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Academy of Sciences, Changchun 130033, China )

Abstract: According to a space object color temperature measurement technology, a method for se-

lecting optimal waveband and improving temperature resolving power and sensitivity of a space object

detection system is proposed. Comparing the radiance values of a space object at different wavelengths,

the relation between the homochromatic radiance and the wavelength and temperature of a standard

blackbody is deduced. A mathematic model for measuring the temperature of a space object is estab-

lished. Thus, the negative influence of the emissivity on temperature measurement is avoided. In addition,

a mathematic model for optimizing the waveband is established. By analyzing the relation between the

temperature resolving power and sensitivity and the detection waveband, the optimal detection band is

selected for the system and its temperature measurement accuracy is improved. This waveband selection

based on an infrared system is simulated. The result shows that when the bandwidth of 60 nm is selected

in the range from 8.0 to 8.5 µm, the detection system has its temperature resolving power up to 0.07 K

for a space object with a temperature of 200 to 300 K. Its temperature resolving power and sensitivity are

increased by 0.079 and 0.113 respectively. The waveband optimization is very useful for the improvement
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of the temperature resolving power and sensitivity of a space object detection system. This work can

provide fundamental support for the development of space object detection and recognition equipment.
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0 :;

��
�
����	
��
���


����	���������
�
���


������������
�
�����

��
�
������	����
���

�� (��� 200 ∼ 300 K  !) �����"�

���
�����
�������
��

����	�� �#�$�%���
��

�
� 	!�$� 	�%�"#�	!�


��Æ������
�
$&�
"�
�


��	!%$� 	�%�&' –()'##

�	!#
�
$%*
&�+�
�
,''

(�(
 !"�����
�
#-�
)

*$#
�
��	!�$� 	+%.% 

��	!#
��,����
��/0-&1

2.
�
)��'/"�0012��
)

�.&+1
)� &2(.�/34
�


�� [1−2] 	

�)� *%�
�3+�Æ�4,�,


-5	5,�
�
�
*
&� 1 4*6.

17��/�0� 1
�1	��/1-5"�

�
*
&6	�0�1��	.17��


61	+%�)� 23
���
38��	

94���
�
*
&)+5:7���1

7�
���#;
68-5�*�!�+%

.�
& ��
�
%��9:12,78

;61<9�+��<-,7:�12*!=


�%���
=>���>?	

1 ,9<:

�@)A?#��(��;���"���

<B17�=�
�
�
�.	0�C�Æ

�
�
�
�	0*
.&�@=�
*


&�D

M(λ, T ) = ε(λ, T ) · M
B
(λ, T ) (1)

A��� T 
=�
�
)�.17
�

B-5)��� T
S

Æ�
>;,�D=�


�E�
/=$&�
 !006;17 λ1 �

λ2 C
�E�.&�Æ�
>�D017
�

E�.&>��1 T
S
E�@=�
%���F

E%�	

ε(λ1 , T ) · l
B
(λ1 , T )

ε(λ2 , T ) · lB (λ2 , T )
=

l
B
(λ1 , TS

)
lB (λ2 , TS)

(2)

?0�ε(λ, T )��
*
&�lB (λ, T )� lB (λ, TS )

�F�Æ����� T � TS ,
�
E�	G

GHH1@#��I�
2
�
E���


�
���
;A� M(λ, T ) = πl(λ, T ) 	? (2)

�IB�

ε(λ1 , T ) · MB (λ1 , T )
ε(λ2 , T ) · M

B
(λ2 , T )

=
MB(λ1 , TS)
M

B
(λ2 , TS

)
(3)

A λTΔc2 � 1 ,�CHJJ?��IB�

M(λ, T ) =
C1

λ5
e−c2/λT (4)

�	? (3) �IB�

ec2/Ts (1/λ2−1/λ1) =
ε(λ1 , T )
ε(λ2 , T )

ec2/T (1/λ2−1/λ1 ) (5)

4

T
s

=
c2

(
1
λ2

− 1
λ1

)
T

c2

(
1
λ2

− 1
λ1

)
+ T ln

ε(λ1 , T )
ε(λ2 , T )

(6)

�CHJ#��*�K36;17*
&
.

&?�34=��17� λ1 � λ2 ,
-&

�
�
��F� M
λ1

=
ε(λ1 , T )C1

λ5
1
[exp (C2/λ1T ) − 1]

� M
λ2

=
ε(λ2 , T )C1

λ5
2
[exp (C2/λ2T ) − 1]

	��%-D

�
.�452(�
E�.���F34

�6Æ�� λ1 � λ2 ,
-&�
�
��

F� M
Bλ1

=
C1

λ5
1
[exp (C2/λ1T1) − 1]

� M
Bλ2

=

C1

λ5
2
[exp (C2/λ2T2) − 1]

	!#Æ���
�%�

HH1@��LKÆ��� T1 � T2 �EÆ��

Infrared (monthly)/Vol.33, No.1, Jan 2012 http://journal.sitp.ac.cn/hw



� 33 ��� 1 � � � 19

17� λ1 � λ2 ,
�
E��F)=�
�


E�>��7
M

λ1

M
λ2

=
M

Bλ1

M
Bλ2

�D

ε(λ1 , T )
ε(λ2 , T )

= exp
[

c2

λ2T2

− c2

λ1T1

+
c2

λ1T
− c2

λ2T

]
(7)

10MF�1�7

ln
ε(λ1 , T )
ε(λ2 , T )

=
c2

λ2T2

− c2

λ1T1

+
c2

λ1T
− c2

λ2T
(8)

1? (8) NG? (6) /O�HI=��6;17

"
*
&
J���34%���1D<9�

T
s

=

1
λ2

− 1
λ1

1
λ2T2

− 1
λ1T1

(9)

?0� λ1 � λ2 �:�0K17
 c2 ��(�

1
 T1 � T2 
&%����NG? (9) D�2

�=�
%�� [3−4] 	

2 =>,?@A-B,./

�%���1D<9�L�:�12
7

8	��
;M	!�12,7
��97�9

:AL���>?)��=>�<9+1
�

�12,78;61	@�N�ALP12(

<-MO���0K17�12P��AL�

��>?�AL��=>�
NO�+�5,7

�:�12	

0 1 123456789:

PQQRSQR QR:
RSTTU τ0 = 0.75

��PQS;TTU τλ = 0.55

UTVSUTU D∗ = 7 × 107 cm · Hz1/2 · W−1

<UVSV=PR η = 0.95

>WV�WSTTU Dλ = 0.80

WXXRVSWY Δf = 10 Hz

��PQSXYZ[ f ′ = 650 mm

17,7
��97Z"�

(1) ��"#��(���
� (��� 200

∼ 300 K) 
�
$&17��
)���\0

�7112	

(2) ��Y@AL���
�
��[\�

Y]�^2(�Z[]^�^�
��

_

`�a
	71��
�^[_� 8 ∼ 12 µm �

b5�5\c.7817	

(3) ]^4
�*
&`.17����7

8��17�12P�,�]a*
&*d�

���	

2.1 ?@ABCDE
FGH;IJ

AL
���>?	K��ALb`4�


)
I����AL
Le�f^&,
�

��
I��	g,M
	AL�����


�>)?	#h�9:cAL
���>?1

D<9�+<-���c0K17�12P�

�AL���>?
NO [5] 	

ΔT =
2kT 2λ6

√
AΔf

π2h2c3τ0Ap
δληε

λ
τ

λ
D∗

(
D

R

)2

×

[
exp

(
hc

λkT

)
− 1

]2

exp
(

hc

λkT

) (10)

2.1.1 <=>?@45ABCDEFGH

i 1 jk���<-���34
���

>?.��17
��lm	�i 1 0��d

��:�0K17
,7����!=��
�

��>?��/
�
��\cNO�0K17


,�Nen	��<-_%
AL�fgP

1��`78
0K17\c� 8.0 ∼ 8.6 µm 	

5,����>?/=�a 0.07 K 	

2.1.2 >IJB@45ABCDEFGH

�AL
���>?.17bP
��-

52(���34i 2 jk
��hi	A12

bP0� 60 nm ,�AL
���>?��	6

;��
�
�>?o12bP
NO��	

;,]^412bPpP�
�
�
*
&

��p��P1`j�����
e�	b5�

112bP78� 60 nm 	

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.33, No.1, Jan 2012



20 � � 2012 ! 1 "

q 1 PQSrcdeks�tU�SflÆu

q 2 PQSrcdeksUgWYSflÆu

2.2 ?@ABCQDRSEH;IJ

AL
��=>�	KAh�
�
��

m�� 1 K,�3
i��
���	g,M


	j012AL
����e�	#h�9:c

��=>�1D<9�+<-���c0K1

7)12P����=>�
NO [6] 	

S =
∂V (T )

∂T
=

1
2

(
D

f ′

)2

π2τ0Aηε
λ
τ

λ
h2c3

×
exp

(
hc

λkT

)

λ6T 2

[
exp

(
hc

λkT

)
− 1

]2 δλ (11)

2.2.1 <=>?@45KALMBFGH

i 3 jk���<-���34
��=

>�.��17
��lm	�i 3 0��d

����=>�.��17
���k0l��

0n&	@n&)�N���
�2(��,

��78
/o0K17>��	p���
�


��\c�10K1778� 8.0 ∼ 8.5 µm 	

2.2.2 >IJB@45KALMBFGH

�AL
��=>�.12P�
��-

52(<-�34i 4 jk
��hi	AL�

�=>�.12P�Tq�Tq�m	]^4

*
&���e�
NO��rU�2
 !

"�s�78�0
12P�	

q 3 rctucsvnrcw�tU�SflÆu

q 4 rctucsvnrcwUgWYSflÆu

2.3 NOVW

�_%
AL�fgP12(c<-�

��34c0K17�12P��AL���

>?�AL��=>�
NO-5	]^4�

�P12�*
&�v����,`oX��

e�j�����\c� 200 ∼ 300 K 
��


�2(c����	��j78
0K17�

8.0 ∼ 8.5 µm �12P�� 60 nm 	AL
��

�>?/=�a4 0.07 K ��6;��
�


���>?)��=>��F$%!=c 7.90

Æ�p� 11.3 0Æ�p�6vc����e�


#f!=	

3 ;CD

�����
���� 2(� ���

!�c%���q, / Æ���
�
%��


9��� �9:c��
�
%���1

D<9�12,78;611D<9	Y�N0

��\c

��+hxAL�fgP12(1

278
<-���3�,70K17\c� 8

Infrared (monthly)/Vol.33, No.1, Jan 2012 http://journal.sitp.ac.cn/hw



� 33 ��� 1 � � � 21

∼ 8.5 µm �12P�� 60 nm 	@� ��12

78!=cAL
���>?)��=>��

���
����
��
#fyF!`cP

]	94��*
&.17����
-5��

ZB78*
&>3
000K17,zl�

�#6U�Pz#h�2�rMO�I2	

Z[
�

[1] Sapritskil V I. National Primary Radiometric Stan-

dards of the USSR [J]. Metrologia, 1990, 27(2): 53–

60.

[2] Gentile T R. Realization of a Scale of Absolute Spec-

tral Response Using the National Institute of Stan-

dards and Technology High-accuracy Cryogenic Ra-

diometer [J]. Applied Optics, 1996, 35(22): 4392–

4403.

[3] Gentile T R, Houston J M. National Institute of

Standards and Technology High-accuracy Cryogenic

Radiometer [J]. Applied Optics, 1996, 35(7): 1056–

1068.

[4] Quinn T J, Martin J E. Cryogenic Radiometry,

Prospects for Further Improvements in Accuracy [J].

Metrologia, 1991, 28(1): 155–161.

[5] w{�sxU�
yz�tuv�c{U�w|x�|
vr}SU�\]}} [J]. P^_` , 1999, 26(2):

121–126.

[6] ~y~��az�{a��tu�bv�c�|TrP
Q|cU�S]l}} [J]. `QQd, 2004, 24(4):

542–547.

efgh News

ijRSTÆklmnopqrst
UuvwVxyz{

| www.physorg.com }W~� �<==X


>,?@AB (DARPA) #$�E�CD'Y
EF�F�ZGH (MOIRE) �,?I�	[I

�J\
GHI$J
�KZK�L�LM�(

,�NMNO���NO�]�F��G	 

�P'%�&�QOP')$^��RSQR
(_TU 	S`&'Va�}TU~VbWX
)TW�X�PMYV�I)Y�,?	

MOIRE V�C�N�cZd���LMe

��[Va�\Æ�YEZ]	 DARPA f�

[^M��'(\�]g^_� 20 m )�YE

}U`~MF_ab$hcdM	e`�MOIRE

I�MY$f�CT�ab]Mgi 500 c<

d��h MOIRE Ti( 1 ) /s (M��Gje

f��a
 100 km×100 km �kg$#ZG	

DAPRA �h� MOIRE I�*$ih��
�(�j�
�jF�*k�a[YE�a�
%l�T���h[^W�(����
M\
��Z]kjZal)ZGdm�mnF�d

m	

�P�
 2010n 3 loo� MOIRE I�#
\
,��mCJ
�DARPA P$�I�(n

��#o$#�p	pp� Ball Aerospace qq

MqrsmJ
���Æ@��������
p�krs' 5 m �ab]	$ MOIRE I��

srJ
�[^MYt��krs' 10 m �a

b]�(sZ$Zu#�pNt	

MOIRE ab]� 20 m rsÆ@MYbb

a
<=t�tTB (NASA)�e�vuuvw

w��ab] (vws' 6.5 m) 	

Public Intelligenceqq�xxf�ye DAR–

PA��yz��MOIRE ab]M�(��{M

xof�
� 60 mph ��zt�{$#`y	

&PMz|�C]GG{(�]G�
�+(
|}^}| ��Q
 3 m �~�	

� 1 MOIRE ~��
� }~�

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.33, No.1, Jan 2012


