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TWO-DIMENSIONAL ACTIVE IMAGING OF CONDUCTING OBJECTS
BURIED IN A DIELECTRIC HALF-SPACE

Yiwei lle!, Toru Unot, Saburo Adachitand Takunori Mashikot
tDepartment of Electrical Engineering,
Faculty of Engincering, Tohoku University, Sendai, 980, Japan
INTT Basic Research Laboratory, Musashino, 180, Japan

I INTRODUCTION Various subsurface radars have been investigated and developed
by many researchers for the purpose of detecting the underground objects such as
water pipes, power and communication lines, historical ruins and so on[l]. However,
the reliability and the resolution of present subsurface radars are still insufficient for

practical uses. Its one reason is that too much simplification is assumed for the subsurface

propagation and scatlering mechanism, and only a delay-time of received pulse is utilized
for underground imaging, notwithstanding the propagation and the scattering mechanism
are very complicated. We have theoretically and experimentally demonstrated that there
exist the lateral wave and the direct wave propagations between an antenna in the air
and the buried object, and the lateral wave becomes considerably large under certain
circumstances([2].

The authors have proposed an exact passive imaging method of line source buried
in a dielectric half-space[3]. This method does not include any approximation except
that it is two dimensional. In this paper, a two dimensional active imaging method of
conducting underground objects is investigated. If a secondary current on the buried
object is known, the active imaging method can be applied. In this paper the sccondary
current is approximated by a physical optical approximation. The validity of this imaging
method is confirmed by both numerical simulations and experiment.

II. ANALYSIS The geometry of the problem is illustrated in Fig.1. The space
is partitioned into two halves. One of which is filled with air and the other with a
homogeneous lossless medium. An infinitely long conducting cylinder having arbitrary
cross scction is buried underground and is parallel to y-axis. An exciting current source

is also parallel to y-axis.

First, the physical optics current is assumed on the buried object. It has been
confirmed that this approximation gives a good result for this polarization[d]. The
scallered clectric field at an observation point (x4, 2;) in air is obtained as follows:

E(z),15,0) = 20—~ w"OP /dl/+°°/+°° fsmO-&-ugcosO
1y 42, (ul + ’Ug u,/ + uzl)

ef[(ﬂz+ﬂ5)z—(€+€')r-u121 -uj 22161'(&‘1 +E'12)d€d€’ (1 )

where, P(w) is the frequency characteristics of the current source, 0 is the angle between
unit normal on the buried object and z-axis. k; and k, are wave numbers in air and the
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medium, respectively. u; = [k — €2, uy = \/kZ — €2, o} = [k} — €72, u), = \JkE — €7,

and C indicates the illuminated surface of object.

Next, Fourier-transforming Eq.(1) with respect to the position of current source z;,
observation point z,, and also the frequency w, we obtain

2n, (Y +ncosd)? [eq oo [+oo
! - r—s)) = X TNCOSP) [eo 2, (2
[ dtcos(o~ gp( (31 - 5)) ot 2 [ [ el dmidae (2

C

where, c is the light velocity, n = ky/k; is a refractive index, p(t) is an amplitude of
current, e(zy, 2,t) is transient scattering filed at z;. t = [(z; + 22)7 + n(z; + z2) sin ¢ —
2ns]/c, v = \/1 — n?sin? ¢. The parameter ¢ is an arbitrary angle and § = (sin ¢, cos ¢).
It is found from Eq.(2) that the synthesis of transient scattering fields along the ground
surface gives the projection of buried object weighted by pulse form. The physical
meaning of 1q.(2) is illustrated in Fig.2. Therefore, we refer to the right hand side of
Eq.(2) as an image function and denote it by f(s) in this paper. A two-dimensional
underground image g,(r) is synthesized by superposing the image [unctions for scveral
angles ¢ as follows.

’

m(r) = =3 fifr3) ¥

=1

III. NUMERICAL SIMULATIONS The simulation model is shown in Fig.3. The
buried objects are a circular cylinder and a flat plate. The depth of plate and cylinder
is 78cm and their interval is 30cm. A mono-pulse,

L ‘
cos®(=) ; —Py[2 <t < Pyf2;
MO Al “ d ()

0 : otherwise,

is chosen as the exciting current, where P; =Insec. The transient fields in the air are
computed by using FDTD method.

The image function is calculated by integrating the scattering fields along the ground
surface over a region of —1.50m < z < 1.9m at a height of z; = 25 =6em. The IMig.4
shows the two-dimensional image of buried objects obtained by superposing 21 image
functions. It is seen that the upper contours of plate and cylinder are well reconstructed.
However the lower contours are not reconstructed because the current on the shadow
region is very small.

IV. EXPERIMENT To confirm the validity of this method, an experiment is carried
out. The experiment setup is illustrated in Fig.5. A plastic tank is filled with a moist
sand. The buried object is an aluminum cylinder whose radius is 15cm. The measurement
is carried out by using two 3cm monopole antennas. The measurement points are also
shown in Fig.5.

The transient receiving voltage of one dipole antenna is obtained by Fourier-trans-
forming the transmitting parameter measured in frequency domain. The exciting voltage
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is the same form as Eq.(4) whose amplitude is 1[V]. Fig.6 shows an example of the received
voltage. The ripples in early time are due to the direct wave between two antennas and
reflected wave from ground surface. Small ripples observed at 6.5nsec are the scaltering
field from the buried cylinder.

The two-dimensional imaging result is shown in Fig.7. The upper part of buried
cylinder is precisely reconstructed. The horizontal line in the figure is due to the early-
time response which could not completely be removed as a noise in signal processing.

V. CONCLUSIONS A new two-dimensional quasi-exact active imaging method has
been proposed. It has been found from the numerical simulation that the upper contour
of buried object is well reconstructed. However the lower side could not be reconstructed
because the secondary current is too small in this region. The effectiveness of this method
is also studied experimentally using two monopole antennas. It has been shown that
the precise position of buried object can be reconstructed.
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