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ARTICLE INFO ABSTRACT

Arfif{e history: We consider detecting objects on a flat ground by using the electromagnetic (EM)
Received 8 January 2014 measurement made from a height. Our study is conducted in a very general and practical
Received in revised form 15 May 2014 setting. The number of the target scatterers is not required to be known in advance, and
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Available online 27 May 2014 each scatterer could be either an inhomogeneous medium or an impenetrable perfectly

conducting (PEC) obstacle. Moreover, there might be multiscale components of small-size
and extended-size (compared to the detecting wavelength) presented simultaneously. Some

fﬁ\{gsgd;ectmmagneﬁc scattering a priori information is required on scatterers of extended-size. The inverse problem is
Multiscale ground objects nonlinear and ill-conditioned. We propose a “direct” locating method by using a single EM
Locating far-field measurement. The results extend those obtained in [17,18] for locating multiscale
Indicator functions EM scatterers located in a homogeneous space.

A single measurement © 2014 Elsevier Inc. All rights reserved.

1. Introduction

This paper concerns locating objects on a ground by using the electromagnetic (EM) scattering measurement made from
a height. In Fig. 1, we give a schematic illustration of our study, where one wants to detect the multiple objects on the
ground ¢. To that end, one sends certain detecting wave fields and then measures the scattered wave fields from a height,
from which to infer knowledge about the target objects. A practical scenario for our study is the scoutplane detection in the
battlefield.

In what follows, we present the mathematical formulation for the current study. The detecting waves are chosen to be
the time-harmonic electromagnetic plane waves of the following form

) ) ) 1 )
Ei(x) = pel®*d, H‘(x):EV/\E’(x), xeR3 (1.1)

where i =+/—1, w € Ry denotes the frequency, d € S? := {x € R3; |x| = 1} denotes the impinging direction, and p € R3
denotes the polarization with p-d =0. E' and H' are entire solutions to the Maxwell equations in the free space

VAE —iwH =0, VAH +iwE'=0.
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Fig. 1. Schematic illustration of locating multiscale ground objects.

The ground ¢ is assumed to be perfectly electric conducting (PEC). The EM waves cannot penetrate inside the ground and
propagate only in the space above the ground. If there is no object presented on the ground, one would have a reflected
wave field E‘g such that the total wave field E = E' — E’g satisfies the following PEC boundary condition

VAE=vA(E'—E,)=0 on%, (12)

where v is the unit upward normal vector to ¢. If ¢ is flat, the reflected wave field Eij is well-understood through the
work [22,23], and if ¢4 is non-flat/rough, the reflection would be much more complex. Throughout the present work, we
assume that ¢ is flat and shall leave the rough case for a future study. Furthermore, without loss of generality, we assume
that & := {x := (x1, X2, X3) € R3; ¥ := (X1, X2) € R?, x3 =0}. Denote R3 := {x:= (X1, X2, X3) € R3; X := (x1, X2) € R?, x3 <0}
and Si = Ri N'S%. Moreover, we let [T denote the usual reflection with respect to ¢, i.e., ITv = (v1, v2, —v3) for a generic
3-vector v = (v, V2, v3). Then, we have that (cf. [22,23])

El,=MoE ol (1.3)

Next, we consider that there are EM objects presented on the ground. Let v (x'), X' € R?, be a non-negative Lipschitz
continuous function such that v (x') =0 for |x'| > R, where R is a large enough positive constant. Let X’ := {x¥' € R?; ¥ (x') >
0y := Ulj:] Z‘}, where Z‘}, j=1,2,...,1 denote the simply connected components of X’. Define

Z;“ ={(¥.x3) eR3;X € T 0<x3<y(x)}, 1

I
<j<i,  zt={Jz} (1.4)
j=1
Each Ej+, 1 < j <I, represents an EM object on the ground, and will be referred to as a scatterer in the sequel. Let £}, w; and
Xj be the EM parameters for the object supported in Xj, respectively, representing the electric permittivity, magnetic per-
meability and electric conductivity. It is assumed that ¢j, u; and X; are all constants, satisfying 0 < £; < 400, 0 < it < 400
and 0 < X¥'j < 4-oo. Furthermore, it is assumed that |¢j — 1|+ |u; — 1|+ |Xj| >0 for j=1,2,...,L If ¥j =400, then E;r is
taken to be a PEC obstacle, disregarding ¢; and ;. In the free space, ¢ = u =1 and X =0. We set

(&j, tj, X)) whenerf,j:l,Z,...,l;
(e, nx), Z(x)) == (15)
(1,1,0) whenx e R3\ X+,

The presence of the scatterer (X; ¢, i, X) on the ground would further perturb the propagation of the EM field Ef — Eig,
inducing the so-called scattered wave field ES in Ri. The scattered wave field is radiating in nature, characterized by the

Silver-Miiller radiation condition

lim [x1|(V A E)(x) A Ii_l —iwE (%] =0, (16)

[X|—+

which holds uniformly for all directions X := x/|x| € Sf_. The total electric wave field E := E! — E% + ES, together with the
corresponding magnetic wave field H, is governed by the following Maxwell system

b))
VAE—iwuH =0, VAH+iw<s+15>E=o inRR3, (1.7)

where ¢, u and X are given in (1.5). Similar to (1.2), we have that

VAE=vA(E—E,+E)=0 on¥. (1.8)
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