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Abstract

The DEep Phreatic THermal eXplorer (DepthX) is an autonomous robot developed to investigate and test concepts for exploring
liquid water oceans on Europa, the fifth moon of Jupiter. The oceans on Europa are covered by an ice layer several kilometers thick
and may have channels or cracks that are much more difficult to explore than large open spaces. The DepthX project was funded by
NASA to investigate techniques for a future mission to Europa. Although much of the NASA interest is directed toward the search for
life, many of the techniques investigated have applications in exploration for other resources.

The DepthX robot is battery powered with multiple computers dedicated to various tasks. High resolution sonar and inertial sensors
are used to map the environment and navigate in confined spaces while learning a safe return path. Water chemistry sensors measure
temperature, pH, salinity, sulphide, and conductivity to identify locations where energy gradients may support life. When such a
location is found, the robot can maneuver near the wall, capture images from two video cameras and use image analysis to identify
significant visual patterns. A video microscope searches for microbial activity. The DepthX robot also includes a probe arm that can
be extended to a wall and a solid sampler to capture core samples at locations identified by software algorithms for return and
analysis.

Autonomous operation of the DepthX robot was tested at Sistema Zacaton, near Tampico, Mexico in May, 2007. The robot
successfully explored cenote Zacaton to a depth of 1100 feet, mapping the cave walls and returning samples.
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DepthX:
Deep Phreatic Thermal Explorer
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search for extra-terrestrial life
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Europa — the Ocean Moon
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There is Strong
Evidence for L|qU|d
Water Oceans Covered
by a Layer of Ice

Several Miles Thick
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Europaa
promising site for |
extraterrestrial life

NASA planning future
exploration missions
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Autonomous Search for Life
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DepthX Goal - Develop Technology
for Autonomous Search for Life

: ;f"‘;?‘7‘{'fh""-Generate Map,
Return
- Goal 2 — |dentify
Locations Likely to

Support Life, Search
for Life Forms,
Collect Specimens
and Return Them




Cenote
Zacaton



Cenote Zacaton




DepthX Vehicle

~ Battery Powered,
8-Hour Missions

Navigation by Inertial
Measurements and
Sonar Mapping of
Cave Walls




DepthX Vehicle Design
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Step 1 — Find Locations
Suitable for Life, Sources of Energy
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onar Map Data
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Environmental Sensing

e R

B i B T |

£ _
ax t'\H:EL! \.!| { J....,‘ 'q l‘l‘r }‘“ e iy | ‘1‘:‘ ‘:‘ii;
LB b A u-‘;-:‘;," { Qﬂ-m-n:'l'g' 311-1 1-,'1~ 3 k. o
- _.--_..- 1,_", 1 i MLy & .-'-..‘-.- e Lh L e e Y
\ Temperature ' ‘

DpH

©  Oxygen Redox Potential
© Dissolved Oxygen

©  Specific Conductance

o Salinity
Weiss Research
@ Sulfide



Step 2 — Conduct More Detailed
Search at Promising Locations
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+ Capture Flow Cell Microscope Images
) Process Images, Classify

¢ Image Analysis and Motion Detection
1 Algorithms Identify Unusual Patterns Indicating Life
@ Select Locations for Sampling



Image Acquisition
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@ Solid Sampler @ 1.5 m standoff
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ield Camera Images

Wide-F




Probe Camera Images




Microscope Image Analysis
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Motion Detection




Step 3 - Sample Collection

._,: L 'q_._._

 tpagdiaiy 13 '-J“-«--p
.I&mﬂhr.{\:'h‘l ‘ L* \""

n YT TS
" _-'.‘r o) Jiy &b LR . Ly ! '.
5 0 2 A58 : Y
) . 1 . ! ‘.z MBS
¢ » Ly ) )
\J (2 I\ o “
r A S L S TR\ TN |
} ;..‘..-1‘_._i £ _‘_.h-.. =y -1“1-1 1 ‘_ e 'I"'l -y o, -—‘v }_‘ o .,-, 't)"“"\"i o re g

the wall bl st b

Also collect samples of water
> Turn on pump power to fill specimen bag(s)
) Valves control which container is filled



Water Sample Collection

Intake Pump  Valve Box




Solid Sampling — Arm Extension




Solid Sampling — Coring Probe
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Solid Sampling Probe
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Retrieval of Solid Samples
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Accomplishments
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© Autonomous Science Capability
> Methods for sensors, image analysis, and decision making
applicable to other autonomous systems, robots
1 Systems and devices for collecting liquid and solid samples
1 Several new species of microbes discovered in Zacaton






Reaching the ocean

Courtesy NASA/JPL
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Artists concept of search for life
in the liquid water ocean
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Future Missions
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Europa —Autonomous underwater technlques
will help explore and search for extraterrestrial
life

¢ Titan — Autonomous underwater capability may
be used to explore liguid methane lakes on
Titan (largest of Saturn’s moons)






