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Abstract: A spaceborne Visible light camera imaging simulation system based on OpenGL is presented.

It is mainly used to simulate the scenes when the spaceborne visible light camera is observing other

space objects and output simulation images. The simulation system not only can provide image data for

space object detection and tracking, but also can provide technical support for the design and performance

evaluation of spaceborne cameras. The 3ds Max software is used to establish the precise three-dimensional

model for a space object and vest it with material properties. The satellite Toolkit is used to predict

the orbital parameters of both the space object and the camera. The star catalog is used to provide the

parameters such as the position, magnitude and proper motion of a star against the starry background.

In the Open Graphics Library, the scenes when the spaceborne visible light camera is observing a space
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object are established and the observing effectiveness of the spaceborne visible camera is simulated. The

result shows that the simulation system has its higher simulation degree and rendering speed. It can

be used to implement the rendering of the observing imaging effectiveness of both point objects in deep

space and short distance area objects in real time.

Key words: space target; scattering property; imaging simulation; OpenGL

0 RS
���	�
�Æ�����	����

�
	
�	
����������	

�����Æ��	Æ����
	
�

"��#����������������Æ

$�������������������

��
	
���������������

������������	���Æ��

������������������Æ$

������%���

�������	Æ��������&

����'��������������

��������Æ��������� ��

�(�!����"������ [1−5] ��

������ �	�#�#�� 	!�

 $	!���!!�����������

�Æ��" [6] ����������#� [7] �

�����"��#��Æ��" [8−9] 

 !$��#
���	����"

OpenGL ����������Æ���%

� 3ds Max "%����� )#$	#��

%�&"&'�*&� obj !%����'�

OpenGL'
(�!)*&(�#��)+ STK

$������	(����������

"�%���#����*%�"*��)

+���*%	
�	!��*��,�Æ�

�	������#�&-�	!'(�+,

��,�Æ��	����%�-.�Æ�

�	

1 jkÆlmno

���������%��+#,�

-,���������(�#��.)�.

#!/���������Æ��	�*+

���,01�	#���	
,�#�
��

����	��

1.1 /01�

-" OpenGL  2.��-/./1�0

/1���0$3'20������	4"

�35�"�)+ 3ds Max"%*��&.�

������#$	#�
 obj � mtl !%46

12�%�!%��-,���./7��

327��&"�)+��	&89�&'

�� OpenGL #5
*&

1.2 3456

�"��(�#��7���!�8�61

!���-:'Æ�'��-"'��'#7

��()���(��8��#7��#�9

;2——4� α�4< δ �(��3=�� J2000

7��#�'>� (cos δ · cosα, cos δ · sin α, sin δ)T

[2] 

�'4�
�!*���1+5�:6

%)���!7?!�%4�+55"�

100 6Æ4@�8%)���!77!�

%4�+55"� 1001/5 = 2.512 /� m '>


�!�� E '>85�*�")+�%)��

E2

E1

= 2.512m1−m2 (1)

�9.)��#
9:�
�!� –26.74�

.)��,;��85� E
s
�$�6 (1) �


-6�����AB85 E �
�! m 5��

���

E = E
s
× 2.512−26.74−m (2)

�"(�#���	Æ���%�%�;

� [9] �(1) ;".#	(��#C�7<9��

=4��+7�39D.>���#�+�

(2) ��#�#�D��1�
/9��=4�

0�!�"�%�;��
3'(�#�

Infrared (monthly)/Vol.38, No.7, Jul 2017 http://journal.sitp.ac.cn/hw



� 38 ��� 7 � � � 17

�!)*&����<6?1��#90/(

���6���3�����3'2:=;�

>�##<=>
<;2�"*$��3	@

�7���!0/(���3'2:�;�-*

�#��� 	!!����

1.3 9:

�#
���#�
�;�4.)
�

.#?E
.)@E�
.'4F5� 5900

K �A1@E$�45667�A1�
8@

E�E5�F5�9A����
'>�

M(λ, T0) =
2πhc2

λ5
· 1
ehc/kTλ − 1

(3)

6#�M(λ, T0 ) �.)�
8@E�E5 (W/

m3) �h �456B��h =6.626×10−34 J · s �k

�CB<9B��k=1.3806×10−23 J/K �c �


)�c=3.0×108 m/s �λ �@E9A (m) �T0 �.

)G:�F5�T0 =5900 K 

$���H(67�����
8@85

�

E
S
(λ) = M(λ, T0)R

2
s
/R2

os
(4)

6#�E
S
(λ) �������
8@85 (W/

m3) �Rs �.)?1 (m) �Ros �.)>���

0� (m) ��;I�J.0�

.# 2�)C
�;�?<?E.)


�*�+5@D�;�.#47��.)


�?E=H5EK67�?E
8�.)
8

+�=?E1>?E?��.#�&@?

E? ρ=0.35 '> [7] 

2 pqrsmtuTv
��������	�Æ���+A

BC8D4DE>�	*% 3�./�

#�
��#��F�##��3*LF�


*% [7] 

2.1 ?@AB

./�#4A�������&85��

EM
�F%45�G�C/BG.#�BG

HI�-� 1 '>>#�r
o
������.<

N 1 HJICJKL

=��r
c
���.<=��r

oc
���>�

�=��R
E
�.#?1�β ������.

<�G9�
MO.���� 1 �
��� 2

�"NH*%��� 3 )�#/�E>M
*

%�*�O

cosβ <
√

r2
c
− R2

E

/
|r

c
| (5)

F

r
c
· r

oc
< |r

oc
|
√

r2
c
− R2

E
(6)

2.2 9CAB


��#-P%��3�(1) ��KQ.

)DE�(2)����)�.�RE�/.)


DESP�)IJQ
,��K+#�5#�

���J���TF�RL8�#
��

������>���4-��?E�.)


�@D�KQ���".�RES� 2 D>
[3] �/�GL)
DE�*+KQ�����'

�.)�
H39>#�r
co
��>���

=��rcs ��>.)2<�=��α0 �.)

�
?1/�Q�)T.)
DE�*+E

>

cosα0 >
r

co
· r

cs

|r
co
||r

cs
| (7)

N 2 MUIMJUIVKN

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.7, Jul 2017



18 � � 2017 P 7 Q

N 3 HLWN

���
��#�-P.�*%�F���

�.�5�-".)>.#�0�OM�.)


�;I.'&�
��.�RENHXD (#

� 3) [7] >#�γ ���.<=��.).<=

��G9�E9ONO'>��A.�RE

�NH;2=��NH95/�Q����

.�5��*+E> [7]

r
0
· r

s
> −|r

s
|
√

r2
0
− R2

E
(8)

2.3 FGAB

�F�#4A��M0������

���@E+5P����PPM�

���Q&"��
-6�D����-

RQQV5��&-;�-P
H&-�Q

RW&-�S�&- [2] 

8RRIST% (Charge-Coupled Device,

CCD) �X
���� &39*�QQ

�+�JSA
H&-
H&-�QQV

55�����

N
p

=
√

N
s

(9)

6#�N
p
�
H&-�RH� (e− rms/pixel) �

N
s
�/�	T9�QQRH� (e−/pixel) 

�YTZ$�'� �?U1�V-"G

 $*��%WHY�ZJWK=���%�X

U�RWTRWFQ�[
*% 62��@

�WY�QRWQRW&-��R;�TF

5���8F5U>76�5�QRW&-

�
V[)�Z\7[\J7�QRW��

AVQRW&-�
'>�

N
d

=
√

I
d
t

int
(10)

6#�N
d
�QRW&-�RH� (e− rms) �I

d

�QRW (A) �t
int
�W�� (s) 

� CCD �#�S�R\6JSARH&

-T&-7[�.�RH>.]�RH�^

&9�>�AV-Z\7��X� N
r

(/;� e−

rms) 

�"
9����
>��Q&"6�

�

SNR =
N

s√
N2

p
+ N2

d
+ N2

r

(11)

��1W�����Y?�" 0.99 �Q&"]

X�" 5.0 [7] 

3 pqrswxUVmno
������#
?EK��Æ���#

ZB%��������?EK����


�	��?E�.)
��AB��85

3.1 1�LMNO

��Y_E	#�������?EK

�PSAB=?E�S3?E%�@`�>

?E?6��
O�39�
V�AE
V5

" [3] �

ρ =
I

MJ

I
S

= K
M

cos θ + K
J

cosn α,

K
M

+ K
J
≤ 1 (12)

6#�IS � IM ���AE
V��E
V�KM

� K
J
���=?E���S3?E���n �

Infrared (monthly)/Vol.38, No.7, Jul 2017 http://journal.sitp.ac.cn/hw



� 38 ��� 7 � � � 19

S3?EA��θ ���>
��A3/;3�

���'3"O3��G9�α �
O�3�S

3?E�3�G9�Y?E	#M� K
M
�

KJ � n #��������'3_EK���


]@+;a3?E�^[� (Bidirectional Re-

flectance Distribution Function, BRDF) �!�_

T	#�Æ���#�Z3'���	)5\

!

3.2 QRSTUV

[�������AE
O`D�]39

�&�(��
.�4�����AE]3

_4�ZD�8E>��'3�
O\�?E

>��^7���39����F#@D�>

AE]3#�a
O?E>���39�V�

6���!AE]3%��" OpenGL&�(

��b5^2O]AE]3��"��
!)

O]�!AE]3��7��#�;���

A3
��=�� n
os

= (x
os

, y
os

, z
os

)T ��	%

�\K9�

α = arctan
(

x
os

zos

)
(13)

β = arctan

⎛
⎝ zos√

x2
os

+ y2
os

⎞
⎠ (14)

b,�>	#&=>cH7����<

9�"*d y W\K α �]d x W\K β D

���A3
��=��&�(� zW�1�

31�7^�6
��3��*�
O�3

��&�(��F�_@�!AE]3 S
e


_`������AB��[1
885�

E(λ) =
E

s
(λ)

R2
oc

· ρ · S
e

(15)

4 yzW{oX
;��%�
�����!a1� D �


8'?� τ(λ) �*'
����
8M

�� [5]

Φ(λ) = E(λ) · τ(λ) · S
D

(16)

6#�Φ(λ)�'
����
8M� (W/m)�

S
D
�AB3W (m2) 

;�@EM��W�� t
int
�1�)c�

*'
����@E��

Q(λ) = Φ(λ) · t
int

(17)

6#�Q(λ) �'
����
8@E� (J/

m) �t
int
���W�� (s) 

'��D�_�
H��

N
p
(λ) = Q(λ) · λ

hc
(18)

6#�N
p
(λ) �
8*��
H� (photons/m)

���H!?� η(λ) �*�
RK'

*��RH��

N
e
(λ) = N

p
(λ) · η(λ) (19)

6#�Ne (λ) �
8RH� (e−/m) 

�!9:
8*��XRH��

N
e

=
∫ λ2

λ1

N
e
(λ)dλ (20)

6#�Ne ��+e>�[��!8:@E�

�� &39D*��RH� (e−) 

;�RH�
d9@`�^�*(�	T

9D�_�RH��

Np = Ne ·
a2

πd2/4
(21)

6#�N
p
�/�	T9���@E��� &3

9*��RH� (e−/pixel)�a�	Tef (m)�

d �
dD1 (m) _`_�	T`5�

g =
N

p

N
f

× 2GRD (22)

6#�g �	T`5V�N
f
�g�RH��GRD

��a;�

5 |YZ[m}\
5.1 YZ[\

[�Æ���;�-P	#�	(���

SA�����#������85�	�(�

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.7, Jul 2017



20 � � 2017 P 7 Q

N 4 babhIVKN

#�����*&!.V���Æ��	

*&5��%A�����#$	#�	(�

��"*�����#����S����

#���	&39Db�	`��R" 4�*>

>
�<��+,�	���[1@85�

�M
RK'� AD K'�	<���	`

VS����	&39Db�	`���"

4 �_`D+i8 Blinn–Phong 
8	#�*

&� 4 D>�Æ�����'W�

5.2 YZ]^

fg�M� STK �	($j�)I�


_@C�D �����T� J2000 7�

�#�;2�)5Qh�����
_@.)

=��c#A3=�!QhÆ���S]-

STK U��jc��������,��	�

�� �./Qh"*� 3ds Max"%#��

7)MQi��	#�>>'�W�����

(#� 5) Ti�;�-P�1�.)�dk�

�O��%R!.V�>#��147�l

A� 1.4 m ���1�%cdd�.)�dk�

ef� 10 m×1 m ��O47�D1� 2 m �e

03

' 1f�������1��-"�

�
,9R�A
,��(��j�D
�	

N 5 kegfIVKN

_ 1 `abc

gh mlh

ei (m) 1.8

M�mnjk (m) 1

�ilh 1000×1000

fdlg (µm) 0.3 ∼ 0.9

�ino (µm) 12×12

#;�4�"������	8��0��

M���� &39�(�R" 4 �	`�"

4>>
�<��M�	���AB85

�
�a	`V8��0��;�>>
�

3���"4D+M Blinn–Phong 
8	#*

&� 6 �)+��0� �Æ��	

Infrared (monthly)/Vol.38, No.7, Jul 2017 http://journal.sitp.ac.cn/hw



� 38 ��� 7 � � � 21

N 6 poh�impIbaN�

6 ~�]
MS]�" STK K 5	($j���

jc���%�#
��	Æ������

� ��;Qh�)+ 3ds Max"%�����

��� )./	#�����&"�)+&

85�&'�UA� obj!%�M�����

��	�#�@E��qr�
RK'��

	����`5Qh��'M� !�E	


�%�#
��������,���

�������#���	*%����)+

���0����%�85�	��U�
8

	#��"*&�Æ��	 !�����

����Æ$	"�������ij���

�
*q�+�63��Æ��"�Q`5

�aV\+;"�3V�+��+�r5\i

�����32Qh�
��\5 -���

?E	#

ef��

[1] jK�skk�nls�tuolhvtmM�h
�ImpN�bano [J]. ghij, 2010, 36(1):

93–97.

[2] hq�nu�wvk�tuopM�pq��N�l
lbamnIwr��q [J]. ghmnop, 2009,

17(9): 2136–2144.

[3] rxqu olhvtmM�h�mnsg���
sttx [D]. rr�uvqsyfh���2009.

[4] uÆy�vz�wt�tueuxwMpq��b
asg�� [J]. gsht, 2011, 40(7): 1106–1111.

[5] Cong M, Bao W, Yu H, et al. Modeling and Simula-

tion for Optical Sensor Imaging in Space Rendezvous

and Docking [C]. Yantai: 3rd International Congress

on Image and Signal Processing (CISP), 2010.

[6] vu�yz�r{v�tueox{��wyIb
a�� [J]. vwxyht, 2009, 21(8): 2174–2178.

[7] zz|�|{x�ndy�tuolhvx|WN�x
wM}ztx [J]. zg{|}, 2015, 31(5): 97–102.

[8] Shi Q S, Lan C Z, Xu Q, et al. Rapid Star Map Sim-

ulation Based on GPU [C]. Shanghai: International

Conference on Audio Language and Image Process-

ing (ICALIP), 2010.

[9] }{~u {t~�|~ba�m| OpenGL Ie
o}~|� [C]. ~s�� 12 }mnba��~�
}~�����2010.

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.7, Jul 2017


