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Abstract 
ESA and NASA have recently announced the 
intention to join efforts for the robotic exploration of 
planet Mars. One of the first outcomes would be a 
joint rover mission in 2018 to the surface of Mars. 
We are reporting the results of an International 
Science Analysis Group convened by MEPAG to 
define the possibilities for mission scenarios and 
cooperative science. 

1. Introduction 
Within the framework of the proposed joint NASA/ 
ESA 2018 mission to Mars, the 2R-iSAG committee 
(2-Rover International Science Analysis Group) was 
convened by MEPAG to evaluate the potential for 
incremental science return through the cooperative 
activities of two rovers.  In this case, the rovers are 
specifically ESA’s ExoMars, and a NASA-sourced 
rover concept for which we use the working name of 
MAX-C. The group was asked to consider 
collaborative science opportunities both without 
change to either rover, as well as with some change 
allowed. 

2. ExoMars and MAX-C 
The missions, as presently envisaged, ExoMars and 
MAX-C rovers, would have complementary science 
objectives and payloads.  Initiated in 2002 and 
currently approved for launch in 2018, ExoMars’ 
science objectives are (1) to search for signs of past 
and present life, and (2) to characterize the 
subsurface in terms of physical structure, presence of 
water/ice, and its geochemistry. The payload selected 
to achieve its goals is centered around the ability to 

obtain samples from the subsurface with a 2m drill. 
The payload includes a panoramic and high 
resolution cameras and a close up imager 
(microscope) as well as a ground-penetrating radar to 
characterise the surface environment and to choose 
relevant sites for drilling. IR spectroscopy would 
provide downhole mineralogy. The collected samples 
will be analysed for mineralogy by IR/ Raman 
spectroscopy and XRD, whereas LD-GC-MS and 
pyrolysis GCMS would determine the composition of 
organic molecules, their chirality and isotopic 
signature.  A life marker chip is designed to test for 
extant life. The currently proposed objectives of 
MAX-C are to cache suitable samples from well-
characterised sites that might contain evidence of 
past life and/or prebiotic chemistry in preparation for 
a potential future Mars Sample Return mission. The 
emphasis would be on in-depth site evaluation to 
determine the potential for past habitability and 
preservation of physical and chemical biosignatures. 
The strawman payload (which has not been selected) 
therefore includes instrumentation for surface 
characterization: an abrading tool, a 5 cm drill, a 
panoramic camera and near-infrared (NIR) 
spectrometer, a set of arm-mounted instruments 
capable of interrogating the abraded surfaces by 
creating co-registered 2-D maps of visual texture, 
major element geochemistry, mineralogy, and 
organic geochemistry, and a rock core acquisition, 
encapsulation, and caching system. 

2. Collaborative scenarios 
The complementarity of the to selected payload of 
ExoMars and the payload model of MAX-C is 
impressive. Both can concur to a detailed and in-
depth evaluation of the landing site and, possibly, to 
a selection of interesting samples for the Mars 
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Sample Return. This complementarity is reflected 
also in the scientific objectives of ExoMars and 
MAX-C as independent entities. We conclude that 
these two rovers have two absolutely crucial shared 
objectives that could, in fact, form the basis of highly 
significant collaborative exploration activity.  We 
therefore propose the following set of scientific 
objectives for a 2018 dual rover mission, consisting 
of both a shared component and an independent 
component: 

a) Evaluate the paleoenvironmental conditions; 

b) Assess the potential for preservation of biotic/ 
prebiotic signatures; 

c) Search for possible evidence of past life and 
prebiotic chemistry. 

d) Collect, document, and package in a suitable 
manner a set of samples sufficient to achieve the 
proposed scientific objectives of a future sample 
return mission.  

Achieving these shared objectives would result in 
greater science return than would be likely using a 
single rover. The two rovers has been developed 
independently and in different timeframes. Therefore, 
they may perform different scientific activities: 
ExoMars will characterize the stratigraphy of ancient 
rocks and the aqueous/geochemical environment as a 
function of depth in the shallow subsurface (up to 2 
m depth), and search for possible signs of present life; 
and  MAX-C will characterize exposed sequences of 
geological units across a lateral extent of several km, 
and to document geological and geochemical 
variation at scales from 103 down to 10-5 m. The 
proposed payloads for ExoMars and MAX-C rovers 
have complementary capability.  Most obviously, 
ExoMars has vertical exploration capabilities via a 
drill not present on MAX-C, and MAX-C would 
have better horizontal mobility and rapid 
reconnaissance capabilities. This complementarity, 
and the scientific objectives of the two separate 
missions, provide direct suggestions of a number of 
ways in which cooperative exploration activity can 
be implemented.  

For instance, MAX-C could enhance the science 
value of ExoMars drilling operations by exploring 
and gathering data both to help choose drill sites and 
to better characterize the geologic context of the drill 
samples.   If some hardware or operational change is 
allowed, even more important scientific value could 

be added through cooperative action. Moreover, 
modifications to the rovers could be implemented so 
that one or more ExoMars subsurface samples could 
be added to the MAX-C sample cache. 
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Figure 1: Two-rover scenario planning.  A wide 
range of operational scenarios could be envisaged. 

The potential 2018 mission would land NASA’s 
MAX-C and ESA’s ExoMars rovers together on a 
pallet using the “Sky Crane” concept developed for 
the Mars Science Laboratory (reference here?).  This 
mission would be launched in May 2018 on a NASA-
supplied Atlas V 531–class launch vehicle on a Type 
I trajectory and would arrive approximately 8 months 
later in January 2019, near the end of the martian 
dust storm season. 

3. Conclusions 
Carrying out cooperative 2-rover science activities 
would imply making certain compromises by each 
rover. The most important consequences of carrying 
out cooperative activity include: 1) less time 
available for pursuing each rover’s independent 
objectives, 2) the need to share a landing site that 
may not be optimized for either rover, 3) and some 
hardware modifications.  Nevertheless, the 
cooperative added value of these activities exceeds  
by far the consequences.  Moreover this joint activity 
may set a standard for the future exploration of the 
Solar System and make more possible the human 
collaborative missions. 
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