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SMART-1 top 10 firsts & 10 yr
• 1) first Small Mission for Advanced Research and 

Technology; with spacecraft built and integrated in 2.5 yr 
and launched 3.5 years after mission approval; 

• 2) first mission leaving the Earth orbit using solar power 
alone with demonstration for future deep space missions 
such as BepiColombo and for application missions; 

• 3) most fuel effective mission (60 litres of Xenon) and 
longest travel (13 month) to the Moon!; 

• 4) first European demonstration of a wide range of new 
technologies: Li-Ion modular battery, deep-space 
communications in X- and Ka-bands, and autonomous 
positioning for navigation; 



10 years ago, SMART-1 was travelling to the Moon
http://sci.esa.int/smart-1/

First European lunar orbiter
Test new technologies
- Solar Electric Propulsion
- instrument miniaturisation 
- Faster, cheaper, smarter

Launch mass:370 kg
Payload: 19 kg

Launch date: 27 Sept 2003, 
Ariane 5
Lunar capture: 15 Nov. 2004
Science orbit 15 March 2005
Mission: 6 + 12 months 
nominal  lunar 
orbit operations  until
Impact 3 Sept 2006

Data on PDS archives, 
75 refereed publis

e

SMART-1 first image of Europe
June 2004



SMART-1 A Mini Craft with Technologies
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From SMART-1 to Bepi Colombo:
technology and science

� ���

�������	
���




Sunshield  

Mercury
Planetary
Orbiter
(MPO)

���������	�
���
�����������
�����������������������������

��
����
�����
�������
��������
��� ����������

�!��"���
�����������

�
���

���"��#����������



• 5) first ESA mission reaching the Moon and first 
European views of lunar poles and global coverage;

• 6) first lunar orbiter with an infrared spectrometer 
and a Swept Charge Detector Lunar X-ray 
fluorescence spectrometer ; 

• 7) first ESA mission with opportunity for lunar 
science, elemental geochemistry, surface 
mineralogy mapping, surface geology and 
precursor studies for exploration; 



SMART-1 Camera lunar coverage

���� �������������� �������������� �������������� ����������
����������������

������$���������$���������$���������$���
%�������������%�������������%�������������%�������������
&'�&�&'�&�&'�&�&'�&�



What shapes rocky planets?
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Coupling impacts, tectonics & volcanism
- Humorum: Multiringed impact basin
- Procellarum: Irregular basin
- Tectonics of mascon loading

Peters 
Foing et al
(VU
Amsterdam) 



SMART-1 view of Hadley Rille near Apollo 15 landing site
(mountains, volcanic plain, giant lava tube)       

100 km field
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Marius Hill volcanism
Lavatubes and skylights

SMART-1

Lunar
Orbiter

LRO

LRO
zoom

Marius Hill Hole
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20 km

Lunar South Pole
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Earth

Shackleton 
crater

Faustini 
crater

Shoemaker
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• 8) first controlled grazing impact on the Moon 
with real time flash & debris clouds observations; 

• 9) first mission supporting goals of the 
ILEWG/COSPARInternational Lunar Exploration 
Working Group in technical and scientific 
exchange, international collaboration, public and 
youth engagement; 

• 10) first mission preparing the ground for ESA 
collaboration in Chandrayaan-1, Chang’ E1-2-3 
and near-future landers(eg Roscosmos-ESA), 
sample return and human lunar missions.



<     40 km     > SMART-1 flash and 
debris cloud 
(CFHT , C. Veillet)
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Grazing Moonlets & elongated craters: 
Lab simulation & Modelling of SMART-1 impact

(Burchell, Robin-Williams, Foing 2010 Icarus 207-28, 
+ Burchell et al 2014 

submitted) 
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Boulders around Smart1 impact 
point
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Roadmap: International Lunar Exploration Working Group 

Robotic village Intl Lunar basePrecursors
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Gravity Model SGM100HDHDHDHD

Matsumoto et al.,
JGR 115E, 2010Matsumoto et al., JGR115 (2010)
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Crustal Thickness Ishihara et al., 2009, GRL 36 , L19202

Max. :  110km in southern rim of 
Dirichlet –Jackson 
crater.(199.719E, 6.90625N)
Min.: 0 km benearth Mare 

Assum.,  densities of 2800 
kg/m3 of crust ,  3360 kg/m3 
of mantle, and 3200kg/m3 of 
mare basalt
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Global Map of Mare Basalts and 
Formation Ages

Morota et al., EPSL(2010)



Uranium, Thorium & Potassium distribution
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Yamashita et al., GRL 2010

S. Kobayashi et al., SSR154 (2010)



Chang’E 1 







3 ESA Human Exploration 
Destinations: LEO, Moon & Mars
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ROSCOSMOS/ESA Cooperation 
on Lunar Exploration

��������	
������
��
��
��
���	���������������



����7��4 �������������/��"�
���8���-�&'�97��4 �������������/��"�
���8���-�&'�97��4 �������������/��"�
���8���-�&'�97��4 �������������/��"�
���8���-�&'�9



Lander and cooperative robotics



Geochemistry sample measurements
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File Scale

InPhotonics 50.000 sec SpcFile

785.335 nm laserC:\Documents and Settings\mars undergroun mole\Desktop\MDRS 77\1702_cg_1_gypsum



Outside field instruments/EVAs
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Aouda suit-rover-lander operations 
at Eifel volcano ILEWG field tests





Moon Academy Workshop



Telescope on lander



ESTEC/ILEWG Student 
planetary design workshops



Art science, space and Moon
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Planetary Regolith properties: (Muinonen et al AA 
2011) Multi-angular SMART-1 AMIE photometry
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X-ray signatures of Chemical Elements

Mg

Al
Si

Ca

Fe

1 keV 10 keV

- First ever remote sensing measurements of Ca at the Moon

- Highlands vs Crisium Mare  variations Mg Al Si, not for Ca
- Titanium on the Moon ( Swinyard et al PSS)
- DCIXS regional maps (Carter, Grande et al 2014)



SMART-1

LRO
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SMART-1 peak of light

SMART-1
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Where is SMART-1 impact?
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Photometric anomalies of lunar surface with SMART-1 AMIE 
Ratios of images from different illumination phase angle

Kaydash et al Icarus 202 (2009) 393
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