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The International Space Exploration Coordination Group (ISECG) was established in response to “The 
Global Exploration Strategy: The Framework for Coordination” (GES) developed by fourteen space 
agencies1 and released in May 2007. This GES Framework Document recognizes that preparing for 
human space exploration is a stepwise process, starting with acquiring basic knowledge and culminating 
in a sustained human presence in space.  
 
ISECG has published in August 2013 the 2nd  iteration of the Global Exploration Roadmap2 (GER) (see 
IAC-13.B3.1,8x16946). This roadmap reflects a common vision of space agencies participating to ISECG 
on next steps in implementing the GES. Since its publication, space agencies have continued to advance 
the definition of the three near-term mission themes included in the long-range human exploration 
strategy: (1) Exploration of a Near-Earth Asteroid, (2) Extended Duration Crew Missions and (3) Humans 
to the Lunar Surface. Space agency’s work focuses on the definition of Design Reference Missions and is 
addressing strategic questions such as: 
 

• How can the value of early humans missions to lunar vicinity be optimised for advancing 
common exploration goals? 

• What overall approach should be followed for integrating the three mission themes into pathways 
towards the implementation of human missions to Mars? 

1 In alphabetical order: ASI (Italy), BNSC – now UKSA (United Kingdom), CNES (France), CNSA (China), CSA (Canada), CSIRO (Australia), 
DLR (Germany), ESA (European Space Agency), ISRO (India), JAXA (Japan), KARI (Republic of Korea), NASA (United States of America), 
NSAU (Ukraine), Roscosmos (Russia). “Space Agencies” refers to government organizations responsible for space activities. 
2 The GER is non-binding, but expected to serve as important input to individual agency decision making, enabling agencies to assess their near-
term investments in view of their future role in and contribution to a long term global exploration endeavor. For more information on the ISECG 
please consult the ISECG website at www.globalspaceexploration.org or contact the ISECG Secretariat at: isecg@esa.int. 
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• Which concrete opportunities should be considered for advancing the concept of human-robotic 
partnerships? 

• What opportunities result from the deployment of a staged transportation architecture supported 
by an evolvable deep space habitat in the lunar vicinity? 

• What international strategy should be followed for assessing lunar resources (e.g. polar volatiles) 
and integrating in-situ resources utilisation concepts and demonstrations early on in the approach 
for lunar exploration? 

• What approach should be taken for optimising the overall knowledge gain resulting from 
implementation of the mission themes? 

• What synergies (e.g.  capabilities, systems and technologies) can be exploited between the 
mission themes? 

  
Space agency’s participating within ISECG are also engaging the broader stakeholder community in a 
debate on strategic questions as those listed above. For this purpose at least three such stakeholder 
community events are organised in 2014 in the US, Japan and Europe.  
 
This paper will summarise interim results on the work conducted in 2014 for advancing ISECG mission 
themes. 
 
 

INTRODUCTION 
 

Since the release of the 2nd iteration of the GER, 
space agencies, participating to the international 
coordination processes conducted within 
ISECG, have continued to address strategic 
questions such as those listed below: 
 
• How can the value of early humans 

missions to lunar vicinity be optimised for 
advancing common exploration goals? 

• What overall approach should be followed 
for integrating the three mission themes 
into pathways towards the implementation 
of human missions to Mars? 

• Which concrete opportunities should be 
considered for advancing the concept of 
human-robotic partnerships? 

• What opportunities result from the 
deployment of a staged transportation 
architecture supported by an evolvable deep 
space habitat in the lunar vicinity? 

• What international strategy should be 
followed for assessing lunar resources (e.g. 
polar volatiles) and integrating in-situ 
resources utilisation concepts and 
demonstrations early on in the approach for 
lunar exploration? 

• What approach should be taken for 
optimising the overall knowledge gain 

resulting from implementation of the 
mission themes? 

• What synergies (e.g.  capabilities, systems 
and technologies) can be exploited between 
the mission themes? 

 
Sharing initial findings related to these questions 
within ISECG will help inform ISECG activities 
for 2014 and 2015, targeting near-term priorities 
considered instrumental for advancing the 
implementation of the GES and as reflected in 
the GER. ISECG work focuses primarily on 
promoting global engagement in space 
exploration and laying the foundations for future 
international partnerships. 
 
 
The key purpose of the road-mapping processes 
conducted within ISECG is to lay the 
foundations for future partnerships by 
understanding common goals and defining a 
common conceptual mission scenario that 
elaborates how capabilities can be used to 
conduct exploration missions which respond to 
common goals. After publication of the 2nd 
iteration of the GER, ISECG focuses now on 
defining the GER mission scenario in somewhat 
more detail. 
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As part of the road-mapping work, ISECG 
works currently on four topics which are 
considered timely for informing agency decision 
making and potential partnerships (for details 
see IAC-14,A3,1,1,x21756): 
 
• The development of an international strategy 

for increasing the knowledge on lunar 
volatiles; 

• Sharing of information on concepts and 
capabilities for human-assisted lunar sample 
return; 

• Assessment of needs and priorities for 
international standards for space exploration; 

• Continuation of mapping and assessment of 
agency’s priorities for technology 
developments and demonstrations. 

 
Space agencies share a common interest in lunar 
volatiles as they offer the opportunity to advance 
technologies and approaches for in-situ use of 
subsurface water ice.  Therefore, the key 
purpose of such an international strategy would 
be to understand whether lunar volatiles could 
be economically extracted. Understanding lunar 
polar volatiles is also of scientific interest as it 
will increase the knowledge of,comets and the 
inner solar system. Initiation of work on this 
strategy is timely considering lunar robotic 
mission plans of various ISECG participating 
agencies. 
 
The 2nd iteration of the GER included the 
observation that “New mission concepts, such as 
human-assisted sample return and tele-presence 
should be further explored, increasing 
understanding of the important role of humans in 
space for achieving common gaols”. Various 
agencies participating to ISECG perform 
currently study or technology work related to 
this finding. This work is shared within ISECG 
in order to develop a common view on the role 
of these mission concepts in furthering the 
definition of the GER mission scenario and 
identify opportunities for collaboration. 
 
Agencies participating in ISECG are also 
continuously seeking feedback from the 
stakeholder community on innovative ideas and 
opportunities for addressing future space 

exploration challenges and for fully exploiting 
the potential of global space exploration to 
deliver benefit to society as a whole. Various 
workshops have and will be organised in 2014 in 
the US, Japan and Europe for this purpose. The 
next opportunity for stakeholders to discuss 
strategic aspects related to the implementation of 
the GER will be at the upcoming International 
Space Exploration Conference to be held from 
29 – 31 October at the International Space 
University in Strasbourg (see http://space-
explo2014.com/). 
 
This paper focuses on describing the status and 
plans for advancing the definition of the GER 
mission themes. 
 
 

GER MISSION THEMES 
 
The ISECG Mission Scenario3 includes three 
different mission themes: 
 
1. Exploration of a Near-Earth Asteroid –
robotically deflecting an asteroid to enable its 
exploration in the lunar vicinity to demonstrate 
advanced electric propulsion, crew 
transportation and operation capabilities. This 
mission theme responds to a NASA initiative 
and includes opportunities for partnership. 
 
2. Extended Duration Crew Missions – long-
duration missions in the lunar vicinity for 
advancing deep space exploration capabilities 
and creating innovative opportunities for 
exploration of the Moon through a human 
robotic partnership. This mission theme 
represents an achievable near-term step and has 
been defined with the goal to directly advance 
capabilities for future exploration missions 
targeting the Moon and deep space. This set of 
missions builds on ISS expertise, capabilities 
and lessons learned.  ISS partners have 
developed concepts to enable these missions. 
 
Humans to the Lunar Surface – missions to 
the lunar surface providing opportunities to 
address priority lunar exploration objectives 

3 See http://www.globalspaceexploration.org/wordpress/wp-
content/uploads/2013/10/GER_2013.pdf 
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benefiting from human presence on the surface 
and advancing habitation, mobility and other 
planetary exploration capabilities. This mission 
theme addresses one of the exploration 
destinations. Many agencies consider human 
missions to the lunar surface as an essential step 
in preparation for human Mars missions. Lunar 
missions are favored by agencies who view the 
Moon as the next step for human planetary 
exploration and NASA may contribute to such 
missions. Lunar missions have been studied 
individually and collectively, for several years. 
 
Space agencies participating to ISECG are 
working in earnest on consolidating the 
definition of these mission themes, advancing 
technologies, developing capabilities and 
establishing the partnerships required for their 
realisation. 
 
ROLE OF NASA’s Asteroid Redirect Mission 

WITHIN the GER 
 
NASA is working to formulate the Asteroid 
Redirect Mission (ARM) which is seen as a 
good opportunity to demonstrate exploration 
capabilities under development within NASA 
and drive additional capabilities considered 
fundamental for human space exploration.  The 
mission (comprised of a robotic and human 
segment) involves relocating an asteroid to a 
stable orbit called a Distant Retrograde Orbit 
(DRO) in cis-lunar space to be visited by crew in 
Orion.  Whether the robotic mission redirects a 
small asteroid or captures a boulder from a 
larger asteroid is yet to be decided, but in each 
case, the asteroid is expected to be placed in a 
stable lunar orbit by 2025 so that the crew may 
visit it and take samples, while advancing the 
techniques needed for human exploration 
beyond LEO. The robotic mission will feature 
an advance 40kW solar electric propulsion 
system.  Solar electric propulsion systems offer 
advantages in exploration architectures, enabling 
cargo and infrastructure items to be emplaced in 
distant locations with lower costs than 
traditional chemical systems.  The crew mission 
offers the opportunity to advance beyond LEO 
flight techniques and risk management 
approaches that will be needed for future Mars 
missions. 

 
NASA plans to conduct the Mission Concept 
Review in early 2015 and begin Phase A 
development of the robotic and human mission 
components.  Some agencies participating in 
ISECG are considering roles in the ARM 
mission. 
 

ROLE OF  
EVOLVABLE DEEP SPACE HABITAT 

 
Deep space habitation capability is a 
fundamental capability enabling human 
exploration of the solar system.  The evolvable 
Deep Space Habitat (e-DSH) is considered by 
ISECG participating agencies as a common next 
capability enabling the implementation of the 
GER and extended duration crew missions in 
lunar vicinity and human lunar surface missions 
at a later stage. The e-DSH is considered to act 
as a prototype for a habitat enabling in the post 
2030 time period deep space exploration 
missions to Mars and its Moon. The location of 
the e-DSH in lunar vicinity allows for testing 
technologies, maturing capabilities and 
performing research on human health and 
performance risks for deep space exploration in 
the actual environment of deep space while 
having a short-term return opportunity for the 
crew on-board. Furthermore, its vicinity to the 
lunar surface enables to define and implement 
innovative lunar exploration missions based on 
the concept of human-robotic partnership, such 
as human-assisted lunar sample return missions 
(samples are collected in lunar vicinity and 
returned by crew transportation system to Earth) 
and tele-operation of lunar robotic surface assets 
from lunar orbit. Significant expertise has been 
acquired throughout the ISS programme in 
defining and managing the development, 
operations and utilisation of an international in-
space infrastructure. Realisation of the e-DSH 
would require and evolution of the capabilities 
developed within the ISS programme. 
 
ISECG participating space agencies advance 
concepts for the e-DSH and have recently shared 
their consideration on the e-DSH, leading to a 
common articulation on the vision, objectives 
and key driving requirements for the e-DSH 
summarised below. 
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Vision 
 
The e-DSH is a prototype habitation module for 
long-term exploration missions which can be 
evolved, either by adding or replacing 
capability. The exploration-class habitat 
structure with advanced habitation systems, 
including life support, will evolve over time to 
ultimately meet the requirements of the transit 
habitat that would support human missions to 
Mars. Operations in lunar vicinity is an excellent 
“proving ground” for preparing for missions 
further into space.  
 
Mission Objectives 
 
In preparation of Mars exploration 

• Test advance deep-space human 
spaceflight operations and techniques 
necessary for future Mars missions (e.g. 
autonomy with and without crew); 

• Test technologies benefitting from deep 
space environment (e.g. advanced 
materials, micrometeoroid protection); 

• Demonstrate critical subsystems in the 
deep space environment (advanced life 
support, radiation monitoring and 
protection, power generation and heat 
transfer); 

• Understand the impacts of the deep 
space environment (e.g. radiation) on 
humans, plants and microbes and  

• Test human health and performance in a 
deep-space environment, including 
radiation countermeasures; 

• Monitor space weather (e.g. solar flux, 
electromagnetic environment). 

 
In support of lunar exploration 

• Provide capabilities for enabling human-
robotic partnership mission concepts 
such as tele-operations of robotic lunar 
surface assets and human-assisted lunar 
sample return; 

• Provide capabilities required for 
supporting a staged international 
transportation architecture for human 
lunar exploration. 

 

In support of other mission types 
• Service space assets; 
• Provide unique opportunities for space 

research that are enabled by the deep 
space environment beyond LEO. 

 
Key Driving Requirements 
 
Key driving requirements have been identified 
and discussed by ISECG participating agencies. 
These requirements have been defined from the 
perspective of enabling the missions identified 
in the ISEG GER. Below proposed key driving 
requirement are summarised. 
 

• Man-tended; 
• Supports up to 4 crew, with crew 

transportation  vehicle attached; 
• Supports gradually increased length of 

crew stays (from 30 up to 360 days); 
• Minimum of 3 docking ports (crew 

vehicle, logistic vehicle, lunar lander); 
• EVA capability; 
• Robotic servicing capabilities for 

docked assets; 
• Capturing of sample return spacecraft; 

sample reception, analysis and transfer; 
• Tele-operations capability; 
• Berthing capability; 
• Internal and external payload support 

capabilities; 
• Re-locatable in cis-lunar space, 

including to LLO ; 
• Logistics and cargo handling; 
• Life science/ human research 

capabilities; 
• Ability to evolve (growth potential, 

configuration change such as through 
relocation of modules); 

• Inspection and monitoring during 
unscewed phases; 

• Deep space relative navigation and 
rendezvous sensing; 

• Resource provision to docked vehicles; 
• Capability to re-fuel visiting vehicles; 
• Re-fuelling and fuel storage capability 

for e-DSH operation; 
• Communication relay. 
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All of them are still subject of confirmation and 
many require further assessment and discussion. 
For example, the ability to relocate the e-DSH 
may be of interest if the optimum location of the 
e-DSH for supporting extended crew duration 
missions in lunar vicinity and human lunar 
surface missions at a later stage would change. 
The need for a berthing capability depends on 
the characteristics of the visiting vehicles. The 
potential need for re-fuelling requires first a 
deeper definition of the mission concepts 
enabled by the e-DSH for understanding the 
overall value of re-fuelling. 
 
One option under consideration and study within 
NASA is deploying the eDSH in the DRO to 
enable extended duration missions at the 
relocated asteroid.  Having the habitat there 
would allow more crew to spend longer times 
studying the asteroid, while advancing the 
techniques and capabilities for future missions.   
 
Space agencies participating to ISECG have 
undertaken already various studies in relation to 
the e-DSH, addressing topics such as the design 
and configuration of the e-DSH, logistics 
requirements and resupply scenarios, robotic 
functions and concepts as well as as well as the 
scientific utilization aspects of the outpost. 
Through agency individual and joint studies, the 
objectives, requirements the e-DSH will be 
further advanced in the coming year. 
 
 

STAGED LUNAR  
TRANSPORTATION ARCHITECTURE 

 
The GER mission scenario foresees a staged 
transportation architecture for human lunar 
surface exploration with the e-DSH acting as 
staging post. Past studies demonstrated benefits 
of a staging post located in lunar vicinity for 
human lunar exploration. In its functions as a 
gateway, the e-DSH 
 
• Provides a safe haven close to lunar 

surface; 
• Enables innovative mission scenarios (re-

usability/ refuelling of transportation 
elements, human-assisted sample return, 
tele-operations); 

• Facilitates integration of international/ 
private sector transportation capabilities – 
“open architecture concept”; 

• Allows for addressing concurrently goals 
for advancing lunar exploration and deep 
space exploration capabilities;  

• Allows for demonstrating an end-to-end a 
human Mars exploration campaign 
(simulating time in space for outbound trip, 
time on surface, time in space for inbound 
trip); 

• Enhances flexibility and robustness of 
architecture (communication relay, 
provision of power to docked transportation 
assets, crew inspection capabilities); 

• Accelerates opportunity for implementing 
extended duration mission in lunar vicinity; 

• Allows different types of lunar surface 
exploration campaign (e.g. 2 crew on 
surface/ 2 crew in e-DSH versus all 4 crew 
on surface). 
 

Work within ISECG focuses currently on  
assessing alternative scenarios for implementing 
the staged transportation architecture. A key 
question to be addressed concerns the 
implication of alternative locations of the e-
DSH. For this purpose, two alternative reference 
scenarios are currently analysed:   
 

• e-DSH located in Low Lunar Orbit 
supporting an extended duration  human 
lunar surface exploration campaign (< 
28 days) with 4 crew on the lunar 
surface; 

• e-DSH located in Earth-Moon Lagrange 
Point 2 (EML2) supporting an extended 
duration  human lunar surface 
exploration campaign (< 28 days) with 2 
crew on the lunar surface and 2 crew 
remaining in the e-DSH. 

 
Key objectives for the analysis are to understand 
implications of different e-DSH locations on the 
overall transportation architecture and lunar 
surface exploration campaign. The e-DSH 
locations will have implications on the key 
driving requirements of 
 

• Visiting crew and cargo vehicle; 
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• The human-rated lunar lander; 
• The e-DSH itself (e.g. due to different 

environments. 
 
It will furthermore affect the feasibility to 
achieve global access on the lunar surface and 
comply with anytime return requirements of the 
crew to the e-DSH in case of contingency 
scenarios. Therefore, for informing future 
decisions on the optimum e-DSH location, 
optional scenarios for implementing human 
lunar surface exploration campaigns need to be 
studied end-to-end for arriving at meaningful 
conclusions. 
 
Agencies participating to ISECG will utilise key 
driving requirements resulting from analysis 
work within ISECG for informing conceptual 
studies on the e-DSH itself as well as cargo 
vehicles and the human-rated lunar lander. Work 
on these concepts will also be shared within 
ISECG, thereby providing early opportunities 
for identifying future opportunities for 
cooperation. 
 
 

HUMAN LUNAR SURFACE CAMPAIGN 
 
ISECG has published in 2010 a report on “the 
ISECG Reference Architecture for Human 
Lunar Exploration”4. This report includes also a 
detailed description of an international human 
lunar surface exploration campaign, balancing 
opportunities for advancing lunar exploration 
objectives and objectives for demonstrating 
capabilities in preparation of future exploration 
of Mars with humans in situ. The surface 
campaign emphasizes the mobility-based 
approach and assumed availability of pressurised 
rovers able to support long-distance crewed and 
un-crewed traverses on the lunar surface.  
 
The campaign described in this report has been 
built assuming availability of the transportation 
capabilities planned to be developed by NASA 
at that time (Constellation Architecture). The 
surface campaign has in recent years been 

4 See http://www.globalspaceexploration.org/wordpress/wp-
content/uploads/2013/10/ISECG-LunarReferenceArchitecture-
July-2010.pdf 

evolved and adapted to the updated plans of 
NASA for the gradual development of the SLS 
and Orion. This work has been conducted in the 
framework of developing the 1st and 2nd iteration 
of the GER. Further work on the surface 
campaign will be conducted by ISECG 
participating agencies in 2014 and 2015 
concurrently to performing trade studies on the 
human transportation architecture (see previous 
chapter). High-level results of this work will be 
reflected in the 3rd iteration of the GER, planned 
to be published before the end of 2015. The 
shared principles listed below have been 
identified for driving work on the lunar surface 
campaign: 
 

• Enable access for humans to lunar surface 
with SLS Block 1B version; 

• Enhance affordability of human lunar 
surface exploration campaign; 
 Envision minimum number of new 

architecture elements; 
 Maximize commonalities among 

architecture elements ; 
 Limit crew on lunar surface to what is 

necessary for achieving priority 
objectives during early lunar exploration 
phase; 

• Limit constraints for accessing different 
sites during early exploration phase; 

• Make optimum use of e-DSH and pre-
deployed lunar surface habitat (pressurised 
rover); 
 Leverage on safe haven capability in 

lunar vicinity; 
 Simplify requirements for transportation 

elements; 
 Enable re-utilisation of elements and 

facilitate refurbishment operations; 
 Make optimum use of e-DSH in scoping 

lunar surface exploration campaign; 
• Facilitate international cooperation on 

transportation architecture; 
 Open architecture concept; 
 Integration of e.g. logistic services. 

 
Opportunities for advancing lunar exploration 
objectives through human presence on the 
surface will be carefully taken into account, 
leveraging on the engagement of the global 
science community for the work on the ISECG 
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white paper on science enabled through the 
implementation of the GER (see introduction). 
 
 

CONCLUSIONS 
 

Since the publication by ISECG of the 2nd 
iteration of the GER and the Benefits White 
Paper in 2013, ISECG participating agencies 
have continued to engage in the international 
coordination process for advancing the 
implementation of the GES and GER. Near-term 
work objectives have been identified after 
thorough discussion on priorities. Work in 2014 
and 2015 will lead towards the publication of the 
3rd iteration of the GER and a White Paper on 
science enabled through human-robotic 
partnership in space exploration. The 3rd 
iteration of the GER will include further details 
on the near-term mission themes defined in the 
GER, focusing in particular on missions such as 
extended duration crew missions in lunar 
vicinity, human-robotic partnership mission 
concepts for lunar exploration and human lunar 
surface exploration. 
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