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ABSTRACT

This paper describes the design of the active optical compensation movements(at focal
plane, secondary mirror) for the image stabilization of a small satellite camera. The
movements can correct optical misalignment on-line and directly compensate vibration
disturbances in the focal plane. Since the devices are installed inside the space camera, it
has an remarkable advantage to deal with the structural deformation of a space camera
effectively. In this paper, the requirements of the active optical compensation movements for
Im GSD small satellite camera have been analyzed. Based on the established requirements,
the design of the active compensation movements have been conducted. The designed
active optical compensation system can control 5 axes movements independently to
compensate micro-vibration disturbances in the focal plane and to refocus the optical
misaligned satellite camera.
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Table 1. Requirement of optical payload 24 1.25 prad2 A A 3HATH10]
Optics Cassegrain Type 2.3 ZHUS o¥st BEEA 27TE =4
Altitude 500 km 231 HEAZX 2S5
GSD(PAN) 1m 2 Ao AR FT BAAR= W
Aperture diameter 500 mm S0l MAXFHS Rk FEEX oY
Detector/Pixel size CMOS / 8 um Aolze A SHE ASE o835t vlazlEel <
S} odAlo] L zjolo Als)E & OIARA = oJAialo
Swath with/FOV 12 km/ +£0687 ° j%%%; z;;aigéé %A;%" 3222 © gﬁ
i fig o] AOI7IHE YW akebdst slwolet R
MTF(@Nyquist frequency) 10% (EQS) o, W Flulgle] wy BAY|HI 2o spdo)
ot AR BAAAE LS A 2 =4
I, &st BEFZEX 23T 84 71e% E3Het7] el SH2A O 35 (De-space(z- 8
=), Decenter (xy)) A7} 7Fs3lor gk
21 A8 DHAE M FlHa QTE 2A B HZHG Al AH gt FEY ol HFS
A ¥ 2t & ¢} EFL(Effective Focal Length)] 3}
2 w=wdde A7 Azd 28 ATHS po e 7% 1.25 prad , EFL 4 mY w94
23904 T 7 T2 AT 7 AAEE A o ojmge 45 ymolth aeu, 94 sdeel
Ql Dubaisat-2% 9} Skysat-155 7|FSZ 7%  me Faox D A Q39 AASS
=4E& FASAT Dubaisat-25+= 300 kgw A48 wstd AERAS 98 BAAR FEHY
©% GSD 1 m(PAN)/40 m(MS)©.2 FHAEE] 2 = 450 ymo] HE2 2 7wS Agsart

732 400 mmO]t}. Skysat-15+= 100 kg 182
GSD 0.9 m(PAN)/2.0 m(MS)Z 914 Z7)eh =
AZ F48E o FHAEY] Z7]= Dubaisat-2&
o} FAIAY e Aoz FAGHEs]. e E
AT E AAE 428 T 94 7IFe=
FHAE 7o) 500 mm, GSD 1 mQ! 38t g4
of A& 7hs3 B8t RAZXE AAstaA sk
&d BT B ARE 9437 8
S % Table 13} 2t}

22 914 Jio 2ol 2|2t
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ol 9gel FARE JA A
g el osf ek R
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Al A, qEG AFGA B Rk
] ™, F2 g o o) 7 2
#ot BERg #o] 3000 rpmOE 3
2 150 Hz (38 Superharmonics)®] =3}
AEo] B3 gAAZ 5ol A dTHI].
Ul e el 93] A== A E (Jitter)
717F 1 prade]t 2= 500 km A& ol A
FOV(Field of View)¥W3}& =3t}
A A2 7Y B2 AHEs 393
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Q] Tangential Plane®|A2] MTF#L, H4d2 $12de] 0°
9l Sagittal Planecll <12l MTFgkolth. -4 ML 3

F1.Y DI Limit
-F1: X Diff. Limit

~F1: Y (ANG) 0.000 deg
F1: X (ANG) 0.000 deg

0.8 ~F2: Y (ANG) 0.140 deg
~F2: X (ANG) 0.140 deg
~F3: Y (ANG) 0.205 deg
-F3: X (ANG) 0.205 deg

MTF

Defocusing Position (mm)

Fig. 1. MTF vs defocus at Nyquist
frequency
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Table 2. Requirement of the focal plane
compensation movement

T TEE =
Size(assembly) 150%x120%31 mm
Size(1 stage) 150x120%5 mm
Stage®| Payload(x/y) 2.25/2.5 kg
X% Stroke +50 um
yZ Stroke +50 um
Required Force (x, y=) | Max. 111.3 N
z% Stroke +500 um
Holding Force(z=) 10 N
Bandwidth (x, y=) 150 Hz
iAol FAsHAINA L] MIF FrolH, Ha4, e,

ZE2A M (0, 0.7, Full Field22 A2kE MTF 1)
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Fig. 2. Focal plane compensation movement
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Tilt
Mechanism

De-space
Mechanism

Fig. 3. Compensation device for secondary
mirror movement [14]

Main Mirror Schmidt Plate

Secondary Mirror
Compensation Movement

Focal Plane
Compensation Movement

Fig. 4. Conceptual design of satellite
camera equipped with
compensation movements
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700 kmelA GSD(PAN) 3.8 m, MTF(Nyquist
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Table 3. Specification of optical testbed for
function evaluation of optical
compensation movements

Optics Schmidt Cassegrain
Aperiure Diameter | 200 mm
GSD(PAN) 3.8 m
F/# 9.07

Swath width/FOV
Total tube length
MTF(Optic design)
Linear Obscuration | 0.27

CMOS
(10 um)

5 km/0.41 deg
4492 mm

50% @Nyquist frequency

area  sensor

Pan detector

-F1: Y Diff. Limit

-F1: X Diff. Limit

~F1: Y (ANG) 0.000 deg

~F1: X (ANG) 0.000 deg
F2:Y (ANG) 0.140 deg

~F2: X (ANG) 0.140 deg

~F3: Y (ANG) 0.205 deg

-F3: X (ANG) 0.205 deg

MTF

«—Nyquist Frequency

5 10 15 20 25 30 35 40 45 5 55 60 65 70 75 80

Spatial Frequency (cycles/mm)

Fig. 5. MTF of optical testbed
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