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Abstract A methodology for the identification and coordinates estimation of air cavities under urban
ground or sandy soil using its natural poles and natural resonant frequencies is presented. The potential
of this methodology was analyzed. Simulation models of PEC (Perfect Electric Conductor)s with various
shapes and dimensions were developed using an EM (Electromagnetic) simulator. The Cauchy method
was applied to the obtained EM scattering response of various objects from EM simulation models. The
natural poles of objects corresponding to its instinct characterization were then extracted. Thus, a
library of poles can be generated using their natural poles. The generated library of poles provided the
possibility of identifying a target by comparing them with the computed natural poles from a target. The
simulation models were made assuming that there is an air cavity under urban ground or sandy soil. The
response of the desired target was extracted from the electromagnetic wave scattering data from its
simulation model. The coordinates of the target were estimated using the time delay of the impulse
response (peak of the impulse response) in the time domain. The MP (Matrix Pencil) method was applied
to extract the natural poles of a target. Finally, a 0.2-m-diameter spherical air cavity underground could
be estimated by comparing both the pole library of the objects and the calculated natural poles and the
natural resonant frequency of the target. The computed location (depth) of a target showed an accuracy
of approximately 84 to 93%.
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Fig. 1. Procedure to identify an air cavity underground
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Where, A(f) denotes numerator polynomial, B(f;)
denotes denominator polynomial, P denotes the
order of the numerator polynomial, Q denotes
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the order of the denominator polynomial
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Fig. 2. Extraction of natural poles for the

0.2-m-diameter PEC sphere

(a) EM simulation model for the 0.2-m-diameter PEC
sphere (b) Observed response in the frequency domain
(c) Natural poles of the observed response
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Table 1. Natural pole library of the eight PEC objects

Obiect First Order Pole High Order
jec (o1, f1) Frequency (GHz)
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(0.1m length, 1mm| (-0.8811, 1.3339) 4.2265
radius)
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(0.1m diameter) (-3.3024, 0.9700) 3.5454, 4.4602
Cylinder 1.3540, 2.1733,
(0.1m diameter, (-2.6532, 0.7028) 2.9673, 3.6885,
0.1m hight) 4.4146
1.1490, 1.7534,
Sphere _ 2.3638, 2.9761,
(0.15m diameter) (-2.0011, 0.5509) 3.5885, 4.2081,
4.8299
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Where, y(t) denotes observed time response, x(t)

denotes signal, n(t) denotes noise in the system,
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Ri denotes residue or complex amplitudes of the

i pole, T. denotes sampling time, N denotes
number of data samples, M denotes number of

poles of the signal
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Fig. 3. EM simulation model and its configuration
with one transmitter, two receivers, a
0.2-m-diameter spherical air cavity at a
depth of 0.25m or 0.65m under urban
ground or sandy soil
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Where, Y() denotes deconvolved response, X(f)object
denotes received signal with the object present,
X(P)No-object denotes received signal without the
object present, Ran(f) denotes response of a

receiving antenna
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Where, T denotes time delay(peak of the

impulse response) of the left receiver, Tr denotes
time delay of the right receiver, ¢ denotes speed

of light, e: denotes relative permittivity
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Table 2. Comparison actual target coordinates with
estimated target coordinates (air cavity
under urban ground or sandy soil at 0.25m

or 0.65m depth)

Air Cavity Depth(m) Angle(®)
Urban ground Actual 0.25 0
(0.25m depth) | Estimated 0.21 0
Urban ground Actual 0.65 0
(0.65m depth) | Estimated 0.61 0
Sandy soil Actual 0.65 0
(0.65m depth) | Estimated 0.57 0
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