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Abstract: A simulation method of infrared (IR) detection of midcourse ballistic targets by spaceborne

early warning systems is proposed. The IR radiation characteristics of midcourse targets are studied

by using the infrared module of Satellite Tool Kit/Electro-Optical Infrared Sensor (STK/EOIR). First,

the simulation method of dynamic IR radiation characteristics of midcourse ballistic targets based on

STK/EOIR is proposed. The calculation model of IR radiation of EOIR targets and the receiving model

of the sensor are analyzed. Then, the simulation results of IR irradiation of a typical target in mid-

infrared waveband, mid and long infrared waveband and long infrared waveband are given. Finally, the

influences of observation angle and observation range on the target IR irradiation received by spaceborne

staring sensors are compared. The simulation results show that the IR radiation intensity of midcourse

ballistic targets can meet the detection sensitivity requirements of spaceborne staring sensors.
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=>��8 dA �����(�8D��� Li,f

��8::�� Li,λ ?�	

Lλ = Li,λ + Li,f (1)

(1) �8::����

�8::�� Li,λ &�8?�:4E�C

ελ ��8�=5� T �
	

Li,λ = ελ · 2hc2

λ5
· 1
exp(hc/λkT )− 1

(2)

;
� ελ (�8>F( λ <�E�C

h=6.6×10−34 J.s (=DEGF k = 1.38× 10−23

J/K (HI@>GF c = 3 × 108 m/s ()?

T (�8�?�5�


(2) �8D�����

�8D����AG:@�0����
�A�)�8B5B�8D������
�

8D��������( [12]

Li,λ =
[ ∑
i=src

(Eλ(i) · (Î(i) · N̂) ·F )+Ebkg
λ /π

] ·ρλ (3)

;
� ρλ (�8?���>F λ J�D�

C (Î(i) · N̂) (A���� <CD F (C

<D�@KH� Ebkg
λ �,&)D�=8.$
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Esun
λ = Ltabλ dΩsun (4)
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Eother
λ =

[
Esun
λ ·ρλ · 2

3π
·Pψ+ελBλ(T )

] ·dΩother (5)
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Eλ(i) =
∑
tess=k

[[ ∑
src=j

Eλ(j)·(Î(j)·N̂ (k))·F (Î(j), N̂(k),

Ô))+Ebkg
λ /π

]·ρλ(k)+ελBλ(T (k))
]·dΩ(k) (6)
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N∑
i=1

SiFd,i

λ2∫
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Lλdλ (7)
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(1) ��:4
��T#YZ�Y[2V�

W��OYZF 4 m �U�VX( 0.5 m �?

��PW:Y(ZX (Aluminum MLI) �5�(

300 K 
Y[�2& 4 m �U�VX( 0.5 m �

?��PW:Y(YQR[:Y (White Themal

Control) �5�( 300 K 


(2) ����;�
��<T#�S�\�

��E�N( (76.48 Z E, 45.10 Z N) �\N(

(108.74 Z E, 54.48 Z N) ��$�%$�;�

��:]TC( 20 U /min �4$L( 5 Z�4

$TC 3 U /min �^$L( 1 Z


(3) !� !� �;�
!� ! 1 � 

�;���VF_ α =7978.14 km�VL i=58Z�

W]N[^ Ω=25Z��?N\L f=50Z
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�,-K`^ (Midcourse Space Experiment,
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W 1 XYZ[\]^_`abcde

[`a` Æ[be /µm a\]fb g^ch3c_d /W·cm−2

A 6.03∼10.91 192×192 6.0× 10−19

C 11.1∼13.24 192×192 1.6 ×10−18

D 13.5∼15.9 192×192 2.0× 10−18
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* 2 f4\e 1 gf1+21,3nd (6.03 ∼10.91 µm) * 3 f4\e 1 gf1+21,3nd (11.1∼13.25 µm)

* 4 f4\e 1 gf1+21,3nd (13.5∼15.9 µm) * 5 f4\e 2 gf1+21,3nd (6.03∼10.91 µm)
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* 6 f4\e 2 gf1+21,3nd (11.1∼13.25 µm) * 7 f4\e 2 gf1+21,3nd (13.5∼15.9 µm)
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