T
�f�N	 Spot 6� Spot 7PQ�g_ch
Y
Yi$-ac[.�de
fYYj�g`Ka
kbh��Astrium _U	��cijdle


OJ^[Kafmnk 3 lSm`ab��T
nghPQ� Spot 7 PQ[�K 2014 M�T

$�RQRWg��_Y�

Spot 6 � Spot 7 PQK�Koopijn
	 Spot 5 PQ� Spot 5 PQK 2002 M�T


p 2008 Mkljdqb#$�P^Tmn��
PQjd�, Astrium _U\]qrVTop
	s�`��

Spot 6 � Spot 7 PQ^[c[�e\]P
]��r 180◦ 	!"^�cJ 
$qs�t
rh�'tuvbusuw, 1.5 m � 6 m	v
p�tNtu	 Spot #vPQXw
nZh�
KawY 60 kmnx	yx
yxzJal{�
zyz{� Spot 6 � Spot 7 PQ'tK���
�|[{u|}� 45◦(nw|��PQ	u|
}�~~����) ��|[{��}� 35◦ �

� }~�
http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.33, No.5, May 2012


