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Introduction:  One of the major driving forces for 

robotic and human exploration of the solar system is 
the return of samples for subsequent study on Earth. 
Future plans include missions such as MoonRise, a 
current NASA New Frontiers contender to return sam-
ples from the South Pole-Aitken Basin on the Moon 
[1], and the long-term goal of a Mars Sample Return 
mission. The return of Martian samples to Earth-based 
labs, in particular, will offer an unprecedented oppor-
tunity to search for life in such returned samples. 

The analysis of returned planetary samples requires 
the coordinated development of expertise in analysis of 
astromaterials, including the training of highly quali-
fied personnel, together with curation and handling 
astromaterials in the context of biohazard and cold 
material storage. To this end, and to address the pro-
gram objectives of the Canadian Space Agency (CSA), 
a concept for a Canadian Astromaterials Facility 
(CAF) has been developed [2]. One of the unique as-
pects of this concept, which is the focus of this current 
contribution, is the integration of robotics-enabled in-
frastructure for materials curation, handling and non-
destructive analysis. 

Why use robotics? Internationally, astromaterials 
curatorial facilities vary widely in terms of technology 
level and availability of analytical instruments. Most 
facilities involve humans handling and manipulating 
samples via sterile glove boxes, with most, if not all, 
analyses being conducted outside of these cleanroom 
facilities in standard analytical laboratories. There are 
several drawbacks to these current techniques and 
technologies, particularly with respect to future Mars 
Sample Return, where astrobiology is a driver. Indeed, 
the need for sterile curatorial and analysis facilities is 
driven largely by planetary protection protocols. We 
need to protect these pristine materials from contami-
nation with the Earth’s biosphere, and we need to de-
velop a suite of life detection protocols to protect Earth 
from any extraterrestrial life forms. To do this, we 
must ensure that samples returned to Earth suffer no 
compositional or morphological changes during collec-
tion, transit to Earth, entry into Earth’s atmosphere, 
impact on the surface, and long-term curation [3]. For 
the latter, it is widely acknowledged that samples must 
be kept in a Class 100 clean lab at temperatures below 
-30°C [3], which will ensure that the samples will re-
main in their pristine state. This requirement is due to 
the fact that much of the research done on extraterres-
trial samples involves measuring very small differ-

ences in composition so even tiny amounts of Earth 
materials can contaminate analytical measurements. 
Planetary protection protocols have not been decided 
upon by the international community but it may be that 
the sample return facolities also be equipped to Level 4 
biocontainment standards. No facility in the world cur-
rently exists that is equipped to such standards. This 
provides the motivation for this study.  

Robotic sample curation, handling, manipula-
tion, and analysis:  This concept involves the devel-
opment of new robotic capabilities for planetary sci-
ence and exploration. These novel technologies will 
ensure that extraterrestrial samples are handled, used 
and preserved in a safe manner. By using robots – and 
not humans – to handle, sub-sample, and carry out 
initial non-destructive characterization, the goal is to 
ensure that pristine planetary samples will remain in-
tact and uncontaminated. 

In order to achieve these goals, the core of the fa-
cility utilizes aseptic sample curation, sample charac-
terization, classification and initial non-destructive 
sample analysis, all contained within a Class 100 clean 
room kept at -20oC. A draft operations concept and 
plans for such a facility have been drawn up and will 
be presented during this workshop. 

Most notably, ALL of the following operations 
would be done robotically: initial sample viewing, 
sample receiving, sample storage and retrieval, auto-
mated sample preparation (includes polishing, inspec-
tion, cutting, coring, grinding), and automated sample 
analysis (includes incorpation of instruments to carry 
out initial NON-destructive analyses: 3D volume 
measurements, density and porosity measurements, X-
Ray diffraction and X-Ray Fluorescence analyses, and 
UV-Vis-NIR/IR spectroscopy). In order to ensure a 
pristine environment for astromaterials handling and 
preparation, the key requirement of the facility is a 
teleoperated robotic system. Safe and accurate han-
dling of the samples also requires that both the motion 
of the robotic end-effectors and the force of interaction 
with the samples be monitored as well as controlled, 
i.e., bilateral teleoperation. 
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