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7}8}7] $18) MTF(Modulation Transfer Function)&3 & 33t 48L& 98 =
EHYA T2 MTF &3 A& AH4-3t1.2v, f-number$} field angle& A 3}A|
A AN 23890 23 242 RE fnumber 7} 4.0 Bt} 3, FRdeo s
2 1& yle] CCD 39 3 gli(pixel) o2 g9 7= A& €5 A%l
o, field angle& WA A /1AM tangential MTF ¢} sagital MTF & 23 3 A3},
field angleo] Z7}8o] @t MTF gtol B & &4 U

ABSTRACT

The KITSAT-1(August, 1992) and the KITSAT-2(September, 1993) were suc-
cessfully launched and operated by the SatRec(Satellite Research Center).
Both carry the CCD cameras to monitor the image of the earth. We used
the camera bench type automatic equipment in the KSRI(Korea Standards
Research Institute) to measure the MTF(Modulation Transfer Function) value
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of the lens attached to the CCD camera. We measured the tangential MTF
and the sagital MTF by varing the f-number and the field angle. According
to the result, the light from a point source is focused within one pixel of the
CCD chip when the f-number is smaller than 4.0, and the MTF value becomes
smaller as the field angle increases. '
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A7 &Y AFHE MBS 92d 893 93 9¥ el Zz} vlojaZ 24 &7
W 139238 HFHoE YA $4Folth F A4 BEFE A4 #9 719 el(Earth Imaging
System: EIS)7} A2 gled, ol $8d T4 @48 o8 #AE F suE A ud
& 895 4R FYRT. AT FHE 94 9 AR digitized? JHE /194
ZH(memory)e| BB Ic}rt 9140 BA T A E FTHYY Aoz Y] 2UA F0. o X
A &9 Fholake] £33 AA Transputer, micro-controller, 28] 32 CCD 9 &} 3744 & Vs
4 91}, Transputer: &]3¥ AlAglxlol Ad g @382 913, micro-controller® % & A} 7o)
U SEge] 23 5 &9 AN A& UL o] FolAM CCD sl gl Aol £33 Hdd)
WIAES H5E B2 43 AL A2 A 5 AAEES Yo AN 89 3R
MF=7F 29 1o veht Ao

CCD#*= FET(Field Effect Transistor)e] 214 ] dol8lx &< U} YAe] CCDe 44
FH 3] W3R, FA7) biased voltagert A3 AT 71¥E FHAINAA AR 3T 2L W43
=d, o] F 3FL 71 B3NA AFEHI, AR M ZH B electrodeE o] F-3to] Al1ge] o
S 37 At AAE £33 A A2 EER HFE AL AR}, o] =E9 E3 2 o
2 A=o] 5 S e A& oA ol $Ed 15 2493 A=) ALt o)
&3} @

e 22} lens (FOV: Field of View7} 60°)
2000 km ¥4 &9
Effective focal length: 4.8 mm (4 km/pixel)
Back focal length: 9.2 mm
Center wave length: 850 nm (80nm wide)

¢ ¥ lens (FOV: Field of View7} 10°)
© 200 km ¥ &Y
Efféctive focal length: 50 mm (400 m/pixel)
Back focal length: 15.8 mm
Center wave length: 650 nm (80nm wide)
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= Fdgle] 32322 EEVALY CCD 04-06 Fo] 229 F ). of & 578x576 pixel for-
matg 7}A 9, 8}A} 82 Ate]e] Ast AR, A2 2} 15 pm 9} 22.5 um ol AA=Z A
ol W3] WAL 712 N2 42} 8.5 mm 8} 6.3 mm 0|t Fhui| 2ol 3] A3 = AFL 91499
TE($EE 135: 1,300 km, $-2d 23: 800 km) o} A=e] 33 Azl (Effective focal length)
sl AFAch A7 Ags 949 R v JNA L A et £AAR Y e} Ao
e e A o] 4Bt

2. MTF &3 34 2 v ¢

MTFE A=9 A%< F/H8E JE2A /M3 ®ol 2¢]5(Goodman 1968), 48 A28
o| & B8 A2l 4% Fojth. IH 20 AY A2RF A= A 2] FA 7} YENG Y
th M AAHAME Foge 3 SHog T AAYE YA Vel £ Y, A=xe
AL A8 N2 2L NHIEER, I Fo5 AP 502 5 & AT F 9T T
7 943 933N FZH WA drhy B2 modulationo] IEHE YehlE Ao gwAo
2 5 3T Fo5e g §4o BoA A It =9 B3 L F HM 2 o] A 33
of T Aol REE HFE ol ols} AL oAU A2 F§ RE T 5] A B B
o] % 12 Fo] Ak Zajuh, AAl A=< 3% B FolA 4 Yo DA 2R @3 HA
A Hed, ol A MIFE £ 23 £35U45 22 g 250 3% A208 /&
Wi A (0] 34 1985)E MTF ol sjol = f/#(W9] ¥& F73), axial color(F3e] ob& £3A
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29 2. A% A2 =9 BA

29} W3}, field curvature($3A B9 30| 3), distortion(d¢] X & ), transmission (R &
%3} A 5), relative illumination fall off(field angleo] Z7}3to] whel ylo] ko] 3HA), veiling
glare(AZE o] 3= 39 ol 2| 3 Yo 43#) <} thermal behavior(F4] %o o} £3
Ag e ¥sh) Fol A

MTFE 2335+ gz 713 go] 2olE WYL knife edge scan ¥¥olt}. point
sourcer RE 7t FHF FHYUE o183, FFY A= o9 B BE=E scan 3}
o] d-& point spread function-g Fourier transform &) MTF& &0, o] #3o] 2g 39
et ok A8 T EATLIE MTF 33 24 (¥R 5 1987, ol & 5 1990, =8
R 5 1991)F AHE 33Tk o) S o] 83k §-21d 139 2493 Yz A= g% MTF&
23 Ao B A= A FAAYMN YE A2 850 nm R 3 AY /7 vujg 3
HAA E3.

HBE SANE 1o} S5 RN /48 18,40, 8.0, 11.0 ©2 A A7 AA
MTF& £33 %, f/#8 4.0 28 313 A ¥ field angle(F A AM Heojd %) w3} A7)
A A tangential MTF(Z2-& T8+ A& whe) scan)9) sagital MTF(F3& T 3= Ao
4384 scan)& &3 A
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29 3. knife edge scan & ¢]§3% MTF 23

3. 4% A4 9 74

MTF 23& 87 Ao nodal slide(7] 3} 233 E4& 2F8= 7] 1) E o] &3l 2FA
ZHE 233 A3, A= £33 Al (Effective focal length)7} 49.90 mm %l c}.

3.1 f/#8 83 A& o

FENA f/#E A3 A7 A MTFE &3 3 &u 9 F37} F 1o el o) f/4#7)
4050 AANAAN MTF gto] oA Edl, ol =27 #4 Fa7F A9 glde A& Vet
AN FZAA Hotof & 37 F4E CCD 39 sampling frequency oltt. $8d 0F
24 2} 7ie 2te] A9 sampling frequency 7} 7}2, A2 242} 33 ¢/mm 9} 22 ¢/mm o]t} & 1
mm o] F7t ol A Zk2t 33719 227 9] B RE @+ Zlolt). o] sampling frequency sl MTF
ghol 3 Aokt A=) A% Fuo &4Ho| Yt Aol E 1 o4 B, /#7140 2o
Zod g7+ F94 30 ¢/mm A MTF glo] 0.756 R} Atk= AMA & 44 At 18 49
f/#7} 4.0 o] 3L, field angle o] 0°dwj o] MTF Z4& A
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MTF curve F/4.0, F.A=0deg
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24 4. MTF curve, £/4.0, field angle=0°

% 1. 24014 MTF % 2. ¥ 240} A ¢} MTF(30 ¢/mm)
f/# 30c/mm 50c/mm 100 c/mm bd A tangential sagital
1.8 0.800 0.653 0.350 0° 0.757 0.784
4.0 0.757 0.657 0.281 3° 0.642 0.697
8.0 0.591 0.353 0.018 5° 0.479 0.462

11.0 0.333 0.091 0.024 7.5° 0.641 0.571
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3.2 Z4xg N3 A2 &w

f/#& 4.0 22 33313, field angle & A7 AN MTFE 333 23471 & 29 et
Atk AFAE 87, 457t Al we MTF gho] @i3tsd], ol YA Holy & Aol
HAE A& @& £ 28] 3, tangential MTF ¢} sagital MTF 7} Zt=of we}l Xo]7} 97
£ AT el Eke] FOV(Field of View) 105 ol A A9 9] 3ta It} o= A= v & 5
Z (BFAA Blold Wl cf g A=29] £=37t A givte AM S B8 &

4.73E 9 =9

Aol 4 B, A= f/#7}4.0 2} 23, field angles] 7912k} FOV 2.t} 2w}, MTF
Zto] CCD 32l sampling frequency oA 0.5 Bt}= At} o] &= 7o gte] Q5o A= 2 2
R fFAo A ks AL B EY A2E £ A9 QL& diffraction limited l=e]
. 919 RE 23 MTF gto] A7l 5= AL AFF 02 Fol4 g3 Zonh. o] Fof
A yleiud, & CCDe 94990 3 FHA sioivtd, MTF gto] & 3. o5 8 23}
E ugog AZE Fivle] 23 A, MTF g& 238194 718 o] ZF dal:= AL 3
olol B}, I8l X, GO BE 7HAF ol 9] oMot YA, Xoray o th I Gl = o]
8} & A o] A& x| oo} 3t}

A 2] 2 A¥o] B3 5 YEE oA T B 2AL T4 BFE 8 A4 o] &%
ZE-, o3 &7 22 AE =¥

A3 Y

o144 1985, 715 %o, @3t A7AL

o &, ZYUE, o]0Y, TF3F 1990, $-8&4, 3(2), 163

ZHR ol {-¢, o]AN 1987, A&, 27(5), 423

ZUR, ol &%, ol &, o199 1991, =283 A, 2(3), 121
Goodman, J. W. 1968, Introduction to Fourier Optics, McGraw-Hill



