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Problem Statement

* Detection and remediation of underwater UXO targets are
more expensive than excavating the same targets on land

* Recently, advanced EMI sensors and models have provided
excellent performance for detecting and classifying
subsurface metallic targets on land

However, direct application of land-based methods to UW scenarios can lead
to incorrect interpretations of UW EMI data

~ Thus, there are needs to develop better EMI models and systems to:

» understand diffusive behaviors of EMI fields in UW environments
» develop enhanced EMI systems and signal processing approaches for
UW targets detection and classification



Mathematical formulations: for land based
and UW EMI problems

EMI Problem for UW environment

EMI Problem for free space
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Background

Magnetic field due to a magnetic dipole in a non-conducting space
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Land based EMI data DO NOT depend on phase changes/time delays.
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EMI sensors in UW environment

Use 3d EMI solvers for detailed characterization of EMI systems
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Current [A]

EMI sensors in UW environment
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EMI sensors in UW environment ...
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Recent experimental data: Courtesy of SERDP MR-2409 interim report



EMI sensors in UW environment ...
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EMI sensors in UW environment ...
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Perpendicular plane

Induced Currents

Induced Currents in host medium, around a coil
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Total Primary Magnetic field

The total magnetic field at r point produced by a current element placed at r, is
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Comparisons between Total and Partial Primary
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Magnetic dipole In UW environment: Contributions trrom
different terms
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Magnetic dipole in UW environment: o
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Targets EMI response

Comparisons between numerical (the MAS) and experimental data
Frequency Domain
GEM-3D data obtained from SERDP-1321 final report
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UW environment modifies signals at high frequencies (early time).



Experimental Setup

A schematic diagram of the experimental data
collection
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Comparisons between data and

Signal
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Recovering target’s true signal: experimental
validation

]

When we took data, rocket and
coil were floating directly below
the Rx

Rocket floats essentially in touch
with surface water but not
significantly submerged

Vertical shot of floating rocket minus
background water at 4.58 S/m



A New Scheme for Extracting Targets True EMI
Responses
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Ssummary

» Conducting environment distorts the both primary and
secondary magnetic fields at early times/high frequencies

» Signal distortion is a function of separation distances between
the target and the Tx coil, and between the target and
observation points

» Larger separation distance =» Target’s EMI signals distortions
extend at later times

» A new scheme was developed for extracting targets true
EMI responses
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