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Ground penetrating radar (GPR) is a nondestructive sensor technology for detecting underground objects.
GPR requires large-aperture antennas to survey a remote location precisely because of the expansion of mi-
crowaves. We propose a laser-driven GPR (LGPR) that uses microwave radiation from a laser plasma to achieve
remote sensing. LGPR is expected to provide good spatial resolution with a small antenna. We selected a sub-
nanosecond laser pulse as a suitable radiator for LGPR (L-S band). Experimental results show that the LGPR

system can detect aluminum disks buried in sand.
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Ground penetrating radar (GPR) is a well-known non-
destructive sensor technology that uses microwave echoes
to find objects underground and examine building struc-
tures [1, 2]. Recently, demand has increased for remote
sensing technology for landmine detection. Conventional
GPR is effective only at a close range, or near the detection
area. This is because an increase in the distance between
the GPR and the remote survey area increases the area irra-
diated by the microwave, which leads to a deterioration in
the angular resolution of the GPR. The microwave beam
width must be as narrow as possible to prevent such dete-
rioration. A large-aperture antenna is typically necessary
for forming the narrow beam — the beam width 6, [deg]
can be approximated by 70 X A1/D, where A is the wave-
length of radiated microwaves [m] and D is the apeture
length [m] [3,4]. We propose a laser-driven GPR (LGPR)
using microwaves radiated from a laser plasma [5]. LGPR
does not require a large-aperture antenna to sense a remote
location because it generates a laser plasma that acts as a
microwave radiator adjacent to the survey area, which is
equivalent to a transmission antenna close to the survey
area.

Electromagnetic waves at various frequency ranges
(from MHz to THz), radiate from laser-produced plas-
mas [6—13]. The radiation is caused by the following pro-
cesses. An intense laser pulse creates a laser plasma. The
generated electrons and ions are accelerated toward the
outside of the plasma by thermal pressure or Ponderomo-
tive forces. The light electrons receive greater acceleration
than the heavy ions. Charge separations are induced in the
plasma by different expansion speeds of electrons and ions,
which excite the electric dipole moments. These flickering
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electric dipole moments radiate electromagnetic waves. It
was reported that the radiation frequency spectrum corre-
sponded to the laser-pulse envelope [8, 13]. A subpicosec-
ond laser pulse has an optimal duration for the terahertz
range [8—11]. We chose a subnanosecond laser pulse as
the optimal duration for L-S band (0.5-4 GHz), which is
regarded as a suitable frequency range for the GPR [3]. In
this article, the spectrum of the microwaves radiated from
laser plasma created by a subnanosecond laser pulse was
measured. Using a LGPR system with a subnanosecond
laser pulse, aluminum disks (® 7, 15, and 26 cm) were de-
tected under a layer of sand.

Figure 1 shows a schematic of the experimental setup
of the LGPR system. The laser (wavelength: 800 nm;
pulse duration: 0.2ns; pulse energy: 140 mJ; and repeti-
tion: 10 Hz) was focused on a spot (diameter: ~1 mm) us-
ing a lens with 2000 mm focal length in air at atmospheric
pressure. The laser intensity was ~8.9 x 10'°W/cm?. An
EMCO 3102 (a log-spiral antenna, frequency range: 1-
10GHz) and Tektronix DSA70404 (a high-speed digital
oscilloscope, maximum frequency: 4 GHz) were used as
the receiving antenna and a recorder, respectively. A low-
noise amplifier (Keycom KAV-005060LN-M; frequency
range: 0.5-6 GHz; and gain: 40dB) was used. One-line
scan measurements (scan length: 1 m; scan step: 2.5 mm)
were performed with an automatic scanning mirror. Alu-
minum disks (7, 15, and 26 cm in diameter, 1cm thick)
were buried at the center of the track at a depth of 1 cm in
dry sand (dimensions: 1.2mx0.8 mx0.15 m). The relative
permittivity of the sand was ~5. The receiving antenna was
0.8 m high and 1.5 m from the aluminum disks. To reduce
the noise from the external environment, 32 signals were
averaged at each laser spot.

© 2009 The Japan Society of Plasma
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Fig. 1 Experimental setup of LGPR using a subnanosecond

laser pulse.

Microwaves were measured with and without the pro-
duction of the laser plasma. Figure 2 shows the spectro-
grams (window function: Hanning; window width: 80 ns;
time step: 8 ns) of the measured data. The horizontal and
vertical axes indicate the elapsed time [ns] and the radi-
ated frequency [GHz], respectively. The amplitude is rep-
resented in 256-level grayscale from a maximum of 5 dB
to a minimum of —20dB. The time-dependent frequency
spectra F(w,t) are derived from the measured data f(¢)
from 7 — 40 to r + 40 ns. Figure 2 (a) shows the result with-
out the laser plasma, which is equivalent to the noise com-
ponents from the laser oscillator. The noise components
have a bandwidth from 0.3 to 0.7 GHz. Figure 2 (b) shows
the spectrogram of the microwave radiated from the laser
plasma, which was constructed by subtracting the noise
components from the measured data with the laser plasma.
The spectrum has a bandwidth from 1 to 3 GHz. This indi-
cates that laser plasma produced by a subnanosecond laser
pulse is suitable as a L-S band radiator. Note that the time
duration of microwave radiation seems to be extended be-
cause of the window width (~50ns). The inset shows the
radiated waveform produced by the inverse Fourier trans-
form of the signals shown in Fig. 2 (b). The horizontal and
vertical axes indicate the elapsed time [ns] and the ampli-
tude [V], respectively. The true duration can be estimated
from this waveform at ~1 ns.

Figure 3 describes how the LGPR works in this exper-
iment. Figure 3 (a) shows an experimental layout. The hor-
izontal and vertical axes indicate the horizontal position, x,
and the depth, z, respectively. The origin of z direction is
at the sand surface. The Laser plasma (x = x;) radiates the
microwave at t = 0. The radiated microwave penetrates the
sand, is scattered by the buried object (x = Xobj, 2 = Zobj)s
and arrives at the receiving antenna (dashed arrows) after
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Fig. 2 Spectrograms of (a) noise components from the laser os-
cillator and (b) the microwave radiated from the laser
plasma. The inset shows the radiated waveform produced
by the inverse Fourier transform of the signals shown in
Fig.2 (b).
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where L; and L, are the path length of the microwave prop-
agating from the buried object to the sand surface and from
the sand surface to the receiving antenna, respectively, €; is
the relative permittivity of the sand, and c is the speed of
light. The path lengths, L; and L,, are constant because the
buried object and the receiving antenna do not move.

Figure 3 (b) shows a B-scan[1,2] image composed by
directly arranging all the acquired data sets. The horizon-
tal and vertical axes represent the horizontal position, x,
and the elapsed time, ¢, respectively. The amplitude of the
received signal is represented in grayscale in the B-scan
image. The microwave echo reflected from the buried ob-
ject, which is produced by the laser plasma (x = Xx;), is
observed after t;. Equation (1) indicates that the echoes
reflected from a spot-shaped object should show a hyper-
bolic locus in the B-scan image. The shape and size of
the underground object can be estimated from these loci.
The methods described in Fig. 3 are well established in the
conventional GPR scheme [1,2].
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Fig. 3 Schematic describing LGPR (a) an experimental layout
and (b) a B-scan image.
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Fig. 4 (a) Raw and (b) f-k filtered B-scan images (a ® 26 cm
aluminum disk).

Figure 4 shows the measured data for a @ 26 cm alu-
minum disk: (a) raw and (b) band-pass f-k filtered (fre-
quency range: 1-3 GHz, wave number range: —10-10m™")
B-scan images [14]. The horizontal axis is the horizontal
position, x [m], and the vertical axis is the elapsed time,
t[ns]. Figure 4 was created using a 256-level grayscale
image corresponding to the signals from a maximum of
50mV to a minimum of =50 mV. The raw scan data con-

003-3

@g o

| ———

S 0'10 0.2 0.4 0.6 0.8 1
(b)E Position [m]

E O —

<

) 0'10 0.2 0.4 0. 0.8 1
(c)% 0 Position [m]

£ o I —

) 0'10 0.2 0.4 0.6 0.8 1
(d)E Position [m]

E o0 — \

g0 0.2 0.4 0.6 0.8 1

Q Position [m]

Fig. 5 Detection results of aluminum disks as B-scan images:
(a) background, (b) 7 cm, (c) 15 cm, and (d) 26 cm in di-
ameter. Each target buried at 0.5 m in the position and
0.01 m in depth.

tains the echoes reflected from the aluminum disk, noise
components from a laser oscillator (low-frequency com-
ponents: 0.3-0.7 GHz) and variation between laser shots.
They are reduced by the band-pass f-k filter as shown in
Fig.4 (b).

Figures 5 (a)-(d) show the detection results of back-
ground and @ 7, 15, 26 cm aluminum disks, respectively.
The horizontal axis is the horizontal position [m], and the
vertical axis is the depth [m]. They have been f-k filtered
and clipped out as the part corresponding to the corss sec-
tion of the sand. The depth was calculated from the elapsed
time, accounting for the propagating velocity of the mi-
crowave and its origin at the sand surface. The rectan-
gles in the figure represent the disk geometries. The con-
structed images clearly show the detection of aluminum
disks and their size differences. The resolution was esti-
mated at ~4 cm (scan direction) from an envelope of the
reflected echo. Here, the resolution is defined as the inter-
val between two objects at which they can be distinguished
by a threshold equal to half of their peak values.

In summary, we performed an experiment with LGPR
using a subnanosecond laser pulse to create a spot plasma
at 9 x 10'°W/cm? laser intensity. The radiated spectrum
had the desired frequency (L-S band). Line-scan measure-
ments (scan length: 1 m, scan step: 2.5 mm) by the LGPR
were performed. The echoes reflected from each buried
aluminum disk were observed clearly and showed the size
difference. The scan resolution was 4 cm.
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