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A Long-Range Human Exploration Strategy
WKH�OXQDU�VXUIDFH�WKDW�DGYDQFH�UHDGLQHVV�IRU�KXPDQ�0DUV�PLV�
VLRQV�DIWHU�������([WHQGHG�GXUDWLRQ�FUHZ�PLVVLRQV�LQ�WKH�OXQDU�
YLFLQLW\�DQG�PLVVLRQV�WR�DQ�HDVLO\�DFFHVVLEOH�DVWHURLG�ZLOO�HQDEOH�
GLVFRYHULHV�DQG�DOORZ�GHPRQVWUDWLRQ�RI�WKH�WUDQVSRUWDWLRQ��KDEL�
WDWLRQ��URERWLF�VHUYLFLQJ�DQG�RWKHU�NH\�V\VWHPV�RQ�ZKLFK�ORQJ�
GXUDWLRQ�PLVVLRQV�LQWR�GHHS�VSDFH�PXVW�UHO\��+XPDQ� 
PLVVLRQV�WR�WKH�OXQDU�VXUIDFH�ZLOO�DOORZ�FULWLFDO�GHPRQVWUDWLRQV�
RI�SODQHWDU\�H[SORUDWLRQ�FDSDELOLWLHV�DQG�WHFKQLTXHV��ZKLOH� 
SXUVXLQJ�WKH�KLJKHVW�SULRULW\�OXQDU�VFLHQFH�REMHFWLYHV�

7KLV�PLVVLRQ�VFHQDULR�SURPRWHV�WKH�LQWHJUDWLRQ�RI�URERWLF�DQG�
KXPDQ�PLVVLRQV�IRU�DFKLHYLQJ�FRPPRQ�REMHFWLYHV�DQG�GHYHO�
RSLQJ�FRQFHSWV�IRU�LQFUHDVHG�KXPDQ�URERWLF�SDUWQHUVKLS��7KH�
,6(&*�0LVVLRQ�6FHQDULR�VHUYHV�DV�D�UHIHUHQFH�IRU�DJHQFLHV�E\�
LQIRUPLQJ�VWXGLHV�DQG�RWKHU�H[SORUDWLRQ�SUHSDUDWRU\�DFWLYLWLHV�

%\�H[DPLQLQJ�YDULRXV�SDWKZD\V�WR�0DUV��DJHQFLHV�KDYH�FRQWLQ�
XHG�WR�VWXG\�FDSDELOLWLHV�ZKLFK�DUH�UHTXLUHG�IRU�KXPDQ�PLVVLRQV�
EH\RQG�ORZ�(DUWK�RUELW��7KH�,6(&*�0LVVLRQ�6FHQDULR�UHÀHFWV�
D�FRRUGLQDWHG�LQWHUQDWLRQDO�HIIRUW�WR�DGYDQFH�FRPPRQ�JRDOV�DQG�
REMHFWLYHV�ZKLOH�HQDEOLQJ�LQWHUHVWHG�DJHQFLHV�WR�SXUVXH�WKHLU� 
SULRULWLHV�DQG�SUHSDUH�IRU�FULWLFDO�FRQWULEXWLRQV�WR�0DUV�PLVVLRQV��
$OO�QDWLRQV�ZLOO�QRW�QHFHVVDULO\�SDUWLFLSDWH�LQ�HYHU\�HOHPHQW�RU�
PLVVLRQ�GHSLFWHG�LQ�WKLV�URDGPDS��6XVWDLQDEOH�KXPDQ�H[SOR�
UDWLRQ�PLVVLRQV�WR�0DUV�ZLOO�EH�SRVVLEOH�LI�PXOWLSOH�DJHQFLHV�
FRQWULEXWH�FDSDELOLWLHV�DQG�H[SHUWLVH��,Q�DGGLWLRQ��ORQJ�WHUP� 
VXVWDLQDELOLW\�PD\�DOVR�EH�HQKDQFHG�WKURXJK�DYDLODELOLW\�RI�
FRPPHUFLDO�VHUYLFHV�DQG�XVH�RI�SXEOLF�SULYDWH�SDUWQHUVKLSV��

8VLQJ�SODQQHG�DQG�FRQFHSWXDO�FDSDELOLWLHV��WKH�,6(&*�0LVVLRQ�
6FHQDULR�LGHQWL¿HV�D�VHW�RI�PLVVLRQV�LQ�WKH�OXQDU�YLFLQLW\�DQG�RQ�
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“The Human-Enhanced Robotic Architecture 
and Capability for Lunar Exploration and 
Science (HERACLES) is to establish the 

elements and capabilities for sustainable 
human exploration of the Moon and human-
robotic exploration of Mars while maximising 

opportunities for unprecedented scientific 
knowledge gain”  

MISSION STATEMENT 
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•  Achieve human rating of critical subsystems of a lunar lander by flight test: 
•  ascent and descent engine 
•  autonomous GNC for descent, landing, ascent, and rendezvous 

•  Provide opportunities for crew certification  
•  surface mobility operations 
•  surface landing operations 

•  Advance understanding of ISRU by  
•  sample return  
•  deployment of a pilot plant 

•  Provide opportunities for scientific research  
•  sample return 
•  in situ investigation 

•  Prepare international partnership for roles in lunar surface exploration 

MISSION OBJECTIVES 
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BASIC ARCHITECTURE ELEMENTS 

Lunar Ascent Element 
Dry mass: 600 kg 
Wet mass: 1,300 kg 
Thrust: 6kN 

Lunar Descent Element 
Dry mass: 1,800 kg 
Wet mass: 8,700 kg 
Thrust: 30 kN 

Sample Container 
Mass: 25 kg 
Samples: up to 15kg 
Cryo-Samples: 1kg 
Cryo temperature: -140 °C 

Rover 
Mass: 500 kg 
Speed: 5 km/h 
Lifetime: 2y 
Communication: 10 Mbps 
Robotics: 2 arms 
Night survival 
Eclipse operations 
Ground and orbit crew control 
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REFERENCE SCENARIO – HERACLES (1/3) 
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REFERENCE SCENARIO – HERACLES (2/3) 
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REFERENCE SCENARIO – HERACLES (3/3 
REUSE) 
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REFERENCE SCENARIO – HERACLES (3/3 NON-
REUSE) 
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•  Detailed coordinated (ESA & international partners) ConOps available 
•  Coordinated Surface Campaign Description Document available 

(performance wrt. exploration and science objectives in agenda point 3) 
•  Based on exploitation of cis-lunar infrastructure: eDSH and Orion 
•  Crew role in sample return and vehicle control is essential element 
•  Flexibility in operational authority: autonomous systems, ground crew, 

orbital crew è optimum tele-ops approach as per METERON test plan 
(agenda point 2) 

•  Extended duration operations for reusable elements: ascent stage and 
rover 

•  Multiple surface missions mimicking human architecture 
•  N x 70d for lunar module (= DNDND = 5x14) 
•  2 y for rover 

TOP-LEVEL HERACLES OPERATIONAL CONCEPT 
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1.  First soft landing south of 41°S 
2.  First soft landing Pole-ward of 45° latitude 
3.  First return of samples outside the KREEP region 
4.  First landing on the far side 
5.  First equipment surviving lunar night 
6.  First rover tele-operated by orbital crew 
7.  First sample delivery to orbital station 
8.  First assembly of lunar lander in orbit 
9.  First return of SPA samples 
10. First return of PSR samples 
11. First cryogenic sample return 
12. First reuse of lunar ascent stage 
13. First rover to visit more than one landing sites  
14. First production of oxygen from lunar regolith 
15. First climb of lunar mountain by rover 
16. First lander tele-operated by orbital crew 

•  INSPIRATIONAL “FIRSTS” 
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THANK YOU ! 


