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Abstract

The precise alignment between optical components is required in high-resolution earth observation satellites.
However, the misalignment of optical components occurs due to external factors such as severe satellite
launch environment and space environment. A satellite optical system with a focus mechanism is required to
compensate for the image quality degraded by these misalignments. This study designed, fabricated, aligned
precisely, and carried out a performance tests for the image quality of the system. The satellite optical
camera performance tests were carried out to check the image quality change by operating the focus
mechanism and to analyze the satellite optical system MTF by photographing USAF target using the
autocollimator. According to the experimental results, the misalignments can be compensated sufficiently with
the focus mechanism. Finally the basic data for re-focusing algorithm of the optical system was obtained
through this study.
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28 7]
2 E=iollA AAE AR AAE 2Pl A Table 1 Requirements of Target Optical System
|3at7] S8, 18 7kHete] A7) B A AFE T item value
Aok WA 238 oA FEHA o RIsEE AA) B clear aperture 200 mm
Aol AzE 550 mm olstz AASAT. 1@ J) wavelength 480~650 nm, ll\f/[ulti Spectral
orbit altitude 685 km
Azl ebdel FeAel A F WA o] FukAbA <] GSD+ 2.8 m
FFol| At E B dAAo] ogk 2w dife] swath width 12 km
Qs wakd FeHAe] ASTAS 9ste] H o omkA} dotector size 35.8X23.9 mm, 4368x2912
NN type CMOS, @Canon EOS 5D
74 o] AR AS 15k _\ég_ o) % =R A= = -
del H4s AR b e N > 10%, @EOS, Nyquist Freq.
WAL 7F Boukal g o]l Aol vjES 35% ojlE A ) .
a3 5 14 9l a9 H& b olH® A MTF ~ 30%. @Optical Design,
A% ardgde ddasd. 23 94 Ao .
Nyquist Freq.
A T2 600~700 kme| EoA &gEH, o] % 1/2 FOVs#x 0.62°
AES 1Este] & =iodlA AAlste 914 7hdlee EFL e 2000 mm
$& IEE 685 km, BEFEZL 12 km= AT focal ratio 10
) ] obscuration > 0.35
Ao A5E A A9 §o)dS 1t 4 total length <550 mm
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A 5] e AstE aelste] FBRAAAE ALAG F3t
ARke] MTF 52 FWH9 Nyquist Frequency©ll
A 30% olde]l HEE e ARS AAsAT. &
3% 685 kmell4l 200 mmwo] F74E& AHEsHdE A
o] A7]|9} fE Equation (1) BAE wSejof 3
o2 Aol ARG A e FHAd A7]= 8.2 imo]
), FAle] (= 10
oA AAStA sk FeAle] aFxAES AEst
W Table 13 ZtH[5]. Equation (2)& AA 9]
Nyquist FrequencyZ AAFsl= 2 o]t}

2ES AARGY ¥ =

xT

CSD= ey H= “ /%D

H (1)

. 1000
Nyquist Frequency = m (2)

xground sample distance
xxfield of view
sx+effective focal length
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ol FetA el AA= CODE VE Ag3le
Sy AAR BsHAE FHE S AY ¢
200 mm = WFARE I ¢ 65 mm F WAL O] WEALE]
o A o] WA FHrl o] w, FFuE koA
ArtA e Agls oF 5056 mmE 8 TAMES WS
Atk Folxl aFEAS vwko g RA Ao F
el Al nate 32.5%%1 656 mmz AL
GSD¥ 2.8 m9 A%< 7FAH, MTFE 39.3%= &
TALE ] whEete 4SS ZEEE AASGITE Figure
1S ,ﬂ\:tﬂ MTF /Hco]u} E]’% ix%uqlﬂ,q /\.JJ— =h
715 AAstY Figure 20 YeERAT. 0E =l A
RMS 3% =71 8.30 pmol™ 1Z=oME 11.1 ¢
mo| gt MAAAE FFHsGth 0F=olA 1dER
Wers ~gko] Pae At o B RS o
= 12kl o3k daFut of
1F4=e M= oF 2.6 %9
WAL W el T 25 o] 2~
(De-space)7} WA= RMS 23 FA7]E A& 9
A718tk AXA @} Table 20] tlxso]xsl A=
W 38 e] RMS 2% 2712 eyt Figure 3
< AAE EAZ wAYFe] gAlE FeAe] #olof
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Modulation

Spatial Frequency (cyclesimm)

Fig. 1 Optical System MTF Diagram

Table 2 RMS Spot Sizes for Various De-spaces

De-space RMS spot size
field

[um] [um]
0 8.3

0 0.65 12.2
1 11.1

0 20.9

5 0.65 15.5
1 20.8

0 39.4

10 0.65 33.4
1 39.6

0 59.6

15 0.65 52.7
1 58.3

FIELD .
POSITION
1o | & @ 1
0.620 DG *
04k 80,
‘)\sn'ua"
e Ry, 0 ‘%
0.65 | A ,} T
0.400 DG ?‘? ® é" “‘;~':§
Ly g
RET X TN
A
i T
0.00 | & & < 2T
0.000 DG “ F
Rl T
\’n,‘,*i;"u"
1 L L :
DEFOCUSING 0.0 50 10.0 15.0

Fig. 2 RMS Spot Diagram
for Various De-spaces and Fields
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Table 3 Requirements of Focus Mechanism

Height Limit < 60 mm
Max. Tilt(x, y) 200 prad
Tilt Resolution 5 prad

Max. Stroke + 30 um

Stroke Resolution 0.5 pum
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Fig. 5 Piezo actuator
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(a) Detector
Feeding Part

(¢) Schmidt
Plate Part

(b) Secondary
Mirror Part

(d) Primary
Mirror Part Stage

(e) Camera
Flattener Part

(g) Optical System 3D Rendering
Figure 6 Optical System Structures

24 AL AT YololE= A2 roughing) .2
7hgol Alztent, A4 FAHoR Fshdel ZHQ S
S AAT F ~FD(smoothing) 58S I35
o] ¥ A2t A LA A EWH &

M Fst FE PYAE A4 e Ao

(b) Pohshmg Process
Fig. 7 Machining Process of Optical Materials

(a) Grmdmg Process

Aol 400-650 nm Oé EHE B=3t= 3l 0] 7)

el A3 dFvE ¥ (enhanced aluminum
coating)S 3FUTHI9l. F= ZYEF dukxel

zo] F= 2ol BK7 &A1& o83k, 450-650
nm 99o] #=F 753 E=E AR(anti-reflection) =&
S AAsGlth. ARFH S T T, LEHXE
(contrast)®] N4, 18

image) AAE T F3} &S FAFE 27t 9

ojth. g F WAMH L
w23 #WEE P-V#S 0.1265 pm, RMS &
%olth. FHE e ARF

(b) Schmidt Plate

(a) Primary Mirror

7

(c) Field Flattener
Fig. 8 Optical Parts
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Table 4 Real Image Experiment for Various

De-space Conditions

De-space [pm] Image

0 Q AFCHO! )

PR

10 + Tilt
(200 prad)
20
25
4.2 Edge MethodE o| &%t &5tA MTF £H
MTF= 3ol 94 #4848 SAss 7I£22 A
L85 gaded Axelty. FE A8 FIk s
HS =A% 7|Fo 2, A9 E(sharpness)?t ZET}
ZE(contrast)$} 3ol FHojUok FE A A
A AR WS Fste] Aol Hw, Fsh AjxE
o =¥ Al dAlA S IE T3t MTFE

oA F= AMEEE WS Edge MethodEs ©]-83}]

Figure 11014 Yebd wkel o] MTF= S EZ v
olHE Z&ste] 55 vIle Feta, E9E I
= BAEte] s g Uk FEE LEFIH T}
THE FsHdE] dAA B2l #9 F MTF SA4S
2333t} Reticle 1] USAF EFR S AA8la 2 &
FE o8 E FdstH USAF EAl ouAE 33
o2 HxFSAC FAE £ odrt. Ade] Algd
USAF  ©E3e  Edmund OpticsAte] 2" 2"

Negative, 1951 USAF Hi-Resolution Target ©]t}.
Figure 112 EHZl oJnx], Fdd LEZTdolg 2
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15ource | Le _—T ! Plae | daba

| <= : - ahgich. USAF B12 &9 A thekat gspA mgd =

L < Autocollimator > oo n S 7S Agslo] Fodstolrl., FatA nAPS B ouial

Fig. 11 Outline of MTF Measurement Experiment ol tlzdol~7t Frtste]  AES sl
Using Autocollimator Figure 13¢] 4% %=7] A4 e Z¥olH, Figure

14 tlzdo]27k 5 um LA A9 Fdd Aol
Zo¥ USAF g2 44 Z&13<] ImatestE A o}

3l 435tk Imateste] MTF AlAHe 1SO &5
12233004 A EQTE. A AL gdellA B2l
Slanted Edge 9d9& A=t 992 o= A4
7FedtH, o] 99 & ROI(region of interest)2}il @
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