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able the wearer to act intuitively in con-
trolling the exoskeleton. The software in
the microprocessor would (1) take ac-
count of all sensor signals to infer the
motion of, and the forces and torques
exerted by and on, the wearer and (2)

generate commands to assist or resist the
wearer’s motion as needed. The sensor
and control design would be character-
ized by redundancy and robustness.
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Miniature Robotic Submarine for Exploring Harsh
Environments
Extreme miniaturization would enable exploration of previously inaccessible regions.
NASA’s Jet Propulsion Laboratory, Pasadena, California

The miniature autonomous submer-
sible explorer (MASE) has been pro-
posed as a means of scientific explo-
ration  especially, looking for signs of
life  in harsh, relatively inaccessible un-
derwater environments. Basically, the
MASE would be a small instrumented ro-
botic submarine (see figure) that could
launch itself or could be launched from
another vehicle. Examples of environ-
ments that might be explored by use of
the MASE include subglacial lakes, deep-
ocean hydrothermal vents, acidic or alka-
line lakes, brine lenses in permafrost,
and ocean regions under Antarctic ice
shelves.

The instrumentation carried aboard
the MASE would include one or more
high-resolution video camera(s), cir-
cuitry for capturing image data from the

cameras, and microelectro-
mechanical-systems-based
(MEMS-based) sensors de-
signed to gather scientific
data under the extreme
conditions (e.g., high pres-
sure, high or low tempera-
ture, acidity or alkalinity)
of the aqueous environ-
ment to be explored. The
instrumentation would be
contained in easily inter-
changeable modules. The MASE would
be equipped for autonomous control,
real-time processing of scientific data,
and high-speed, full-duplex communica-
tion with a monitoring station via a fiber-
optic tether.

The basic MASE concept allows for
variations for different applications. In

most applications now envisioned, the
MASE would be designed as a disposable
system to be used once.
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The MASE would be 20 cm long and 5 cm in diameter — small
enough to be carried aboard another vehicle prior and to explore
confined spaces inaccessible to larger exploratory vehicles.


