Mapping of nonuniformly distributed mine fields
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Land mine fields must essentially be regular according to certain basis decided by the
battle field engineers. But sometimes irregularities in the distribution of the mines within
the field could be planned or randomly introduced like those mines thrown by airplanes.
The mine distribution may follow certain functional basis or may be represented by a
random function.
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1. Introduction

Irregularly distributed land mine fields can
be classified into fields following functional
changes or fields whose distributions do not
follow functional changes. In the next section
both kinds are discussed. In the first kind the
distance between every two adjacent mines
contains two terms one is constant, the other
is represented by different possible forms of
alternating changes. In the second kind a ran-
domly disturbed distribution is considered.
The relation between any deviation in the
regular mine locations and the total field
pattern of the whole mine field is studied. At
the end, a formulation of a direct relation
between the taken measurements and the
exact mine location is obtained.

2. Mine distributions with mathematical
functions

From a previous study carried out on the
regular mine fields [1], frequencies of ptimum
detection (resonance frequencies) fy;were re-

lated to the regular distance between any two
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adjacent mines D, for an antenna located at a
height h, through,

ich
foi =—- (1)
D

where ¢ is the light velocity in air. The Pattern
Factor PF which represents the normalized
received field strength of the whole mine field
with respect to the field from the central mine
at resonance is given by [1-2], as:

n 13,-2jk(R-h)
PF=1+ 22“9—3 7
i=1 R

where

Rj =% +h? . 3)

K, is the wave number 27/ g , Rjas shown in
fig. 1 is the range of the i™ mine from the

radar, Yjis the distance between the i"™ mine
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and the central mine and n is the number of
mines at one side of the radar foot print. At
the resonance frequency, a uniform mine field
has PF given by,

[PFlnax=2n+1, (4)
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Fig. 1. The geometry of the mine detection problem using
monostatic radar.

where (2n+1) is the total number of mines
illuminated by the radar.

In the case of nonuniform distributions,
the smallest change in the distance D is de-
fined as ¢ .D could be considered as a multi-
ple of this minor distance 6. The operating
resonance frequency will be calculated
according to 6. All other distances will satisfy
the condition of resonance, however the maxi-
mum value of PF will be equal to the total
number of the actually existing mines. It
should be noted that there is a peak
identifying the existence of a mine when we
use a bistatic radar moving over the mine
field. The radar height in this case must be
low enough to match the lower value of the
minor distance, and high enough to verify the
condition h>>20n ¢ [1].

2.1. Linear alternation in mine spacing

The simple function representing the alter-
nating change in the mine’s spacing can be
represented as follow,

Dj =Dp +(-1)'s , (5)

where D; is the distance between the ith mine

and its neighbor, ¢ is the expected deviation
in mines distant apart Dy. This alternating

change in the mine spacing distribution stated
in eq. (5) is called a triangular distribution.
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The pattern factors against frequency for
0 =0.1 and 0.05 are shown in fig. 2.

2.2. Sinusoidal alternation in the mine spacing

If a sinusoidal fraction is added to a con-

stant distance Dy, the i!" mine location can
be written as:

. 27
Y; =nDg +5sm(Wm)‘ (6)

This function is shown as in the fig. 3. Fig 4
show the values of PF for differen values of &§
and sine arguments.

2.3. Mine spacing with equal phase difference
between wave returns from different mines

In a uniform mine field, the resonance
frequency helped in constructing a coherent
mine field return. There is a case in the
nonuniform mine distributions where the
phase difference between the wave return from
adjacent mines is always constant at any
working frequency and equals 2w at resonance
and m at midresonance [1]. The following
nonuniform case of mine distribution is ex-
pressed as:

Y; =Dpi . (7)

The phase of the reflected signal from

st . L
thel mine is given as:

¢i = 2ko(R; —h) =2k [/h? +(iDg )? —h]
2

kg R0 5)

(i+1)Dg?
¢i+1=koTO-

The difference

sth . . . .
I mine and its neighbor is:

in phase between the

12

.1“1 ILJ”.. | llh.J |

5

2,

E h=2500m,D=25m,n=11mines delta=.1m
o




H.N. Kerallah et al. / Mapping of mine filds

Fig. 2-a. The PF against frequency for a triangular

atternation.
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Fig. 2-b. The PF against frequency for a triangular

atternation.
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Fig. 3. The sinusoidal alternation in the mine spacing.
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(10)

Analyzing the result of this case, we found
that the phase difference between every two
subsequent mines is always equal and inde-
pendent of the mine location. It changes

linearly with the frequency, and o is a
constant equals to 27/ fy. At the resonance

frequencies the phase difference equals 27z .
The PF of this distribution of mines includes a
number of regular ripples equals to the
number of mines. Thus, for a number of
mines n we have a PF having (n-1) ripples
between any two subsequent resonance freq-
uencies. Also their locations are at frequencies
equal to,

f-tfo (1)

The PF of this distribution gets its
maximum level, which equals to the total
number of mines (2N +1) only at the resonance
frequency. Fig. 5 show the PF for this case.

3. Mines with randomly disturbed
distributions

In this case, we assume that a random
fraction is superimposed upon the mine
spacing distance. This can express the
mistakes, accidentally, happened in the mine
cultivation. Thus, the distance between the
mine and the radar projection,Yj, can be ex-

pressed by:

Y; =iD+06 where 6 =normmd[u,0,(1 1)], (12

Yi =normund[iD+ u,0,(1 1)], (13)

where u is the average value of the added

random fraction and o is its variance. Simu-
lation of the added random fraction is ob-
tained by a random signal generator. By
studying the effect of o on the level of PF and
the location of the resonance for an
undisturbed field, it is found that when
0 >0.1D the resonance position is greatly
dislocated, and PFis greatly deteriorated. The
results are shown in fig. 6.

4. Mine spacing determination by a
stationary radar

The case of a nonuniform mine field detec-
tion presents a great challenge. It is created

Alexandria Engineering Journal, Vol. 43, No. 1, January 2004 3



H.N. Kerallah et al. / Mapping of mine filds

due to the unknown distance between any two

adjacent mines leading to unknown resonance 12 . — : : :
frequency for detection [3]. The solution of this ———  h=2500m,D=25m,n=11mines delta=1n|
problem can be overcome by regarding the 10}
change in the amplitude of the received field
strength from mines when the beam of the .
used antenna becomes wider. For this 5
purpose array antenna is used. The g . ]
beamwidth of an array of M linear dipoles is g
given by [4]: :, l
20 — .886 1 ’ (14) J ’M
Md
where dis the distance between any two w w w Z&REQ%*I’“ % o @

dipoles, and Ais the wavelength. Let us
assume a set of PF measurements Sl-SZ ’ --Sn Fig. 4-a. The PF against freq_uency for a sinusoidal
alternation

for n mines, where S; is the PF when the

antenna beam includes only the central mine 1 e
and the first mine adjacent to it, S,is the PF o ———_ =2600m,D=25m,n=11mines deita= S |
when the beam extends to include the nearest s j
subsequent mine to S;and S, is the PF when ,
the beam extends to include all the group of %o
mines. These values of §;,S,,..5, can be ex- g
5
pressed as: E ﬂ n
ES 4
3.-2jk,(R,~h) 3 '
h°e o\ My
Sp=l+—a— (15) J ' ' |
Ry ﬂ
1+
h3e—2jko(R2—h) 0 L , . . . " . L ,
S — S 16 (] 50 100 150 250 300 3%0 400 450 500
2 1t ( ) FREQ.(MH2)
RZ Fig. 4-b. The PF against frequency for a sinusoidal
. alternation.
h3e2ik(R,=h)
Sp=Spg+—mm—. (17)

Ry3
12

——  h=2500m,D=25m,n=11mines,delta=.1m,two cycles |

Solving the above set of equations given
that Ri=zRy=..zR,=zh in the denomina- 10
tors , kg is the wave number resonating with

the average mine distant apart, we can get
the unknown locations for n mines as follows:

PATTERN FACTOR
o

Sn —Sn-1 =[Sn _Sn—1|e_j¢ =g 26(Ri=h), (18)

where

0 100 200 300 400 500

2 FREQ(MH2)
Ry =yYp2 +h? or (Rn—h)zYth. (19)
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Fig. 4-c. The PF against frequency for a sinusoidal
alternation.
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Fig. 4-d. The PF against frequency for a sinusoidal
alternation.
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Fig. 5-a. The PF against frequency for an equiphase mine
distribution.
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Fig. 5-b. The PF against frequency for an equiphase mine
distribution.
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Fig. 6-a. The PF against frequency for an added random
shift to the mine spacing .
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Fig. 6-b. The PF against frequency for an added random
shift to the mine spacing .

The beam extension step is preferred
to be less than the expected average mine
distance, otherwise we will include more than
one mine in one jump. With respect to the
array antenna this demand can be achieved
by making the array dipoles number as large
as possible then,

Yo - 1/%;zﬁn . (20)

Using a phase discriminator to measure
the phases ¢, and according to eq. (20) the

mine location Y,can be obtained. Another
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direct way for getting the mine location is
through a matrix formulation expressing the
array of measurements as follows [5-6]:

51

Sz

\}

Sn

146 2ik(R) 0 0 0

|1y e2ik(Rn) g 2ik(RN) 0

- \’ \’ - 0
14 e2ik(Rih)  2ik(R-h)  -2k(R,-h)
1 0 0 0f14e2ik(Rh)

11 0 0] e?ik(RN) o
I 1 50 J
1 1 - 1| ¢ 2ik(R-h)

Sending the unitary matrix into the other
side of eq. (21), then through its eign values we
can apply the result obtained in eq. (20).

5. Conclusions

Irregular alternation by adding a little
fraction to the equidistant mines spacing
doesn’t give a resonance results like the
equidistant mines results. In this case, the PF
is less than its value for equidistance
distribution, and depends on the value of
oand the argument of the sinusoidal
variation. For both linear and sinusoidal alter-
nation added upon the equidistance spacing,
the PF deterioration increases with the in-
crease of . The increase of 0 also causes a
shift in the frequencies of maximum PF which
creeps to the first resonance when o
becomes lower than 2% of D . Equiphase mines
distribution gives results for PF which can be
identified only at resonance and
approximately level around one or little more
than one all over the rest of the frequency
band. Resonance tale phenomena of the
regular mine fields and the relation of its

beamwidth with the number of mines and
mines spacing at a fixed height helped us in
the identification of the mine field parameters
whose irregularity level is very small
(6<0.1D). The field measurements using a
stationary radar, whose antenna beam can be
expanded could be used to formulate a direct
form for the mine location in a nonuniform
mine distribution.
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