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Simulation of Small-caliber Star Image
with Three Field-of-view

LIU Shuai 1, WANG Duo 1, SUN Teng-fei 2

(1. Army 92941, Huludao 125000, China; 2. Army 92819, DaLian 116600, China)

Abstract: Enough stars for navigation can be detected at infrared wavelengths. Limited by the objective

conditions, large quantity of star images can not be obtained in the daytime. To accelerate the develop-

ment and performance testing of the algorithms for three field-of-view star detection, star point location

and star pattern recognition, a method for simulating all-time three field-of-view star images should be

studied. The models of three field-of-view sky radiation, system noise and star imaging are established.

The software for generating three field-of-view star maps is designed and operated. The result obtained

is of importance to the acceleration of development and full performance testing of related algorithms.
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I(x, y) =
I0

2πσ2
exp(− (x − x0)2 + (y − y0)2

2σ2
) (1)
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'A� Imin �B�� 6.5 �"���!/�Æ Ii

�7 i# m�"���!/�ÆK �62 ��

2 noCpqD23STU
3!�4(5���$ %��*�"�

��"� m ����*.6�86/�

Fm = F0 · 2.512−m � F0 �7�"��89�

.6�86/�*�� 1.387×10−9W·m−2 [5] �

m�"
��:%#/� t����:%�

6/ (�$&;�6/) � [6]

Cm(λ, t) =∫ λ2

λ1
Em(λ, t)T (λ, μ0, μ, φ, H)Fun(λ)dλ

2π{1 − cos[θ/2N ]} ∫ λ2

λ1
Ib(λ, μ0, μ, φ, H)Fun(λ)dλ

(3)

�� MODTRAN 9�'%$ �����

��:%�6/:;&�<'
'�./()

�=(<)�

*�A+/,*�80'���>�-


�+=.9/>
?�0?0'��,/� 23

km��@$�� 1995A� 355 ppmv)1(B-

��.E�2����;&�<'
./%�'

��<'$ '%���:%�6/�=(<

)�/0�6/����.6C/��:%.

6C/�;&�<'
./%�'��<'��

"@�34 [7] �

F�$ '%�� – :%��6/:;&

�<'
./%�'
./ x %)15'�./

y %)15'�=(�

� 1 
� 2 
� 3 �� 4 '!28�DE�

�$ 6 �"��6��:%��6/=(�

0A�3F��4���:%.6��0

5��2��6�./GG (�;&�<'�.

/7'/) �<)$��B2��:%.6C/

H 1 CDE7I8JF8G99

H 2 CDE7KLH:8G99

H 3 CDE7KL x H;:<8G99

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.35, No.6, June 2014



38 � � 2014 � 6 �

H 4 CDE7KL y H;:<8G99

��Æ����6/� ��A(�7Æ��

�:%!/;��

3 HRrstuvT
����� M��=<�������

��:%N==�F�>O���:>P6�>

O
*Q���?R� CCD ��
�>O"�

��I����>������$��@��

���4AA��IJ.SK:%�?�J��

1'% M�>O@��3F�@��$�:

%>O0A�

� 5��B�����I�������T

��LC����&��BT�MDU�*�

CEJ��K�D$:%>O�FN�����

E(OD$>O@���4GÆ��AA�E

��FNJ���F'%�>OGH7;��&

HG'(�-� 6 5V�>O%-� σ
Bg
���

:%;�� MeanBg �

H 5 PQIWIH (RJ)

H 6 JSKHH

4 wxLQy2zH{|}3S
��A�)Æ�> T�>OLJ
��

LJ���:%LJU�V1�'!���
:

%�>O�X 	
'%$ �M	
MH'%

30
28�2A������$ 8 CCD A

���NO�� Ptmg ��	
PV�

KY	Q�6LR
��./��LRLoc

(λ, Φ, h)
'��GGV ecB = (yaw, pitch, roll)
�

S MLB fc�WN@�AxiV eci=(CJ0i, CW0i)


CCD�>XY
TO'FixAngi(*A i=0
1 


2)�J�2"�'!$ �Æ����U@��

��M StarFovi � CCD D�NO���NQZ

O[$1�*A�	Q��$ ���� GCRS

A���6 CCD ��A���� @,34

[8] ���$��UV �\Z-$


(1) 
H�S M�@�� CCD �WN@

��$ ��� CCD D���Æ

(2) /0��� �$�0A������

��'!,1������� �Æ

(3) /0��6��6/���:%�!/

0A�,1����:%�Æ

(4) �����>O�:%�A�]1� 

M�:>>O�,1���:%�$���Æ

(5) N:%�$���6���$���W

PU���[X\��	
!/]Y�PV^8

����$����

DE^P_YO28���$ �$�Q

Infrared (monthly)/Vol.35, No.6, June 2014 http://journal.sitp.ac.cn/hw



m 35 
�m 6 � � � 39

H 7 `a_G`ZIH

Z��� Monte Carlo%��:>a,./GG (–

120,–60,80)�b$����,1^P	
$��

�� 2012 A 6 [ 23 bDÆ 10 �����$�

���-� 7(a) 
 (b) 
 (c) 5V�

5 ~�
��I������Q\�$�����

�c���! ���#�	
 �R���

��#��]���*^��_��$����

Sc�$X 
 (1) ��PV�Æ�����

��Æ (2) ��:%�C/��d`�R()�

���?I����.6C/�2� 2MASS H

��� ��2d*3F��"=
T"
 6.5

����J�2 (Ud*8 215490 # H ���

�) ����3F������.60A
 M

>O0A���1�0A�BV�Y$�$�a


�������,19��

ST+,

[1] Nelson J E. Infrared Methods for Daylight Acquisi-

tion of LEO Satellites [D]. Ohio: Department of the

Air Force Air University, 2004.

[2] Cannata R F , Hansen R J, Costello A N, et al. Very

Wide Dynamic Range SWIR Sensors for very Low

Background Applications[C].Proceedings of SPIE,

1999, 3968:756–765.

[3] Alexander C D ,Swift W,Ghost K, et al. Design

of a Daylight Star Camera System[J].Proceedings of

SPIE, 1999, 3779: 47–54.

[4] Wbe�cU�fVdeXIWRJfIggH:
8hYZhef [J].WX,2012,33(4):26–30.

[5] Zhu Q X. Detection of Celestial Objects by CCD

Camera in the Daytime and the Related Experiments

[C].Opto–Electronic Engineering, 1995, 22(6):1–10.

[6] igI�h[i�i\�jeIj]kRJ^IC
DEkj [J].YZ[\]^__`,2008,3(1):28–34.

[7] Wbe�cU�k_�jeXIWla_RJfI
kj [J].WX[a^bc,2013,42(8):2202–2208.

[8] cUelJmÆdJlm`9abnmc [D]. n

L�de`fgnop� 2013.

oefg 19 hp

[4] ogp�kfqeqrqhisfrtkj7uj
[J]. ^ijklm, 2012, 27(4): 30–33.

[5] nsv�tuwerstisfGkxjElym
uj [J]. opqrjk, 2010, 20(3): 28–32.

[6] Sergio F. Design with Operational Amplifiers and

Analog Integrated Circuits [M]. New York: McGraw-

Hill Companies, Inc, 2002.

[7] cnu�fvv�zvpewskxyo{wGx

yÆpz|x�k [J]. tuvjk, 2010, 35(10):

1007–1010.

[8] q{�iw�rst�jews|rskuErqh
ifvGÆyxyw}Hz [J]. a^[WX , 2010,

40(4): 345–348.

[9] xyyezs PCB {Gr|{}kj7|} [D].

I~�x}�o� 2009.

[10] c�~e yzi{|} (~�) [M]. }��~t�

o~��� 2003.

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.35, No.6, June 2014


