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Method of mathematical simulation of ultra wideband signals scattered by metal or dielectric mine and
other subsurface objects located in ground or other medium is described. Method allows for getting electromag-
netic signals reflected from subsurface objects with arbitrary substance, shape, orientation, parameters of the
environment the object is in, and scanning with various polarity waves. Results of metal and plastic mine ultra
wideband response calculation are discussed. Also algorithm of mine detection and identification based on de-
termination of object natural complex resonances is considered.

1. Introduction

At present the radar systems take a wide application
for the detection of mines and other subsurface ob-
jects (SO) located in the ground or other dielectric
medium at small distance from medium interface.
Advantages of electromagnetic method for mine de-
tection are conditioned by good penetrability of elec-
tromagnetic waves at the frequency band from 0.1 to
more then 2 GHz in the ground, wide progress in
generation, reception technique, and processing of
radar signals at last decade.

The mine detection is accompanied with several
difficulties: 1) mine detection is accomplished of
strong medium interface reflection, which masked
the signal reflected by mine; 2) electrical parameters
of ground (permittivity and conductivity) signifi-
cantly depend on frequency, humidity, and density of
a ground; 3) ground is a nonuniform medium con-
taining stones, bricks, remains of pipes and other
foreign objects. This fact stimulate the necessity of
identification algorithm using for reducing of condi-
tional probabilities of false solutions; 4) plastic mine
detection is essentially complicated by small differ-
ence between mine permittivity and ambient ground
one. Moreover mines are generally located in near-
field zone of radar antenna system.

Problems stated above denote necessity of ultra
wideband (UWB) signal using for mine detection and
identification.

At the state of creation the SO detection radar it
is important to dispose of information about the fea-

tures of signals scattered from such objects located in
a dispersive medium. In report the method of calcula-
tion of UWB signals scattered by mine and other SO
located in the ground (or other medium) is described.
Developed method is based on solving of integral
equations for the current densities on the object sur-
face and allows calculating of UWB responses of
metal and dielectric objects of arbitrary shape and
orientation, for the various sounding conditions.

2. Mathematical Simulation of Ultra
Wideband Signals Scattered by Mines
Buried in the Ground

In papers [1, 2, 3] mathematical expressions for cal-
culating the electromagnetic fields scattered by metal
and dielectric SO are described in detail.

In the case of metal SO surface Fredholm inte-
gral equation of the second kind for the electric cur-
rent densities on the SO surface was obtained. For
dielectric SO the system of surface Fredholm integral
equations of the second kind for the equivalent elec-
tric and magnetic current densities was obtained.

Also there was obtained integral relations,
which allow to calculate surface, frequency and pulse
responses of metal and dielectric objects of arbitrary
shape and orientation, for the cases of various an-
tenna system locations relative to object, and various
sounding signal polarizations.

Further the results of numerical simulation of
M15, MK7 anti-tank metal mines and DM11 anti-
personnel plastic mine UWB responses are demon-
strated and discussed. Also the results of UWB re-
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Fig. 1. Mine buried in the ground

sponse simulation for the case of thin air layer
formed between the top of dielectric mine and ambi-
ent ground are demonstrated.

For the calculating it was accepted the model
shown in Fig. 1. As the transmitting A; (Z,1,¥.1)
and the receiving A, (z,9,7,2) elements of bistatic
radar the antennas of small electric dimensions
(magnetic dipoles with vector-moments p®', p®
correspondingly) were applied. They located in free
half-space V; (permittivity ¢ =1). Vector-
moments were oriented along Oz axis. The distance
between antennas A in horizontal plane, and their
height h, above the ground interface accounted
0.5 m. At the same time the antenna system assumed
completely isolated. In lower dielectric lossy disper-
sive half-space Vs (& (f) = &5 (f) + ic) (f)), and
adjoining on V| along the zOy plane the object V3
was located. The object is filled with material having
permittivity es5(f) = € (f) + ie5 (f). Regions V;,
V,, V3 are uniform. Permeability 4 =1 in all con-
cerned regions.

Examined objects were illuminated by UWB
signal with uniform spectrum from 100 to
1000 MHz. Interval between the spectral lines ac-
counted 50 MHz. Magnetizing force amplitude of
wave incident on the ground interface accounted
1 A/m. Module H (f)=|H, (f)| of scattered field
at reception point was subject to calculation.

SO were located in two types of ground with
various densities p, and humidity W : gray loam

having p = 1.2 %, W =10% (ground 1), and
p=14 % , W =20% (ground 2); brown loam
with parameters p = 1.4 jﬂ}, W =10 % (ground

3). Frequency dependences of considered ground
electrical parameters were taken from the paper [4].
Coordinates z = y = 0 corresponded to object cen-
ter at all considered cases.
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Fig. 2. Frequency responses of metal, anti-tank
mines M15 and MK7
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Fig. 3. Frequency responses of plastic anti-personel
mine DM11 and thin air layer

In Fig.2 are shown frequency responses of
mines M15 u MK7 corresponding to following radar
system coordinates: Fig.2(a) and 2(c) -
Ty =20cm, Ty =-30cm, Yy, =Y, =0;
Fig. 2(b) and 2(d) Ty =20 cm, y,; =0,
T,y = —15.36 cm, y,» = 35.36 cm. Fig. 2(a) and
2(c) show MI15 mine responses for its location at
different depth in ground 1 (line 1 — h,, = 6 cm, 2 —
hoy = 45 cm, 3 — ground interface reflection).
Fig. 2(b) and 2(d) illustrate frequency responses of
M15 (line 4) and MK7 (5) at the same ground and in
the ground 3 (6) at the depth of h,, = 6 cm. Lines 7
and 8 illustrate the responses that correspond to re-
flection from ground 1 and 3 at the mine absence. In
Fig. 2(c) and 2(d) ground interface reflection is left
out of account.

Frequency responses of M15 and MK7 have the
resonance character. Such these objects stably de-
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Fig. 4. Pulse responses of mines

tected against a background of ground interface re-
flections. Demonstrated results show that the fre-
quency response shape sufficiently depends on
ground parameters, and also on depth of the object.
Fig. 3a illustrates the frequency response of
DM11 mine in ground 1 (line 2) corresponding the
radar location considered in Fig. 2(b) and 2(d). On
this figure also considered the response of the thin air
layer of 3 mm thickness (line 3, ellipsoid with semi-
axes: a =b=4 cm, ¢=1.5 mm). In Fig. 3(b)
responses of mine DM11 and air layer in the same
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ground (line 1 — DM11, 3 — air layer) and in the
ground 2 (line 2 — DM11, 4 — air layer) are shown.
On graphs demonstrated in Fig. 3(b) ground interface
reflection is left out of account. Considered objects
were located at the depth of h,, = 6 cm. The results
show that in certain parameters of ground amplitude
of thin air layer reflection can exceed the amplitude
of plastic mine response. Amplitude of dielectric
object responses depend on ground parameters, depth
of location, and also on difference of SO permittivity
and ambient ground one. Results demonstrated in
Fig. 2 and 3 show that the plastic mine detection is
sufficiently complicated relatively to metal mine de-
tection. Further the pulse responses of considered SO
are demonstrated.

In Fig. 4 are shown pulse responses of M15 (a),
MK7 (b), DM11 (d), located in ground 1, and MK7
in ground 3 (c). Mines was buried at the depth of
hoy, = 6 cm. Coordinates z,; = 20 cm, y,; = 0,
Z, = —15.36 cm, y,, = 35.36 cm corresponded
to radar locations.

Analysis of demonstrated responses shows that
amplitude of metal and dielectric mine responses
ratio accounts 30 at the same ground. The results of
mathematical simulation show that for mine detec-
tion and identification it is necessary to know the
ground parameters.

3. Mine Identification Algorithms

The obtained data could be used for developing algo-
rithms of detection and identification of SO.

A mathematical model that allows for identify-
ing objects those are supposed to be identified
amongst others through detecting their nature reso-
nance frequencies out of objects’ UWB responses
were developed.

As recognition criteria suggested algorithms for
recognition of metal and dielectric objects use its
natural resonance frequencies to which imaginary
parts of natural complex resonances correspond.

As an example in Fig. 5 we took the distribution
of complex resonances of mine-like object when the
position of the antenna system changes within the
same horizon (the same fixed height). Ovals outline
resonances belonging to the same groups. The analysis
showed that the average deviation of their imaginary
parts makes about 4 %. Approximately the same val-
ues are obtained when one changes the distance be-
tween the transmitting and receiving antenna and the
height the antenna system above the ground interface.

The research shows that nature resonance fre-
quencies practically do not depend on probing condi-
tions. It gives a possibility to reduce the required ca-
pacity of the memory part of the recognition device.

Operation of the recognition device that uses the
algorithms requires performance of a limited number
of simple arithmetic operations.

References

1. O.I Sukharevsky, G.S. Zalevsky. Radiofyzika i radio-
astronomiya. 3, Ne 1, 37 (1998).

2. O.L Sukharevsky, G.S. Zalevsky. Electromagnitnuye
volny i electronnuye systemy. 6, Ne 1, 28 (2001).

3. O.L Sukharevsky, G.S. Zalevsky, A.V.Muzychenko.
Radiotehnika. Ne 6, 6 (2001).

4. D. Hipp. THER. 62, Ne 1, 122 (1974).

MATEMATHYECKOE
MOJEJINPOBAHUE
CBEPXIHINPOKOITOJOCHBIX
CUT'HAJIOB, PACCEAHHBIX MUHAMM,
HAXOJAIIUMUCA B 3EMUIE.
AJITOPUTMBI BBISIBJIEHUSA 1
NIEHTUOUKALIUA

O.U. Cyxapesckuii, I'.C. 3anesckuti, A.B. My3viuenxo

Ommcan MeToJ MaTeMaTHYecKOTO MOMASIHPOBAHUS
CBEPXUIMPOKOIIOJIOCHBIX CHTHAJIOB, PACCEAHHBIX METAILIU-
YEeCKO WM AMAIICKTPUUECKONH MHUHOM M IpyruMH MOAIO-
BEPXHOCTHBIMU OOBEKTaMH, PACIOJOXKEHHBIMU B 3eMIIe
WIN Kakou-mubo Apyroit cpeae. MeTox mo3BOJIET MOTYy-
YaTh IIEKTPOMATHUTHBIC CUTHAJBI, OTPAKEHHBIE OT MOA-
TIOBEPXHOCTHBIX O0BEKTOB U3 IPOM3BOJIFHOTO MaTepuaa,
JUISL TIPOM3BOJIBHBIX (DOPMBI, OPUEHTALMHM, INAapaMeTPOB
OKpY>Karolel cpeJibl, TpH CKAaHUPOBAHUU BOJTHAMHU MPOU3-
BOIBHON mossipu3aruu. OOCYyXIaloTCS pPe3yNbTaThl BbI-
YHCICHUS CBEPXIIMPOKOIIOJIOCHOIO OTKIUKA MeTaJlIude-
CKOM M IUIaCTUKOBOM MMH. PaccmaTpuBaeTcs Takxe ajiro-
pUTM OOHapy>KeHUsS W MACHTU(GHKAIIMK MUH, OCHOBAaHHBIN
Ha OTPEeIeNIeHNH COOCTBEHHBIX KOMIIJIEKCHBIX PE30HAHCOB
00BeKTa.

MATEMATUYHE MOJEJIOBAHHSI
HAJIINPOKOCMYT'OBUX CUTHAJIIB,
SIKI PO3CISIHI MIHAMH, 11O
3HAXOJSITHCS Y 3EMJIL. AJITOPUTMH
BUSIBJIEHHS TA ITEHTU®IKALIT

O.1 Cyxapescovkuii, I'.C. 3anescoruil,
A.B. My3uuenxo

OmmcaHo MeToj MaTeMaTHYHOTO  MOJENIOBAHHS
HaIIIUPOKOCMYTOBHX CHUTHAJIB, SKi PO3CISHI METaIeBOIO
a0 MieNIEeKTPUYHOIO0 MIHOIO Ta IHIIUMH ITiJIIOBEPXHEBHMH
00’€KTaMH PO3TAIIOBAaHUMH y 3eMili abo sKOMY-HeOyIb
IHIIOMY cepeZIoBHUILi. MeTOA NO3BOJISIE OTPUMYBATH €JICK-
TPOMArHiTHI CHUTHANIK, BAOWTI B MiJIIOBEPXHEBUX
00’€KTiB 3 JOBUJIBHOTO MaTepiaiy, JUlsi AOBUIBHHX (opmu,
opieHTallii, MapaMeTpiB OTOYYIOYOTrO CEpPelOBHINA Ta MPU
CKaHyBaHHI XBWJISIMH JIOBUTbHOI mosisipu3alii. OOroBopeHo
pe3ysbTaTH OOYMCIIEHHS HaJIIMPOKOCMYTOBOTO BIITYKY
METaJIeBOl Ta IUIACTHKOBOI MiH. PO3MIsTHYyTO Takox airo-
PUTM BUSIBIICHHS Ta iNCHTU}IKALIT MiH, 10 IPYHTYETHCS Ha
BU3HAYCHHI BIIACHUX KOMIUICKCHHX PE30HAHCIB 00’ €KTa.
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