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Titre : Device for detecting objects such as mines.

Abrégé :

This device is provided, more particularly, for detecting
mines laid in a zone liable to be mined (5). It is placed on a
vehicle (1) moving at a speed V. It comprises a panel (25)
on which is disposed a radiation assembly (18) and a
processing circuit (50) for signalling on a screen (80) the
presence of mines. The radiation assembly (18) is formed
by an alignment of antennas (20) disposed transversely to
the speed V of movement of said vehicle (1). Its dimensions
are such that it makes it possible to obtain good resolution.
The latter is enhanced by a processing so as to operate as
a synthetic antenna.
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DEVICE FOR DETECTING OBJECTS SUCH AS MINES

This invention relates to a device for detecting objects such as mines placed in a zone to
be explored, said device being placed on a vehicle moving at a vetocity V and formed from a
panel on which a radiation set is arranged and a processing circuit to provide Information about
the presence of such objects.

Such a device is disclosed In patent document EP 0 812 005 and can be used In many
applications. This known device is not suitable for detecting objects with smaii dimensions
designed to be difficult to detect. Furthermore, it is considered to be disadvantageous when the
pane! is large due to deformation of the panel causing an inconsistency between emitted and
reflected waves that is difficuit to get around even Iif appropriate circuits are used to measure
these deformations.

The invention discioses a device of the type mentioned In the preamble that has good
performances. Thus, it becomes possibie to detect mines buried in sand. These mines are often
designed to be undetectable and consequentiy have a dielectric constant similar to the dielectric
constant of the sand in which they can be buried. The result is that thelr coefficient of reflection
Is similar to that of the sand that surrounds them making them difficuit to detect by
electromagnetic radiation.

This invention discloses different measures for detecting objects that are difficult to detect,
and therefore capable of detecting various sized mines such an antipersonne! mines or antitank
mines, these mines possibly being in the ground that do not facilitate this detection.

According to one aspect of the Invéntion. the radiation set comprises an alignment of
antennas arranged transverse to the velocity V of displacement of said vehicle. The magnitude
of the complete alignment depends on the size of the objects to be detected.

Another aspect of the invention allows for duplexing means so that the radiation set may be
used both in transmission to llluminate said zone to be explored and in reception to coilect waves
reflected from this zone. A first advantage obtained Is that the number of antennas is halved and
that the processing of emitted waves and received waves is made coherent, thus improving
performances. A second advantage over the known device is that there is no longer a problem
with deformations of the panel when overflying zones to be explored.

According to a third aspect of the invention, said vehicle flies over said zone to be explored
at an altitude of the order of 10 m, the transverse dimension of the alignment being of the order of
7 m while the illumination frequency vanes from 2 to 4 GHz. These different parameters are
important, In particular, the choice of the transmission or iliumination frequency Is conducive to



10

15

20

25

30

17026

2

better penetration of the wave In sandy soils and consequently enables better detection of mines
buried in it.

The following description and the appended drawings given as a non-limitative example will
help to understand the invention. In the drawings:

- figure 1 shows a device to detect objects, onboard an aircraft, particularly a
helicopter,

- figure 2 shows a scheme of a device according to the invention,

- figure 3 shows scanning of a zone to be explored and formation of a synthetic
antenna,

- figures 4 and 5 are provided to define parameters invoived in the signal processing.
Elements in common have the same references in all the figures.

In figure 1, reference 1 refers to a helicopter moving at a velocity V in which the device
according to the invention is onboard. With this device, it is proposed to explore the ground in a
zone 5 to be explored, considered as a mined zone in the example described. Mines 11, 12, 13,
etc. are disseminated in this zone (5), and may be buried. The major difficulty in detecting these
mines occurs when they are buried In dry sand. Mines are designed to be as undetectable as
possible and are made from material with a dielectric constant simiiar to the dielectric constant of
the sand surrounding them. The approximate values of these dielectric constants are 2.7 and 3.1
to 3.4 respectively. Therefore coefficients of reflection that result directly from these constants are
close to each other. This means that the processing must be done judiciously.

To overcome this difficulty, a radiation set 18 is provided formed from an alignment of
antennas 20 arranged on a panel 25 fixed to the tail of the helicopter 1. Preferably, these
antennas are of the Vivaldi type. This helicopter overflies the mined zone 5 at a veiocity V
compatible with the detection processing to be done and at a height such that the antennas can be
considered to be in near zone. Remember that in the near field zone (the Fresnel zone), the ratio
of the electric field and the magnetic field is not constant and their distribution in space varies with
the distance relative to the antenna. Figure 1 shows an amrow 27 illustrating the fact that an
ilumination wave Is directed towards the zone and is reflected onto it.

Figure 2 shows the diagram of the object detection device according to the invention.

Each antenna 20 is connected to a switch system 28 formed from high frequency SP32T type
switches or other switches available off-the-shelf. The figure shows four of these switches 31, 32,
33 and 34 each of which manages thirty-two accesses on so-called upstream accesses, such that
the number of antennas is 128. A single downstream access corresponds to these four upstream
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accesses of these switches. The downstream accesses of these switches 31 to 34 are connected
to upstream accesses of a fifth switch 40.

All these switches 31-34, 40 depend on a processing circuit 50 and more precisely a
processing device 52 that manages all operating processes of the device according to the
invention.

Since the antennas 20 operate both In transmission and in reception, duplexing means 55
are provided forming part of the processing circuit 50 and composed of at least one circulator to
separate waves to be transmitted and received waves. An access of this circulator is connected to
a downstream access of switch 40.

Preferably, the switching system 28 and the circulator 55 are placed on the panel 25 and
therefore close to the antennas 20.

The waves to be emitted are produced from a voltage controlled oscillator (VCO) reference
60. Before being applied to the circulator 55, the output wave § from the osciilator 60 passes
through an amplifier 62 that provides the necessary power to the wave that will finally be emitted
by the antennas 20 and by a directive coupler 64 that will sample a small part of the wave at the
output from the amplifier 62,

Another access to the circulator 55 collects the received wave that is firstly amplified by an
amplifier 66 before being applied to a detector in quadrature 70 formed from two mixers 71 and 72
with two inputs, one of which receives the output signal from the amplifier 66 and the other a
replica of the signal from the oscillator 60 through the coupler 64. The phases of the replicas
applied to the inputs of the two mixers are shifted by 90°. This is done by an appropriately
connected 3dB coupler 75. The device 52 then processes the output signals | and Q from the
detector 70.

This processing device 52 outputs a map of the explored zone on which detected mines are
shown highlighted, for example on a screen 80.

The processing device 52 generates this map based on a synthetic aperture of the antenna
as shown in figure 3. This figure illustrates the zone § to be explored and the plot 85 of the
synthetic antenna resulting from the processing done by the processing device 52, This plot 85
moves on the zone at velocity V that is the velocity of the helicopter and T represents the scanning
rate obtained by sequential switching of the different antennas 20 by action on switches 31-34 and
40. This synthetic antenna gives the necessary resolutions of the order of 7cm corresponding to
mines. The altitude is 10m and the illumination frequency varies between 2 and 3 GHz.

According to one embodiment, the osciliator frequency can change every 2 or 3
microseconds such that perception of the highlighted points changes. If a mine does not show up
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as a highlighted point for one frequency, it may show up as a highlighted point at a different
frequency because of the Doppler effect induced by switching of the elements in the antenna
network. To achieve this, the frequency of the oscillator 60 can change to one of the frequencies
fl, f2 or f3 under the control of the processing device 52.

5 The device according to the Invention functions as foliows.

Figure 4 shows the essential elements for a simplified explanation of the signal processing.

The zone 5 to be analysed and the plot 85 of the synthesised antenna are displayed in figure 4.

The antenna plot 85 extends over a width W and a length L defined from the aircraft velocity "V".

This zone is broken down into a set of points J arranged in two dimensions x and y respectively:

10  along the direction of the width and along the displacement of the aircraft. Each of these points

reflects the wave transmitted from the aircraft and retums it to the radiation set 18 comprising the

alignment of antennas 20. The reflected wave at point ] is denoted r. The signal S(t) received at

an antenna 20 for which the location is defined by a reference point M of the alignment 20 may be
written as follows:

J {ﬁ(l)-;/ }2 (I )
15
equation in which:
- J gives the location of the point in said zone 5,
- u-»(t) gives the location of the antenna A in the alignment 20 and also as a function of
time t defining switching of the antenna.
20 - A is the wavelength of the radiation.

- i is such that i =-1

This signal contains the contribution of waves received by the different antennas in the
network 20.

The following formula is used to determine the reflection Aj at a given point on the ground:

A= ZS(:).cxp[—iz—;-.(E(t)-rO ;+flee,60) j))] (2)
{
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This formula (2) represents the inverse operation of the previous operation but after adaptive
filtering, in other words the contribution of other reflected waves not at the point located In *j* have
been eliminated.

Therefore, in this formula exp[- { %ﬂ.(ro j )} corresponds to adapted filtering and

2
f(e.e,e(!)j)ae-\/; I+(c,;(2’zl (3)

5 The parameters involved in formula (3) are described with reference to figure 5:
- 8 Is the angle from which the point on the ground is perceived and is equai to the angle of
Incidence of the wave at the point considered.
- e is the thickness of the sand in which the mine is buried.
- ¢ Is the dielectric constant of this sand.

10 Note that the height H at which the aircraft Is overflying determines the value of the modulus
ofr.

In practice, the value of A gives the indication of the presence of mines, through variations of
brightness on the screen 80.

Although the description has been given for a mine detector capable of detecting mines
15 under unfavourable conditions, the Invention wiil be even more applicable for the detection of
objects In circumstances more favourabie that those described above.

Note that the method will preferably be repeated for three different frequencies at a sufficient
spacing. The Images obtained may contain highlighted or dark areas due to different combinations
of coefficients of reflection of interfaces between the ground and the mine.

20
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CLAIMS

1- Device for detecting objects such as mines (11, 12, 13...) placed in a zone to be explored
(5), said device being piaced on a vehicle (1) moving at a velocity V and formed from a panel (25)
on which a radiation set (18) is arranged to transmit signals at an illumination frequency and to
receive signals reflected from said zone (5), and a processing circuit (50) to provide information
about the presence of said objects after processing of the reflected signals, characterised in that
the radiation set (18) comprises an alignment of antennas (20) arranged transverse to the velocity
V of displacement of said vehicle (1).

2- Device to detect objects according to claim 1 characterised in that duplexing means (55)
are provided so that the radiation set (18) used both for transmission of signals at the illumination
frequency and for reception to collect said reflected signals.

3- Device to detect objects according to claim 1 or 2, characterised in that the vehicle (1) is
at a distance from the zone to be explored (5) such that said antennas (20) operate in a close
zone.

4- Device to detect objects according to either claim 2 or 3, characterised in that duplexing
means (55) are composed of at least one circulator.

S- Device to detect objects according to any one of claims 1 to 4, characterised in that said
antennas are composed of Vivaldi type antennas.

6- Device to detect objects according to any one of claims 1 to 5, characterised in that there
is a switching system (28) to use each of sald antennas (20).

7- Device to detect objects according to claim 6, characterised in that the switching system
(28) is arranged on said panel (25).

8- Device to detect objects according to any one of claims 2 to 7, characterised in that
duplexing means (55) are arranged on said panel (25).

9- Device to detect objects according to any one of claims 6 to 8, characterised in that
the switching system (28) cooperates with a processing device (52) to produce a synthetic
antenna.

10- Device to detect objects according to claim 9 onboard an aircraft type vehicle
characterised in that the processing device (52) is such that a received signal in the form:

cxp(i.—zf)(ﬁ(l)—Fj)
S{t) = —_— —
“ g‘ (-7,

equation in which:
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-] belongs to a set J of points defining points in the zone to be analysed

- ((t) gives the location of the antenna (20, 21, ...) along alignment 20 at time t.
- X Is the wavelength of the radiation.

- iissuch thati = -1

Is processed so that, after adapted filtering, a signal A, is generated representative of the
reflection from a point j such that:

A= ZS(!).cxp[—iﬁ'-.(ﬂ(f)-r, +f(e-€:9(')/))]

in this iatter formuia:

- 8 is the angle from which the point on the ground is perceived and is equal to the angle of
incidence of the wave at the point considered

10 - r; being the reflection vector of the considered point also defined by the altitude H of the
helicopter overflying the zone

b(),)?
2

+€

fles.60),)= Ve 1+

where:

- e is the thickness of the medium in which the object to be detected Is buried.

- e Is the dielectric constant of this medium.

15 11- Device to detect objects according to any one of claims 1 to 10, characterised in that
when said vehicle overflies said zone (5), the transverse dimension of the alignment Is such that a

resolution corresponding to the objects is obtained while the illumination frequency extends from 2
to 4 GHz.
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FIG.4

FIG.5



