[
| =+ 9
| (BRE=A8)
|
(16 EJE 3194)
)
7cm
l

oQ Y~ O

)

i > oyt

A—=~0m i

M ok ol

=

e

et

>

oo

ofN it

(o ) N, 100§, 00, O ok

—

5cm

<«

Development and verification of
EO/IR opatical system for
coastal /ocean monitoring and lunar
exploration

(16 ZJNE 2




ab gl AlE HE

Development and verification of EO/IR opatical system
for coastal/ocean monitoring and lunar exploration

ok
H
0=
R
N
>
e
-1
10



—

0

gl

!
~
Tor
i)
0
. _ﬂoﬂ wﬂ
3 :
o
wm : ~NH o
— _ZE
=
—_
: o -
X | |
oF = | ﬁ]
E =8 =
2 . :
= m : :
—_— . | \H_l
< : %
WS 1 |
WH NH % _
H = 5
u = =
" No
o
T
T e
EE
A s 33
™ ® I
o=
%0
X = -
X of- o o
toeE
Jhwl.l_ Orv m
LN
S
X T
ﬂu.ﬁ mwo o
o) T
oo
N M gn
_,ﬂ. g
o K



7, 3

Chei

70 7}

RETA
[€)

o

H

7l=ds5Ms) 1091 3320

Tor

)
031-400-7685

(5491) A4}

<

(d s

H A= (<1m) 23 (<1.5kg) A=Ak

o

(E-mail)
sicho@XKkiost.ac
=

(D37500)

3 AE 7

SHA ik

313}

3} 7] 2. ok

e

e
oF

33t/4 2174 (EO/IR)

7h At viee A -

0
{4
)
‘mﬂ
el
bl
or

ﬂ

=
-

9/]

s

183 Al

H

o
s«

)

file)

&

A7t Wash o w1

Al 71l

1}

-

1

o] e}
!

°©

o

™

3

o]’z 7l

R

o

o)
=

84

g (15

So we ofg

71 Al

- @A, A8

3]

%

—
B

o
T
"
‘_a

Ho
ﬂo

—_—

nk

T
F
]
o

N
o
_#OL

B

Fehd 2 w= A W3t

[e)
[e}

ok Ao Msir} doju

i

-

1=1 e
=

A28 7

O A3 A A

o

)

ﬁo
W
T

I.




wteba A H

s &

-

g &-go] 7}

-

R

"_

S

17}

)
'LO

3

a7

5}

T

AgA 8TA

4. EO/IR

o

s |2 EO/IR #8tA o] alul /404 A7 43
]

=

o

2=
=

|

=
T

F(URD)
A A7)
e

Pl

)

y

} Al A

o
Lt

o

S H A8 EO/IR
A

A

5]

)
=
=i}
=X

EO/IR 334 A

8

2014

e o X ® N " o o T Gl g
7 ®xr ew I T i
L S RN Ho ™
wooW oz o ~ 3 ol
. < G o N | ﬁ
O
me i g Ewag B mh T |
I O I A ®l o T o
‘Dr ;OH ;OL ﬂE
N i o N R ! ,E K | No
HOEK = e o oo Nr
i S - 3| wT il oy
X E N T IR Hl TR = |
W#_W 0o lr.._ ‘OI - N — ﬂwﬁ ‘ME H;.E.Ll EO ‘Mﬂ -
do % . YR o O % | ol o e
ar 9 oo = T Gl
Te w9 20 o= R = | =
a2 ~ TR 55T ol WGy N |
o7 o T oy =3 g B o< T N
B oF = = = N B
_ - el oW o™ .
o WL X R T M
fIfe) — . -
=0 o LRSS = Ne ° ), O GO =
il S ~ B = =y —
A TH R < O L o " -
o o = 5 It ) n wo (%] T
o < ' ‘% il % B <8 Mur.._ e = HH
= K W o W No 5 WL oy =
a D.rl Mw: O#E jl ‘w OH%O o R X . Wﬂ O..#OM_WE U.rl
o R = = o = B mﬂ I wr = |2 = o
TE B P S I ) %
TRHE®m 2T KB = |5 E T | =
oMo~ o = W e _ oF D il I G fis
~ = = f 7
PR O TH DT T oy o
=N R X T KX oF @ & e = |= = |y
> o -7 oW S ol X <
w L E J
RCICIE w = o fald < o | T
TR F Wy TN N | S 7
o o o) O mﬁ Iy M IH
B -
+ &

=
27 d &= | 2015




S| 2016) %5 9 Rt | o

0. A48 EO/IR #3t7 4547 5

EO/IR #3817 10. EO/IR A e3gsHA Straylight <

2|
2 = . o .
AZHd &= | 2017 Straylight 9&F =4 |11. EO/IR 37 Straylight % &+

=1 = 3L ’=
T z SCI
e | (S A, =iy A 2 A AAL | (=, (JCR%)
S ) )y |UCR%
Performances of CAA
Algorithms for Alignment
o State Estimation Simulations | Z 8%, &% ALY | d=¢-F
51 5] 9 5 : . °o R 2014.10.| = | -
for Three-mirror Anastigmat | 71718], 33 A, 7143 | 738F3] 4
Earth Observation Optical
System
Development Progress of
] Ocean Color Sensor Based on cos puw, A | dRen
sha] g UAYV : Design and 3 I 2014.10.| =4 -
A3, vt A, AA 3| 935 =]
Performance of TMA Optical
System
2% AEE, 44
AdAAGAE e vFH ’ ’ | et
3F<4= 2] A X 21 A3 vz H=E= = -
&k %] Al A APEEAL A Al A A 17138, v j], 1 5=, 4] 2015.06.| =4
A
Design and performance ces pem A4
o analysis of front end optical o T ’
sk . 138, 9dA, H#F,| SPIE  [2015.05| =] -
instrument for coastal water
4%
remote sensing
Alignment performance
| comparison between MFR and | 48 &, Q2% ALY, . B
st . e e e SPIE (201508 %] | -
MDCO for aTMA optical 18], 1423
system
Ray tracing based ISRD
e (inter-slot radiometric S =AY oo%
shalwE | _ _ TS TSl SPIE |2015.08| =9 -
discrepancy) simulation tool for kg A, 71 gt
GOCI
nishi D 1ot A o oL 7ANAF | LAY
S8 Flfl.lshmg.Characterlstlcs for \_: 2, = 5, 1A, Lj—f ;o &) 2015.12.| =) B
SiC Optics of 3 Reflected olFH, e, Fod, | T3




Optical System using MRF | ZAv]%, FA, 17138
Design and Development
Status of Precise off-axis oen o zAe | BEAan o
[ =1 RE1 oA ’ ’ ? [~ _
8 sl vk TMA for Hyperspectral A9, 148, oAl | 2e87 2015.12.| = ge
Remote Sensing based on
UAV
Min-Woo Jeon,
Sang-Won Hyun,
Ji-Yong Bae,
Development of an Off-Axis Byeong-Joon Jeong, e
Al
9 | k=X AA | TMA Telescope for Coastal Eun-Song Oh, IJPEM [2016.05.| =} - e
Water Remote Sensing Hyuk-Mo Kang, h
Young-Je Park,
Chan-Pil Park,
Geon-Hee Kim
Development of ultra precision
: U o o 7I¥, %A ¢ o4& | A Z
10 S optical 5yste.m basefl on the |97, 8 <, S : % —o 2016.10.| =) ~ 34‘
freeform optical devices and ukod A F3+3] 4| U=
modules
alysis gz 717438, 240
] Form Error Analysis for AR E, A3, S, T 33
11 sha] b Freeform Aluminum Mirrors |<¢H719H, 424, e 2], 28137 2016.10.| = - =
using DTM wrEA, a7, ojelF | O o
KIBEOM AHN,
Design of ultra precision Seongick CHO, A%
12 sF3|RFE | processed off-axis TMA based Eunsong OH, ISGMA (2017.06.| =] - He
freeform optical system Seon-yeong Jeong, .
Young Je Park
4. 552947
5311 kg =} =¢4d =9z =d=7F
2 B3 AZg raig s | e AL AEE, ;
Z2d AEE 8|S T 38k A4 o 2014.11.17 | 10-2014-0160031 | o g+l =+
A8, A
Aol oA x=F-g& A|F7] A eE 2014.10.31 |10-2014-0150459 | o k1 =




o

olo
o
o
;Iryl
W

2

B

hEA

Sk EO/IRAIA 2] itz A, EZ ]9 ¥

1
[S)

7] ERE A7 7}

2

Jo
P

10
¢

o

il

7
Ho

SEFER SR

=2
AL

A 2 4

B

O
NI
i
23
i
ﬂo
o
<

o

H
il

2

il

booke] Ad/ A BUEE, SAYE EA0AM e &&



xﬂ 1 A+ }\1 =N 1
A 1A AT EA T T QA] e 1
zq]szi?i:rLﬂ]HEl— __%;ﬂ;ﬂ%}lz ................................................................................................ 3

Al 2 A UL 7] L TN T B e 6
A 1 A ZUL] ATETF cooevererseiseninriniasiusisitsiassisisssssissmsisissississsssissssstssssstssisssssass 6
A 2 A ATRA 7] AT FTF crererrerrererrereri e 7
Al 8 A GER BT cervesisenstsinsiiessisiiisisisissisissississisii s s st s snss st st et st tass ]

zﬂ 3 731— Q_ﬂ_:[L7H1‘ﬂ___}Z|:{5§ LH‘%‘ E}l Zjijrjr ................................................................................. 9
;(ﬂ 1 Zé Od:fL7HHEL %_;:‘_I‘._ .......................................................................................................... 9
Xﬂ 2 ;‘% 93?7]1% LH‘%‘ g_l 7&34_ ......................................................................................... 10

A 4 AFNEET GAE D 22 A BF 48
Xﬂ 1 ;f—i (ﬁfﬁﬂ}%—%vg %}\él;— ............................................................................................. 48

A5 A ATINI AT Y FFL A B e 51
Al 1 A FITPARIT covrvvrvrssussussnssissussassussusssssassssssssasssssassissasssssssssssassssssstssisstsstssssssssasssssssssssesess 51
A 2 ZD FEEHEQE cvcnrenissisiisisisiusississistssissssssissossssisiosissistastssissastssissstssissssssssssssissvssssissvess 52



M

-t

K0

|

W, FA4 wabsh

3T
it

a2

_Zﬁv

olo

)
B

—_—

el

i At A

2Aeh/s

7}

S

)

A=Al A B A A 2

g A9

=

A

%

Jjo
.

ilin
o

o}

KO

X

N
Mo

]

o

BA

ok
=

dl

A

Apol glol A Al-E7

A5

2

9

B

;OL
=3

o

Mo
‘_.,wc
0

sl

;OD

—_—

gyHoz B

=
=

R4

B

Aol 7144

Ho
L



o
Nfo

A8 74 4

o] #8714,

=13
=

mﬂ

Zasty o

A7

1.0

R

3)
.

ulg3 A7re] FAE B

o
B/

o

/g ATF AW Folu, 9

)3t 7]

LHER.

2) A, AH&A7T

A

¢+

B

o

olo

A2 )

Al 71l

s

2]

1]l
i

iz

—_

;01_

B

el

o
ﬂo

(1) H= AT

N
~

—_—

o}
xr
Aqr

Ak 4 4o Wsizh Qoju}

=1
=

)

1l

(2) A A

3} 4



A A

271719 )

7t =) B

l

EO/IR A7 A-&2F & FALa)

o

(1)

o3

g
o
)

7A

—

0
0

o]

(2) GOCI-II &AAl 71 AA A= A+, GMT A7

Tor

5 A4

7, GOCI

B

(3) CAA

JJo

°|

KeX
=

¥ EO/IR AlA

A}
2l

A

=i
=

(4) A7



2. AT FAA

7} o
Aol A L
719 7HA 4

W 1EH AR

v ALEX Q7ABY
Hg XA

v EORUN &5
&

A AAE 7

o= 20143+

B2 IIEX=

E/RMIA &3
X AE XA

o13 M\

AN ES

il
(KIoST KiosT)
] )
v LA OB v AEpse St
oM 48 . HBANASA
VUNRRZEY ARAS
SERE v AN B
ot ol
a9 1 ATNE F=AA



I F 3 9 A az |
b =1
v 304|5(6|7]8 10]11]12| (39) -
IR I oo
TG AR a7 dA '
1
x
- Bo/IR eA oul A S B 000
- 4g ANE B AR B 9
4% A% 53 I 0000
- EO/IR #8HA AAdA 3 Az
374 A
2
A wel = 28 AA 7 At/
ol anan e mea g I 2o
- A% BEE T AARAL 71E 3
ey R AR E R LT
S P
o i sy R 5000
FspA A A= ’
3
e e T R 5 000
9% =29/48 A9 ’
- AZE EO/IR BskAe] AH=H7
S R * 100
Ty
s |- BO/R ek syt <5 NN RO OO 0,000
2
ksl
= |- BO/IR 234 Swaytghe tore) N 10,000




=13
=

H 2 & el 7l

A1 Ad =l A AR

Lo=u-o 7 &g

= St
S S

7}

AA FWAAE, FE] A4 AR 050 o Suz Aok HHRA
SR A BAS FW A 87 RUEY 977t A9
3, A3 FoR Y] 3

} oj o} S
=] O Ex = o =l ==o
ARUE YL Foke] 249 fulshs 29
(ST = e} ol = Q = = =9 0 S H B
g F- e 7] A4S EO/IR AX = T2 7802 AztE FErE giFFEol
>~ o) TC - XA = =] =
W, 2 7HAe] 4 Adel] ol27]e AFE e FA BSEOE ARSI =
Pl oro
A&shA S
L3l A S =13 h=Sy) o 3 o] E3 0] = S 1
np, Egh AEstE pdE AAMEe A, 7HAE gl S3tE o de A B
s ol E3 o] = A] 3 oyl A oo
Ao ool Ssteo] sl= AAelr]dl, 7 g3 Ao dgs Sl
P=3sF 2= 9] 5= oJol/gllok =92 o il 1= o] o
e = glofof et Ab/AlY BEE o= AlErld et s
Pe ] J°l
8- i o ]
12DS/TS200 Micro STARI POP200/300 Quad-1
2 axis 2 axis 2 axis 2 axis
Stabilization Stabilization level Fiber-optic Gyro Stabilization level Stabilization level
< 35 urad rms/axis Stabilization : 50 < (30~40)urad rms/axis <35 urad rms/axis
IR: 256x256 IR: 320x240 IR: 320x240 IR: 320%240
Resolution InSb FPA InSb FPA InSh FPA InSb FPA
CCD: 480 lines | CCD: 270(NTSC). 460(PAL) CCD: NIA CCD: 500 ines
. » IR: 10 Cont. or : o .
Magnification R4FOV@5-22) | fouisi759) R6FOV(@-T) | IR:Cont. (27-22)
B CCD: 72x :
Human Detection Range NIA 3.5km 4~5 km 5.4 km
i Turret. 20.87 Turret: 13 Turret. 10.4 Turret 21.5
Weight(kg) SIU: 408 ECU: 34 PEB: 59 PEE: 3.4
Size(cm) 371 x 305 343x229 380 x 260 430 x 305
Shock. 20g, 11msec
5 MIL-STD-810/ MIL-STD-810E. MiSTD 810
hock, 10g, 11msec DO-160D Method 509.3 514.5,
Endurance -15°C~55°C, g o g 159, 11msec
4,572m, 270knot b e Procadure 1 -20°C~+50'C
’ g 4,572m, 270knot -30°C~455"C 4.572m, 180knot
4,572m, 300knot e o
Option{s) IRI LP. 881 LI AVT,LP, LRF AVT, LP, LRF
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@ Vision-1000 (DJIAF)

@ €9 1% : 300 ~ 500m

@ #wSAIZE L oF 10 T 30

@ HATHF 15 T 2.0kg

(ch $9487 8727

a4 ==

[‘

Parameter Specification

Field of View (FOV) 4.0 degree

Spectral range 400 nm ~ 900 nm

Spatial resolution (GSD) < 03 m

MTF requirement > 0.3 @ Nyquist frequency

SNR requirement > 100 @ 660nm

Permitted weight < 15 kg

Permitted volume size < 120 x 100 x 150 mm

Operation height

300 7 500 m
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(T FsHdA a+=4d ==

Parameter Specification
Effective Focal Length 350 mm
Entrance Pupil Diameter 70 mm

Pixel size 26 um

] ] > 0.75 @ Nyquistfrequency
Optical MTF requirement

(660 nm)
RMS wavefront error < 1/15 A
Distortion <0.1 %

SNR
o o

o

oL i i i i i 0 2l—=i i i
400 500 600 700 800 900 0 5 10 15 20
Wavelength (nm) Spatial Frequncy (cycles/mm)

a8 4 BEAAS 2 F%2 71 £ (SNR, MTF)

(2) EO/IR “&3A ] on] /%A AA 3

(7h) TMA H33skA A A
@ F/5.0 & EPD 70mm 71522 TMA & wAlgsA A7
@ Slit ¥ &9 Spectrometer(Offner type)oll W3t 713 A A <=3

@ Spectrometer A A= 22 d ol Al T oA
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() TMA AegstA dA Fo AL

Effective Focal Length 350 mm
F-number 5.0
Wavelength 400 ~ 900 nm

CCD pixel size 26 um
Field of view 4.0 degree

(th) TMA Aek3gsHA A A gk

Surface Radius Thickness Conic Diameter Note
OBJ - Inf
M1 -739.1x£0.4 -139.2 -4.71 90 DY : -61
M2 -237.91£0.4 139.2 -0.77 50 STOP surface
M3 -362.1£0.4 -125.0 0 80 DY : 61
FM Inf 166.0 0 45
IMG - - - 20 Slit position

—

Folding Mirror [ ==
)

Irhage Plane
(Slit position)

LT £
Secondary Mirror .,f;ff. Ve W g
(M2) R 3
Aperture b G R,
Stop N - R i : .
7 "~ Optical axis
Jf;: ,r"i
: 7/
Principal ) ”/ /
ray . f’ --;'H

¥

A .
4 | Primary Mirror

o (M1)

I3 5 TMA Aw33s-A AA Layout
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() TMA A3 A58
@ Spot diagram : RMS radius= 2.8 ym ©|3}2 %

Sh
&
oX,
olr
ftlo
fz
-
=
%0,
oo

+ 0.5500
(s 1,155, 90000 (deg)
'FH'+
i
8z 16500, 9.0300 [deq)
IMA: 0,50, 9000 m ”»:_ Mks T.OTE, -0.016 me
@
(Hd: -1.1550, 0,000 (deq) ()2 1,653, 9.0000 (deq)
e ke 10,111, ~0.033 mn +++
IM&: -T.78, -0.016 m IMe: 13111, -0.033 mm
Sorface IMA: 5lit
Spot Diagram
F/5 Three Mirror Tele. for Coastal water E=_1n30ng Oh
2014-0%-15 Units are jm. Airy Radiug: 3.381 pm i
Field : 1 . 4 KOoSC, KIOST
BMS radius @ 2.170 2.3179
GL0 radius : T.883 B.0M 2140907 TV Stop M2 F5.0 5 et tel B mx
Scale bar @ 20 Configuration I &6f 1

a9 6 TMA A33A Spot diagram
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RMS Wavefront error : 1.65 degrees®] fieldoll thale] &Ea]% A ko]

diffraction limit ©]3}9] S Holi A&

wawves

rrcr 1in

avefront

Was

MS

=
1

o L 1 1 1 1 L 1 1 1
o .18 .13 04545 .66 0.A2% 1. 1.14% 1.32 1.305 1.0

+¥ Field in Degrees

BMS Wavefront Error ws Field

F/5 Three Mirror Tele. for Coastal water Ei_]nsgng 0'1

2014-05-15 = il
Poly 0.55 KOSC, KIOST

3 20140%3 ™™ Stop M2 F5.0 v5 out tol PM.mx
Reference: Centroid Configuration I &f 1

% 7 TMA A4 RMS WEFE vs Field
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@ MTF @ AAxAe tiste] 0.7 ]9 53 s HdS &Ad -
0] o
=]
TS Diff. it TS5 1.6500, 0.0000 (deq)
TS O GDOD 0.0000 (deq) TS5 -1.1550, 0.0000 ({(deq)
||| || IS p o -:alJu, 0.0000 {deqg)

[ T la:u, 0.0000 ddeg

T
15 R
e ——
P S—
1
o - 4
u
i+l B 1
i
H 1 - -
i}
2 1.4 |- -
3
=5
La) 0.3 = -
5]
- | B |
n.1 - -
1.1 1 | | 1 1 1 | 1 1
n m 1 rd i} 3 3n an an an b ]
Spatial Freguency in cycles per mm
Polychromatic Diffraction MTF
F/5 Three Mirror Tele. for Coastal water Egnsgng Oh
2014-05-15 g
Data for ©0.5500 to O.5500 pjm. KCSC, KIOST
Surface: Image (Slit)
2180907 T Stop M FRD vh ook tol BMLmmx
Configuraticon I &f 1

a9 8 TMA Aw3338A MTF
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(7h) TMA FsHA o 43 o=
O AEEH o= dng=9] 48 %

@ MATLAB¥ Zemax® 43 9%

Perturbation :
(misalign) vector -~ Havixacing

= Wavefront arror

A

A
T4
&

o]

-

)

o

SEN MFR
Jacobian Matrix Target MF value

DWS I MDCO
Hessian Matrix Configurations

Matrix multiply Optimizing

Alignment state
estimation

Haytracing &
Performance info.
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(Hh)

RMS VWFE

RS WFE

SEN, MFR, MDCO ¢ig& & M3 ®Agxt &-8715 <l
Case1:M3 Case2 M3
T 1.4 T
====Requirement : ==== Requirement
== SEN B R =--1—8—SEN
—+— MFR = : —+— MFR
"MDCO ] i ittt MDCO
——DW S5 E
03]
=
___________________________________________________ [
i
2
[teration Iteration
Case3: M3 Cased M3
T 1.4 T
+ |-——='Requirement . |==-= Requirement
-------------------------- r--|—8—SEN L s e e Ui
——MFR g —— MFR
""""""""""""" r - MDCO 1 MDCO

A A

PN
T

JwAb 8 Tbsel i g

Qe 471 B8

=

[teration

a9 10 AEA
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IMILT Doty Liowgger

35 HUOIRE

Mhn Controller

SjHe|SoIREY|

Li-Po Batiery

GPS

LYY 2ATI|

_18_



7t S95 7 It B, 7 12t AEHe] SRS

7He= GDDSLR EfX, LIkt 5k 2451 2 HoiM 7 fofl2} BTl 71s

Ty 2o

S| 2015187 |
LiPo Battery 2|5 22| BiER|2 SOIBEDY | 7N XY 22
IMU data logger 2015ER7 | 2R Y pitch, roll yaw HIO[E] £
Miain Controller PR | 7 M S-S 7IEE
S TLORE ZI2tE Do 7 et elx=o| st ik 1

a3 13 AHA#ASF 7171 9 Ao F1dE 7)) 7E
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0 €— landward seaward —>

Elevation (m)

0.5

Elevation (m)
TR

i
[

e
in

= RTRK-GPS — Rotary-wing — Fixed-wing

<— landward seaward ——>

—RTK-GPS — Rotary-wing — Fixed-wing

9 15 3| Ay el ForlE T F53 A2 A(DEM) Bl
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. 22hd =

(1) TMA A& ZeA A2 &4 A<

(7h TMA gt i 4=
@ MDCO ¢argFol thdh Aol ~Ey 3

o

e
N
ﬁ
I
>

e Current WFE

Sampling WFE
from Multiple Config.

r

I

Zernike fitting (V; jk}

Zernike fitting (T; ;)

|

|

v

MF?

B

i
}:ﬂzl Ek= 1

2
Wik (Vijie — Tijic)

L,

yw

28 16 MDCO «arg]&d ek Ao

h

Misaligned States

Alignment

WFE

< Tolerance?

[

END

J

LR
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@ MDCO &ag]Fel gk 7lo]= ~HY

(a-M2, b—-M3)

- Mirror positioning error

- Interferometer measuring error

(c-M2, d-M3)
— Mirror positioning error

- Micrometer transfer error

- Interferometer measuring error

(a)

L8

=
in

-
)

RMS WFE (&)
o
e

0.6 1
0.3 +
..... - -t
T P 5 e gt ——
(]as » L "
0.1 0.5 1 5 10
(c) S,
1.8~ ; T r
—— Before
15 ——0o, = 0.127 J
o, 0.37
S, -0.633
=3 m
E 09} —9,=095 ]
s
% 0.6 4
0.3+ 2y
0 vy
0.1 0.5 1 5 10
a

1

19 17 MDCO &aa] 29
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—a =037
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; -, = 0.633
E 0.9 9, =095
z
Z 0.6}
il / P
n h 4 b i -
0.1 0.5 5 10
(d)
1.8
—— Before
L5{—e—0, = 0.127
o =037
= | PR o, =0.633
E 0.9 ?am =095
E
¥ 0.6}
03} / Py
0 1.' T —
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(1) TMA Awgstze] A< A

M1 — off-axis asphere M2 — convex asphere M3 — concave sphere

Surface
Figureerror ~

RMS : 89.3nm RMS : 39.8nm RMS : 72.0nm

*Measured by UA3P profilometer

% 19 TMA FsHA F7|A5 AA 3D 2d=

_28_



el
- SIETHAIA E o] &3skx &8 ¢85 (1 pixel spot &H<l)

- AHAE e 3349 42 Al nA 4D FA F

5-holed

Entrance pupil

Fizeau
Interferometer

Base plate

2% 20 TMA #8H7e] Ad wA %

Norm. Log(Energy)
- 1.000

-145 100 50 0 50 100 144

a9 21 TMA 38 44 5 =% 9 H1E7] J4 Alej=
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Effective Focal Length 100 mm
F-number 4.0
Wavelength 400 ~ 900 nm

CCD pixel size 25 um
Field of view 3.0 degree

(W) 29 A3t gt dA g

Surface Radius Thickness Conic Diameter Note
OBRJ - Inf
M1 -238.8%0.1 -60.0 -2.007 36 DY : -18.5
M2 -82.0£0.3 60.0 0 16 STOP surface
M3 -105.1£0.1 -72.6 0.196 28 DY : 18.0
IMG - - - 20 Slit position
!
""-\."\Ter’tiary Mirror
\
Image Plane o :\ (M3)
(Slit position) [ l"\
\
L
___________________________ Optical axis
Secondary Mirror |
(M2) == I
Aperture—— I
——" Sop = f#‘ Primary Mirror
= o

_25_



(th &8 =3t FSA A
@ Spot diagram : RMS radiusi= 1 ym ©|8t2 S8 AHd5S Hola &
+ 0.5500

CBT: 0.00, B.30 (deg)

10,00

X

o 0000 mm

0BI: -1.50, 3.50 (d=q)

i

™A: -2.607, -0.001 m

Surface: IML

s b

20, 7.0 (deg)

08T: .00, 10.00 (dag)

TMA:

OB

TME: 0.000, 2.65 mm

TME:

0.000, -2.640 m

1.50, B.50 (deg)

b

2.607, -0.001 m

Spot Diagram

F/4 ™A for MRF
2015-12-08 Units are pm.

Field

RM5 radius : 0.623 2.149
GEO radius : 1.113 3.734
Scale bar : 10

BAiry Radius: 2.685 pm

3 4 5
0.924 0.57% 0.979
2.664 1.994 1.994
Reference : Chief Ray

20150521 TR Stop M2 F5.0 ML vi.4 aper 25 tol.mx
Configuration 1 of 1

a3 23 A8 A3} F38A Spot diagram
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@ Optical path difference : A A Field of Viewel] ti3ste] OPD #ke] £ 0.2

waves oo E0]&F& Hola 9

e 523 [dagt
w ¥
I o O e ==t
@0 -1, 5,50 (2ag)

ons: 9.09, 9.0

3, 8.33 |dag

.

Optical Path Difference

F/4 TMA for MRF
2015-12-08
Maximum Scale:
0.550

Surface: Image

+ 0.500 Waves.

20130521 TR Stop M2 F3.0 ML vd.4 aper 73 fol.mx
Configuration 1 of 1
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@ MTF : AAxA diste] 09 o]l 3 4%

o
o

o
f
o
o
_l U
o
]

TS Diff. L
“ TS 0.00,

im
a

TE TS5 0.00, 10.00 (deq)
.50 (deq) TS -1.50, 8.50 (deg)

1.0

| TS 0.00, 7.00 (deqg) TS 1.50, 8.50 (deg)
- : :

of the OTE

Modulus

Spatial Freguency in cycles per mm

Polychromatic Diffraction MTF

F/4 TMA for MRF
2015-12-08

Data for 0.5500 to 0.5500 pm.

Surface: Image

20130521 TR Stop M7 F.0 B0 vA.4 aper 723 fol.mx
Configuration 1 of 1

I 25 &9 AEE FSA MTF

_28_
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(3) Spectrometer 2 A 3
(7F) Offner type e 9] spectrometer A7 <3}
DO AY/EY FS(ex. AHY) 852 =2 SNR @ &+

@ Ocean PHILLS, HICO ¢} 72 NASAoA Z3) 2l a8 spectrometer il

(W) Spectrometer A7 & ApF

Effective Focal Length 762.2 mm
F-number 2.5
Wavelength 380 ~ 750 nm

CCD pixel size 26 um
Field of view 20.0mm * 3.3mm

2D Layout
Offner Type Spectrometer for Ocean Science
2015-05-12 Eunsong Oh
KRSE; RIGST

20150512 offner v5.5.ZMX
Configuration 1 of 1

18] 26 Spectrometer 274 Layout
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(t}) Spectrometer 7 Spot diagram

+ 0.3800

asJ:

.
.ij
atrs
¥
ta

++:+::t+
fiihe
B 5005, -1.65l m 1 -5.515, -1.651 mm
+ ta
e
e el T
Pttt
Fot
O87: -3.00; 0.00nn @72 -10.00; L.00 mn
A -10.030, -l mm
wtglty
& epea el
i + +:o TIE,
- R
m™a: 5015, -1.651 mm IME -1.imm
Sarfaces: TR
Spot Diagram
Offner T Spectrometer for Ocean Science Eunsong Oh
;?Ellad_llj_ c: Units are Llnn i A:Lrj,rgaadlus. l.ilcl m KOSC, KIOST
RM5 redius : 2.425 1.410 5.343 1.4110 5.343
GE) rading : 5.220 3.2714 f.488 3.2714 8.48% | 20150512 Offner w5.5.ZMX
Scale bar : 28 Reference : Chief Ray Configuration 1 of 1
=1
0.00, 0.00 mm ‘ St w -
o
5.00, 0.00 mm 3 w '
-5.00, 0.00 mm & ‘ '
-10.00, 0.00 mm M “ % ‘
—40 -20 o] 20 40
Surface: IMA <— Defocus in pm -
Through Focus Spot Diagram
Offner Type Spectrometer for Ccean Science Eumgnq oh
2015-05-12 Units are m. Airy Radius: 1.167 ’
:f‘liela:l ) ‘: e A L_'m 2 r}r3 e 4 iy 3 FRSC, RICST
RM5 radiug : 2.321 1.321 5.215 1.321 5.215
GED radius : 3.220 3.274 8,484 3.274 B.494 20150512 Offner v3.35.ZMX
Scale bar : 26 Reference : Chief Ray Configquration 1 of 1

19 27 Spectrometer Spot diagram (380 nm) : Field & Defocus
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@ 10.00, 0.00 m

Ing: 5000, 0000 m

B -5.05, .50 m

IKR: =10.031;, 6002 m

IKEe 5016, 5001 m

®7: 5.0, 000 mm

e -5016, D00l m

08T: -10.00, 0.0 m

IMRs 10831, .00 m

Surface: IML

Spot Diagram
Offner T Spectroreter for Ocean Science ] . E‘I_Hlsong Oh
;inelfd_m_ c.: Units are }ilm 4 AJ_ryaRadlus: 1;33 . : KOSC, KIOST
EMS redius : 2.7435 1.721 4,432 1.727 4.482
GED radius : 7.043 3.082 1.446 3.002 8.44¢ [20150512 CGffnmer v5.5.ZMX
Scale bar : 28 Reference : Chief Ray Configuraticon 1 of 1

0.00, 0.00 mm

5.00, 0.00 mm

10.00, 0.00 mm

-5.00, 0.00 mm

=10.00, 0.00 mm

—-40
IMRn <—

=20 o
Surface:

26,00

s
|
!

Defocus in pm —>

Through Focus Spot Diagram

Cffner T Spectrometer for Ccean Science Elns th
2015-05- Units are pm. RAiry Badius: 1.735 mm 4y

Fisld . 1 2 3 4 5 RO RINT

EM5 radius : 2.683 1.638 4,366 1.639 4.366

GE) radius : 7.043 3.132 8.438 3.132 8.458 20150512 Offner vi.35.ZMK
Scale bar : 26 Beference : Chief Ray Confiquration 1 of 1

1% 28 Spectrometer Spot diagram (565 nm) : Field & Defocus




m: 5.0, 0

&

e -5.016, 1.

fimm

b5 m

0BT: 505, 0.50m 08T -10.08, L0 m
IR =10 032, 1654 m
ol

IKEe 5016, 1.652 mm MRe 15532, 1.654 m

sorfzce: IMR
Spot Diagram

Ufnea T Spectrometer for Ocean Science ” g E'IJ.IlSOIlg Oh
2015-05-12 TUnits are pm. Airy Radius: 2. .
Field - 1 1 4 EO5C, EIOST
RS redius : 3.021 2.434 4,724 2.434 4,724
GED radius : 8.1% £.562 0,813 6.J62 4813 (20150512 Qffner v5.5.ZMX
Scale bar : Zg Beference : Chief Ray Configuraticon 1 of 1

=2

5.00, 0.00 mm ﬁ r ‘ ‘
10.00, 0.00 =m m_ * ' f
~5.00, 0.00 mm Q ‘ X ‘
-10.00, 0.00 mm .w * ' ’

—-40 =20 o 20
Surface: IMA «<— Defocus in pm —>

Through Focus Spot Diagram

Cffner Type Spectrometer for Ccean Science Elns il
2015-05-15 Units ar m. Ziry Radius: 2.303 m cnqm
Field : 1 2 3 4 5 FO5C, RIOS
BM5 radius : 2.88¢ 2.318 4,686 2.3118 4,666
GED radius : 8.1%¢ 6.543 2,823 £.583 5,823 20150512 Offner v3.3.ZMX
Scale bar 26 Reference : Chief Ray Configuration 1 of 1

19 29 Spectrometer Spot diagram (750 nm) : Field & Defocus
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ok A &=

(1) EO/IR F38tA A A # 43} (Spectrometer)

71 A7

oy
Ll
do
ro
)
i

B

(7h) AA H=

Model number

Sensor options

Active pixels "2

Pixel size

Image area

Minimum temperatures **
Air cooled

Coolant recirculator
Coolant chiller, coolant @ 10°C, 0.75 /min

Max spectra per second **

)

HOW AVAILADLE WITH

Ani-fringing  Dual AR _

2 QE

* BU: Back llluminated CCD,
UV-Enhanced, 350 nm optimized

* BU2: Back llluminated CCD,
UV-Enhanced, 250 nm optimized

* BVF: Back llluminated CCD,
Vis-optimized and anti-fringing

+ OE: Open Electrode CCD

1024 x 255
26 x 26 pm

26.7 x 6.7 mm
with 100% fill factor

144 (OE - Full Vertical Bin)
273 (Full Vertical Bin)
1,149 (OE - Crop Mode - 20 rows)
1,612 (Crop Mode - 20 rows)

I 31 HE7] &9

_33_
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1400 |
1200 |
Crop Mod
1000 | rop o (20 rows)
L
E Spectral Rates (Fast External Trigger)
§soo | s—
920
= a20BxDD 2~ ---—--—-—-
z 40 _
Em t
™
400 |
200 |
0 | |
Crop 1 2 3 4 5 ] 7 8
Mode
Number of Tracks
18 32 7AZ7] Readout rate 2 speed
1000000
920 BR-DD,
100000 BEX2.DD

Dark current (e/pixel/s)

0.00001
-100

-80 -60 -40 -20 0 20
Temperature (°C)

¥ 33 7A=7] Dark current
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(t}) Offner type Spectrometer 7 & %3} 43}

D Offner type Spectrometer 2 4] parameter

Parameter Value
Spectral range 400-800 nm
Design wavelength 600 nm
Pixel size 26 um
Spatial image size 26.7 mm
Spectral image size 6.7 mm

Grating density

320 lines/mm

Diffraction order

3D Layout

TMA and Offner type Spectrometer
2016-07-06

20150921 DR+Spectroreter viilr04-seminar, 2K

configuratién 1 of 1

13 34 Offner type Spectrometer A A Layout

_85_




@ Offner type Spectrometer 27 %3} 43}

%

L.

3D Layout
offner Type Spectrometer for Ocean Scisnce Eunsong Ch
2015-05-12 KOSC, KIOST

20150512 Offner v5.5.2MX
Configuration 1 of 1

3D Layout

TMA and Offner type Spectrometer Vreg Trgtitite of O Science & Tadimlon
2016=-0T7=-06 ¥e B fireg Istie of :];E...l JCIENE ¢ ..ilﬂ.].:l!_;

010021 Do Spactrometer WlnMd-simner, 2
Configuratidn 1 of

_36_



@ Offner type Spectrometer 27 %3} 43}

;

E

=

2 -+ .
Aperture Full X wWidth : 26,6000
Aperture Full Y Height: 3.4000 % rays through = 100.00%

Footprint Diagram

Cffner Type Spectrometer for Ocean Science of Toean § i Technoloq
2016-11-23 e b et
Surface B: Kibeom AHN
Ray ¥ Min = -13.2503 Ray ¥ Max = 13.2503
Ray ¥ Min = -1.8621 Ray ¥ Max = 1.6638 20150512 Offner v5.5.zmx
Max Radius=  13.3530 Wavelength= All configuration 1 of 1

+ 0.8000
Y
H
E.
o v i +_ -t
0
Aperture Full ¥ Width : 26.7000
Aperture Full ¥ Height: 6.7000 % rays through = 100.00%
Footprint Diagram
THMA and Offner type Spectromerer f toean Scia
2016-11-23 Sl S
Surface 15: Kibeom AHN
Ray ¥ Min = -2.4566 Ray X Max = 2.4566
Ray ¥ Min = -32.2690 Ray Y Max = 3.2187 U150 T Spectrmeter Vi1 rld (6= seainat, o
Max Radius= 4.0859 Wavelength= All Centiguration 1 of 1
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@ Spot size H A3} : Hd RMS radius

Aol = [10.8 um] — [3.8 um]

5.5000 [deq)

m|Je -1.5005, 85000 [degh

®

IE: 2447, 0.0 mm

e

B_5IND [dag)

-1.628, D.MBm

®

ma: 1.628 -0.0E m

M| 1.5500, B.5000 [deg)

IE: 244, D00 m

= 0.8000

Sarfece: MR

Spot Diagram

TMA and Offner type Spectrometer

Forea Tnstitute of Ooean Science & Techmalagy

2016-11-23 Units are pm. E
Field 1 2 3 4 5 b om AN

M3 rading : 4,003 3.920 3.920 3.825 3.823

GEQ radins : 7.4984 8.123 9.123 9,544 9.54 1587 MApertroeeter wIrd-201600T06seminer
Scale bar : 2¢& Beference : Chief Ray Configuration 1 of 1
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® Wavefront Error # 43} : RMS [0.2373 waves] — [0.2164 waves]

Wavefront Function

Spactrometer for Ocean Science
2016-11
G.5650 ym at 0.00, 0.00: mm

Peak to valley = 1.3705 waves, RMS

0.2373 waves,

T PR
Ucadn xience & lectn

Surface: Image
Exit Pupil Diameter: 1.0216E+003 Millimeters

20150512 Offner v5.5.zmx
Cconfiguration 1 of 1

Wavefront Function

type Spectrometer

1, 0000, B.5000 (deg)
sak to valley = 1.0971 waves, BEMS

ME

=R |

0.2164 waves.

- T
¥nraz Tn

miied L

st ean Solence

hp:q:J
abdeh Ve woladdl dfadvdlon

Kibeom AHN

§ Tectnology

Surface: Image :
Exit Pupil Diameter: 1.6197E+001 Millimeters

FI3M4] Desgectroneter vilrld- i Im
Configura<ion 1 of 1
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(7H EO/IR #38HA =4/4E $ A% : Spot size

@ Off-axis #stA7} 72t astigmatism A Fe = Ad] A2z HH
Spot shape & H.¢

@ Spote] detector 1 pixel(26 pm) ol Eo] &L F2lg

@ Spot size : Maximum spot size [17.5 um]
- Spot size = PSF size(rad) x focal length(350 mm)
- Minimum spot size (y-direction) : 7 um

- Maximum spot size (x—direction) : 17.5 um

go_:Norm. Energy -
080=
0704
060=
0505
040=
0305
020=
0.10=
0.00= T ] ! urad
-60 40 60
250 urad Norm. Log(Energy)
- - 1.000
200 - 0.900
150 - 0.800
100 - 0700
50 - 0.600
0 : 0.500
0 : 0.400
- 0.300
-100 L
- 0.200
-150 =
- 0.100
-200 =
- 0.000

253 urad
-253 -200 -150 -100 -50 0 50 100 150 200 252

719 40 EO/IR #8HA =9/449 & =3 2k
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(\}) EO/IR #38HAl =%/
D Off-axis #3sHA 7}
2t o=
@ AA F371¢ 29 Alodl= 0 degell Slit o] 91x|8tA €

o
il

< AF . MTF

+ astigmatism Ao =2 2l& MTF 7} wWako] wf

P

Modulation v

1.00—]- Green: Theory
oso—f N\ - Black: 0 Deg
060 AN ; Red: +45 Deg

= N\ I Blue: -45 Deg
0.40— N ;

- N\
0.20— \
0.00— . ! ! t T T i i T -| Norm. Spatial Freq.

0.00 010 020 030 0.40 050 060 0.70 080 090

719 41 EO/IR 384l =9/449 $ MTF
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2k AR d =

(1) EO/IR 3384 Straylight

dak B R WE AA 5

(7}) EO/IR #3HA Straylight #4] Al 2~# 7+
KeR

@ EO/IR #3HA 34 42 919 3D 2d" 7w BHa= )
3

@ 71 FstAS 33 &4 Wl dA EA (critical object) ZAS A
oAurel FF A3 ZAF & A (lluminated object) 5= 93 AWsk 43
Aol AU+

Q@ AN 7= WA A Ay =Es M= s AU &
o] A3t £ Fstolof Huw W2 ARt EalcRs

of tiate] e S F3te] A&7 & A = g 24

®
> o o

S
[>
T,
flo
AN

o
i
i

et ALY B

v

HAE 33 Hof

% 42 EO/IR 3384

NzE BB
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(1)) EO/IR #3384 Straylight ¥4 43

R
DIE RS ST ES

Structure scatter model Ultra Black Harvey (TIS 0.05)
Optics scatter model Lambertian (TIS 0.05)
Level 5

@ EO/IR A33stAl7F TMA +22 384 WE7) open © HENZ straylight

188.35,390.22

A
-116.12,-24.578 mm -@ BSAP w2014Vl 2014-12-08 18:36

a7 43 27] EO/IR F7| A4l g 4324 53

a9 44 %7] EO/IR F7]1AF-ol gk #3354 Ayfe] wa wE A7
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of w&

o

Straylight flux 4]

Stray Light Flux at detector

0.000006
Flux (W)

L0005

0000004

000003

r""h,r 0.000002

0.0 01
ﬂ i
-1 05 0 05
Incident Angle

Straylight ratio &4

Stray light{W)/Image(W)

0.00004
z
&
0.000035 B
0.00003 %
H
0.000025 &
5
2
0.00002 - ¥

O.00001 5

0.00001

0.000005

0—
1 035 o 0.5
Incident angle (degree)

_44_

o

-

1.5




©® YAz e W& Straylight &3

Ssmeren ks, LEATE

Skl Ry LESTE
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(t}) 3= EO/IR 337 Straylight 4 2 wjZ A4 43
O #<& EO/IR &7 Straylight &4

18 51 HF EO/IR #8HA 34 &4 Ay
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O #H<F EV/IR #A & 24 3

19 52 H= EO/IR #3HA = A A<k
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=] cC
M 4 & A7 =sg M T
Al A AFEEE 4%
LASA HE o] 24
o ATARE R g AT )
EREs
TR | AvdeEw SERE
(%)
1 s, 59, B4 S 55 2elg ARt
*SLSIELZH& EO/IR
. 5o | ANTS o TIALEE A
12 A = 335} 27 24 100
Q e J - -
(2014) »j*j;ﬁfg%l)&%*é 2. BO/IR #8tA9] olju)/gA] AA 53
T 2= i
- 3. 44 AAE B9 AR B3 9 3F AP 59
4. EO/IR 2384 ZAAA & A% 34 A4
papde | BOR A A 15 mal e 29 4 7 de/s)d A
jul 9] NS 100
(2015) A NE nEsh 3
6. @Y #5S T3 A} Vs Ao x &
7. EO/IR #&A AA HAst +3
A = 3A A =
Saoter | BYR G 18 BOMR WA AN B4 2 2948 A9 | 10
9. AZE EO/IR #& A AdsH7F T3
439% | EO/IR #stA  |10. EO/IR Ae#3HA Straylight < &4 100
(2017) | Straylight 9&24 |11, FO/R 237 Straylight 9 3 4]
o st
T T SCI | Al
H3E | (=2 AA, = 2 2+ Ad AA | (WM, | | D
EERES ) SR T
Performances of CAA
Algorithms for Alignment
3 imation Si i Je R, o2% A4, | 95 2
) spa State Estlma.tlon Slmula.m()ns A X Q R I 'ff—r-r 2014.10. =) - 14
for Three-mirror Anastigmat | 73], ¥ A, 7143 | 38 3]%] a=
Earth Observation Optical
System
Development Progress of
Ocean Color Sensor Based on
I, . . e, AR, A4Y, | dHsF 12}
2 sksluk % UAYV : Design and A7), vredaAl AN | 98517 2014.10.| =i - .
Performance of TMA Optical
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