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Design of Spaceborne Miniature Imaging Spectrometer
Based on Linear Variable Filter

LI Wen-jie, WANG Cheng-liang, SHI Bin-bin, OUYANG Yan, PENG Sai-yang

(Air Force Early Warning Academy, Wuhan 430019, China)

Abstract: According to the demand of imaging spectrometers for mini satellite platforms, an imaging

spectrometer based on a linear variable filter is designed. By using the linear variable filter as a light

splitter, the miniaturization of system structure, the reduction of development period and cost and the

improvement of spatial resolution, signal-to-noise ratio and reliability can be realized. Because the method

is suitable for micro/nano satellite platforms, it has a good application prospect. According to the overall

design, the related specifications are determined, analyzed and calculated. On this basis, the parameters

of the optical system and the splitter system are designed. Finally, the overall signal-to-noise ratio of

the system is analyzed. The results show that the system has good imaging performance and can meet

the observation requirement. Thus, the expected design purpose is achieved. The theoretical basis is

provided for the implementation of the system in next step.

Key words: micro/nano satellite; linear variable filter; imaging spectrometer; miniaturization; spatial

resolution
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#B<@38C(&�1�
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#4�#��/4�45�& 1�E��
��

��!1<@38�

: 1 ;<=>?@

?65F GA

@A=H BBCI=H (600 km)

$+>D 7EF8

?6JK 9@AL:BG

A;CH 500 ∼ 800 nm

JKA 20

DEM< 3 µrad

=AIF 0.2 ms

CDN ≥60@Avg (500 ∼ 800 nm)

7G ≥4.5 km

���
. 600 km "D��# 3 µrad ��

�H	���& ��0����
�6E>

? (Ground Sample Distance, GSD) � 1.8 m �!I

J
OJ�����@���	������

	 (:& 2) "���(��# B�F���

: 2 ABCÆDEFGHIJKELMNOPEQRSTU

GK LM PA;�FEM< (m) QKIF

R@H –9 ILA 2.5 2010–06–22

OrbView–3 BL 4 2003–06–26

�CSK 8L 4 2015–07–11

NigeriaSat–2 DMEJ 5 2011–08

TopSat KL 5 2005–10–27

3.1 9��:

3.1.1 VWXY
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3/

.�?� 600 km �OM�TN"D��OP�

"D��&28 [6−7] �
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3.1.3 \N]R

����3/.�?� 600 km �OM�T

N"D��
3/$��

T = 0.00995a3/2 (1)

4��a �
RXJ R !���3/"D�?

H A���
RXJ R=6378.14 km �"D�?

H=600 km 454 (1) 	(����"D$��

T=5800 s �

��"��
��3/9?�

v =
2πR

T
(2)

�
RXJ R �3/$� T 454 (2) 	(�

v=6.91 km/s �

6E9�����"�9?!��	��

A���B�&

s =
v

GSD
(3)

� GSD=1.8 m 454 (3) 	(�6E9��

s=3838.6 s−1 �

��&3���
�V�
8��.�0

��-�CK&� τ ��6E9� s�Y(�&

τ =
1
s

(4)

� s=3838.6 s−1 454 (4) 	(�τ=0.26 ms �&

!���:���L�&������&��U

T��ZS�W�[?��<"8.�4���

	Æ�>3��
�L�&��D� 0.2 ms �

3.2 �EFGHIJK

��O
 MJXT X[) VUSZ �

CIS2521F ���:������WY (
�)

C(:& 3) �>3/��845OP'���

:���

: 3 CIS2521F ^_M`abEcdef

?6 GA

Z[$++V 2560 (W@)×2160 (XL)

Z[XANY 16.6 mm×14.0 mm

+\\] 6.5×6.5

]^DY <2e– RMS (OPQR

30 Æ /s ]^SD)

TM[< ≥55%

QRSD OPQRZZUQR

N\Æ[< 100 Æ /s (OPQRSD)

50 Æ /s (ZUQRSD)

(1) �
6
&3$�#4�/�
���

&!����OP� ����

(2) CMOS ��:���_,����,

+���?2���V�+	[�_,	A/D

/4_,	&^OS_,�(0$3;�_,

��! CCD ��:��"���:���#2

�?�	OW�	_,,+	)-�		��-

����0�7/�

(3) ��:��.`"#5���0�(�

��
PÆ!�
��	����B���1

�PÆ�0� 4.5 km �&1���:��.`

"#5���0�(�\� 2500 ���.��

��	���)* (500 ∼ 800 nm) (���:�

���#�����;��

��:���	��� 2560×2160��&�

��%(\X]���$6�>36
 22 bits

���(�_���
�O9�� 10 fps ��!

	(E(���2560×2160×22 bits×10 fps =1.22

Gbps=152 Mbytet/s �

4 xgnoyhiz8w9

4.1 QRSTUV
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4.2 QRSTZ[

4.2.1 jk

����	���	���1'^���

:��������$���9�
H	��

��#��9�
�c�H	��	&��

α =
1.22λ

D
(5)

4��α �b\�c�H	��
λ �5J��

d�)�
D �_J�.�cc`8�����

	�9�
�c�	�H�!�
�d&H	

��"ab�& α=3 µrad�25J��d�)�

λ ' 500 nm &��4 (5) 	(b\_J D=203.3

mm �

4.2.2 lm

���9�
�V�	6
ecfXJ'

d"
�	���

f
α

=
1.22λf

D
(6)

4��f ��9�
�Q>�T�9�
�ec

f\J	d��

D
Airy

= 2.44λF (7)

4��F ��9�
� F (�2ecfe�� 

]��0&���:����9�
$6�6

E`f-g�&

2.44λF = 2P (8)

��		(��9�
� F(� 10.6��
Q>

f � 2167 mm �

4.2.3 no

��:���#`���-� 16.6 mm×14.0

mm �37H (Field of View, FOV) ��	V4�

FOV = 2 arctan
(

L

2f

)
(9)

4��L���:����H��?�& L = 21.72

mm ��Q> f =2167 mm 454 (9) �(��


37� FOV =0.574◦ �

4.3 ]^_`aQbZ[

	��
� +� .��:��&��

�����
�����e�\he;���

�	���	��d"��<"�& 4�E��


���C(���

: 4 pcqrsNtEefuv

?6 GA

A;CH 470 ∼ 830 nm

A;EM< 9 nm

A;fHA 40

gh\] 20 mm×20 mm

@egi< ≥75%


������
����#h�	�0

2 1%���	��38�
�f��^��	

i� 70% ���2;?)*���^��i"

	�i� 90% ���&!�802>_�
�

���

5 no{|wx}

����	._�)*�$%� (Signal-to-

Noise Ratio, SNR) 	����8#j�/T	
[8−10] ���8��
��b�/g=
!&�


b."R5_;ZS�jJH? L0 !
&jJ

=? E0 	
b�f]J� (]=�) ρ ���j

k�f^�� τ
a
A�<.4 (10) ���k��

L0 = ρE0τa
/π (10)

� 3 ��� 400 ∼ 900 nm )*(��j^��

k��

!?�"R5_;�cjJH? L ��


bZS�jJH? L0 !l�05�J�jJH

? L′ A��& L = L0 + L′ �CMOS ��:��

���jJ=?	&��

E = π/4 × L × τ
b
/F 2 (W/m2) (11)

4��τ
b
�"R\m��f^�� (' 0.5 ∼ 0.8

µm )*(��fB) 
F ��9\m� F (�
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� 3 \ngi<ÆH

: 5 yz{E;|D}~� (W/(sr·m2))

ρ θ

0◦ 10◦ 20◦ 30◦ 40◦ 50◦ 60◦ 70◦ 75◦ 80◦

1 110 108 103 96 83 68 51 33 23 14

0.9 100 98 94 87 76 62 47 31 22 13

0.8 90 88 84 78 68 57 43 28 20 12

0.7 80 79 75 70 61 51 38 25 18 11

0.6 70 69 66 61 54 45 34 23 16 10

0.5 60 59 57 53 46 39 30 20 15 10

0.4 50 49 47 44 39 33 25 18 13 9

0.3 40 40 38 35 31 27 21 15 11 8

0.2 30 30 29 27 24 20 17 12 9 7

0.1 20 20 19 18 17 15 12 10 8 6

0.05 15 15 15 14 13 12 10 8 7 5

.���OMllH θ �
b]J� ρ o

+8�"R5_;�cjJH?B L 	��M

J�h
Rb�>fp)O� LOWTRAN �j

`��	q+%(�
��j�:?C(�B

� 23 km �& 5 �E�"R5_;�cjJH?

B��	�f�

.i�)*���:��� ��0�Z

S�_d( N
Se

(λ) 	&��

N
Se

(λ) =
∫ λ2

λ1

πA
d

4F 2
· λ

hc
· η(λ) · τ

c
(λ) · T

int
· L(λ) · dλ

(12)

4��τ
c
(λ) ��9`�
L(λ) �5r;���

jH?
T
int
�L�&�
A

d
������0�

-
η �"d`�
λ �5J)�
h �jkla

(�h = 6.626 × 10−34 J·s 
c ��9�c = 3 × 108

m/s �

��:���+��0�ZS�_d(!

%s_d(A��&���:���$%��&

!��
�$%�	���4 (13) �/T	


SNR =
Lπτ

c

4F 2
· A

d
T

int

N
rms

· λ

hc
· η (13)

4��N
rms
���:���f#�%s_d(�

60�
 MATLAB q+���
�]J�

�OMllH8�$%��/��	��(�

�� 4 ����f�
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� 4 mCRNlK<mBBtnDg%CDNmnÆN� (YEIFh 0.2 ms)

��	�f	e�2-	&� Tint=0.2 ms�

�j�:?� 23 km�OMllH� 40◦�
b]

J�� 0.3&�$%���	�f� SNR = 65�

&G�
���<"7���	i���1��
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