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@’ Exploration Beyond Apollo A7 T9, 1960 F1%, 7
Struggle to Establish a Shared Vision .
AU HZBNWTAN—RA AR
+ For more than 30 years, NASA and various international S P .
organizations havg struggled to establish a viable, shared vision for 7 =" ZJ) 'f/'Z % ﬁ“bi L 71:_0 % h %Z
space exploration in the post-Apollo era - sl R .
+  Within the U.S., these efforts have included... RN DR él H%" DT V= a— EIJ
1960s Space Task Group and the vision of von Braun s - . - 0 —
1970s Space Shuttle and the idea of space application j(?f‘yh F/ET l/ 7:—0 DT T bj: N EE
Early 1980s The Space Station - Diverse Goals and Means, - 3 N S — N
Y focuselii on enabling microgravity research é ZN—F =7 F T T ]7 N
Late-1980s Space Exploration Initiative - A Grand Vision of large- AN N 5
S(F:)ale penﬁanent outposts and in space operationsg OeEv g ;5_’2'% l/ 7LC %) D) "Cﬁa (ié
Early 1990s First Lunar Outpost and early Lunar Robotic Missions = NN SN
1998-2002 Decade Planning Team (DPT), the NASA Exploration *’l’ 1 ) ) E XD k H b‘ P4 ]‘ *jl‘ %%‘
Team (NExT) and the idea of multiple paths . N
20022003  Transformational Space Infrastructures (TS1) and the CLTRAYDLBEEZATHY .,
concept of modular space systems .
2004 A New Vision for Space Exploration NASA @ *)]/ﬂ;q D U —_ & — & fcﬁ e 7L:
DIFTY, L, TOAN—
PN . N o S N
%k Exploration Beyond Apollo RRAT T N—TDE S gk
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HELSEVELER, Zo7etRE LTIy A BREMEZ 2T 2bi T, FEFICERK
DR TEADNHINE Lz, 77205 NASA LSO T A U DERF. NASA LIS Bk, b
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@ A New Vision - 2003 DFHEREICH T D EY 3 VIR
SRTOET, LT, Bk
- Aft ths of White H d NASA int tings, and ° A N
ex:I:ansggs :f(i]deﬂsla%d ?ijssigl?:, anew cgm‘g?e%;nn[gvrgi‘;mgrsat?;.n D $ ﬁ 7 u 7 =7 I~D ji rllﬂ ‘l‘i ZP Hj
vision has been developed
— Given its importance, final decisions made by President TWE j"o {ﬁlj z gi‘ a7 %ﬁ&%}ﬁ
- Final decisions preceded successful Spirit landing on Mars
+ New exploration vision builds on NASA's vision and mission E% S| /ﬁ\ (CAIB) b)éﬁ r H ﬁﬁﬂf_’_ Hj L
statements -
" gra S anes R momsen s | 250> i CRER RIS LT
« N lorati isi bled by NASA® i = 0
akrungthaning cur masagemant foundation and agancy crodibikty FT. T AV BB ROV R—F —h
— NASA received top scores in key areas of the President's Management
Agenda N . . - % /Q\\
— kNASAmcwasle}a]imﬁlﬁmle?gedarggn:lgsemmsr?f%ms as demonstrated in 15 %) j@£§& }7‘ )EJ N iﬁ jJ éﬁ@ F'Eﬁ ak— e
ey programs such as the International Space Station N . S N
— Other NASA programs continue to be successfully executed 75} i‘% Eﬁ é ﬂ i [/ 71; o t va s ﬂi % ﬂ
BIZEATWET, £/, BV a v
IXEBICTEZHICHICANRE S &

EE2 A New Vision - 2003 W5 B EICESE A b O T, BT
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B OBIOERT Tl > EAMKEL X5, £, MAT—SMALZVEE LU, 20
BRI & L C, HREMIKIIZFHEICHTLWAEAD vy ra ORI LT, i LWE TEEIC
Ez . ML, BELET, T2 5 NASA DFHIEEEZAM., L TRy b EDHZ
TR TN EWIFETT, TTPOIEFICHEERFE THY, LT, AAERARY
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@ New Space Exploration Vision HEWVWHHET, EREAMEA T
<BIFTT,
+ OnJanuary 14, the President announced a new vision for NASA ~ - v s L
— Implement a sustained and affordable humamn and robotic program to explore the solar {k &\— Al ?*E % #J‘:‘/ﬁ)'-‘ﬁj‘ Hb fCﬁ 16 0)
system and beyond: N
- Extendh the sol. . starting with a h th Z - Z \ N
Extend human presence soroes e e sk, staing it 3 uman et o e (T DIDIEDNTTT, T
destinations;
— Develop the ir ive technologies, knowledge, and infrastructures both to explore 3@"%%6:7} U ﬁ&:ﬁ‘io“(%\ 3?)
and to support decisi about the inati for human exploration; and
e e s cesten mexpersion ta ner U5 DVIEFHT BT T AL HDH
« The vision affirms the nation's commitment to space exploration and o ~ R
provides a clear direction for the civil space program 15 HaIa=T 44— &o
— \ision responds to concerns expressed by the CAIB, Congress. and elsewhere on the N
need for a long-term vision for human space exploration *’C %) . : j,l/ ci N IEI 7":“ cj— ) %) D .

— \ision broader than some reports that it is about retuming humans to Moon. Indesd,
robotic activities and exploration of other destinations are critical elements

. J N Sl
—  Activities will be paced by experience, technology readiness, and affordabiiity 2D j( IR v al s CcZ
— Implementation begins mow with key missions that are already in progress such as Mars - -
exploration, visits to other solar system targets, and Origins activities j/l/ ) % D ”G‘ 7"{:4‘( j/) D k [/ \ 9 C]: »j

<

RHLEOTIELY FHA, B D
AR = T TR 5 - RS cal

&EHEF3 New Space Exploration Vision
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WXL ThEL LT @ Strategy Based on Long-Term Affordability
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—HDOLE 2 —Z2FHGENIEAL TTo bR, FHOREIZ L > T, BERFAENT A
VHZESTHDHEVIETT, ZOFH LWVHEEICL > THERIEL T L TEHMNRT
AVHIDOFHY —F =y TRHERTEDLTLE Y, £MA T, —2OFBLRENL T ¥
Va KFEDOAE—FESIH LW ERBWET, FxdthoEEZRBL, FyL Y, #
KEHEFLIZVWER Y, ZOHLWERLORHMRICK L TRB LV, 7y v a KffEIC &
ST, FSITHRTYT, WP TRV, KTT, oEICH L ThFHwRxICERLCEE -
VW, ZTLTHAOKEMOL LT, KIEOL EICZORICESARITHE 2V, 20VW) SE
TY, ZhbfFxrDa Iy AL T, HEMRIK, e —ARk1AHY £7, FH
BEO 7 a— VR RTT, TRNEFICEERLOTHD LR-> TWHDITTT, Mx
T, ZOFLVWEY g U TNASAIZEBWTH HHE, BBELET, 2o, Bizh.o
WCFHBEZHRABEL T DT T, FEHEAEEmLWVERE T L CWEET, T
Tbb, HILWSATANL T el 7 AeHRAE, BRT52L10K-T, BFOHST
HHhHENEZTFENTEESZHEL-WERWET, F22hicky, KBROFEAZL
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@ Summary of New Vision

+  Benefits the Nation
— Makes needed decisions to secure long-term US space leadership
— Encourages innovation and strengthens industrial base
— Pursues compelling science and inspires the next generation of explorers.
+ Refocuses NASA
— Establishes exciting long-term vision
— Integrates robotic and human exploration programs around fecused science goals
— Responds to CAIB Recommendations (Shuttle retirement, new long-term goal)
+  Provides exciting set of major milestones such as:

— Implement Vision; Reorganize NASA ~2004

— Initial Flight Experiments ~2008

— Crew Exploration Vehicle First Test Flight ~2007-8
— Start Annual Lunar Robotic Missions ~2008

— Retire Shuttle and Complete Station Assembly ~2010

— "Safe on Mars™ Lander Mission ~2011

— Mars Robotic Sample Retum ~2013

— Mudlear In-Space Power/Propulsion Dema ~2015

— Moon Human Landing/Exploration Testbed ~2015-20
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- SNECMA -SEP (F) (Stationary Plasma Thruster SPT-100, PPS-1350)
- High specific impulse (~1500 s)
- low thrust (~70 mN = 7 grams) and low power consumption (~20 W/mN)
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BB 2 SMART-1 DA AP

Propulsion to the Moon
s aun a E: sep iﬁﬁﬁ as UXI lary

passenger on Ariane 5 into Geostationary
Transfer Orbit (a bargain hitchhike to space)

— Spiral out cruise (15-18 month), SPT/coast
arcs,  lunar resonance swingbys & capture,
spiral in

— lunar science orbit (300-1000 km perilune -
10000 km apolune, 6 month + extension)

asamm

k3 SMART-1 @ H ~D#fiE

Instrument Technology

* Miniaturisation: 7 Experiments for a total of 19 kg
+ D-CIXS ( Compact Imaging X-ray Spectrometer, 5.2 kg)
— Swept charge CCD, advanced micro structure collimator
*+  SIR (IR Spectrometer, 2.3 kg)
— Monolithic quartz commercial grating spectrometer
*  AMIE (High Resolution micro- Camera, 2.1 kg)
- micro-camera, 3D electronics+ integrated Data Processor
— Multicolour imaging, lightweight high resolution optics
— Laser link with ESA Optical Ground Station in Tenerife
— On Board Autonomous Navigation experiment
+ SPEDE Spacecraft Potential Electron Dust Exp. 0.8 kg
+ EPDP Electric Propulsion Diagnostics Package 2.4 kg
*  KATE Deep Space X- Ka Communications 6.2 kg &
* RSIS radio science

Eesa.............]
BRL 4 A REASRLI b
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ELHc D EF A Coordinated observations with Lunar A/ Selene
and European collaborations with Japanese

SMART-1 international collaboration
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Exchange of scientific data and analysis

Study of potential landing sites for SPA SR,
Sclene B and future missions
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Moon as Testbed for Exploration Technologies

New techinology and system level engineering demonstration
Remote sensing miniaturised insttuments
Surface geophysical and geochemistry package
Instrument deployment and robotic arm
Close mobility, nano-rever, sampling , drilling
Regional mobility: rever, navigation
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AN DOIEEZ/H DD
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Robaotic lnboratory
Mecha-electronics-sensors
Tele control. Telepresence, Virtual veality
Autonomy, Navigation, Artificially intelligent robots
In-Sitn Utilisetion of lunar resonirces
Regolith, Oxygen, glasses, metals utilisation
Long term: He 3 extraction
Establishanent of permuanent hinay infrastriictitre
Life sciences Iaboratories & Life support systemns

Large astronomical facilities
Environmental protection aspects of Inmnan l'.\']}ﬁ‘"ﬂ'fﬂ" to the Moon
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Searchfor
extraterrestrial
forms of life

Ny

Spin-offs o

Human physiology
& psychology

Expanding human J

presence inthe
Solar System
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exploration goals

How?
Surface and sub-surface
(few m) in-sifu
sampling techniques

, Deep drilling and
b Sample Returns
& In-situ manned

experiments

Technology
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Exploration Scenario

-esa

mIopEESEHNInIIES oSz
Tweo interconnected development streams preporving
and enfminating in missions to the Moon and the first gae”
Treezneaine mission to Mars: ~1

Low Earth Orbit Infrastinctnre stream builds on:
- ATV (Antomatic Transfer Vehicle),

- ARD (Afmospheric re-entry Demonstrator)

- Columbus (IS8 European module) and

extending them to Moon and long terin Mars mission

Planetary exploration capabilities stream builds on:
- Mars Express, SMART-1,

- planetary missions, etc., and

extending capabilities progressively
towards Iimman size veliicles

gEts BEEVFUA
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European Human Mission to the Moon

¢-esa

mopEsSENNIESEEED ﬁ-" '?. -

Primary Objectives:

— Demonstration of Life Support System

— Demonstration of Habitation Mo dule for interplanetary trajectory HIVE jﬂo

— Demonstration of In-space and Surface EVA * f:ﬁ]\ NS
— Demonstration of Re-entry to Earth . P

— Crew aspects following long term isolation T 3 A :J:i WT%EE (ZBWNT

— Crew performance aspects in reduced gravity after prolonged p-g Ix . H~®D ﬁ‘ j\ . E i v
— Demonstration of operational capability [

= O NN N
Secondary Obijectives: T4 XY Ty va Uil
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Elements for Human Moon/Mars Exploration

g esa—:nu:a—lu:uu:uaﬂ
=Advanced Launch /access to space
-Orbital Infrastructure
*Transport/ communication
-Habitable Descent/ Ascent Vehicle

-Surface Power Generation
=In-Situ Fuel Production
-Robotic outposts and rovers

=Habitation Modules
-Workshop

-Scientific Laboratories
=Greenhouse / Agriculture Module
-Medical Centre

-Pressurized Rover
=Advanced EVA Suit
-Life Support Systems

EE 1L AAA - KEREICHT T
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B LI ERAET, 3fE2—r, 3EMODAT—L )| FEFICRERTFT ¥ L~
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http://sci.esa.int/science-e/www/area/index.cfm?fareaid=10
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Big Lz e BuvnEd,
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NHDHENWIETT, 50, MOFEHEEDOHT VAL RGHEANLEFHFEINTVDH ERY, X
10, RXFEMICRTH, AICRKXERH LBV ERTEVWET L, BiceRy LT
FENRFEBELTINE, AZ—20ME L LTS HITREZED TV, HDIWITEIREE

ETO. HOVTARITEIT S LWV 58
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Why go to the Moon again ? A U CATLNEBWET,
It is always better to know your close neighbour, WELL {E‘[ﬁj[\ H Z)§ %ﬂfi U‘ %BIJ 71;;? D 73) k A ‘5 Z
Often, we think we know them well, when in fact it is NOT the case & T‘é‘ 7b§ . t ﬂ&iﬂ z)\)‘ ﬂﬂf/‘kiﬂ%\lé @ﬁf%f
£ bBHED ZLIBRRH Y £, A,
This is PARTICULARLY TRUE in te case of the MOON, our close neighbour BRI E O CHE— DR TT, ZZIT
There are very strrlj)nglfCIENHF.[C REASONS HEEXHLTWLKE, €2, kKEXhz%z
to go back to Moon 5
Other Reasons: : ’)’C%ﬁf/_%ﬁiﬁ:’) Tb\i“&h (%*}2)0 @)
Moon as a base for Astronomical Observation and Planetary Exploration i D % 0) EF[ T %EVC‘\ &) 5 & v 5 : & ./C‘\_g,_o

Resource Utilization (minerals, water, fusion fuel)

ZRNE, WL HERIIEE O T,

i Ze TN 7
FRFL RO e KA T DA 2D R RS TH D |
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What is so special about the Moon K& & £ REISHT D ﬁ]_'_/—%@j(% =z
o 2z e THREIVDIT T, £hd
; FERI T, 2F0, REOEEESH
WOREZZFEFSTWHL, DN,
X : HEENFF-> TS, REDOFRICIE
| s ORI T B L S
Do not have permanent satellites
- TETHLERERDITTT,
Very large mass compared to Planet Earth M(satellite)/M (Jupiter) <0.001 . .
# Moon is similar in size to Pluto and ) > S ﬁ o)@'ft\ E{)}’: ii & < %) ng:‘ k AEDE\I/ N

major satellites around outer planets;

Voon isrepresentatie of proto- MR SN o F9, FNARFICHEFET S Z I,

planetary objects opa 0 (*ﬂnede
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= Ta AR Z—3 v a VU, 2OV RBIEOFEE W) O E THEE
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N, T HENEOERITDNY EHAN, HOREH, ZiUTHREDOES O CII%E
TR, MXE, HE, XE K- TEEOEHRENKELE, TL T, 3 2EBESL VAT
W, BEE TN, RlE-TmEeEZEZXONET, T LT, TOHEPOMALE R 5 FIZ
KVEFELE N DOBLRAICTTRHLNDIIRSTETNDEN)DONREGETORNTT,

T RaFEICBEE L TH, HELSLTWIRERTI S ICBE L Tidbho T E T8,
ARz Lo EELIZEWHI BT NETRVWDITTT, 22T, [MB3boroTnD
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India’s Cunar Exploration Programme
il |iEFe
To Answer these questions:

22L& T, LI bRy,

Bl (THUERIC & 4 2 BERTICIIKDF We need 1o 6o Back to the Moon again!
fEL7=, 2 LT3 S{EERICITEM DI | The Strategy: |

BOAH LS 5 i
TWETOT, HERIZY ZTHICE [ Options |

T 1:77'% ELEHMN ‘E WD TN E Orbiting Mission Synoptic View  Topography, Chemistry, Mineralogy

of a large area

% 5 = k c: ch - T < %) b U, ,C_a_ (ﬁﬂ pandingMistion ocal Chemistry, Mineralogy, Internal

Properties & Structure

3 ) o \%‘Zlﬂ%ﬂ/‘j a: ﬂi N Cl: < ?‘l:) ﬁ!ﬁ %‘ fcﬁ % i ji Sample Return Mission local ;:yésic;:e::ﬁfcrt;?r;ilii;?r i
_,C‘\_g_o 7 Z]To o %I'IE"\ }l/_j_%l_@i@ H?—J‘: L: 0i 37,) Isotop|ceects; Chronology,

These are complementary & a series of must be pl d
FVEMBHY EEATLER, 4,

Tox 1TBE % Ao BB b HED . 2 LT R B3 BARHUHCRS 2
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}1 India's Lunar Exploration erogramme | WEENE T 0% S AP = I QA S MINE W S|
B Objectives of the First Moon Mission BHOET. HBVEELDELZFRD S
YEOET, AR e,
Understanding of the evolution of the lunar crust: vas, HDHW EN K v TNV VA==
Specific regions of interest: Polar Regions, South Pole Aitken region vyarve, giWF, iEFn Y, (\E
i e e ERELTEADIONIE Y Br e
TrarnBEondOTIERWTL &
Iy TITND, xR v a v &it
B35 Z LIk o T, MisErIICIRGE %
DTN &) FEIMM AR SRV D T
Eh4 A FOABEDOHM ANVIEV - AOF-¥ oTb G BN

Volatile Transport to colder/ polar regions (using Pb-210 as tracer)

Degassing from the lunar interior (using Rn-222 as a tracer)

3D mapping of Moon at very high spatial resolution
To improve upon the gravity models of the Moon

B {1V FORBREHE

WIZ, ZOXEIRFTA U REIEZLTHDEONE NI ZEZRFEL LW ERWET,
FP. A2 FORNS ZTERBIRWZ LE LS, BHARD Z OfE CIEF I s
B BB ERIZLTWDHENW) ZEFETCHEELLERVET, ZL T, Fkxr izl
FLTH, BERHDLWIZZOMOE L EEW NI EZED TNWETLWEBSTEBY £7, (v
ROFHETIX, SEA 100km BREOHERIFREZ B X TWET, Ze— VLG, g,
B, HOEIWIR RN R~y B S LW E BT £4, £ LT, EFICEMEIGE
DY —%EBHLET, AV FTIE A27 7y 74 —2 L LT, BIRIEADOEDIC
EZTNENS ZER, ETHEBIICHFT SN TEND EL, 1 FELTRLR
B2 L TnDHEZATTN, bIOBRICEERRLE L TLZL SN TV A ZMRILIC L
T, SHICHBIETWELEWEESTEBYET, EVWELT, £9, F—HHEHDOI v
2 EVWELELTE, Baw o B 7200 TUTE W EE-TEBY £3, Ax 72y
L—X =0 £3, FEHgEO s L—Z—okbnlnd oik, FEFICRENREDT
T, BREICITRZ2D, THEBICEBATHIH D2 S LIV EZ Lz E BT
LZDFTT, ZLTI3DIEHLENI bDEFHLA L LTUIERL TWDHEZATT, M
WEOERITEDO X DI L TENTWY
BOMENG = T b LT IE a;ﬂ;ﬁ India’s Cunar Exploration Programme
WXz n e ATYT, LT, B Chandrayaan - I
P—ffr, Fr W LELTILET | Configuration : 100 km polar orbiter
bEERLDEZF->THWET, 5n <H |
WG E 2 ot o — i 2 - :
Tﬁ—‘g‘ 7":1/\ 2: F.E'J/‘i'ﬁ"o % LT\ ifl | Hyper Spectral Imager (HySI) (0.4-0.9um)
BRI ONTHRAEEZED - & W

i
WO

~F F Rik T
A4 v RO AEEHEOL K lit ¥ x High energy X-y ray spectrometer (HEX) (10-200KeV)
YRIZ¥—rIivvarv) LESTE ‘ n
DET (BE5, 6), FrrRILn e FyrRFov—r Iviay

Observation Period : 2 years
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SAFTAENTENURE VI E X T TY,

I, 30 FEDMEFME ZEFOKRBGEM ARV TT, TNENLOHEENH Y T35, &T
BiE LT HEMIEH Y THA, FENZRFITIN, FrLnilkzsdss LTnbdEns =
ETT, TviarE LTI, A= RANT "L A—Ty— B, FLT. &
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Solar Panel (30 deg canted) Data Transmission Antenna
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India’s Cunar Exploration Programme - Zd, H W—ﬁ‘< 73 ¥£ ESER/AN /5\
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OTIEHARVWhERDRET, ZhE
ITO IO E R BN & 5 DTl
? R EBWES, ZZTET0 &

GEHT A ~ORITRI 9 DITFEMPLE T2, FEHBLE &

WO DIETTITHERE L TWETND

ZOWMBTETERIEL T DORLIEZIOZXTT LN DIXFEDEY SLOD TIER N E
aﬁz/z EEBEZTWET, Zoare 7  aEMTIHE, 2ROl v aicEo k) ek
AT TNDEDOMNE N ZENEETT, Hx, ZLTEOMICHE LML
v arynhb, BTCERETLIFEICELS-T, F¥ 2 FI¥Y—U 1DAT Y a— LKL
ENBHEVWHIETT,

HE(X5 5kg T, 1 Okg DEPEHIRA~A B — FRHERINTHET, ZOHES %wa
%®M®ﬁl&4ﬂ~k%ﬁﬁékw9_k%ﬁﬁbfwif DED | WA, BT
P—T L LTHRSEDRHY T OT, THLOHFICEBEHZRE LW FET, ﬁU F
SLCHEEZWEE Y bIF T,

INNRELEDON—UTT (BES), 4 RTIXABEEHEOH K, FREHE. KaN
TE&WET, REVEAELTH, ERADLLEERKDIIETEZ O AICET STV
7T EIZE o T, FBHEAZEIZHY LT 72 BoThh £7,
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Bl
Mid C: =
Clnrre?;;‘ir:: b Lunar Transfer

Trajectory

To achieve 100 x 100 km Lunar Polar Orbit.
PSLV to inject 1050 kg in GTO of 240 x 36000 km.
Lunar Orbital mass of 523 kg with 2 year life time
Scientffic payload 55 kg

Initial Orbit
~ 1000 km
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CHANDRAYAAN —1I

A low altitude (~100 km) Polar Orbiter for Global imaging,
mineralogy & chemical mapping with high spatial &

history of Moon .

‘ AUnNChrStiaegy,

LAUNCH VEHICLE

woe - & Earth Parking Orbit
y & 4 & Elliptic Transfer Orbit

- & Midcourse Correction
) "_ & Lunar Transfer Path

K Lunar Orbit Insertion

LUNAR CRAFT

? 3D topographic atlas of the Moon with spatial and height resalution of 5 meters.
? High resolution mineralogical mapping of Fe, Ti, Al and Mg hearing minerals.
? Distribution of Mg, Al Si, Ca, Fe, Ti and their stratigraphic relationship.
? Mapping of 222Rn , 219Ph and other radioactive elements

spectral resolution sensors focussing on the South Pole |
Aitken Region & north and south polar regions.
Distribution of several stable and radioactive elements will —
be obtained to understand the origin and evolutionary |

INDIA’S LUNAR EXPLORATION PROGRAMME ‘)1-

b
i

HySI
SEN R SRRAN
v i

A g S —

e

HEX (CZT)

BES A ROAEEHEOE D
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Ziyuan Ouyang, Yongliao Zou, Chunlai Li, Jianzhong Liu, Jianjun Liu
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