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O A vj=, d&, =, FHAT, A5 52 20109 & &FH == & A

= H
- R
E AN F AFAT 55 FEE G FHAE F T AF

- 53 opalololA @ WAL AAEe AR, 3, AR Fo| YriFe @ AR
e BRI F oA GAQ Y A5 WA A BEFE 5 P2
H1 Qe

* ASI(o]elg]), BNSC(H =), CNES(Z#), CNSA(E®), CSA(FIUTH
CSIRO(L.E# U ol), DLR(EZY), ESA(FH) ISRO(RIE), JAXA(YE
KARI(3+), NASA(V] =), NSAU($-Z go]u}), ROSCOSMOS(E Al o}

N— N

O NASA+= 2008\ 349 12¢ Fejuats =& s/l= ¢
gl 6~8719 FAMA S HAFAA & FAE FAIEE R Fdste IALEA
W E L Z(ILN : International Lunar Network)oll & A& #|<HgH
- T FFATES T I 571 ILN Fo ool M
31915-(2008.7.24.)
* W SH(NASA), olgglokASI), 9=(BNSC), 7HYtH(CSA), Z#H2~(CNES),
AE(JAXA), ZY(DLR), QI =(ISRO), th3H7l=(KARI)
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O Fdust= LNl Foqd &S FH ol w2t ILN FHojsozs F4=
Working Groupell Fefste] ILN AlF X Algo] #ste] =93, dHO=E
FEuEte] 7hs g Fojors FAlgtejord B o] tiFH

—z fllo

O B AFe BEE ILN FAFA MY olF, 109 Fu7I7A ARiels
59 eueel Felge FARRT ¥TY 2 BAY 94/E FRE AT
FUAAAFOR 1N FelAhgle] B89 =53he Ae

42 AA, 2 "HAL 718 AFNA AAE AT D A A" dAG ILN

= EA4, ILN ooz F4F WG ¥ Steering Group®ll
M ILN FoE A% 712 ARE FHsta =7t @8 U EAAE 753
]
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‘A $FEAL z2aRS Tl v=Y Feh, ®HeE B AAZF o] FEe

2 sta Aok 53] FFEARE A
5 #3 Z2ade A77st
( Planetary Science), Bl ¢=32] (Heliophysics), %A &2
(Astrophysics) & Holz FAEo gt s N = ol st 71
of At oF 459 2 oits TSt 57709 mAS & ol U 31749
Mz PAS A ok 30001 7ol Este AT € EAS 98 A
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9 73S 9% A 22392 SMD(Space Mission Directorate) S 402
AP At 20009 6ol TALEO] HFzHom dFE P LRO(Lunar
Reconnaissance  Orbiter)/LCROSS(Lunar Crater Observation and Sensing
Satellite) £ o]l & g4 e ag o shlelth ¥ WAbE @ H%e 9
g 5 HAeRE @ TYF f19e AT A=deR 20119 TARE o
¢l GRAIL(Gravity Recovery and Interior Laboratory) ©] 1t %3, Lunar
Quest Program®] d&o= A& F< & tir] @ AASAS ZAtstr] S
LADEE(Lunar Atmosphere and Dust Environment Explorer) o} & A& g©ALE
2549 ILN ©] ok

ol#igt SMD T4l & ®AF 23 5 A "t Byt AS dA Us
National Research CouncilolA H¥FA<Ql AEZL B vt 48 ALY A
2 10d7te] HE(New Decadal Survey for Planetary Science) 2 FF 109 &
che] WY YAt 2E W 2L $H 2908 24T 201196 HE BuA A
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AA 2 A% 7 2 FFA Ve S A lE AF okl A& A
o] o AE T tl 2 218 m=o] 2020971 B ERALE 9sle] HIALE A 3
il Qe ZEaolrh

Lunar Mission timeline Next Decadal

-
moon % g—cmﬂd ayaan-1 (SRO)
MoO with ISRO

!— e

LRO

/
‘ ® Atomi
/ 4 Extended Themis Mission (Heliophysics)

% I GRAL

[l
RIS
b I‘ —
a A
N chor Nodes (4)-Under study

i I I ] i i ] I | I ] 1 1
TIMELINE 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 .,

a9 21 M= & A T2

2. ILN 72 &%

ILN2 52 oA A& & JFALE Fadstaa 342 JE& &3t
g 21} MEYAE FEsnA st ZE2ado|dh ILN F vZolM g3t
v 9% 39S 9t ILN Anchor Nodes ZTEAEZ}L A|¢tE 1 7H3AA
f‘fﬂﬂ Att. ZFAE g At midd - BIgAE} & F2 W

SEEYAT LM TR o]Fo] A glom i Phase A9 AHH ©A
o] AF } =R L ol %? 109 Algo] &8 w7t tirlste & EARA 9 9
EEIE ok A7 dA WP

2 Uad 22 Aol a3 H U

_4



ILN Anchor Nodes Y58 A2 Yoz A ARQA ASRG(Advanced
Stirling Radioisotope Generator)E AH&3lH 4719 HEFHo2 ==& FAs=
Wt B SFHAHHYE JPoZ ARG 2719 FAEHoE =2 FASE

o s s AAEEAZE AP EH A

Aol

4-node iy 2-node
ASRG Mission Concept Solar-Battery
Advanced Stirling $836M Cost Estimate (FY10) $607M
Radioisotope
Generator $890M Cost Estimate (RY) $650M

(ASRG)
798/260 kg | Wet mass (cruise/lander) | 1164/422 kg
Atlas V 401 Launch Vehicle Falcon 9 B2
128 W Power — cruise 95 W
Ms/5w | Fower-surlace ops 56126 W

Ll L. (day/night)

& years continuous operation, including lunar night
4 instruments: seismometer, heat flow, EM sounder, laser ranging

M~

713 22 ILN Anchor Nodes®] 5 7}# &4

A28 ctAotzrle @ WA A7 AL BF
1. T34 @94 A7 AL 3F
T 20201 oAl ZelM AES AFs AFE Adste 39A FA 2
A} 223398 CLEP(China’s Lunar Exploration Program) ©]2f+= ©|§o =2 F
o Atk CLEPY Al 19A€ AEAES 2o RUle 202 2007d HALE o
o7 GAYFE FYG Fol1 o] XETh Al 1849 AT Helde '
oliel FA-3A LA, WA 24, TT&CE st A3 =4, A4
F4Q ojF Al AE Fol EFE. A 2vAE A Fol-19 W
o Fol-137F AEAQ] FFE gRdAN Age 2o AFAS
AP ZARS] ARE 20101 o] ARG o Q1 o2 & G A
3 Fol-35 5 20121 LA Aol TET. CLEPY] vwhA%
= 29 AES AAst ARee Fol4 zEaPow 20174
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o, of

A F=el Nl W § 9 AU Afe=Rs g
o o] A AR TR FAHI Atk 7l & FAAEQ] CLEP EF
o] AT AL A8 Well £FE Zolth A5 FARY A 1dA = 2ol #5
A& Hule= CLEP 29719} 20119 3140 A=4? Yinhuo-1E5E A= 7
Zo] FEh 495 BAF Al 29A= CLEPY 3949 shdo] 254 2 2
= Hule Age] xdEH. A5 2A] ABEAE f9l 2 "AL S
2R e AE AH R AR, 54 o) de) B FASI= AFe] 2gH

2. A& @EHA AT e TF

SELENE-2+= 2007d 8¥ WAlxo] & ARE HA3stH GAIEE A3
433t SELENE®] ¥4 » 24 E =& SELENE-2, z
o] & & =2 Fof shfolth
SELENE Alg]Zo| A Z}7te] Z2AEo|x FQF e T8 7|& 2 535S A
g3t ® 21 7 2k

tri

3 2.1 SELENE 213 2] x}o]

T Kaguya(SELENE) SELENE-2 SELENE-X
1‘3 S
AR YA | Amsakiagsse | oo SFel
q
=9 7% AE gelde 2 @ | guwe A o5 e | vE AT T
= )% A AghEete] Ay | WP SEE AF
A
g 2dY FY | -g@dAdAe  xgy | =l dETEE
gynd s ] 39 of o] 5
2 A ZA} 2 2| L2ty = A4 ol v fFdemo
g A ZeE
_or T 5.4 W o 5 ol = 5 | — WA HSA
o sas 2a) 2 g 374 2 2| - dXoAe] g 3 o -
A REY 97 24 | 4 24 47
AABES 9T
5 AZA YESH A
_ AR g A 1A s
3E 9 FEEAE pe
. ~g W A HDTV Y | ©
=4 4y 2 29 g B TH Jp.
& D
_ o] I HFA ©
HDTVEL S yore) 9399 (1BD)




3. A= 2 HAL AT AL 5F
AEE @ wApdoR A=k A% Tzade Adetw ok Aekls
+ 2008 QA= 9] TALAQl PSLV(Polar Satellite Launch Vehicle)2 WALE a1 ¥
AP FE2 1,304kg, & HAECIA S FELE 590kg otk IFEZRRKIEE IR
g 2ol a3 22 AA A= g dAskAn.
O ESA &AA(FH)
- C1XS(X-ray fluorescene spectrometer)
-SIR-2(Near infrared spectrometer)
-SARA(Sub-keV atom reflecting analyser)
O BSA(E7Hg o}
- RADOM(Radiation dose monitor experiment)
O NASA(¥] =)
- Mini SAR
- M3(Moon mineralogy mapper)
O %=
- TMC(Terrain mapping camera)

- LLRI(Lunar laser ranging instrument)

(
HySI(Hyper spectral imager)

HEX(High energy aj/gamma xray spectrometer)
- MIP(Moon impact probe)

FeEk2s s 20139 BAME BERE sta glon A=A, A543 30~100kg
AEo] 2HE FAET AHEE EAA = A5 9 GSLV(Geosynchronous satellite



launch vehicle) 7} o= ot FEZQE25 = QA% ISROSE #HA|ol9
Roskosmo<}2] HE oz Fgd Aoy ISRO= AT, HAlols F5H € =
Holl tigh HelS Tobx YT o Aol

A3 A SL2se B YAl AFAL B

42 ESA(European Space Agency)E
At goll i FEE HFFAS B

A2AL I Astrium ST ALA|Y A0 =Z Phase-A ©
DA AR T EE oAV o 27 Rz

o
= =
WA= RS AP stal 9len 2018 o]Fol= WARskE e HEE sk Stk

S A= F HAM WE 34
Satellite TechnologyAt7} 7W&3tal Sl FAFA Q] ESMO(European Student
Moon Orbiter) ZZ1# %  Phase A GAE &3t Jom 2014 HALE =

#=2 st ok

A 4 F Zopd @A d7NE TF

1. = 2 A9

= .
] 1990dd] w=rol A %13+ Clementine(1994) ©AMd 2 Lunar Prospector(1998
HAMd S e dF F38 olFol #F3 el SMART-1(2003)2 =&, ¢
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Ao 7lzo] A= Jot. o] ZhH &3 HAS Ved A2 HolAE Y
< H3l FFE7] AR sty dAShe oES F53 7] 9% a3Fd W
o2 dEA A 23 HAHSE 3 FAF diste A4S dASHA I HAIA
FOEM o= Ax A7]9 o7k thst A A S FAE & A Lunar
Prospector, Clementine 91749 A% X olA= YA = A3t aS A g
stAT YA AF 717 Ftdle 35 AAAe] WS AEstath

EAGEo] 7t AAM A dEE WEH A ZFFF(Angular momentum) HEH =
FTHACE IHLTFTS st Feewol BN TFF FE2TA o(Active
Nutation Control) Clementine?} Lunar Prospectoro] &% Zo] 3lom ¥
71€ o3t FEeETS TEFHLE Aost= WiHolt

GEAL 9149 35 AAAOlE ARF A9 35 ApAlA|o] 7]k R A Aol Tt
o] +A4 ¥t Clementine 2 S

ot & 23 qHgETL GulstA o FolAA gt
y

H

oz gEAm Yok AolH
A SrHgE ATE A%l
Z] 5} 3 t}.(Clementine)
BARe] M Ade Au ATAE QRe] BANAN 2A tEA g
o2 dHA Ut = EFH7|(Star Tracker)?} Ao]ZE o] &3k AHA|
HAEH Y (Quaternion) AHAZHEE o] &3 A|oj7] AA WA= Ak =
Z Zol7t gl ez & F
o AFANE ol g3k W -
o] &3tk A1 mEo AR WHe Adul TLHE
s

= Aog B £ o} 3% Ao Rioae HEZ 7)o g4
g:] o

AL
O

g A AR 717w AGAY AR 22 FE2 AR dEHUE 9

o} &3k F
A (Tracking)Z} #1341 &EAlE A= A97|E o|&ste A2 &8 A ok o
BE2 @A A2 A GHUE o] &3 23 HJHRE o] &3 A= AA B
o] o9&t Ao ¢dHA St IA Az HIre As A= Ay gagsS
A AFEFANAM d&EHo 2 Fdste] O AHE o] &t WHOE FXx HE
7ol &85 Atk Clementine] ¢ 7% 4xF9 Runge-Kutta ¢85S ©]



88 g8 A% A9r)7 BEE Aoz A U o9 gL 94X AL

HAeg A9 FA2 £92 5 9oy A2 4GS AFH wHT A =

A% Tracking® G448 A5 ol8dla AEoz ARG 24
Bk o

BHRE
FE ol M

B A% ARE o]t A A BEE vost= 7ol 7
9] Deep Space-1 ¥} o] 4 &AL JFol 2Ed o] e FF <
Aol Hgd 7kl Btk o}lFR 1159 FHE FAREE 7ol A8d A
o7 HuHch

HAERA 7]5(Trajectory Correction Maneuver, TCM) @3 o] HEFol A $14
Aol Aol Bx AAE AAH Aol7F Y= AFol o5 AV AT JEe
22X HF 2= Z&stA Adshr] A T3 AF SAoIY ARERAYS
Aefx = UA A= 2ol o]FofAn FHI A FREZFH A x5 2t
=otal A5 FAs] A% V1S FASA ok B UEse dubzoeg A
olAIE Yol mla] AR AgFFo] BA Fou AR 3z A= JES F
&t} Lunar Prospector® 4% 3¥e BA 7|&& Tt AT 2T

A9},

A rdstn AU Y EW AF U 98 oA o}EZ FF YT
beE A% A% A9 949 7]

< (Autonomous Landing and Hazard Avoidance
Technology, ALHAT)E E3st= MZL 7|&o] vl NASAE FAHo=Z &3
A= k. ALHAT &% Al 2~8l2 284 o) 35 (Terrain-Relative Navigation,
TRN)Z} Fe &4 & (Hazard Relative Navigation, HRN)S.2 FA 5o Q31
127, 7hEh, RADAR, LIDARSH 22 35ty A2 4" dolHE Fx2A

% (reference map)%} Blulste] ©AA S /X E Hotsi= 7|&EolT
ojo} e B ANE 0§68 R} Ee] BATPA2W(INS)S) FRE 2
st 44T PY AFEES BEIAL 5 Atk o] N2 APRE BYPY
pS

(Terrain Aided Inertial Navigation, TAIN)¢|2} sl™ 3% [N 22 GxiH %

5 ol dutdez AHAgdE TieE G3H Ao vi=e A 20099

LRO(Lunar Reconnaissance Orbiter)E TAlete] &5 &AM ZH5S 9l sy
2 AoE dHA Ut

9 2339 & ¥W AL E AFE
2003 EALE 79 Hx9 EEAAQ SMART-1S 7|£9 & gAlA9 11
o] 38ty Fd o]g3 JEx WA Ze] AFH(Low-thrust) S ©] &3l

FAZE vl8gS AXH HF Dol =&F3AY. SMART-19] A F8 A|2HLE =&



A8 Z&5 Awdl = A2 deiA dvh i FH719 A o= <
stod o7t 37} AR A whAbg-go] FEsh(Saturation) FEjo] E=Est=T o]
E Aojslrl sl 2% 7'¥(Gimbal) FX7F AMEEH AT AFH7] &8 3
e 7eR A5 F dn

B 4 otk 19699 AR/}
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SMART-1-& ERC32 ZZ A 9] gha] AFE 7t A1 = Aot
GEAL S8 g8 "HA S/WY Be A7 B A8V BHEEHA il
Ak FHIT AFHoZ YFE F33 Clementine?} SMART-12] &4 S/ W=
F2 A&3HAutonomy) 71%5e] A ZxEHR Je FE FEI Fart ok
Clementine®] 7% E3sta st AdF F3lS Aso= 73437 3] @A
S/W7F F450°] 9tk SMART-1¢] €A S/Wx =LA AOC(HHAl 2 A=A o))
B35, dAo]FE, FDIR (Fault Detection, Isolation, and Recovery)s o2 4 F]
o] AT SMART-1¢] 74-%% OBAN(Onboar Autonomous Navigation)©]2}t= =}
&3} Aol FEEAT FA A== Aoj= VxWorks AAIZF G A A7 &
Fatgth. AAA 0] S/WE MATLAB/Simulink 7 &toll A 7Rake] o).

2. A= Bob

= A AL 2 CCSDS A A 2gt SLE (Space Link Extension)©]
Pom, A Fo FMEL SLEE EEoR AYIAY ARG oot
ISRO® A-%%, SLE A& S 7538, =9 Ad=s 283 vyt Aok

X532 I0OAG/CCSDSE &3 A&
Hog gl me}, ARE oo] I I Hoz FolF Bart Ak



=
Ao U ojdlolz Adslel B = B dHYe BRE Ax 1Y
W AL SAth BSA, JAXAS A, 71E ASFEARS BEIAD F7
]

F9 @ A Be, SHU A9 FAYA Bayel ARl we, v
DSN <teUE 7hgel A4 AEel Fu Axe 9ag AFHe dTE F5
N P& s AAom, BIAG T A9, A 11LE VY dHE &
%29 4 9AE AF/FSTE ATART} A9k

gy FHY A" digk A Lol Ao} G Aol A wme FAs]
WA skE dlolH e HEA A wet e SNR FFelM® E& BERC] 7hsd
MZE Az st AF7F o] FojAa Qon, = AE fountain codeol
g3t Ao 2= IAHI AF5H CPMo| #3F A7 FdH o

LN3HE HEZ 65 soo] f8te FHo2 P4 LOAE 7juthe] MDA
T Fejslm gom F7o FHALUA NAOCH Felshil itk ILOAE A7
S} & Aold] FTAN FAALY FEHEL 7 FY. W LOAY AT <y
b Selell 285N FASE A% S @ YAAR 59 A, ned

F e FEoE wodEn

g AL dFo W E= wg Ogde gAAE] ArEHL sl wE,
2 ME FFE Y Yox BE HolHE ¢tAFom Fa wr|93
gs HAH3 ste At Ay Folth 53], @ FH9 fdo A4S 9
3, g xHe FAlN £ o=z "W "ozl X9 Rovery Lander$}t do]
T3 7] A E, delHASSE = AFAE HHF ATt vFrolA o]
o]

kel

T, oo oo i

e oot o oo

A3 ) e w, ESA°| A= lunar rover?] tele-operation system9] U5 7 & 4]

TS Lunar Orbit Injection®] F8A4ES A#ste, HAA7to= A9 AA 2
AES Ao AL HolFE slko] BF ATV} ool o= Ax A%
2 Aoz Ay FF9 AT CE19 s A=2] USBA2® 3}
VLBl A|28S 53, A2 AAIZFOE range, range rate, 71’3 H o|EH S 41514,
AN AN B AR BANEDE REa 243wt Ao

i
X
2
o
|



91/99] LOS (Line-Of-Sight) &=5 |7 A
3

PN =
T =
g 5 Es, 2Ee 49 24 7700 9@ a7 e A8 Foloh

=

oy

A5 B8 Al=F Eof
olm o] ytelld @EAF NS FASAL, Y FAA L A7 Al
g54 HolHE Awd FiL 3

HlolE o] o] /g3 W

g & Sl= Holy &8 A=l :rL?TO - Fag FEolg & 5 U oA
8 &A= PDS (Plenary Data System)ZF-E] lunar datas HIE & J-=
NZRE A Adael, A4 £AFOIH, o] e ATHEA AL, BE 7

oA #AAL BH3IAT ST dolEe] &S FAseElr] 98, o Holo
e d7% wad dart vk dddE

3.2 Ad Eof
7 mlFe) Aze @ gAE

]

g =9
O W= 2004 14 A diEFe] AW "FHAE A A=

Vision for Space Exploration, NASAY o]l we} ofE=2 A o]% FTHHJA &

gALE A

_Pi

=7

O m=o] A2 FEARIAC wet @ SAE Afste S24A #9H,
G4, BAA =g

- 22 FgHste] BEY = 22 A, 54, 344 ol HoldA F2 B
Z719 A3t 7] AsMAE BHESIL U+

- 22 XSG HA AP = AT ANA 33”4 s, 48
dF=° 2% E37 4 5 22 224 P4AA

- A2 7Y = 22 AT g 2R #ds R o, A
o A 2" FAolE oF 40919389 Aol Aol ‘B =
heavy bombardment) ¥ 7|55 HE3FIL o] Ao Ao &4
= olsfist=d T8
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Olt
ol
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s ol

- G2 A FoA 2-3Y o] =ET = e A V2 o] &old A
24 zsgﬁel/\}q]/\lu

- 2o QAR FYA AT o9 YRS AW AR 43S YHo=
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AFA/ AL Bgo] 7F5
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- 2 ke 545 A
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we Aol M s o
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e
m

B WY YA 98 %

gl
o
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i
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9
=
o

{=Ke3
T

j= e
- =2
7}-8}4]

2o A2 & BEALE 93 HskA v A
goll A ojw

SR EE
O NASAE A 2$ ©Fekx} ul A wiat &

HAsA e oAl Gl ThofstH
vz =7} 9] 9 3] (National Research Council, NRC)dl| A 2%
=5 8%

i

o] =
g e wge] wa
- NRC= 20073 ‘& ®©ALE 9t 7384 ZH 3 E 34 (The Scientific Context
=3

- NASA—
EIALE 93t 33LE v A sk RuA] A

= (e}
RIS = =
for Exploration of the Moon, National Academies Press, 2007) & &7t
- —o

o
= "
O ‘& &AE 9% A8 A #{BE X (The Scientific Context for Exploration
of the Moon, National Academies Press, 2007) o] AAE & & BA}
sidsford #stz &
-olzg gl FUZgAdAEd ol27] 71x Aol Be (BEL
o2 AR Z=Hox g 7|97 AFJE A9 £ Qe MR =48
sk 7HAdo] At = 2 (1) AtE=(giant impact)ell 9l FAZ=HANSH, (2) »f
nt dltk(magma  ocean)E  AAH st er, 3) w2 O (terminal
cataclysm)S A3 o= LHA U



- g9 71 #IiA A F7HA EZ g (capture hypothesis), FAIAGA
(co-formation hypothesis), 2] (fission hypothesis) &5 2] 7}A] o]2E0] AA|
Aoy, AFL AUlFE4(giant impact hypothesis)©] 71 @] A UL
= ANFTEL' S HEA 7] o|v] WE(mantle)d} F(core)oZ 33 4] =
719 Aol JA] WEH dog FslE vzl AA] AT (proto-Earth) 9} F&3}
of SEI P4 A2 YA AFE FFHL, AA4F As EFE o|Fo oA
BHEe] AT A=RAAM AeHEH 25 FAsIATE c|8oE AT & 44
AT 5L AaTALr 2AES RS AFEEHE SAS & AT F
Ao, P TES AFEHE EAG B s A= Aol HeRs

- AdEE Y3 WEE YA TR &8s doA AT 2o ‘mia
o Y E ey, "= M AREA o] EH(crystal segregation)® T A
3] ¢ (anorthosite) d A 2t-5 FAJstA= = 2ol viart vt EA4AG= A
< oFER11EV7E AFHT AEVF =& A BEsiFon fFgH o
A B 7] ARG YHG S olsfist=t vi-¢ &7 AGdHSHA IR

= 39 23 & viart vigE g2 el Ao R APgHer FAE A
Zh3k e, fldeE A" WE, aga AP, e, f4, "geEH

)

=t
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=
9]
o}k
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a9 23 & vl viok @ E (NRC, 2007)



- AT e WAHA A S o FlE A7 YYIYEAY FEF
o] AFFFHOR gaIE Ao YA gou & EHe] RIFE FEE
o WES A5l BH o]Fo] o 400)dolA 38 Abolo] BA F7hs

t Exqol #AHN olE WA Uy FL F7) UF FE(Late Heavy

Bombardment) 2 F&(1¥ 2.4)

= o] Zpde AT AR BT DHT Bl 7] WE WS FLB
guE A AAZ o 409 o] A 38 A7le] AFAL gARA Yol
AT olde] Aol EANY APAL BF AAS Aol o F Ame

A7) SRS Ao g F=A =
= wlAE gEse] 44z EANEA, 2LGY QAL FRYEAE o F

M Be =Ae) FA 9

17.0
153
136
1.9
102
85
68
51
34
1.7

0.0

Nearside Thorium (ppm)

5.0
45
40
35
3.0
25
20
15
10
05

0.0

Farside Thorium (ppm)

79 24 vlawl upoke] mpxE A2g gl
AHE9l KREEP &4 o] 2o 5Ax 0|
Ao Yelr] W&ol olo] th3+ 3}s}3
o] a3d (NRC, 2007)
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Mol @ #38F 7id(Lunar science concept)E3 AAIE 3271 F8 346”‘4 S
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NRC HiAelAq AAE 27) F8 ATEE F $AHoR nelds F544

o) B E

- la. Test the cataclysm hypothesis by determining the spacing in time of
the luanr basins = & =% 2339 A7 7HE & XA =W E
S HEE

- 1b. Anchor the early Earth-Moon impact flux curve by determining the
age of the oldest lunar basin (South Pole-Aitken Basin) = 7} < &€
g FERTe YHNNE 2AS A7 Axdel 498 £

= O
=5 24

- lc. Establishing a precise absolute chronology = Htjd® =74

- 4a. Determine the compositional state (elemental, isotopic, mineralogic)
and compositional distribution (lateral and depth) of the volatile
component in lunar polar region = & =99 g AHL9 547

2T 27

3a. Determine the extent and composition of the primary feldspathic
crust, KREEP layer and other products of planetary differentiation = &
w3t FgM FdE LA JFFE A4, KREEPS 59 A& 22
& 2A

H

2a. Determine the thickness of the lunar crust (upper and lower) and
characterize its lateral variability on regional and global scales = & 733}
3 7o) TS BoH FRoN W RERR

2b. Characterize the chemical/physical stratification in the mantle,
particulary the nature of the putative 500-km discontinuity and the
composition of the lower mantle = & WEY 31817 /=22 FTHTZX,
Y % 500-km A BALH] 4 a3 P WES PR 79



- 8a. Determine the global density, composition, and time variability of the
fragile lunar atmosphere before it is perturbed by further human activity
= < ALl 93 wmeko] 7] Mo g wir)e] @94 dx, 4L, Azt
of whe WH3FT T

O PlZel ARE B WAL oHW VY JRFEL HAT & At PFO
2 @ gAIEge] 198 o4

- o] 5% NRC (2007) EnAoA AAF R A 3324 A3 e
Wl dA el A & 3ol 7155 duEta sh= d g siEdS
Aelide LA E Fds ASE 7 A= FIEH Y TR 2 F5AY
of EX3t= gAo it AzAF &Y A aga o] AHo| EXEE

AES dF oA b2 AWZ4(in situ instrumental dating)= 3T

B8 gAA Bob

etd EHHo] deAlE Apollo §

N
o
S

Q82 A7) 9 53 gelne) a0 BE 1;-; 7]
A Agel BaF NEARIE 0§ $FBAY AP A TEY 5 AUk
oE ATl FWEE YANE 1B A Fgol YE AAW AEw
o= 2 WE7E flla, gut 2elM e A5 7]187F A ¥uE He B
7l 8l Y A5S wgos Easd AR AWAS Folr] AR Awst
FANAE ALEHL At AR o5 A= 2 B4 5 S Akl
= adz 489 & A ¥8d gAdelt 0 B Ao mde] g
A5 oo,
E 22 2 HARIE HAA
Mission payloads
X-ray Spectrometer, Lunar Imager/Spectrometer, Laser Altimeter,
Charged Particle Spectrometer, Radio science, Four way Doppler
Kaguya measurements by Relay satellite and Main Orbiter transponder
(RSAT)/Differential VLBI Radio Source (VRAD), High Definition
(2007) Television, Gamma Ray Spectrometer, Lunar Radar Sounder, Lunar

Magnetometer, Plasma energy Angle and Composition Experiment,
Upper-atmosphere and Plasma Imager

Chandrayaan-1 Hyper Spectral Imager, Lunar Laser Ranging Instrument, X-ray

fluorescence  spectrometer, High Energy X-ray/gamma ray

(2008)




spectrometer, Moon Impact probe, The Sub-keV Atom Reflecting
Analyzer, Moon Mineralogy Mapper (visible - NIR), Near Infrared
Spectrometer, Radiation Dose Monitor, S-band mini-SAR

ChangE-1 CCD Stereo Camera, Interferometer Spectrometer Imager, Laser
Altimeter, Gamma/X-Ray Spectrometers, Microwave Detector, Space
(2007) Environment Monitor System

Diviner Lunar Radiometer Experiment, Cosmic Ray Telescope for the
Effects of Radiation, Lyman-Alpha Mapping Project, Lunar
Exploration Neutron Detector, Lunar Orbiter Laser Altimeter, Lunar
Reconnaissance Orbiter Camera

LRO

(2009)

oo

9] o 7=d "HAA F Kaguyad] @AA s 1 IdFE E/std o
¥ o}t &, High Definition Television® = Earth-rise ¥ 9He ®35 ZF
Terrain Camera® 2 & X W] stereo image #%, Multi-band ImagerZ 97}
B AQdel 94 9, Spectral ProfilerZ 296 712 wgol A & X WO ZHE
AtE = W] #3374, Xray Spectrometer?} Gamma Ray Spectrometerol] <]3h
2 2ol Y4 =A, Radar SounderE o] &3t & FHO X A, Laser
Altimeterg ©]-&3 29 AJYE 24, Magnetometer  Plasma Energy Angle

and Composition ExperimentZ 9] =52 27|14 54 92 FH Zg=v (A

o

~

o e

o

¢

7 polonium® WAls FHEHEH 29 Ad Fx AFsie 9 BT 2 2
§ $FH 24, oeEe BUGE AT 23%d 2o oL

Science), Upper-atmosphere and Plasma ImagerZ =At&JA U737 7FA3 %
AB& A&t 77y A Fehzvide] dF ol ¥ B 2ol AFuY]
#=, ¥ Doppler 54& ©]&ste w3 9H FEY Z3 (Relay Satellite
and Main Orbiter Transponder % Differential VLBI Radio Source) 5 °]t}.

(-

= 0]%@' % _;J_ij_ U—‘] ) 5113,/]_ Ei/\]o]'-];‘— lﬂ]v/:—
3 WS =7 Zolt) E3 wZe o 9F 374 2 YBRIE =8 o715
AeM FAEHeR @ Hol FF FAAE @ 6~77) A shE

oA & U ELA(ILN: International Lunar Network) ZZ 1

1969 -5 1972:d74A] w50l YWl AX|g #8#57]7] ALSEPo] 1At &
A HMEAagH =4 & WMEYAE 24|t & A MEYAY A4S 2=t
e 2o #ehE g 2 f90 @ BARS diRlste] 194 Ao E 4% Y]
A B=HA A LADEES 20130 wAlale] FH|8ka 2987 AlGo =z Zhtof A
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Flow Experiment)= Bl o3t Izt 2 Al-dwste}
Wil d st E d
O Fs oldlsta 2
Aot

242 Al (Magnetometer) =+ Electromagnetic Sounding %= #7149 S S
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¥ 23 A% Y 2ZEY € & FF
NesFs
‘%7]’ Missions %‘X—'] X] 7“% S/W :l‘-“_"::_uo]"}—} (AFAE 23}
27419
LRO(2009.6) =1 STK’s Astrogator Sidais 15 km
LCROSS(2009.6) < STK’s Astrogator SiEdei= 10 km
Phoenix(2007.8) 314 POST2 S -
MRO(2005.8) 314 POST St -
Mars Odyssey .
314 POST =3t -
M= 2001.4) ¢ e
Lunar -
=2 STK’s Astrogator A= 20 km
Prospector(1998.1)
Mars
314 POST & AEP S7HEY -
Pathfinder(1996.12) ¢ e
Clementine(1994.1) =2 STK’s Astrogator A= 25 km




JAXAC A gt
SELENE Flight

SELENE(2007.9) =3 ) =154 10 km
Dynamics System (STK’s
Astrogator & AH&-3l %)
A Nozomi 2mie} A5 swing- -
4 byE ol&@ ARe | £1Ed -
(1998.7) A7 Ak 54
g EW FE
Hiten(1990.1) k1 ISASO A 7H& N ;ﬂcTE
=Y Darmstadtol] =
SMART-1(2003.9 12, - o 4k
. ( ) = ESOCel| A #1222 5} "
Mars Express
(2003.6) ESA’s PEM-NT = -
Chandrayaan-1 ISRO S, Orbit P
SR, 2008.10 =3 Determination System A= 15 km
( 10) (ODS)
%= | Chang’e 1(2007.10) =3 COSTIND®| A 73 = 50 km
2% | HGS-1(1997.12) s STK’s Astrogator =FE 12 km
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o) AFATA oG FFeINe] 24 £ TeaPg gz FF 248 o
83 YYAAATE B95E AoR Holu, $FA YL g PR LRAE
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AL @A LS A8, olg Aoz Fel FF & WA Z2aYe A
BAATAEY 9T GFo ¥5 VA ¥ Aoz WY Aok

g, ARAAR} G Al AFANL 5
1) A Y BAAE 5 2 AQSE ZHA & B} B

o

O ILN#} 2& ZAWHS 5F & BAE FYslor & 4% 2 94} 22

H =
o] Fralt Wt BEE F23 oldsht Ao BFAY

O &AL 2ol FHste #HsHd H3xko dig oyt glole ZE2ads
Edke =7F B2 1dd 2O e A ddo] fle Vled el W
3349} HehA Higo] FetA Fe HAAE AAToEN AdAZA FHS T3
Zlgoldel E7bssAl B = ILNS 2] #ehZQl 3= NRC/F AAd
g2 #3te] 7 T8 R Foll sl g R TXE el e, ol
g3ty 918 24 EAAZ A XA (sesimometer), X 7| (heat flow probe), A}

& Al (magnetometer), #|©]* ¥k A} (laser reflector) 7} As. g2 g 7}
INe| S7ahe 2EH #H341 218 olslehA @ Hihol R@aA 2
ANE AGE B A Ao nHd o] HA X
AA7Re ofERoIN FuzasdHd o2o4A FHE B
> %W X}E—‘S T8 ols ARSS GISo 7INEE FFHA s oR
= A9e 4 9e (29 35 = FRAAAAATHE GIS 7|9 I
A& KR A2 (Planetary GIS-Interactive Map Analysis Program: PGIMAP,
KIGAM)2 USGS¢t = ofg]|zuthstat d&ste] @ AFAHEE ug 3 A+
g3l A F AEF O}E‘T:'r *Lila” 01%‘3}04 ?%'3}3’— ‘”th 2 A¥
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O 4] % Lunar Exploration Group (LEAG)°©] A|A| gt
ekl w4 7shA ojf A= g WAAAATE FH S FAE glor, of

g B3 35 U}l 2 BAE ANT B9 SA4Y A4H BEE =59
S e g v ol 3l (E 32) = oIAE A4l e ® 3200 A
AR ge nad BeE dRPES Hlw AYHORE AT F Yt @ B
S ARIL Tl A Qi AAeld, 535 ANE Be AFFATES YA
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a9 36 2 AZEEF) AREHS B 2 74 &9 AV
E_‘._ L:

WFEEE A A(F, F) = Nectarian (39¢]-389d) A|7]& 7IEL =
Pre-Nectarian System(Z)¥ Nectarian System(-7)°l| 3|&3sl= A9 =,
T8 YL ET} Pre-Nectarian Al7]o] 4 AT & F As

3) FEA(E oA )Y WA FHEE AUSAEY T (High precision
geochronology of extraterrestrial materials)

O olEE mzadY oF AFAA I I A7t J1E4 Auz ¢
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I e YAEZRE 19949 S WEI Y 19983 FUZ 2 AHE7 @ d9S o
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=29 FAA7IE HE T A+s



T

A DA AAT Lol

1937

@_

l

ooL

olefef t}

H71 Sl =

BSES

£

Al &7 SA

=0

T BN 2E ) P

sample return program)=

SAEA H(

l

A

PRIV 7E A Ftell &=

S

9 A EABEAA

Ll

1 2003

3|

g 9

CH TR R

ojn
R

B
Hu

el
<R
e
ol

TR

o
._Aﬁl

PAee Aoz

o}4 714

O fHuet=

=
L

i 7hAd 2 A

3|

o)
= 5

EEEYE
AT

tol 24z A

u|H] S

=17}

4712 ¢)

l

FANE HE

@_

so] o]
o

o

A gl 3o

A AR}
Mo ArgEE AulSo] 2ol WES WA

k<3
T

3k

-9-]4_/

o)
AR

ar

gl

x

=174

o

Ho

S
=

i

Y = a8y 4=

<}
=

i

1=
Ry



gGA71&E 7 (Instrument development and planetary remote

sensing data analysis)
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5) @ FAFYA] AT (Terrestrial analogue study of Lunar rocks)
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FAAsH Aol 2757 WEd F=AZAL AT A= FF

YYALS WEZZ RS AT Fo Ue

g 4
ol ol

A 24 A gHA AFNETFE

1. 2% 2 IS4 48 24 J)4(KAIST)

g2 ®2H BARE A% 2HE Hlaa & o, HF stageol A 2HE HFA T
Ao2RE H3F3] e B Bd IHAAM £xE S8 2o BWd o
A5 AAF= AFA(lander)o] Aoz JEE ook (1Y 3.9). FA7HA
o2 oY ALES JNEst] AeAHer 88 St 1T 3 22 #d Vs
TS W xoEE BAF 2R AR AL vlud oy F¥7], F9 =
A AR B AAAe] 28 A&Hlo] FHE e HFAD A= A W 7
=9 BaAdo] AU 7I&F dolmrt £& ¥ oilt 4 Ve AWFew
FE 7] o]do] ofE Y] & A7UF FullA Al=E AV it

Landing
Point

Separate from LV \O

\

Main Engine
Operation

Retrorocket Engine
Operation

Inertial Flight Maneuver

old w7 sl A KAIST 27 A4S 2008 dHE 2 §A(1d 3.10) 2 &
A543 E 311)9] AR A AR oiyst @ H54d3 #gEhE AAHA &
=dof Az Ee el o]8F A¥F HT AT 22 AHFAHA LA
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A=o] 71535 g %%O]] 02 HIE E 4 S Aot} Space Env1ronment
Monitor= o2 & FEe AR FAAY =
ol 2Fo] gtFolA 3 ‘:}

olef  T=old KAISTIM=
Spectrometerg 7N Ag S =2 UTh. Gamma Ray Spectrometer~ Kaguya®ll A
= #55 U832 neutron monitorE HASHA] dob &l o o] 3
o AZALATFLH KAISTAA FF5o2 7)d3t= Gamma Ray Spectrometer
+ neutron detectorE X33}H IS neutron generatorZ7}A] B ASES]  active
54 2 Roverd M= 3T £x2 AT Folth

3£ 3.2 Spectral Imager A%

AAALATFLH  FH3Fd Gamma Ray

experiment&

Kaguya Spectral Imager
Chandrayaan visible Near IR ( 100 km 31%)
Swath width 20 km 19.3 km 19.6 km 30 km
Spatial resolution 80 m 20 m 62 m 25 m
400 - 920 nm 415, 750, 900, 100, 105, 450 - 900 nm
Spectral bands (64 channels) 950, 1050 nm | 125, 155 nm (60 channels, variable)
(5 bands) (4 bands) /
Spectral 15 nm 10-20 nm | 15 - 25 nm <15 nm
resolution
Field of view 13° 11° (+/- 5.5°) 11.2 ° +/- 13.6°
Focal length 62.5 mm 65 mm 65 mm 30 mm
diameter 15 mm 17.6 mm 17.6 mm 8.1 mm
f number 4 3.7 3.7 3.7
Spectroscopy wedge filter filter filter wedge filter
2D siccp | 2 DclggaAS 2 D interline CCD
APS (1024. x 1024) (320 x 240) (2048.x 2048)
: . (13micro-m x . (7.5micro-m x
detector (Active Pixel . (40micro-m x .
13micro-m) . 7.5micro-m)
Sensor) : 40micro-m) . . .
Partially . divided for polarimetric
masked Partially stud
masked Hey
Integration time 20, 4.1, 82 6.6, 133, < 15.6 msec
msec 26.4 msec
digitization 12 bit 10 bit 12 12 bit
mass 3 kg 10.2 kg 3 kg
power 16 W 3 W 3 W
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Lunar Science
Apollo to Lunar Prospector
and beyond

SCIENTIFIC. EXPLORATION AND

—
EcONOMIC PERSPECTIVES

Vision and Lunar Mission

o"iective ‘What do we have to do

of Korean Lunar around and on the Moon
Exploration
Technical
Go to the Moon! BEiEnRmant
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A 2 A Eold S9AL A gyt
1. = I L Ao
7}, GN&C 71&9 &

2, &Y 2 AA(GN&C)= 2EAF f14d0] A ZRE Rolg AHREH

g Alze Whste] dFE gl WA A AAS Aolsta K Al

S AAE A4s " HAslE S frste 4TS FAgH ol& f3 Ea

g AA e AAG A=BEE FH AIEHS Tt dREA do. w3 o F

He 947539 44 2 2 AE 3HES A8l AAA o (Attitude Control) Al

2Ho] g 7HY. EEAL 9o AAAlols AFAEERYH & HolAEE Y

st #AZoAN nEY FH7] dALRE Qg u@ §31EF aHRHo =2 A 57| A
5 =

o 3% AAAO] 7%
e gExl AFEE 9% GN&C 7]5E

S
=
1=
L

AEste Aoz g#HA U ol9 &
Fold ofgfe] 19 4

Attitude control during Low thrust

Attitude Control using Thrusters

Spin Stabilization,
Active Nutation Control

Autonomous Momentum
Dumping

Onboard OrbitPropagation

Trajectory Correction Maneuver

FDIR (Fault Detection, Guidance during Low-thrust
_Isolation and Recovery)

138 43 GEALYA Y GN&C 7]
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e



4304 & F UAxo] dF 7Ied 7IEY g AAE #HSHAAE(eH 2

2 F37] YA)el AHEH sl AT REEY Te JFolA] o} AlxH
o] gith. 53] & Ho|H = (Transfer orbit) YAl B3t FALEL kA sl7| <,
71%, %XH S/We 2+&3HAutonomy) 71%, Y AANZA, AFHYL
TAo Vlese o2 ZAFQ GEALE f8 EFF o=

LT7E= ]%i e Uk

ol o,
>
—|—I
r)«
Lo,
:|o

o, meba A A obg 9
a9 28 Y = AFS A M 7IsAl A AR 2SF 2o DSN(Deep
Space Network)S ©]&% A= 24, 9 st F=H3, FFDA N9 B4
g9, AY FE5S 93 AFFzIH 2 gxE I FT7)¥(Digital Scene
Matching Area Correlation, DSMAC), 18|31 H 25 TA|o A vlA o] ZA|
A3t 7esol agHT

GN&C Technology for Lunar Landing

Attitude Determination
Orbit Determination

Powered Decent Guidance o
Image-based Navigation

Hazard Avoidance i

a9 44 2EFA9 GN&C 34 7%

(8-9 min)

o] 7hzH @A W= NASAE TAHCE FHI e 9f9H AE 5 2=
190 "Precision Landing and Hazard Avoidance on the Moon"& AMde| G5
H g g (52 d8le] F2Me A FH JRE SRt w3 FH
FolEs 222 A 3y 7|ss Fdste AgeE HuwE iR AT

G HA == LRO(Lunar Reconnaissance orbiter)E 3l

grg oHoln Al AFS =A== A= LIDAR(LIght Detection and
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A At

ZUHES = OEg 7=
—XIF 8% gH
—-OIEBUBT X7 HAZHY — B $/Wel Autonomy(EE
°| GN&C i 3 AL R
— GN&C Al2E &3 J1= —EBARMO SH YL XHMIl/
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S g g ZFEAIE AL Y 2 SARFo0 7 =AFof g Y8
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E/L(Export/License) ¥4l 12< 3] €L 7|E 4 9oy A28 B3 o
gA 5/W Hoke] 7% FEe 9xFoz 7] 1

AEQEAY, 349) FRoh B

bt ILNS 93 GN&C 7= & et

GN&C #°F9 7l& ¥9 1cfe #HAF5AY A2 #FFoln. ol& fs) €xd
Am FEHE 9 ILN ==, dB5)F 9 F1T a7t Aok =3
B A58 FHAAM(LIDAR) S B FHAZAA(LN)S 79 78S vl &
A dark Aok 3 Al @xY 2H Alds A A4 gEATl Fo
St== 8lH, 7|E @ EAMAC AHEd Zlsdd W FEAQ] wFs FIE e
7F . 53] DSN& o] &% A= 24, AsdH, g4 swel A&srls, @3
F49 &5 71t T AA A} Vese 1HE F ATk EJE JdE9] slopR
AHHyabusa) HAMAZ o] & o]9]o) ©AF o] M= HY T B

vl 2EA GN&C 71€ e 93 2=

ERAM] GN&C 7] oW FHRES 93 2=qis ofdf 1¥ 49 #Zo] At
ot ZA 3GEAIEZ UH A= 1A A 7 |es dgstal 29 A ol A 7]

A AT Aole] BAANEE BEZ SR AFAS WA

et e A
o ARNAL Ba) TRAL A% GN&C % sbetl A% REL AP £

Ae Aoz oA dFT)



Yr1-Yr3 Yrd-Yr5 Yr6-Yr9

28
DlE 78 = ME)

gt = 2 >

Al 2178 Tz (highly elliptic A= T')

v

SEANE 2IY(GNEC) M
2= TI/M=EN (GNEC)

RO MRIA| RIN| 2IET
-AIFYREEYE) Al

-All-sky (Lost-in-space) ®IMZ78
-DSNZ |87 ¥ A= =7

~SRIS SIIA| AN 2P
-&= Guidance (T 400
=t t=

- TR/ YEE) vE 2

-HE OXF 2y Ay

-GN&C Ei™l SW 7T % Autonomy
-R|32-& Sphere of Influence EIAl

- DSNZ °| 82 EHE="Y A=
=7y

-R|% T R/VOSE 21T

a3 4.6 GEAA GN&C 7]1& A4 dRE 93 Road

AL =d 7lE 99

-Z2 SEA #E GN&C 2112 HY¥°| SBN HFE FOYC
2 319 3 g g Z82 fk.

- N2l HIoHE Y20 NFoIH AISEOE ypdate.
QFENHEAYE SN0 97 159 TYY 3N (AN
Special Session ¥ SR

- Ny ANE9°E U Testbed®t &2 AlY Infra #5 27| &:
FY RN oSl ZEA NRNT oY Yo o

SYALE AT GN&C 71%9] ) SuE a4 Folug A¥e) oy A
AHQ Age] BasAy Ao ot susl 22740 golahn 2 4

oA A AlYLS FHole 7vkre 24 Hav) . olE Y =7 2EAL
2 A sbdel Qs dFsw A% AY £y R B AR A e
= r 28 Basl A o9 2L JE AnE



T T
Lo
5 o ol
o OMlE_EE
& ?Wﬂ 1)
ﬂmT ﬂadﬁad’ﬂw
o of Qumlﬂm.rw%ww_m H
ﬁow_. ﬂuM_mEnu LIM
o_au__/m E._WMTE_E ﬁﬂﬂemﬂﬁ
= % g%@ww ﬁQM%;@?
WEE Wﬁﬂé%w %mﬁﬂwrﬁmlﬂ@%m
g ﬂgﬂlﬁa %ﬂmoawuqf s
= 0] nThiE @L}zTﬂﬂbﬂMﬂa/W T
o of Em_ao_ﬂ AhzT.ul{Lr.& aoLmA
o % wyﬁa_ %%%@q%z;am z%}n
4 < ) ..L.\]
g ™ %%o_a% W HEOS_EOJ,M;Eem4 ,qm?q
U N } S Ta% OTNOM;;_E 5
1 w = %ﬂﬂqL TR s lJﬁ@f
_,_H1u _/ﬂl. A o\mwl]o_lﬁ_.:_lﬂu,mu,lwnﬂ_ﬂ_UOflll&I
A,_ﬂ;l ﬁaﬂuiﬁll _d|7ﬂ ﬂﬂﬁz]almﬂu ,E.znA
o Tro;% wazfm__;wiﬁo gmiﬁ_m
= wT = — = o R I]maﬁﬁ 3
= 2 @Wﬁﬁ“ﬁ% mﬂonOwnz?&w%dLde ,@HMQ?
Woﬁ ﬁmﬂﬂvi ﬂgbﬂeﬂﬂﬂiﬁzmﬁﬁﬂﬂrwﬂi
= mf_ewg W I m;a;wnq_ _g%auf_e
L @ﬂﬂyw mﬁwL4ﬂﬁ%ms®§aoon1ﬁ i
L 4@a@ﬂ plwafgl@s@mﬂ%ﬁﬂm: <
e aﬁ;ﬂm%a_e ggmﬂmeMOf@Fo?%& T
v T m.x;l @HE u%druﬂ?oﬁmxuaﬁﬂa JleMLl { R
ﬂfﬂadr. uT}m.L 3 J| zﬁafk_-}7 _ﬁu]au@ﬁw =
no.zgll7 Ny @1_21_ 1ﬂllsoxlllﬂ W e g ¥
;oE;oLOJ._lﬂJI)A_/ ,AluMLf U.XJI;OLO ﬁw ﬂllﬂeﬁ;ﬂmo ‘Iﬂ
AT¢ o 5w ¥ = = — 5 o T o A ® o
imﬂ}ormﬂﬂﬂy_ﬂﬂ momemuo}%@wiuxuea}%&wT mo\m#
ﬂﬂ%@%ga% %%iﬂbi,w&%wﬁax%%uw ¥ e
‘517_,T1ro#3_,m_mu@ M.:_o_hoMnMoowHanEznﬂﬂmau§4;ﬂao 1_._A|.._UEH
@WW%% Vﬁoﬁoﬂmomﬁ%m&ﬂau Q_Mﬁ?% m_xm.mv
N = N ] il 0 x]_.u_w.]r;ﬁg . 0 5o B J o
R %mﬂfl% d7§AL xaﬁ& o W oy
N Wn&oquﬂoaaémﬂﬁéxmﬂ% B
1z:_ < ) L & Bob
Z;ﬁmﬂxzﬁl%mﬂ%lﬂﬂﬂa ﬂbmm,;wll i - T ~
B XLlo Et;._.za_ odle K K
IR XX o = ] ® 3 T e ol N
ﬂﬂz }1%, - % o
T EX7 ﬂ_.er :._o1ro_u,_ _a_.]
51% Wlﬂ iy X M -
of- lr_@l T
ﬂxﬂﬁmwf@ ﬂﬂé
W e golglfo K= i
B X o iy
A ﬂaﬁwm
&O_

C g



et
e
o
N
_\T;l
e
4
S
Lo
re
-
off
e

- JA v A HAE7) 2 8-
-84 g% 2 Ve A9 FA

- A S=dd NEH 2 F9
- TRIO Cubesat 7R =

O Ie $FEA 22 FFo

-l RS 2203 Fy

- ¥]5; Solar Probe Plus ¥

oA

ESA Solar Orbiter "] A, ¢

718t "AAE = (48, "iw Vs, 59, I

4. F7h 2RA FA AY BT AAB )
o = e 23

=2

U

A

1~

S|

YA 2

S 71

=z

g ° 2} 4]
- AetdF 2 #E vlsEoke] Zlwk A7 A9
- =l A4 =239 2438 53 N Ve 54
- B g ) Vs 1Y G4
- = 29 TAF 718 g

O HFH o] =29 3o
- A gFEdd] N R =9 e g8 A57 Fo
- = A E@Y Aae A9 g
-2 BAF B FA4 2209 Fo AFT)H

(Phase A, B 7}A] 1] A

<)



- 52 LS RREE v AFAHog st 2 ¥ F 9, dite dF
& 4T & A= Low-Level ARl Z7FH o2 o]50] He HIWHL
= ddd

5 A= AA £oF

S-Zuete] 270 7148 NASAY ESAOA #HE

O Futgtell A 7ide P37 Ae 24 daelES NASAS HA= A4 A=
H(ODs)# 45 4

O fHuztellA JHEE A HFH AFH AE dadES NASAY
Interplanetary Program to Optimize Simulated Trajectories (IPOST) X<
IPOST-2, ESA¢] Advanced Concepts Team (ACT) &AZE9|o] T3 Hlu

O fouetol A 7t FAZF Ae My dae|EFS ESAS Space Trajectory
Analysis (STA) 5= AH&3ste HE



Al 5 F ILN Al AL R IAPAR

Al 1 A ILN A1E718

O T A9 E ¢ A (ILN:International Lunar Network)< 3% HSH‘S}_T’_ ] 45 2]
gstal 5 g FHda F3E foAgeEA T2aUs )
NASA] o8] #AHE A2e Ao GeAl =92
- NASAE [INS E3] zZ =27 3o Zx¥ddy ¥z AJudozw HF3)
HRAOHAE e A ZH2 ﬂ%ﬁ: (robotic station) =& %I =
5

H (rover)E< €9 HAEFH SAG7HA AHel 2H HAL <F

O 2008 39 w=L 2013~14\ 6~77/19 & FAFALS Lo FAFAA & AL
HEYIE 75 AS MA FLo3ol Actslier, 20099 39 1394 d&E 23
stutol A Ed ILN FZ 3] ooA 2016d A=2] ZHA 4715 & W FHA]

71 AL BFIPo A= 20183 o A
Y& T ILN FoA=2 A=o E-AL AZS ILNF A8t F3T o4
el

0 ILNS| e 24 F AR £
2ol g HeHH grolw, £ s £ 3
o= AFHo NASAS Fetlwm FEo @ #H3t BAo| s P o

A1)

O INo| FEaA =B @
(Seismometry)©]™, 1 2] Z|
%] (EM Sounder), #o]* A

:

-2 AMAE 53] A9 7IZ2 UEHIE FASAor & Rzl #g
FAROlL ERHA ARE AL 5 derg, @ £ Jow Be Yl
Hodte] @ YEYIE FASAol =R B2 £ & UL A

O ILN2 "5 NASA7l F&3 A543 (ISS, International Space



Station) 217 o|F FF ZAH ¢FEA FIS A% F WA TATE
TR o RN, FEoke] FA Aol ALH] ZAFEY AA FF9

Al 2 4 ILN 54 2AE4
1. ILN 3% SAA
O ILN¢ #& HAAZ =51 de #F717] FRES FA 19694 %H
1972'd Atelo] m=o] & g AFE fa AT HAstHZ717] sIIAQ
ALSEP (Apollo Lunar Surface Experiments Package)$} ZA th2 2] &3
- o= #HA olEE AR ALSEPo] Al 1At @¥A YIESAZ 714
g o, IIN2 7ledo2 JAEE Fejo A 24t 2@-A MEHAZ &

F d=
- ALSEPS & A A, XNE=547], AA7ZA, QST A7), =€ o]l4
I, golA AYEH AAERZ ?”QO% A3, ILN9 % S E =
A A=

AAZ =oH]E FXNELS LN #8t7 518 4F37] 9
&l (SDT, Science Definition Team)ol 4|
HAAE o] &3 A5 F HHELS UeH B



a9 52 @ WE 7x dTE
Q3 olEx =z FEAY YW G
AA MEA] A

O IN 9% F& 54 ofF @AAte] YEAD Btk § ¥e 99
YEADE THHEH Ue

O NASA9 ILN SDT+ 18 2394 H&= v} o] 2] S (Farside)ol] U
o

g ERALE e st s S, P Aol AEF AW 7S ds A
g & oW (Nearside) A9 A2 $HA 7] A4% FPsta AU+

7h olER ZRaferMe] 2 #53X (ALSEP)
O A AFg vie} Zo] ILN9 F5 HAAZ =oHi de ASZHES
obEE FAMATO ALSEP 74 #S5AAEH} AL
- ek, @A =9 F2 ILNY FF FAAE Vsdty] dol 3A ofER



# 51 okER RS B G ASHA

S (%A FoEF olEE dF
Active Seismic Experiment (ASE) X]Z‘_]_f‘i]— %]”7(] 7] 14, 16
Cold Cathode Ton Gauge experiment (CCIG) |©]-2 EX]7] 12, 14, 15
Heat Flow Exp. (HFE) =] ko= —f—xé 7] 15, 17
Lunar Atmospheric Composition Exp.(LACE) |t7] A& =3 7] 17
Lunar Dust Detector(LDD) ";‘jX] 73%7] 12, 14, 15
Lunar Ejecta And Meteorite(LEAM) A4 L WUEE A& 17
Lunar Surface Gravimeter(LSG) XH =8 =37 17
Lunar Surface Magnetometer(LSM) ¥ Z]-_E':J, 7:” 12, 15, 16
Lunar Seismic Profiling exp. (LSP) AR 38 =4 17
Passive Seismic Exp. (PSE) A A1} B-x] 11, 12, 14, 15, 16
Suprathermal Ion Detection Exp. (SIDE) i%o]% 73%7] 12, 14, 15
Solar Wind Spectrometer(SWS) k= 237 12, 15
Lunar Ranging Retroreflector(LRRR) gAg AL HALE 11, 14, 15
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A 3 AILN F3739 € FAAA
1. ILN 22739

O 3 NASATE oF&=Z 115 ©o|F 19693 F-H 1972\d71A] o}&=2 (12, 14, 15,
16, 1735) FFHIAALEANA LW 57] #8#57]7] 7] A (ALSEP:  Apollo
Lunar Surface Experiments Package)E AX|std A X3 9 X d/F5, 2714, H
FF 54, 29 oA, HolANAAE BF T 2 A5t ASAFE FHE3

O o]%, Z7lo7tnl &% =7kd7-9 93 (NRC: National Research Council)
o= "GeAL 784 w7 B X (The Scientific Context for Exploration of the
Moon (2007))ellA &2 stz o=z wjg F3I 7FA7F len, &5 & AA 9
23k ey gALE feid e AlE ol Zasiral —’_F;S*?:L
3 g EHd 48709 AW RUEHY UELYS AXE As FHEA Atst
A 2007 == AL = B 3142007 Global Exploration Strategy)oll A& =

&

O NASA 38+ HFE=(SMD: Science Mission Directorate)> @9 34 &
2 72 g ZFARE st @ &AM (robotic mission) AR elAtoE 200913 F-H
201197h4] 917F $60M(SF 610919)) 1)1 20123 B A7 $70M(CF 71291 91)
o] oihs FHEAS

- 19A AFdeE AF o) 7] 87 B35 (atmospheric/dust) A= LADEE(Lunar
Atmosphere & Dust Environment Explorer)E& 2011d 9l TA}stal 29A Ab
doze 201499 28 A EHAKgeophysical network) 254 2715 WA}
g Ags T4
- o] AMFEH WSt FF Zh=ol A
A ILN= FFstal o]&
A8l ILNS AXS AgS S5
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74 (LPL; Lunar

O 2008 3¢ 12¢¥ NASA°A =
Z(ILN: International

= (Space Agency)E <=
and Planetary Institute)oll X3} =4
Lunar Network)ghe A2 & ©AF @8 A}

- 2008 49 30, 6 9¥Yo] 2x}d TeleconferenceZ

TR, FoE WES HESIAE

53l working group<

O ILN< ALSEP 9 1At & ®AF U EQ = (1st generation Lunar Network)
eneration Lunar Network)e] A& . 3+
g Saav,

v 24t @ §AF UESI(2n
n gk olyg}l FE 8} a} I A G He RS

3% gAY BEAuE

o %
rtm

O 20084 79 24Yof&= w2, J=F, o

g T NS FF7IHe] Fo el A
O 20099 39 13¢ <E g F3tuto A EH ILN FZ3 9o 20161d A= 2
2FH 47]19 & o] FFAZL AL W3R
o] el AFS LN AAIt] F28 AL vt

: A=y ILN B84 A7)

- 2007.~
- 2008. 3. 12. : NASAE 8= F71#S 24, ILNAYE O
o] A<k
- 2008. 7. 24. : 32 FLFATLIAE ¥ oI SFU|BEo] 4=2E YxE
stod ILN Frod o] gkr v
2~(CNES),

% U|H(NASA), ol"&zolASI), ¥=(BNSC), 7HUTHCSA), T

JE(JAXA), =Y (DLR), JAE(ISRO), tsHR1=(KARI)
: Working Group 1(&&&AAl), WG2(F4l), WG4(71<) 74
o o

=i
= U 0O

2008. 7~



- 2009. 313 : 9E Qg F3}uloA] ILN =239 NF
vl 20168 A=) 24 4719 & e 2EA1E Al TR

L

- 2016~ A 9 A Y EY T A

2. ILN Fo=9 FAA A

O 2008 7€ 24¥ ILN #FodoJdkMo] M3t NASAE HIESE vl=r, A=, o
B, 5, TR, AAuy, JAE, olgdol, =, & iw 578 dES0
SG(Steering Group)= T3t ¥ZA3 e ¢ g3 s /fHste] AAHA F&

AL =e)sa AYsae

O HE3H NASAE 2008 79 o]% AAIgH ILN FXts AESH7] 98] A+
Ropd g &4, B4, F57, 71&7 #d" & 4702 WG(Working Group)<
TSR, 2009 3¥ 13LU7HA] WGL(FFEAA), WG2(E4), WGA(71E)<]
WGE At £k WG3(REA)E SE/AA7 249 20099 39 13
A ol A F IS =93] AIAE

0p]
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i

WGl | | WG2 | | WG3 | | WG4 | Aveelas
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A 4 A ILN FoA=9 F1438

O ILN FAF7he w1, 4%, 59, olgge}, Auth, YL, EU, IE, HA
of, fEmFolH, AAAA ADH Ao Guba AGe ool 2e

e e

NASA GRAIL

E LCRO“ ‘ A ILN Lander ‘ ILN Lander n
- i A Laoee A Y 2 LSAM
So— s5ia CommiNav

I Wy &)
: 3 4 Lunar sample return
- ~ rhang’s-3 Soft Lander ‘

A

JapanlJAXA
i SELENE-I
o -ueuva (SELENE-) Lander "o
IndiaiSRO o
m(:handnyun-l E Chandrayaan-2
3 Lander/Orbiter

wi NasAME= A
Germany/DLR
#, EO “Mona Lisa” IE Lander
oL ‘ A
UK/BNSC [
% H MoonLITE -uoonnaker
vl A A

esa ‘I]Lunar Landing Demonstration
Rep. Korea Lunar Orbiter

K/I\HI

1. U= (NASA)

7b. m 2o A ILNS 94

O ILN 2 NASA SMD(Science Mission Directorate) =2 & ®A} Mission2]
dFolw, #s #=Z A= ESMD(Exploration Systems Mission Directorate)2}
SOMD(Space Operations Mission Directorate)oll A3 3}A &

O XA F& 7]#2> NASA Marshall Space Flight Center(MSFC)Z} & A A=
Johns Hopkins @ &t¢] Applied Physics Lab(APL)¢] F3#7]3%<



O Hl=& Z7]9] 2013/14 el & S AWl 27]19] 254ds Abstal 2016/17
dol| 2719 2AF5HAS F7F EAF oA ooy 20099 39 LB g Fdint FH
ool A 2016 B AdHol 4719 HFAHE WAL AoR AlE WA

HARA] F 5 0 1250 kg(F @ = HAMAl o] &), 400kg(&FF DARA o] &-A])
o 4k 29 2E](NASA)
371 : 7] NASA Marshall Space Flight Center (MSFC)

1| John's Hopkins ™8t Applied Physics Laboratory (APL)

- EAST(Lat 45, Lon 70), WEST(Lat -5, Lon -64)

- WEST Farsidel('2¥] 37.950, A17d 127.20), WEST Farside2(5$ 27.950, 17
123.40)

o ILN 54 24 AAASG 3 a4
O FZxA
- Sandwich Panels CFRP facesheets over AL Honeycomb core
- 3 landing legs tripods : AL Honeycomb energy absorvers ¥3t
O FAA : oldFAAALH + DA ZARE E3Y
- 3EA KEW-4(100 1bf) 7]



©)

O Avionics

- 6EA KEW-7(6 Ibf) 32 7]

- 27  TOW(IFE7] 7F)

- 1A 933 ZARE (SRM braking burn)
=)

T 1

- 1/2 ASRG(Advanced Stirling Radioisotope Generator)

- 60 MIPs LEON3cpu + 8Gb Solid State Recoder

78 —

= . . -
- 2719 A ©°]5 Near-Hemispherical ¥4 tE|Y (o] A= TA )
Basic Lander Type Soft Landers Hard Lander
| |
Architecture | 5 k / .
e | @ g ﬁ_\_ g ' ﬁ‘\ |
= /5 ] iy 1N
Science Chjectives Baseline Ya Floor Floor Baseline Baseline Baseline Floor
Launch Mass (kg) F LV class 1250/Medium 403/Small 2680/Med- | 2680 Med- 2680 Med- 2680 Med- 2680 Med-
Large Large Large Large Large
Trajectory Approach Direct Direct I Direct Direct Direct Direct Direct
Landers [ launch 2 1 2 2 2 2 2
Power source %2 ASRG %2 ASRG 2 ASRG 2 ASRG Battery/SA Battery/SA Battery/SA
Braking Solid Prepulsion Star 27TH Star 24C Star 30E Star 30E Star J0E Star 3TXFP Star 30C
Landing Propulsion MMH/NTO MMH/NTO MMH/NTO MMH/NTO MMH/NTO N2H4 NZH4
Landed Payload (kg)* 12.6 6 6 12.6 12.6 13+ 2 [
Additional Payload Capacity (kg) 13 0 §2 45 0 0 297
Landed Mass (kg) 150 115 ' 254 244 330 365+ 225 324
1= = 1= -
a9 510 FEA o] WE 254 FH Trade-Off Study



:1W  d4, 2W peak
- G-load : 40g
- Data Rate : 100 Mbits / Earth day

- FAA 2 LGIP(Lunar Geophysical Instrument Package, A|ZA, AEZ
BAA, ARA FhrE FERE =9Ha lom HIFZHOo=E 2009 vk
71e] &84 oA

E 58 2 FAF "HAA AMS

R g= 5% ko) o oo aranmw)
AU AZA |E WETE AT 6.5 100 2.6

A D53 9 A4 =4 2 10 5.7(d)
S a9 w34 % 61884
Aol ey Do 7o g 0 0

vk w=o] ILN #3 A&

O "= A WG A3} NASA AHA| 7S 913l SDT (Science Definition
Team) ¥} MSFC/APL ILN EDT(Engineering Definition Team) & HMEZ X7,
+%9 TY. T3 Pre-Phase A Study (Conceptual Designs & Study
MSFC, APL, JPL, ARC, DODE FZ°2 3709 /Nd AAES +A39S

R
re
il
e
o

- Teaml1: Mission Design Concepts for Soft Landing Capability
- Team2: Mission Design Concepts for Hard Lander (penetrators)
- Team3: Inter-center Concept Evaluation Team for existing H/W

O 2008. 79 &5 = (Acquisition Strategy)s A O™ ILN oH] AAE <
3 RFI 3315 53 4A AF 5% (2008. 4. 28).



O 20099 6l AFINF A HES 2(MCR, Mission Concept Review) 7l 3 |4

O 4719 ILN F&4 (54 6d, AAEHR] AL)S 1719 Atlas-Vell A 2}
st & Hdont wjAstr|2 A

2. 4E(JAXA)
AA @ "AF 29 SELENE-2 @ EAMIS ILNF o dAlet= AgS

O F& dF53xe 1 Ad FAF7)s, @ W 7184, *RKAAE7Is 5 v
TS A% A4TIE] NEelH, ol F3 #F H v @ Ad F&S
A3 FF #=, = Insitu 71E T L ALY

- =9 ILN o), B gA4 ¥4, HDTV(TBD), tatal2 28 $14(TBD) 7N
T 5 FF TA D B BF0 7 L BFY B FPE 2F 3
e

1=9 F54A 171, 29 17], $AZde] A=A 1712 74 FF4A 271 %

- oMY ES 93 Fuel-Cell Battery 7HZ3} FA|wbollxe] A PSS 931
Extendable Solar Cell TowerE AT+E H3d FojH, do|x =4, FHE
p2s

ARAAN, FEE Folts o]&d 1 AL HFIE AL Y. wI

=
E ©X]& Laser Scanning AIX= A5 FTY.

O HstetAA T
- AdBSES Hstd gFAd g 7 g, XA

el

Eﬂolﬂ Sounders°] ¥ ¥l %‘231, AT=E e d5S Astel= AN
, AL AS71, AZA, delA v, g 25 358 5 A A §

°l AEHIL US
O dre ZEXHY MG WE Trade-Off} $AFFe HAH3ts =9 F (F
Aol F G sunlit Fo] FRAAFF st oW, 2011-2012E 7 2012-2013
H-2A T+ H-2B WA 2 dArtete] 88 A9



1 ILN Zrojupob

O SELENE2 A& Ef= [N 533921 ILN Program©] SELENE-29]
 FEH T sl SAEE S Beslrs dES2 HS5Ho s Fosta s

o} SELENE-2 ¢} ILN9] 7]& #4
O =9 T} FAA FERZH AT
41), WG4(Enabling Technology)°ll A Tt
Aoz ol 4
- FAA FRE WG o8 A T HAA 2T 29
- T4 o] AR VEAZY 7 £
- 471t AE3= Fuel Cell Type HHAS] 7ol & FoJut Space
Heritage® §1v Aoz #AdHm™ I8 njxFzeo] dx=7) A9A7}

FFo] He Ae dA &
3. ¥ (ESA)

7}, MoonNEXT 718 @ =23

O ESAE 3HdEAl T2 ¥l ExoMars (2013)SH MSR (2020)2] &4 etA} Gap
< ®Z3l7] 918 NEXT (Next Exploration Science & Technology Mission) Z=Z
Ao dstoz MY

M

O Mission Objectives

- F BAe SAYAN MSRE 9% 3 FNEHY ARF J1% Adoln,
g EW @AM ARBF A 1FHS e o] BEY

O Science Objectives
- g N FAEQE Bolo|HE &9 VY WRILZR, AsAT, g 2 AFs 2
BESH Fofde & F5 AW 4 ZAHAitken Basin), @ @5 AY 27
2 o

)
ZoRNAE WA, BA, V28N FF, AFEE AT 59

it

F{

- 2 RWAMY HAHESHEokE F8 AFECkelH, Insitu 7lEHSEOF
O] —

e v BAEFsA S tivlske] Life Support System¥} Fuel CellS A
b



O Mission Architecture

- A5 17](100kg @A A+Z W, TBC)9+ ZH (20km range) 1712 4
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- Ay Jdaez] 7]

- #lo] A ®EALA

- A e AP

O ILN Zroqnieb

- SDT7} A5 ILN9 #Het=EAH3 FeHAAE =2 Fo]H, Phase-A
ATFFA2hE)S A% 37 ZA2AIYS Thales Alenia Space(France),
Astrium ST (Bremen), OHBZ T3l +. @9AME V= NASAS GES
o} ILN #&g€S 9 Wete =z 31354

4. 9= (BNSC)

7}. MoonLITE 7} &

SHAEAAANA FatEo] @i FES= B &% =71 (Micro-Penetrator)
7F A2 E o] )& ] 7= Far-Side®} Near-Side %ol Fal&m™ G %

=
=
oM AAEeIsh Hete ATshe Aol HHY. 20109 BAHE BE= S Ug



. MoonRaker 7} &

A% HFHdom F AFRF P A= T
Nearsided| A} A2 &2] ¢} 3tstAT 7 £2Q. 1km FH 58S
gl gloen 2013 %9 PSLV LA E Ak o H Y

1

o} ILN Zrofrlet

MoonLITE®] &A= =75 o]&3te ILN #+
MoonRaker Al &o] FA|gEH oS 7|bto g [LN zrojulers A3 & 7154
o] 5. v=FHe] LFEAFEHIA S 53 Hl

olY, #H V)& FAHe FEIHVE AT Aow &

&
Lo,
>
o
mlm
e
=
ol
o
Ry
%0
[o
2

5. AUt} (CSA)
IIN= #et 2xe 254 Age dA=e %61 s w\-—‘:q 2008 8€ 7}
Uttt #5774 CSAZF 55" ANE BAF 29) #dS 971 9] RFPS 3R 3H3l+

a9 511 Ay #AF 2H

6. =<4 (DLR)
7h ILN 3o et
O ILN =z A4 /M 2 A2 waloz 3o

ok
B
_[ {4
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L ILN el 3% 7T 7 "&AA
O Heat Flow and Physical Properties Package HP3
O Panoramic Camera PanCam
O Laser Induced Plasma Breakdown Spectrometer (LIBS)
O TRL E =%7] (ExoMars §90.2 7E3stal &)

a9 512 A5 2 A=

upport system

~~ Mole

1% 513 H3 &x7]
olgre] o} (AS])



7. ol&go}
7} ILN o] wob

HAA A=rol Al FdY F<2A Laser retro-reflector payloadE ILN9 F& ®©AAZ

L. #shE BAAL

o|etg]ol= AthA o]E AT ZA|FOoZ WAoo a1 PBAlo] mrF AuA
°] & (General Relativity) o] ¢l that B2 A3, FA o] doxe NMEL
o]£9 thgk 23, Quantum Gravity and Unification of the four interaction, =}
At Lunar Laser Ranging & &3t 43S Agst U+

ox, Hif

$EAL A1eA T A
ASI-MLRO (Matera Laser Ranging Observatory)
ILRS (International Laser Ranging Service)9] H|o]¥ &4 F8 7|3

XA gAAE HdX]5}7] ¥ 3 Robotics

O O O O

Thermal sensors, heat pipes

Thermal and optical test of laser retro-reflector array in space conditions

CG Far Field Diffraction Pattern circutt
CCRs inside or outside the SCF

218 514 #olA HAA A




1* gen. Lunar
Laser Ranging

OidApailo, small
tighlly-spaced CCRs

272 gen. Lunar
Laser Ranging
Ty—
L
T1 @\ '\
= - T3
b

- B rew, single, big

‘ _'L'.‘; \ o) | sparse CCRs

JAT)  time

I

Ts d Tz'}‘ T‘.'1 time

Pulse to Moon

Pulse back to Earth

PulsetoMoon Pulses back to Earth

Y 515 HolA SAAYE o]&F ol& AlEdY

8. X F2 (CNES/iPGP)

7h ILN Frof web

O Zgaes XA Aol #AE 7HA o, FAZ < ILN o<t
o 34 S FHACE FYstdA A "JAME fal i EAY gE 2
AAE & FAb 288 AFY

O 3144 ®AF ExoMars®| FW Y (VBB) AXAE €@EA #FA (Lander)ol
&3t= A, s FAHE 237 LIBSS € ©AF W (Rover)o] &83h= A
Astal s

2
o
=



9. A= (ISRO)

HAZEA FAHL] ILN

< 2008 109 LA} ]
Aol AL

MINI-SAR

2

419 (VBB) X ZA

p B

)
ok
rlo
A
lo
=
Biy
2
W
o

Ab 914 Chandrayaan-1
o1ze] FAA I} T

H

MP Moon Impact Probe)

R m_mﬂ_ﬂ E] o |.:|.|:|.5 £ Mo :ﬂ':.

- 87 —



A 54 ILN WGE=Zd3

1. WG1(Z A A))
7F. WGI1(Core Instrument) 7 &

O F7H=(F 97H=)
- MUY, R3S, 54, 97, AE, o2l dE, v, =

O ZZ|(WGHLEAA, WG#2: 541, WGH#3: 25214, WG#4:7]<)
- WG#1 Chair : Dr. Tom Morgan(¥]=) / Dr. Satoshi Tanaka(JAXA)
- BEE CP: A7 PR3, 399), AIFE 2L, AR

o ¥% =

ie]

=5

- g

by

FA AAE TF qAA A

. WG1 28 o9
‘08. 7 : NASA Ames A74&0lA 7+ vy} gisle H8teAL Y832 gxjA] I3k
‘08. 9 : San Diego°oll A 39 /H. F5EAA HEE 93 Spreadsheet 243

‘09. 2 : FEHANA WG White Paper =3t 243

O O O O

‘09. 3 : Y& 8338t A face-to-face meeting 33

. WG1 Z23&E
O WG1 Terms of Reference

O NASA7} ZA3E &5 BAA 9 Scienced} 8 183 &7%4A

=



¥ 59 ILN 3% gA4A 2 27 ALY
A A #% Science & & QFALE
. 133} 20 Hz.

i Az
(VBB Seismometer)

bt
ZF%; [0.001-0.1 Hz] 10-11m/s

[0.1-1 Hz] 2x 10-11m/s

[1-20Hz] 10-9m/s.
BJFAHE; +/- 5deg
FA; 6 kg,
24 Power 2 W(HM]), and 1 W(SZ5),
and 02 W (HA). ReAdd dartsi
A& A% 75 100Mb/day

1O Oy

SRR EEE
(Heat Flow Meter)

g9 Ad7x ¢ 493 23
v}, 3m Zolg =&, 2zt
o4 o9

] ¢}

gdAA Asx; 0.05-0.001 K.

24 30cm HHOE 97 AN Do
dAM FA; ZF 10g. AE; 02 W/zZH Al
227 A, 2 kg, AE; 5 w.
A8 A5 % F kb/day

1O Oy

AR5} GAA
(EM Sounding)

SEW AANFE E33
o eijrel 1Y) AEE =
3, BhR emsh 74, A
719 718 A% e, g3
o ezt 73 34, 1d
A% 8, ANE BA%

2m 4 g

F34 ¥9: DC - 100 Hz.

2719} 3-component A+ A (10pT/rtHz).

17§ 9] 2-component 7|77
(100uV/m/rtHz).

1 70 2] Langmur A4 (500 K, 10 e/cm?)

AN, &, AAZE FA; 2-5 kg

A4 dE; 6 W.

A8 1% 10~100Mb/ day, 94

1O Oy

gl o] A HEALA
(Laser Reflector)

L2

2cem A
27

sfe}

27149 AYE
FEoA mm FIE
dtol g FxE

sta, 4 ol® AF

HA o] 10 cm Array
AL EAA 1 kg, AN 1 kg,

k. WGl &%

O “10. 3¥ ©]% : face-to-face meeting(

Z]

P A g

-

AFn

) I

71 %) ¥ 2 BE A




2. WG2(54))
7k WG2 7R 8

0 2% By FARIALT BF N 445 54 YED Felde w3

O =4 B 7= v, A, 22, olHE, 9=, v, 54, A, dges

Dr. Takahiro Yamada(JAXA, Japan, Co-Chair) Olivier Bompis(CNES,

France), Dr. Hermann Bischl(DLR, Germany), Tomaso deCola(DLR, Germany),
Dr. Nicolas Perlot(DLR, Germany), Dr. Peter Allan(BNSC, UK), Loredana
Bruca(ASI, Italy), Sang-II Ahn(KARILKorea), Dr. Byoung-Sun Lee(ETRI Korea)
Jim Schier(NASA,USA, Chair), L. Sreenivasan(ISRO, India), Brian Morse(NASA,
USA)

. 38 Fepg oo
O WG2 &%(20084)
- 12 W A3ks)e] A3 (#1: 2008 08 12, #2: 2008 09 16, #3: 2008 10 07, #4:

2008 11 13, #5: 2008 12 11, #6: 2008 12 16 #7: 2009 01 06, #8: 2009 01
08, #9: 2009 01 21, #10: 2009 01 28, #11: 2009 02 04 #12: 2009 02 06)

- A3I s Ea, 2o FHoeto] o xS FH3ya, CCSDS,
SFCG, SISG, 10P, IOAG¥ 2o ¥ =4 #Fo|y &3 ILN #d 2243
gt PxA o)Rah 1= A A BurMolE WGolA &

3L 3L
o o
N/ EEE 97 AR wPen, Fo P £,

N o

0 WG2 (2009)
- YdE _8_:7‘3}13]' ILN £%3]9(3912/13)1 4 WG2(E4)) ‘083 % ZFH 1A
A 2 20099 WA WG =43 darx

3wy QR3He) o)F, WG BEAY] B2 15 o] FolA A ke

5a

t. 8 A%E
O ILN Comm WG Report

gt WG2 2 dAagt
O WG &1l - =<d A7 238 vEo®, WGIM= v+ 22 8



Aags =SS

O "Recommendations on a Strategy for Space Internetworking"el| 7|Z2& &
SISGS] T3ete] 24 W el HyHolw, AFH Foig 7

O F=3 v=3ke] BNSC-NASAZRE] ARt A5 &3, BNSCrF A|eket
MoonLITE w40 tisl ILNo|A AMg-staatsle 54 §AAE AFses 7HsA
& oy

O ILNY F34= A8 Azt 84S 93] SFCG's LMSCGSF 3% 24 &
Folt ol

O ILN 5 A|¥ollA robotic/human supportZ¢] the lunar communications
3} W nkako| #3 NASAS] Exploration Systems Mission Directorate®} 3
.?_

T

ol
5

r2 ™
i

| "

o=

T3
O ILNOJA relay -8 International Space Exploration Coordination Group
(ISECG), 18]x ILN¥#} "& SZyA EeAFE Fste a3 =97t
& of o g}

O Core Instrument WGl A 24 HIAME W2 =4, LN FAA2He 8 F

s wEAZE F e 2 A AY ks =59

- A&H ATE A LN AFE $5)98 BoF TF B4 AAE #d
=z
B

O AA A A ek ofyg AfHL J= BE CCSDSe xEete A3l
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Requirements Capabilities
4, On receipt of the report by the Core 1 Support the LN member Member=ship
Instrument WG, conduct a pre-formulation study discussions CONCErning
of options to meet the ILM communication needs member agencies’ 2, Promote the expansion of the
based on emerging science requirements and contributions in terms of ISOF]?Gto Slfccl}udlgpﬁl ggigg'rsarﬁ
potential ILN Partner contributions Communications
capabilities and their the ILN whe desire membership,
tional d
6. Ceordinate with the ILN Core Instument and SREIRHOnST PRIO
Technical Working Groups to ensure that ILN :
requirements are fully addressed throughout 5, Basgd on  MNAZA’s 9, Investizate possible ESA and
each ILN WG Commarcial Lynar RFSA participation in the ILN
Communications and thorough their provisien of
Nav1gat}]<_)’rﬁ Study };eport, ground and space cross support
16, Coordinate with the WiGs involved in site a?SBSS p_arl'iners p_gscei to ILM operations
selection to determine comrmunication f’ CRTIELClL Y tprov1 Ed
requirements and the resulting capabilities of Aliat tcommung:ﬂatlon bz
the lunar relay as well ag site selection criteria HErERha T AR
driven by communication considerations
12, Determine ILN timing requirements, if any. Standards
| T Study the existing and planned CCSDE standards and recommend
¥ any changes needed to support ILN including: a) assessing the ability
Recommendations of ILN members to implement the minirmim set of standards needed to
conduct [LN missiens; b) identifying impact to [LN member facilities to
T e T T mmplement the minimum set of standards: and <) assessing technical
S & : i and schedule changes to CCEDS plans if any to meet ILN needs
practices for ILN missicns inchiding both an el
elaboration of existing common practices  and
proposals for new ones 8. Coordinate with the SFCG to ensure that [LN spectrurn needs are
A )
15, Investizate the implementation of optcal high
speed downlinks for lunar and other exploration 10, Work with the 3ISG to ensure that the strategic plan supporting
missions and the necessary international cooperation international interoperability recommended by S5ISG to the 104G
and standardization necessary to accoemplish this reflects the protocols and standards desired to suppert the ILN
Future Maintenance
14, Review previous recommendations made by the Comm WG to
11, Determine the issues and options for evolution of the the LN Steering Committee and revise as necessary
lunar communications from robetic ILM support to robotic

and hurman support

13, Through discussion with the Internaticnal Space
Expleration Coordination Group (ISBCG) and  those
agencies pursuing other lunar missions in addition to ILN,
determine the utility of an ILM to all involved parties
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Site 1 (A33 Site 2 Site 3 Site 4 Site 5 (Reiner Site 6
Antipode) (Imbrium) (Descartes) (Crisium) Gamma) (Apollo 12)
Crust Structure X X X X
(non-mascon)
Crust Structure X X
(Mascon)
Core Structure X C c & C
Heat Flow X X
(FHT)
Heat Flow X Edge Edge X
(PKT)
Heat Flow X
(Mantle)
Magnetic X X
Anomaly
EM Sounding X X X X
Laser Ranging X X X X
Note: X means that site addresses the science objective. C means the site contributes to addressing the science ob-
jective. Edge means the station helps to define the edge of the PKT heat flow anomaly. For Laser Ranging, X means
that the site expands the geographic range of the existing reflector network.
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Imbrium. Site 3 is the Descartes magnetic anomaly.
Site 4 is Mare Crisium, Site § is Reiner Gamma, Site 6
is the Apollo 12 landing site.
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6 e JAXA "
7 | g@n KARI, KAIST, KASI 370 A8
8 Al o} FSA Space Agency
9 A= ISRO "
10 THATH ESA "
0 7t $FAY BE W

3 515 NASA ILN =2 3|97} 33 & f&

TR

- Moonlite AFg 4:7)

- 47} penetrator ©]8-(2013d A}, 1d7F 28)
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future.
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