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Abstract

In this study, an optical system for a lens-shifting method that compensates for microvibration of a
high-agility small satellite has been designed. The lens-shifting method is an image-stabilization technique that
can be applied to compensate for the optical path disturbed by microvibration. The target optical system is
designed by using Code-V, a commercial optical-design code. The specifications for real satellite cameras
have established the requirements for optical design. The Ray aberration curve, spot diagram, and MTF curve
were carried out to verify if the designed optical system meets the requirements or not. The designed
Schmidt-Cassegrain optical system with field flattener and a vibration-reduction lens has been verified to meet
the optical requirements, 33% of MTF at Nyquist frequency, GSD of 2.87 m, and vibration coefficient of
0.95~1.0.
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Table 1 Specification of Detector

Detector CMOS Sensor

Image Sensor Size 35.8%X23.8 mm
The Number of Pixels 4368>%2912
Pixel Size 8.2X8.2 um

Table 2 Specification of Actual Satellite Camera[9]

TonSat SPOT- | VNRED | KazEO
P 5ier | osat-1 | Sat-2
Develop .
United . Kazakhst
ed . France | Vietnam
. Kingdom an
countries
Optical TMA TMA
TMA TMA
Type Korsch | Korsch
Altitud 686 660~830 704 630
ude
' km km km km
GSD 1.5~3.5
2.8 2.5
(PAN | Gm/ 77 1om/ 6.5m
MS™) .bm m
6.0~10m
®200 ®200 ®200 ®145
Aperture
mm mm mm mm
Swath 10~15 10~60 17.5 77
Width km km km km

*Panchromatic, **Multi Spectral

FHlE-ThA el WA BeAlE Fukabg T}
WAl o] F= Ao AEg dgo|tt, walba, FHkAL

AoE QAEHE W] YR i
A

A7t wge aAYE 34

NARE

Azsﬂ B o]



i

M

r

2
o

rlo

oft

AFEIEEER

ATHE YR
]
4

ol ="
B
HF
=4
=5

of fr 1
N

Function)®] Atjgko]

&l FFol eqdd. FHS FHVY EY
EojoE Yo gor Ao, Fut
of nlEldt}, wald, AuEHE W
Bakxld o] A Ao v E Aslslo] dAZ] FHS
E‘EH% %.8.7]’ gl];]— B O‘i?_oﬂ/q% 75]
35% ol = Algatlt.

& Fdste AgE dEA
[e)

2 MTF9 GSD7F it} MTF

>
>
o
o
2 ora

:L_I‘
1

It
Mo r
N
=
>
>
o
=T T TR )

o

ge Bl sevHE 3
ol BAE AriutE A@a)

olty, £l 7 FHEH MTFE

OTF(Optical Transfer

AR G Az MTFE H9H, G4,
E9QE, ZaA, UaZdoel So| g wied

9A, AR Bk WA AsEe] MTFE: 2 4%

MTFe #o= yehd &

=949 AAFE T A2 MTF 10% A

Zgz 111,

uw}
g]
gov, AnHoR AT B
%
o

e

Table 3 Requirement of Optical System

Optical Type Schmidt-Cassegrain
Aperture 200 mm
Altitude 700 km

35.8X23.8 mm

Detector CMOS Sensor
8.2 um

10% @EOS, Nyquist Freq.
MTF” 30% @Optical Design,

Nyquist Freq.
GSD <4 m
Line Obscuration < 0.35

*Modulation Transfer Function
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Fig. 2 3D Layout of Designed Optical System

Table 4 Specification of Designed Optical System

. Schmidt-Cassegrain +
Optical Type .
Correcting Lens

Aperture 200 mm
f/# 10.0
Altitude 700 km

Field of View 1.02°
Tube Length 497.5 mm
35.8X23.8 mm
Detector CMOS Sensor
8.2 um

33% @Optical Design,

MTFEF" .
Nyquist Freq.
GSD 2.87 m
Line Obscuration 0.34

*Modulation Transfer Function
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