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ABSTRACT

We have preliminarily designed two infrared optical systems of the multi-purpose infrared camera Sys-

tem (MIRIS) which is the main payload of STSAT-3. Each
scope, a field lens and a 1:1 re-imaging lens system that
Cassegrain telescope is identical for both of two infrared

re-imaging lens system are different from each other because

optical system consists of a Cassegrain tele-
is essential for providing a cold stop. The
cameras, but the field correction lens and

of different bands of wavelength. The effec-

tive aperture size is 100mm in diameter and the focal ratio is /5. The total length of the optical system
is 300mm and the position of the cold stop is 25mm from the detector focal plane. The RMS spot size is

smaller than 40 um over the whole detector plane.
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AAE BAAIE RAolAT, Yutxoz 2F 4
AHEEE W77 E ¥ &%l ulg Fobd FEA A
AE JZAA7I= Zo] E7Fsst7]l WEd dEE cold
stopo 2 EFSE JA T

Cold stop2 AGAF (re-imaging) AZ A28 E+
Offner relay 3 8A (Offner 1975; Kingslake 1978;
Murphy 1994)2 %S &= Qlth. 216 Offner relay 33t
AL cold stope] FAFol EA317] wlFol Offner relay
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of J&3t7] oyt add AGA A= A|="H A
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1. $38= slas AN 74

item value
model Teledyne PICNIC (MCT)
pixel size 40um x 40pm
dimension 256 x 256
detecting area 10.2 mm x 10.2 mm

£ 2. 585 e} Axde 73

item value
effective diameter 100 mm
focal ratio /5
1 degree field 8.73 mm
wavelength 1 -2 um
pixel FOV 16.5 arcsec/pixel
detector FOV 1.17 x 1.17 deg

¥ 2= %%ﬂ Z Jhdlet Alxasle] FHolt #E I
A2 1-2pmm ol $F 4L 100 mm ©]T X3
AZ7t 500 mmo]lEE 1% 34e xHHAA 873

mmd| Gt E 19 AAE Teledyne PICNIC A4
E AHEEte AS HA AAd APeE g4 L7
x 11750t} ZHEElFo| 16.5 arcseco| B2 AA 2A
of olstd AAe] RMS 2% FA7)E 16434 Bt} 7
o}ofgitt,

32 g4 HA

T8 et A2’ F8A gololgol
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PR iAol $9A, Alok A2 (field lens),
11 AGA A= Al agln PE ool 7Y
t}.

FHA2ERl BEA s HFS dm, dabgel G
Ab Az AaRd oF Au (vignetting) HA G
Alop A=F ARE3Le] Aok $EHSRUTE AGA A=
AMERL FEAH ] FAA AN DA E AT 59
F2HE B3t A ¢ 25mm YR cold stopL A
date] FA Y Wik Ao AEHEE )

£ 32 FHlgt Al2Ele] F8A AR AlgS RAYT
Aotk FhA e A9 dolx 171 mm ©H 1:1
AGAL Wz Aol 25 mm otk FHH Q] FUA
o F7¢ A71E 100mmo]T FZA9 A7|7} 37.6 mm
olmz YA FFL AHIF gl T3 927 mme B
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item value

primary (flear aperture 100 mm
mirror radlus'of curvature -504.873 mm
1) conic constant -4.0255235

central hole diameter 20.0 mm

secondary clear aperture 37.6 mm
mirror radius of curvature | -280.406 mm
(M2) conic constant -40.1514819
radius of curvature, R1| 41.787 mm

Field |radius of curvature, R2| -58.754 mm

Lens, diameter 16.0 mm

LF thickness 5.161 mm

material BaF2
radius of curvature, R1| 17.484 mm
radius of curvature, R2| -119.417 mm
Relay, :

L1 diameter 11.0 mm
thickness 4.881 mm
material BaF2

radius of curvature, R1| -12.888 mm
radius of curvature, R2 9.835 mm
Relay, :

Lo d1_ameter 9.0 mm
thickness 3.000 mm
material LiF

radius of curvature, R1| 15955 mm
radius of curvature, R2 | -12.850 mm
Relay, :

13 diameter 9.0 mm
thickness 5.694 mm
material BaF2

radius of curvature, R1 6.951 mm
radius of curvature, R2 5.507 mm
Relay, ;

L4 diameter 8.0 mm
thickness 4210 mm
material BaF2
Ml - M2 170.994 mm
Ml - LF 44,134 mm
LF - L1 27.712 mm

distance Ll - L2 2.579 mm
L2 - 13 3.102 mm

L3 -14 0.500 mm

L4 - Cold Stop 3.000 mm

Cold Stop - focal plane| 25.002 mm

FtA o) o] & AN ZFHE Aleolg A}
300 mm ©]E2 FolE Eggh K508 3779 Zold
140 mmE CEHzE F2S5 st Ala"d &
gAY 600 mm Rt Z7] wjEo] HLdAe HAs
=d A7 gtk 398 cold stop ZHHOZRE 25
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Re-imaging
Lens System
Cold stop

Cassegrain Telescope
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R 4= FF85 Hod JivE Aade AgEE
ZH9 Fioltt. 1 HE 9 29 HHE HYM 95
W7d BA #5& Fdio deo|n, 38 TEHE Hol
(Fe D9 A&F #EHE BSFsed Agsts Uy
deolil 49 " 52U Pa alpha HEF BAS
< dt=d ARgEh

85 A Ax9e Beol
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faich
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a7 | A% % | o
(um) (%)
1 0.95 50 W -1
2 1.60 50 W -H
3 1.644 1 N-Fell 16
4 1.875 1 N-PaA

a9 3L F85 e A2"Y FE ool
TFZolth 4719 2 mm FAY "H ZZo] AN 9 1
mm X FAh 4719 HE7L AAA FLE ™
A& AABESE 3tH T4 9XT 2709 dE F
< 26 mm, WPEE 2709 FHY Z2 A vZoR
1.5 mm ¥ ©f ZA 3RE W 4 mm7t Bk
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UHT Y SAA=0)A FF FH | "o] Ao Y=
EA 49 (zone of confusion)¥} 1 FH= Wo| AH
FRo| A AdFH= AH FE (vignetting zone)o] E
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TF el Ao 2AQu fQA FEANA EA 49
< BH AAAFRE
o
Cof

A olth. EA e ANk WE Alols) F7h wlF
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Defocusing [micron]
a9 s $3BE Ale Azde) 23

ofth. oA71M I=t+hEA ANNA BE AwAA )
Aol Ao Fhe AMsh BEe] Awrlole] A
of HAFe ¢ %+ Uk A FAe zolHw WS
AN AU A Eeln BEe FAZ A @
gA%, Bejs A4 Aele] Azt Al 9w as
E9 9Fo| AN BEe| Tt FolsW B 7z
S o] AFelt AAF Sl e £ad &
gomg Fosteiol sl

»

E 5 $FBS Fhvje Asdel RMS 2% 2]

field (degree) RMS spot size (um)
0.0 41.1
0.2 | 35.3
0.4 , 21.7
0.6 19.5
0.8 312
1.0 404

a9 4 3% 33 Zo] FHY FAE 2 mmE T}
Astz 7 A4 9 1 mmol $9X3F FA$ EHE
g wol MM YAt Fs AXS Aot 7
#5 Fielgt A" FeAle] o EA d9e 01
mm ©]8 Z #PZ2o 2 03 mm 7HA ZH gge] FA
Atk & e "EE AMgse S 247 FEe
ARl A 2.6 mmE AA AT, FEANA 0.1 mme] &
AGH7 03 mm 2H FYGol JoB2E HEY 100%
Qo] ZALHE 992 22 mmo|H o) 558t P

s},
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® 5% A5 e As"e AAd we Y
2] RMS 2% 7] gtoltt. EAA & F ol AA

Ao AH RMS AF T7)9 Z7)E 41 um¥th F
o ol FEA AA F27A AR Ad A7) 16
staRT & 1 ki s|Fer

a3 55 24 AN AFE AE7Y HAAE ¥
SAA ZAZE AN 2719 BFE AN et

agst ol W AF 20 imelHelM= BY 27
o W3yt HolA geth 2HW FAAA 033% ofy
T Aol dFolAwt o Tt ZAA}F AXE 3L
T2k g L] AT AT 075 o] A
AW gge BAE 2EE 2 Aok

48 271 AAY7 06x A=Y W 7HF Frh

ol AA Aokl AA 449 A7 E 13+4 BT} 2
a7) wEolth, A 3/E AN FAAA AR
ZA s A FHdAN AAe A7 FA Z7he
ok MM FRAA Ao FErt 9N Hojus
-2 cold stopd] HAAE ANFAL A= A|2="F AA A}
o] 9)A A7 oA WAsHE S wjEo|t}. Cold
stop] 93| AT 270l BB HAES oHA S ©
Aol oot} o= FEAS AHUA AT oA
olt}.
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E 6. AT#S5 st AAMY 74

item : value
model () i3 system
pixel size 30 ym x 30 um
dimension 320 x 256
detecting area 9.6 mm x 7.7 mm

4. XPHE FHHE ALH
4.1 7}t 73

AT#S gt A2de SRS Jidg 2"
Zol Z7] 200 x 300 x 600 mm, A 10 kg WHelA 7}
wEojol gt} B3 A A4 IAETF 700 kmd
o 34 9 AZ (ground pixel size)7} 50m A Eo]I 3
°]Ze] SN H|Z A& HAZd ok o).

a9 A7IE p, &2 BF AYE | ol 33, 94
9 IEE h B2 75«16}“4 FEAL] 23 do| F =
& Ze BAE e

206265 p
3600 tan” 1(I/h)

AT#SE et Axdo AlgEE AAY 3are 3
71€ & 69 AAE vle} Zo] 30 ymo)|2E Y49 1
574 700 km¥ W SAEIF S0 m 7t HHAW F3HA 9
Z7 ZolE 420 mm ©]ojofgit},

AT#ES FhE A" FU 7199 (F)i3 system
of Mg HAX MME AHERT}E 28 (F)i3 sys-
temo] AN E Fof o] FH3 ez FF37) W&
o 7o Wil 499 cold stopg 715t Ho] &7}
3 (F)i3 system®] Fol WRAE cold stopo] YA
T 2RI 252 AFRE e A2 2]
% 3A dad. 43 ATaE s A2"Ee Fol
9| F-o] warm stopS AX 3 AFEE HAad AAk

k=l oz U3 F3HA MA B ojygo] me

F=

|

O

i

Cold stop ‘rr°1 Wiel AA=7] o] sret 2
LEQ 77K¥AHEZ AA2ZRE oF A 9o ®
EFEE AAE F gk ¥ warm stope 1 6
Zol o Kol Q7] WE AZHA A=, A
B o= 9 Fo URE BHA7T F99 @
7ol F2 AN TE F22 HolglolM &
=9 4 Avk

Bom X o

o do il
tlo rjo 4z
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7. ATRS el 29y 74

item « value
effective diameter 100 mm
focal ratio /5
1 degree field 8.73 mm
wavelength 3 -5 um
pixel FOV 12.4 arcsec/pixel

detector FOV 1.10 x 0.88 deg

ground pixel size** 42 m
ground sampling distance** 8.7 km
swath width** 13.4 km

** at 700km orbit altitude

J8H (F)i3 systemo] AFIE 7ol A, IH
69 &1} Zo] warm stopd] $A7} 28 mm B} He)
Pe™ Fol R & 2.5 stopol <& ol 718
A FEAde] AT AS wamm stopd] X Fol
vpgo] EAjets] 2HHUOZHE 28 mm ool X
3}04 oF gt}

7S ATRSE 7]'”‘“3’ Al2"le] Aot} T4H7
9 ?734 z23vE 5785 JvEe 2 25 o
Fe 3 -5 umel8] fAe 1= 700 km¥ W £3%
£ 42mo]H swath widtht 13.4 kmolt}. X9 1 &7}
700 km ¥ | ground speed: 6.75 km/sec ©]|EZ AlA
9 34 1 E BEE A2 62 msecolth wElA
& AL 62 msec BT} Folop @t W x=% wir}
50 &2t FHIEE BE5FA ground sample dis-
tance™ 8.7 kmo|® H4 &5 F7|E 1.3 sec 7} Hrt

ATaS g A" AR 2E 2%l
100 mKe] 2 S/N HlE 6.6°12%
A7F §& Aoz dgH)

42 A EA

3¥ 72 ATFEF e A 2He] FEA #Holohkol
o FeAe gz DEE, Aok A=, 11 A
Ab Az A 2"o 2 FAHEAY. AFRS Jhvel Al
TS JHE Az2"EAs 28 dHojH o E Al
A &3 ol UiRe FFE 3 - 5 ym FFUE
T3 A7le HEH2 FEE AMEIY 535 J
o A 2¥F o] FA HA dolE 300mm ©1W A
FAF A= Al2~®Ee] Hol= 26mm ©]Th Warm stope
AE7] ¢ 25mmo] 91X}

o ro
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Re-imaging
Lens System
Warm Stop

Cassegrain Telescope

Detector

a4 7. AF#Z Fhvet Alxgle] FEH Eﬂ°]°b¢

T 8 ATBE Avleh Axge] B Apoltt
WA B $FRE shle A28 PR 7}
deh gl st Ao} azs} AGAt Az A
299} ApFe g2t o $F#S Fhug Aag
3 B 1 -2 st AT A Asgel B
Z 94 3 -5 ol A W=9 FAF) 2| HE
olet.

E 9= ATHS v Aa®e 47 g g
o RMS 2% A7 E Al4bg Aotk AA HAA Wo
ZA RMS 2%¢ H7]E 40 ym ZEo|x, AN 717
Al Al RMS 23] F717} 24 ymO. 2 Oﬁlaﬂl ztt},
FEAe] HrEed AL $FAE g AxH]
FA s vt

a9 82 23 Agd w2 2% dolaAe] w3}
2 %

}uila} Ansgst 2o) A4 e
Aol AA el Fuvt 498

71899435 FEHMA MIRISS Z&H AEHEA
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E 8 ATBE A Axue] FEA A
item value
primary glear aperture 100 mm
mirror radlus. of curvature -504.873 mm
(M1) conic constant -4.0255235
central hole diameter 20.0 mm
secondary clear aperture 37.6 mm
mirror radius of curvature -280.406 mm
(M2) conic constant -40.1514819
radius of curvature, R1 | 30.731 mm
Field | radius of curvature, R2 | -124.976 mm
Lens, diameter 16.0 mm
LF thickness 5.161 mm
material BaF2
radius of curvature, R1 | 25.183 mm
radius of curvature, R2 | 64.302 mm
Relay, -

L1 diameter 11.0 mm
thickness 4,881 mm
material BaF2

radius of curvature, R1 | -11.02 mm
radius of curvature, R2 | -24.123 mm
Relay, -

Lo diameter 9.0 mm
thickness 3.000 mm
material LiF

radius of curvature, R1 | 22.799 mm
radius of curvature, R2 | -21.755 mm
Relay, -

L3 diameter 9.0 mm
thickness 5.694 mm
material BaF2

radius of curvature, R1 6.829 mm
radius of curvature, R2 5.316 mm
Relay, -

L4 diameter 8.0 mm
thickness 4.210 mm
material BaF2
M1 - M2 170.994 mm
Ml - LF 42.188 mm
LF - L1 28.618 mm

distance Ll -L12 3.172 mm
L2 - L3 3.585 mm

L3 -14 0.500 mm

L4 - warm Stop 3.000 mm

warm Stop-focal plane | 25.003 mm
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£ 9. ATHS Fdet A2 RMS &3 77|

field (degree) RMS spot size (um)
0.0 41.8
0.2 38.3
0.4 39.5
0.6 23.8
0.8 33.1
1.0 46.3

5. 28 ¥ =9

FAZHEATLL Ag9H 339 FEAAQ] THEH
Ao s A" MIRIS)E AEsta 9lth. MIRIS

A
£ o eohun HIH 97 WARAE BEeE ¢
FB% Sue 299 A7E BSAe ATRS 7

w2t Alagow FAHE

Fhelete] FAE A2 TLA TG Ao A=
aga 11 YA A= Ala"or FAHAY. 53] A)
0:1/\]. ;{12 /\]/\Eﬂo] U= = Stop«] -r] ]7]. = 1\]/\91
o Fol Folw BAG] 2YWORREY 25 mm Bol
2 o EABTE FEAE LA

2325 Fpieh Axds AFVE Sz 29
2 fF& 74°] 100mmeol ZHu7E 7521 L J}
Al TLBE AT 585 FvE AlaH"
o As AEde2 165 arcsecol™ ATHF shv
Al 2=819] ground pixel size:= 42 m °]t},

FHE e A2"e 77 K2 Y4HE Fol W
ol cold stop} 4709 27 HHE FAE g oy
15 AdAst 435S F28 3t A+8S 714
2t A &EE AA7E Fold Fad dez AldEHes
cold stop= ol UFol & F gl7] wiEdd Fo gt
o] warm stops M3t EFSE HAF3h

¢TS5 FH A2"Fd AFESES e A 2E
9] F¥d de& RMS &=F 37] 7} AA AAe) 2
A 41 ym Bk 2] v 33 HA 2d RMS &=
F A7) < 655 imys TSI FF FA SMA 4
&4 soz FIAE HAsE JFo|r).
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