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Abstract

Introduction

Electromagnetic induction (EMI) sensors have a long history of success in finding visually
obscured metal objects [1]. Over the past decade, metal detector technology has improved
resulting in increased detection rates. These improvements have also increased detection of
unwanted items such as nails, bullets, shrapnel and other conductive battlefield debris. Advanced
EMI sensors typically use a range of frequencies and provide an increased discrimination
capability between buried landmines and metal clutter [2]. A simple circuit model is often used to
express the electromagnetic induction response of a target analytically. This analytic model
produces a response function that contains unique characteristics based on the target's
electromagnetic properties.

Soil's electromagnetic properties adversely affect the performance of EMI sensors. Severe soil
conditions can cause the soil's response to drown out the target's response. Das has shown that
the magnetic response fromsoil largely dominates the electrical response [3]. A well-
established model for a superparamagnetic ground assumes a log-uniform distribution of
magnetic relaxation constants resulting in a magnetic susceptibility of the form [4]:
Y_(W))=y_dc (1-1/In(T_2/T_1) *In GwT_2+1)/GwT_1+1))

Where ¥_dc is the static (dc) value of the magnetic susceptibility, w is the angular frequency,
i=V(-1) and T_1 and T_2 are the lower and upper bounds of the magnetic relaxation time
constants, respectively. This model provides the magnetic susceptibility of soil as a function of
frequency.

Use of COMSOL Multiphysics®

A 3D model of two concentric coils representing a continuous wave metal detector was
developed in COMSOL Mulitphysics® version 4.4 as shown in Figure 1. A ring target has a
well-known analytic solution which provided a means to verify the model. Magnetic soil was
modeled and randomized over a semi-hemispherical volume as shown in Figure 2. Figure 3
depicts the effects of various levels of a superparamagnetic soil on the EMI response of a ring
target.
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Figure 1: Comsol Modeling Environment.
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Figure 2: Modeled magnetic soil half-space with a volumetric variability in magnetic
susceptibility of 10%.

Ring TargetIn Various Magnetic Soils

- Rl - i
— maginary - Air

== == fieal - Neutral

" Imaginary - Neutral

====Real - Moderate

Imaginary - Moderate
- —-Real - Severe

Imaginary - Severe
- — == - Real - Very Severe

—— Imaginary - Very Severe

Frequency (Hz)

Figure 3: The response of a ring target in various levels of superparamagnetic ground. The
target response in air is shown for comparison purposes.



