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Muometric positioning system
(uPS) with cosmic muons as a new
underwater and underground
positioning technique

Hiroyuki K.M. Tanaka

Scientific Reports volume 10,
Article number:18896(2020)
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Conceptual view of the muometric positioning system (uPS). The symbol p indicates a muon. The copyright of
this image is owned by HKMT.
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Vector muPS: A novel system for wireless indoor navigation with centimeter-level accuracy *°

Muons are generated when - : Vector muPS (muometric positioning system)
cosmic rays collide with particles :

in Earth's atmospher . : o . i
aitl s St cRR Improves upon previous timing-based muPS with lower spatial

resolution by relying on the angle in which a muon is traveling

They can pass through matter without 7 N\
changing speed or direction 277/ 11\ \\ Potential applications include more efficient

factory automation and emergency rescue operations

Drone with
reference detector

Receiver detector
in phone of person

/ needing rescue
e
e
This method could improve navigation precision in indoor and underground spaces
where GPS and other traditional signals are unavailable or unreliable
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Cosmic time synchronizer (CTS): Enabling wireless and
precise time synchronization using extended air showers

Cosmic ray-generated extended First interaction

e

air showers are Composed of ' : (~ 15 km above sea level) CTS can achieve high-

subatomic particles that hit the Extandadan precision time synchronization

Earth’s surface at predictable times shower evolves where GPS signals are
unavailable or unreliable

This information lays the
foundation of a novel wireless
time sychronization technique

known as CTS

Some particles
hit the ground

Underwater Some particles reach
environments ' underground/underwater

Underground
mining
- PR operations
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COSMOCATS (cosmic coding and transfer storage)

Cosmically generated
‘muons strike the
Earth’s surface at
random times

The split-second
timestamps of muon
strikes (t,, t,) and the
travel time between
two detectors (t,-t,)

serve as randomly
generated “"cosmic
keys" that can be
shared between
two nearby parties

Fast and network-less,
COSMOCATS could
form the basis of
impenetrable data
storage systems
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