PLASTIC LANDMINE DETECTION
BY THE SLOW WAVE STRUCTURE-BASED SENSOR
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Abstract — A sensor for detecting plastic explosives placed in the ground is presented in this paper. The detection effect is
based on the intensive radiation from the section of a slow-wave structure at slowing down less than slowing of the light in the medium,
i.e. in the soil at the place of possible laying of the mines. High effectiveness and small dimensions in comparison to the wavelength in
free space and possibility of monitoring at a wide frequency band define its significant advantages in comparison to another devices for
detecting explosives.
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AHHOmauyusi — [lpegcTaBneH gatymk Ans obHapyXeHWst NNacTUKOBOW B3PblBYATKW, YCTAHOBIEHHOW MOA Crioem noysbl. Jd-
ekt 06HapyXeHNS OCHOBaH Ha MHTEHCMBHOM M3MyYeHUM C MOBEPXHOCTU OTpe3ka 3aMensoLe CUCTEMbI B KOHTPOIMPYEMYIO Cpeay
npu 3amMeaneHnem BOMHbl MEHbLUEM, YeM 3aMeAJieHne CKOpOoCTW CBeTa B Cpefe, T.e. MoYBe Ha yyacTke npeanonaraemMoro 3aneraHus
MUH. Bbicokas addpeKTMBHOCTb NpeanaraeMoro Aatyvka, Manble N0 CPaBHEHWIO C ANIMHON BOSHbI B CBOGOAHOM NPOCTpPaHCTBE pa3me-
pbl U BO3MOXHOCTb OCYLUECTBIIEHUS MOHUTOPUHra B LUMPOKON MOJSIOCE YacTOT OMPeAensioT ero CyLeCTBEHHble MpeumyLlectsa no
CPaBHEHMIO C 3BECTHbIMM Npubopamun Ans 06HapYXeHNst B3pbIBYaTKM.

l. Introduction

"Landmines continue to threaten U.S. and allied
forces. Conventional mine detection sensors, such as
ground penetrating radar (GPR), can give many false
alarms due to natural and manmade objects in the
ground having mine-like characteristics to these sen-
sors" [1]. This can result in a slow advance rate as the
forces must deal with these false alarms. Nuclear Quad-
rupole Resonance (NQR) developed in Russia can be
utilized to detect plastic explosives and drugs [2]. NQR
technology developed by the U. S. Army for application
to landmine detection can be used to verify the presence
of landmines and eliminate false alarms from GPR.
Based on the nuclear spectroscopy, this "...technology
has the capability to detect and discriminate explosives
from other items in the environment and it can discrimi-
nate among the different types of explosives found in
landmines" [1]. In the same time, the devices for this
technology realization are bulky and expensive. It is the
objective of this project to demonstrate the possibility of
developing for the USA Army novel, cheap, and portable
RF (including microwave) method for detecting coverless
(plastic) landmines hidden under a ground surface.

Il. Main Part

The described in this paper detecting method was of-
fered in the former USSR in the middle of 80’s, but its
practical realization was interrupted by "perestroika" and
it was just patented [3].
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The offered method is based on the property of a
slow-wave structure (SWS) to radiate electromagnetic
energy into electro-dynamically dense medium if the
phase velocity v, of the slowed electromagnetic wave in
a SWS exceeds the light velocity in the surrounding me-
dium [4]. The wave is radiated step by step, the radiation
intensity and the radiation angle depending on the veloc-
ities ratio (figures 1, 2).
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Fig. 1. Radiation in the soil.

Puc. 1. Usny4deHue e nousy

The radiation from SWSs differs from the conven-
tional antennas radiation and provides much more oper-
ating possibilities.

In the most designs, SWS’s are formed by two
placed in parallel conductors, so called impedance and
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screen conductors, the impedance conductor being
formed by transverse conducting elements connected in
series by longitudinal conducting elements at a given pe-
riod or a given pitch. It is well known also that so called
"smooth" SWS’s (with the pitch or period much smaller
than the slowed wave length) do not radiate energy in
the surrounding medium with a relatively small density.
Waves excited in SWS’s are characterized by con-
centration of energy near the impedance conductor sur-
face. This means that the wave energy can be directed
by this surface along SWS. We shall remind that all
components of a slowed electromagnetic wave excited
in a SWS are proportional to the "wave factor”
exp(ja)t—jﬂz), where @ is the angular frequency,

t is time, [ is the phase constant equal to a)/vp.

In the case of a plane impedance conductor, the en-
ergy concentration in the transverse direction is charac-
terized by the transverse constant y, related to phase

constant ﬂand wave number k as
v =pr—k%, k=aw\leouq (1)

where £, and [/ are the permittivity and permeability

of free space. In the absence of an external screen, the
field components are proportional to exp(—x).

where X is the transverse coordinate.
It was shown that the angle () between directions of

the slow wave propagation and the radiated wave is de-
fined by next formula [4]:

cosgo:,B/k\E:c/vp\E, )

where C is the light velocity in free space, & is the rela-
tive permittivity of the adjacent to the SWS medium
(soil).

The described above physics of the radiation, which is
offered for the military application, had been confirmed
not only by the preliminary electro-dynamic analysis but
also by its practical realization in microwave radiators for
physiotherapy, which required multiple experiments and
had been approved for application in medicine (Fig. 2) [6].

S

- e —
T

Fig. 2. Radiators for physiotherapy.
Puc. 2. Usnyyamenu dns huzuomepanuu

lll. Discussion

According to the offered method, the SWS-based ra-
diator is placed with a relatively small gap in parallel to
the controlled object's boundary (surface) forming one,
coupled, electro-dynamic structure (Fig. 1, 3). The de-
scribed effect is caused by the equality of the phase
constants in the longitudinal direction (direction of the
SWS and the object, soil surface) in such coupled struc-
ture. To satisfy this requirement, the propagation con-
stant in the electro-dynamically dense material changes
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its "imaginary sign" by the real one that leads to appear-
ing of the wave, traveling outside at an angle to the ob-
ject's boundary. The wave, reminding the "leakage
wave" causing unwanted interference between elements
of the schematic in the micro-strip lines technology [6].
Unlike it takes place in the mentioned example, the
leakage from the SWS is very intensive and is over at a
relatively small distance.
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Fig. 3. Radiation from a SWS-radiator with the pitch
increasing in the direction of the wave propagation.

Puc. 3. U3znyyeHue u3 damyuka Ha 3amednsowel
cucmeme ¢ ygeniudeHUeEM Wazaa 8 HanpassieHuu
pacrpocmpaHeHUsi 80J1HbI

The SWS-based sensor has in comparison to the
conventional landmine detectors many advantages, such
as much smaller dimensions and much larger sensitivity,
absence of energy reflection from the object's surface,
existence of a gap to the examined object, possibility to
concentrate radiation in a given volume, and possibility
to operate simultaneously at different frequencies, in-
cluding operating with a sweep frequency signal as well
as the white noise signal.

IV. Conclusion

The design simplicity, small dimensions, and small
weight of the SWS-based radiators provide possibility to
operate at relatively low frequencies at wide operating
band. Cheapness and the listed above advantages
make the development of the offered landmine sensor
very promising.

The results used in this study were carried out within
the research grant (No.13-05-0017) under ‘The National
Research University Higher School of Economics’ Aca-
demic Fund Program support in 2013.
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