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Control of Focal Plane Compensation Device for Image Stabilization of Small
Satellite Camera

Myoungsoo Kang', Jaihyuk Hwangz’* and Jaesung Bae’
'Dept. of Aerospace and Mechanical Engineering, Graduate School at KAU,

Dept. of Aerospace and Mechanical Engineering, Korea Aerospace University

Abstract : In this paper, position control of focal plane compensation device using piezoelectric actuator is
conducted. The forcal plane compensation device installed on earth observation satellite camera compensates
micro-vibration from reaction wheels. In this study, four experimental models of the open-loop compensation
device are derived using MATLAB system identification toolbox in the input range of 0~50Hz. Subsequently,
the PID controller for each model is designed and the performance test of each controller is conducted
through MATLAB/Simulink. According to frequency response analysis of the closed-loop compensation device
system, the PID controller designed for 38~50Hz input range has enough tracking performance for the whole
0~50Hz input range. The maximum output error is about lum for the input range. The simulation results has
been verified by the experimental method.
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Table 2 Output errors of 50 Hz mathematical

model for several input frequencies

Input Output error
Note
frequency wm %
35Hz 6.722 14.50
less than
38Hz 4.365 9.10
10%
less than
40Hz 2.730 5.56
10%
less than
45Hz 1.094 2.12
10%
50Hz 0.441 0.89 model
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Fig. 3 Output displacement of focal plane
compensation device (5S0Hz input,
X-axis)
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Table 3 PID gain set of four models

Gain value—-added Applicable
Modeling
; reseller input
requency
P I D range
2Hz 1 400 0.001 0~5 Hz
7Hz 1.2 | 800 0.0016 5~15 Hz
25Hz 1.5] 1250 | 0.0018 15-38 Hz
50Hz 1.4 | 1500 | 0.00186 | 38-50 Hz
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Table 4 Maximum output errors for 4 input

frequencies(simulation results)

Input Maximum output Applicable
frequency error(um) input range
2Hz 0.43 0~5 Hz
THz 0.51 5~15 Hz
25Hz 0.53 15~38 Hz
50Hz 1.28 38~50 Hz

Prapotional
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Fig. 4 Configuration of PID control flowchart

Aojafof st e J¥ Fa5Tb HoldFH T
mdo] Zb Aojo]5E Ftehe AIFS T + o
Tk dREA O F P o]5o] AXWH LHFETL F7IsHA
kAl FolA Al "k I 1 o]5o] AXW
e 2235 o ZA wEel & 4 i, D o5
S EYWLe F4g Wl ATE Ax 9L 3
ok jEFukEr 2Hzol A 50HzE S7HE TS &
RS A el 4ol @ abE whebitolof st R Pe} ]
ol5 A Frlalof s & 4 Ak 47 AAE A
of Al=glo] Alojdes AlEdlAE Fal TS
i, 71 AIAE Table 49 g2lsqich. 2Hze 45

sel A R A AN sde A SHest 04
pmE, 50HzSl AAFoGoIM Al Ao} A 28
1.28m®) A SHoAE el Fx ek o] A3}

w

3.2 dgTd
H Ao Hegd 2HAR B 9 XA o]
Ad FAL Fig. 59 #vh. MATLAB/Simulink 2}

Simulink /d-SPACE

— Input signal
= Output signal

DSP Board PZT Plant
I Amplifier

Strain gage

}

Fig. 5 Experimental setup

12
AXE Sl mAZRe Wels Arter A

W AR Aol fdHAStE A, d-SPACES

A Aol dEAlETE Uet 718 AR §H BAEA
o] HAEIIE Bolrba, gHAEIIE Add"EES
wol Z1A|AQl WRlE EHeth EENE 257
e 2EYRD AlojAR HAHol Ao FHE
d-SPACE®] Eoj7H #t}. dolx A7 E ALg3to]
2EQ AolXe AUEE AST F APS Y3}

32
#

3.3 MA & PIDHOZ[2| AH

AAlE Ael7lE ALs AA 2AUF RAGAE
Aojst= Ade dHFy4 2Hz, THz, 25Hz, 50Hz
oA etk 7t gl s AFAH Hd &
Q2+5 Table 50 YeERATE. o} Fig. 6~Fig. 7
N Z+zt 2 Hz 4= 2 50 Hz 4=l gt A &3
old ZAxtel A¥ ate] YER ST
Table 4 9 5914 el AJEdlH ZAyel A94
el Apols & wl, AlEH ol BIE o]&g A7

o ol A@dte} v ISR Aoyr]e] A

olo
ol
i)

=l
Gl
=
=

Table 5 Maximum output errors for 4 input

frequencies(experiment results)

Input Maximum output Applicable
frequency error(um) input range
2Hz 0.60 0~5 Hz
THz 0.82 5~15 Hz
25Hz 0.92 15~38 Hz
50Hz 1.04 38~50 Hz
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Table 6 Comparison of control power between
I-control system and 4-control systems

for 4 frequency ranges (10".J)

Frequency | 1-Control | 4-Control | Difference
systems (%)
0~5Hz 2.5797 2.5794 0.0126
5~15Hz 4.6484 4.6478 0.0125
15~38Hz 11.311 11.308 0.0313

range system

38~50Hz 5.2714 5.2713 0.00041
77T 7 Reference
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Fig. 9 Comparison of responses between

1-control system and 4-control systems
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