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Introduction:  Mars astrobiology sample acquisi-

tion and return missions would require technology to 
robotically acquire and cache rock and soil samples 
for delivery back to Earth using methods to reduce 
biological contamination.  

The Mars Exploration Program Analysis Group 
(MEPAG) discusses scientific objectives for a Mars 
Sample Return (MSR) mission, along with desired 
specific sample selections and quantities in [4]. Con-
cepts are currently being looked at for a 2018 Mars 
rover, Mars Astrobiology Explorer Cacher (MAX-C), 
capable of aquiring and caching samples for a poten-
tial MSR mission [3]. Ground truth for this or other 
potential MSR missions is supported through the Arc-
tic Mars Analogue Svalbard Expedition (AMASE) 
field activities funded through NASA ASTEP [5]. 

Four sample scoop/cache assemblies were mounted 
on a carousel on the deck of the Mars technology 
rover ATHENA at the Jet Propulsion Laboratory. A 
series of procedures were developed to successfully 
carry out a field deployment, prepare and sterilize 
instruments for sampling, collect and cache rock and 
soil samples using detachable scoops and cache con-
tainers, document the operations, and perform both 
life detection and contamination assessment. These 
procedures were performed on two field deployments 
in August 2009 in Svalbard, Norway during the Arctic 
Mars Analog Svalbard Expedition (AMASE) and 
proved effective for sample acquisition testing and life 
detection/contamination analysis. 

Field Testing:  Sample acquisition and caching 
testing was performed in Svalbard, Norway (78-81° 
N) during August 2009 through AMASE.  

Test Hardware:  Tests were performed using the 
ATHENA Mars technology rover with a 5-degree of 
freedom arm, an actuated scooping mechanism on the 
end of the arm, and a rover-mounted carousel contain-
ing four cache containers with detachable scoops. 
Sample transfer of the collected samples to an external 
lander was also performed onto a “motheship”. 

ATHENA Mars Technology Rover.  ATHENA is a 
mid-sized rover measuring 126 cm long x 89 cm wide 
x 81 cm high and weighing 68 kg. The rover has for-
ward and aft stereo hazcams available for navigation, 
along with pairs of navigational and panoramic cam-
eras on a fixed 1.375 m high mast. The rover contains 

a rocker suspension with six independently drivable 
and steerable wheels. A 5-DOF robotic arm is 
mounted on the front end of the rover base plate. The 
arm has a mass of 5 kg, can carry a 3 kg payload, can 
extend to 0.792 m, and can be controlled to 3mm ac-
curacy. A turret at the wrist joint of the arm allows use 
of multiple science instruments. A detachable scoop 
actuator and a microimager are mounted on the turret. 
A carousel containing the sample cache containers is 
mounted onto the rover strongback. 

Actuated Scooping Mechanism.  Samples are col-
lected using a set of detachable titanium scoops. An 
actuated scooping mechanism mounted on the rover 
arm turret performs the scooping action, as well as 
attaches and detaches sampling scoops. The scoops 
are stored in corresponding cache containers with bio-
barrier seals. The scooping mechanism, scoops, and 
cache containers are described in [2]. 

Cache Container Carousel.  A carousel was devel-
oped and mounted to the rover strongback to house the 
four cache containers. The carousel was used to rotate 
a cache container with a scoop into place for each 
sampling and sample transfer event. 

Mothership.  A separate structure containing four 
empty cache containers was built to represent a lander 
used for the sample return to Earch. After samples 
were collected and cached by the rover, the rover was 
driven to the mothership to transfer the filled sample 
scoops from the carche container carousel to cache 
containers on the mothership. 

Support Equipment:  An extensive list of equip-
ment needed for field testing, field setup and repairs, 
and transportation for ground, air, and sea was assem-
bled.  

Test Implementation:  A set of procedures were 
developed to ensure a successful field test during the 
AMASE 2009 Expedition. These included system 
readiness and go, no-go criteria for field deployment, 
site selection requirements, test preparation, field test-
ing procedures, and post-test sample handling and 
analysis for life detection/contamination. 

Results:  The ATHENA rover was successfully 
fielded with both rock and soil samples acquired and 
cached using the actuated scoop mechanism, sample 
scoops, and cache container carousel. Samples were 
also successfully off-loaded from the rover to the 
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mothership. The procedures developed for the field 
trials were recorded, implemented, and evaluated with 
positive results. 

References: [1] Collins C. et al. (2009) AIAA 
Space Conference, AIAA 2009-6506. [2] Younse P. et 
al. (2009) IEEE Aerospace Conference, 2009: 1-12. 
[3] Prat L. et al. (2009) Mars Astrobiology Explorer-
Cacher. [4] Borg D. et al. (2008) Science Priorities 
for Mars Sampe Return. [5] Steele A. et al. (2009) 
Astrobiology Sample Acquisition and Return.  

5621.pdfAstrobiology Science Conference 2010 (2010)


