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Study of Detection Capability of Low Orbit Infrared Detection
Satellite to High Dynamic Target in Atmosphere

TIAN Bo, XIE Fang, FAN Chun-yi, CHEN Su-fang, Li Meng-meng

(Science and Technology on Space Physics Laboratory, Beijing 100076, China)

Abstract: The atmospheric background is analyzed and the atmospheric radiation intensity and trans-

mittance at different pitch angles are calculated. By analyzing the radiation principle of a high dynamic

target in atmosphere, both the calculation model of the infrared characteristics of the target affected

by high temperature gas and the calculation result of the infrared radiation intensity of the target in

different wavebands are given. The Signal to Clutter Ratio (SCR) and detection range are calculated by

formulas and are analyzed. Finally, the conclusion that the detecting ability is limited is reached.
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1.1 ;<=>?@

4)�)�)%��	>3 (Combined At-

mosphere Radiative Transfer, CART) 8&(.!

1�%�D9
)A8&(.9?�92
�

���3� [1] 


E2 CART 8&(.9?���:��	

� 2 ∼ 5 µm <= (<9; 2000 ∼ 5000 cm−1) �!

<�	4�5= 1 


> 1 F6?@GAH 2 ∼ 5 µm IJ (IBC

2000 ∼ 5000 cm−1) H7DGA8K

@= 179�:1���/%��	 4.3 µm

(<9; 2400 cm−1) L;� 2.7 µm (<9; 3500

cm−1) L;M �-�	�<�A�%&NB�

E (CO2)�F (H2O)#C A<=G�"��

HOD�
$"���0 A�-<=9?�

��	�I�9��"=��,<�( �@

(�>&��?�
�6��������0


PJK�����@9L)Q<=*����

��
(��%��	
�!<*+'�H�*

&<R!;�)���<=�%��>3��

	AS(1�%�TE
�&�*##�4)*

+ 4.21 ∼ 4.36 µm <=�4.2 ∼ 4.45 µm<=�2.6 ∼
2.8 µm <=� 2.7 ∼ 2.95 µm <=F;��<=

��##�(.�7+�)�<=���'�


*&)������B�,���	

��4)�) CART 8&��(.�C9

92
U��0G:��6�-(.9? 2.7

∼ 2.95 µm <=���	DH; 1.9×10−3

W/(m2·sr) �4.2 ∼ 4.45 µm <=���	D

H; 2.19×10−2 W/(m2·sr) 
U��0G:��
VI�EVMN��; 10 ∼ 50 km 6�-(

.9? 2.7 ∼ 2.95 µm <=���	;2;

(1.42 ∼ 14.2)×10−5 W/(m2·sr)�DH; 4.69×10−5

W/(m2·sr)	4.2 ∼ 4.45 µm<=���	;2;

(1.17 ∼ 2.52)×10−2 W/(m2·sr)�DH; 2.06×10−2

W/(m2·sr) 

1.2 J�KL?@

1.2.1 Mijklm

�)OFGHP�	I�*4P���	

��(. [2] �@,Q�J�HP ,Q<RK

W�:N2LKX	��	Y��<R�R�

�1�
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[��9OS\�;

M
bλ

=
c1

λ5

(
ec2/λT − 1

)−1

(1)

�7�M
bλ
;HP�!<�	1	�	c1 ;]:

�	^9�c1 = 3.7418× 10−8 W·m2 	c2 ;]N�

	^9�c2 = 14388 µm·K 

��!<�	��R��O9��ZP

; :Z�:��,QT(�J��!<�	

Q�	(.I�;

I
λ

= L
λ
A

T
(W/(sr · μm)) (2)
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λ
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L
λ

=
ε

λ
M

λ

π
(W/(m2 · sr · μm)) (3)

�7�M
λ
;��!<�	1	�


�	S R�:��,QSPB�HX	

��	��T9)�	�	N*�

I = lim
ΔΩ→0

Δφ

ΔΩ
=

∫
I

λ
dλ (W/sr) (4)

T'�04P�B-WU����	�;

I
i,λ1∼λ2

= L
i,λ1∼λ2

Ai =
ε

λ
M

i,λ1∼λ2

π
Ai =

A
i

π

×
∫ λ2

λ1

ε
λ
M

i,bλ
dλ =

A
i

π

∫ λ2

λ1

ε
λ
c1

λ5

(
ec2/λT

i − 1
)−1

dλ

(5)
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i
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%&'����Y��W���!X�%�

SU"#)���Y��L;��PR��Y#

�Z�OZ�[)���\!b�!�	��

0(1�,����	V]c^/,�W9�Æ

XB^dC_["X�[9�ÆX�O.XX

!�		Q^Y#D�X	�G����WÆX

e�B�^U%��O.XH\f�Y#�[Æ

XL�7`��Y#] CO2 �H2O �	)�Y

#���!<�	��!<X	�^<R`

�YZ (5= 2 ∼ = 4) [3] 


$"�;(.�R�P*�	�F)�_[

��*�G��9�X	�9F;�P�	�

'D9*���N*
���	>3I�],�

> 2 T=4000 K `� O2 \ N2 gab]^abH_c7DGAdK (W/(cm3·µm·sr))

> 3 T=1200 K `� CO2 H 2.7 µm DhiA` > 4 T=1000 K `� H2O H 2.7 µm DhiA`
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I
i+1 = I

i
· (1 − Δl · c

absb
) + Δl · c

emis
(6)

�7�Ii ;] i &�R�P��	�	Δl ;A

&�P�a�	c
absb
� c

emis
#�;A&�P�

G��9�X	�9��
P9H��R�P

7�bC^c�d��R��1


(.4P���	j��R�P9?��

	�@9?��R�P( ������	

�
-��*�c�� ���d��*��

���;e�%(.9?�� 2.7 ∼ 2.95 µm<

=����	�e; 1800 ∼ 2100 W/sr� 2.6

∼ 2.8 µm <=����	�e; 1600 ∼ 1800

W/sr� 4.21 ∼ 4.36 µm<=����	�e

; 400 ∼ 600 W/sr � 4.2 ∼ 4.45 µm <=���

�	�e; 700 ∼ 1000 W/sr 
%&����

�\K���ff%&��kl�*&���

�0	e9f��1;���


1.3 ghijk�l

 %�&��CO2 � H2O Y#A*���

	m\G�F)
A^F)�( ��0*�

������m�$%
4)f�� )��

�, (R<=) :��	�gDf��ZP;A

���%�f��
� 2.7 ∼ 2.95 µm <=� 4.2

∼ 4.45 µm <=;e��� CART 8&(.99

?g[ )���,�%�f�� (5= 5 �=

6)
@=79�:1�����n��%�*<

> 5 2.7 ∼ 2.95 µm IJHnhih`jk

> 6 4.2 ∼ 4.45 µm IJHnhih`jk

=����	�G�"�n
A[olp�

������	$i9�A��qmrj�

OD����no��?��


2 st34uvw
���������oN����9�/

(�gN?�gN�pqkB�T�����

18B9_.pBO9I�(.�

θs = 2 arcsin
(

a′
e

ae + hs

)
(7)

���������� ��e; 1600 km �

���"rl a′
e
� 6408 km �9918Be;

106◦ �@��*�����8%ssB; 53◦ 


$" ##��'����7�� 53◦ ssB;

�X�� 0◦ ssB;,X�*)����)�

ssB,�$,+��(.


��q������09���Q-<=

����	�79L)]mn	rt���"

�)���04sR��( 
E2����

0�XtÆ0�U��0oN���LK#$

� α ; 90 µrad �!O���f�� τ0 ; 0.7 


E2!1D9�9?����0ft�

�?��qm��	u� E
N
�(.I�;

E
N

= Gτ0IN
α2 (8)

�7�I
N
;,Q�J������	�

(W/(m2·sr)) 	α ;LK#$�	G ;!O��

�vw	τ0 ;!O���f��	E
N
;���

�0ft��?��qm��	u�
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E2!1D9��x9�9?����0

�?����	u� E
S
�(.I��

E
S

=
Gτ0IM

τ
a

R2
(9)

�7�I
M
;'�0����	� (W/sr) 	τ0

;!O���f��	τ
a
;%�f��	R ;>

3�� (m) 	G ;!O���vw	E
S
;��

��0�?����	u�


$"������$,+(.I�;

S/N =
E

S

E
N

=
I

M
τ

a

I
N

α2R2
(10)

E2�*D9�*o CART 8&(.9?

����	�92�)���ssB,�

���	�92�7f�u5��$,+I

���(.
f!*$,+ZP;B-<=�

��$,+�H�<=7$,+�8%H\K

�+H��*�5= 7 ∼ = 14 
�7�� 4.2 ∼
4.45 µm <=!+�4.21 ∼ 4.36 µm <=����

��I	� 2.7 ∼ 2.95 µm <=!+�2.6 ∼ 2.8 µm

<=������


E2�*929�##91���!�6�

ssBn%�$,+n�	ssB!�6���

n��$,+n��$;ssBn%�����

nR�AOD�	 %�7>39!f�@(L

9%�f��=�	E2!XI�(.�!+&

�ssBf9?���$,+
�6�̂ pss

B�vp�������	��:[@d�

�`;v:�$"���	[Aqu
� 4.3 µm

<=!+�2.7 µm <=%&�qm�����

�	����$"9�9?+ 4.3 µm <=!

> 7 2.7 ∼ 2.95 µm IJ (wxyr) Hvywz

zjk

> 8 4.2 ∼ 4.45 µm IJ (wxyr) Hvywz

zjk

> 9 2.6 ∼ 2.8 µm IJ (wxyr) Hvywz

zjk

> 10 4.21 ∼ 4.36 µm IJ (wxyr) Hvyw

zzjk
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> 11 2.7 ∼ 2.95 µm IJ (w{K) Hvywz

zjk

> 12 4.2 ∼ 4.45 µm IJ (w{K) Hvywz

zjk

> 13 2.6 ∼ 2.8 µm IJ (w{K) Hvywzz

jk

> 14 4.21 ∼ 4.36 µm IJ (w{K) Hvywz

zjk

��$,+
( 2.7 µm<=�@ 2.6 ∼ 2.8 µm<

=9?�$,++ 2.7 ∼ 2.95 µm <=�!��

es����
�!<*+'�@<R!;�

)�<=H9?�*�[A��%TE


 ����@tux{vv%���7�

$,+0(1vY%w`x�yz�A�$;

^p���vp�!*&�����`����

�%�f���`��A%%`u
 ���

�yZ���ssB@tux{vvp���

7�$,+�=Yn	nw�$;^p��ss

B�vp���?��0����vYAn	

nw


�6�]���'����(�5EV

��MN��%& 150 km ���%�'#{

|���	;&t�"6���$,+fA

+����!�


3 xydestz5cst{|vw
������0������G ��H

�8�$,+��|,���0������


;z|���|�*&)����0���

$,+:}�| 3 ∼ 8 �;2�	$,+n

����"�n�
E2!1��U+9}��

�������	��,<�	�%�f��

����0�LK#$��1
_[9}O1

�Z$,+,)����)���B����

���(.I��

R =

√
I

M
τ

a

I
N

α2(S/N)
(11)
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> 15 2.7 ∼ 2.95 µm IJH~~{|jk > 16 4.2 ∼ 4.45 µm IJH~~{|jk

> 17 2.6 ∼ 2.8 µm IJH~~{|jk > 18 4.21 ∼ 4.36 µm IJH~~{|jk

�7�I
N
;RssB,,Q�J�����

�	� (W/(m2·sr))	α;LK#$�	I
M
;*

XssB,'�0����	� (W/sr) 	τa

;%�f��	S/N ;8�$,+	R ;���

� (m) 
�����(.*�5= 15 ∼ = 18 


@=79�:1� z|���|�+&

,�U����u& 10 km6�B<=����

�D 500 km �,�fu&�����\K�

���es"6no*�����"��
�

6�̂ p��ssB�vp�����0(1s

��quyz�$;^p��ssB�v%�

���	�A0{v=��yz
 2.7 µm

<=7��"���� 2.6 ∼ 2.8 µm <=�U�

����& 30 ∼ 50 km ������ssB%

& 36◦ 6������u&������}~�

��noz|���|�"6����� 2150

km ~�
 4.3 µm <=�����Du&��

����}~���es�� "<=no*

�����"��


4 }~6
 $%"#$%( �+&,�4)��

##��������	�(.�����

�	��7�(��0�$,+�|�9?'

(�7� 15 8)
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