1 INTEGRATED SYSTEM FOR COMBATING IMPROVISED EXPLOSIVE DEVICES 5The present
invention relates to an integrated system for combating improvised explosive devices. More
particularly, the present invention relates to a system for equipping a vehicle so as to give said vehicle
a capacity for combating Improvised Explosive Devices 10(IEDs), particularly IEDs laid by terrorists in
zones of armed forces interventions in overseas theatres of operations. An improvised explosive
device is a device that is positioned or manufactured in an improvised manner and that comprises
explosive, incendiary or toxic chemical 15 components. It is designed to destroy, handicap, slow down
and/or distract. It can incorporate elements originating from military arsenals (for example, a grenade),
but in most cases it is composed of an assembly of non-military parts. An improvised explosive device

often comprises QpreXBIRRIYE B3asy BN FIRISHRNTE I AREONABR A 3HHNSGHEISY Yt is either

mechanical or emmmm mbled
from miscellaneous elements. The improvised expidNeE$evices that are intended to reduce the
mobility of troops are most often laid at the sides of a road, within a strip of less than ten metres, or

25are even laid or buried at a shallow depth on a road or a track used by military
5 The present invention relates to an integrated system for combating improvised

explosive devices.

More particularly, the present invention relates to a system for equipping a vehicle
S0 as to give said vehicle a capacity for combating Improvised Explosive Devices
10 (IEDs), particularly IEDs laid by terrorists in zones of armed forces interventionsin

overseas theatres of operations.

Animprovised explosive device is adevice that is positioned or manufactured in an
improvised manner and that comprises explosive, incendiary or toxic chemical
15 components. It is designed to destroy, handicap, slow down and/or distract. It can
incorporate elements originating from military arsenals (for example, a grenade),
but in most cases it is composed of an assembly of non-military parts. An
improvised explosive device often comprises an explosive charge, a priming
charge, a detonator and a firing system that is either mechanical or electronic.
20  Numerous types of improvised explosive device exist, often assembled from

miscellaneous elements.

The improvised explosive devices that are intended to reduce the mobility of troops
are most often laid at the sides of a road, within a strip of less than ten metres, or

25 are even laid or buried at a shallow depth on a road or a track used by military
vehicles.

These devices are triggered by aremote radio command, but they can also comprise
sensors capable of automatically activating the charge upon the passage of the
30 target, often after a Hertzian arming command.



vehicles. These devices are triggered by a remote radio command, but they can also comprise
sensors capable of automatically activating the charge upon the passage of the 30 target, often after a
Hertzian arming command. 2 An integrated system for combating IEDs must have the following
features in particular:  a range of several tens of metres in order to ensure the safety of the carrier
5in relation to the effective radius of the charges, which is increasingly high; detection reliability; and -
high destruction reliability with an effect that can be obpserved remotely. US 2009/0182525 discloses a
system for detecting, locating and destroying 10 improvised explosive devices. This system, the
external elements of which can be mounted on a platform, is arranged underneath a helicopter in order
to survey a ground zone located in front of the helicopter. The detection system comprises means for

llluminating the gHrYRNeLAQN IEEPVR [N ANSINGERE rRIYEIRSVRI Ak adhip event of

the detection of returned signals, the spectrum of” 15 these returned signals needs to be analysed in
order to verify tharBeg&¥hce of improvised explosive devices. In the event of the proven presence of

such a device, the Or'eé‘FQHaQ@&fM%HQ%? HRELPHGARMIS 3N FBGRYSFBE SPTIR BgRES to be

precisely determined in order to locate the device. 20These operations for detécting, verifying and
locating improvised exipl6gidiéondoitesehiectivatre Ns b il katiea Mk ¢ agtsas Adyditehe
implemented in order %{é&ﬂgﬁ‘@éﬁ&ﬂﬁgtl% In addition, the following is known: 25US 4 053 891

discloses a system for detecting and locating an object using a
- high destruction reliability with an effect that can be observed remotely.

US 2009/0182525 discloses a system for detecting, locating and destroying
10 improvised explosive devices. This system, the external elements of which can be
mounted on a platform, is arranged underneath a helicopter in order to survey a
ground zone located in front of the helicopter. The detection system comprises
means for illuminating the surveyed zone by microwaves and for analysing the
returned signals. In the event of the detection of returned signals, the spectrum of
15 these returned signals needs to be analysed in order to verify the presence of
improvised explosive devices. In the event of the proven presence of such a device,
the orientation of the antennas used to transmit and receive the signal needs to be

precisely determined in order to locate the device.

20  These operations for detecting, verifying and locating improvised explosive devices
are relatively complicated and calculations need to be implemented in order to

confirm a detection.

In addition, the following is known:
25 - US4 053 891 discloses a system for detecting and locating an object using a
detector of non-linearities that are characteristic of specific objects;
- US 2010/0289686 discloses a method for disrupting or destroying a
transmitter or areceiver of an improvised explosive device; and
- US 7 864 107 discloses a system for detecting and locating an improvised

30 explosive device.



detector of non-linearities that are characteristic of specific objects; US 2010/0289686 discloses a
method for disrupting or destroying a transmitter or a receiver of an improvised explosive device; and
US 7 864 107 discloses a system for detecting and locating an improvised 30explosive device. 3 The
object of the present invention is to overcome the aforementioned disadvantages. It relates to an
integrated system for combating improvised explosive devices provided with electronic components,
said system comprising means for remotely detectingdelectronic components, provided with at least a
Stransmission antenna and a reception antenna, as well as means for neutralising improvised
explosive devices. To this end, according to the invention, said system further comprises: an
orientable blockTiewBlkiBcht lfast®edsrening eatabuntedo 1 OYRENAAS TS sighor@nentoagtion

antennas of saifj; dejegtionanepnsaufich gredinerigse as LTINS AGHNG FRIFIU SRACE.

principally of the ground; and  a detection confirmation camera that is directed toward the zone
illuminated by saf@lasiMeriRARSS PreVIdedwidth Se@IINES SoNaRIRENS, aidl TFREDraPaIkESdone image

of said zone; anfeans for remotely detecting electronic components, provided with at least a
5 transmission antenna and a reception antenna, as well as means for neutralising
improvised explosive devices.

To this end, according to the invention, said system further comprises:
- anorientable block in which at least the following are mounted:

10 » the transmission and reception antennas of said detection means, which
are directed so as to illuminate a same zone of space, principally of the
ground; and

* a detection confirmation camera that is directed toward the zone
illuminated by said transmission and reception antennas so as to be able

15 to form at least one image of said zone; and

- meansfor controlling the orientation of said orientable block, which
cause a displacement of said orientable block so as to generate a scan of part of

space by said detection means.

20 In this way, by virtue of the invention, the confirmation of a detection can be
implemented easily and simply using a confirmation camera, as specified

hereinafter.

Furthermore, as the confirmation camerais directed toward the zone illuminated by
25 said transmission and reception antennas and forms an image of this zone, it is not
necessary to carry out orientation calculations and adjust the aiming of the camera
in order to carry out the confirmation, which therefore can be implemented quickly.
In order to increase the speed and the precision of the detection, the confirmation
camera is preferably directed toward the centre of the zone illuminated by said

30 transmission and reception antennas.



means for controlling the orientation of said orientable block, which cause a displacement of said
orientable block so as to generate a scan of part of space by said detection means. 20In this way, by
virtue of the invention, the confirmation of a detection can be implemented easily and simply using a
confirmation camera, as specified hereinafter. Furthermore, as the confirmation camera is directed
toward the zone illuminated by 25 said transmission and reception antennas and forms an image of
this zone, it is not necessary to carry out orientation ealculations and adjust the aiming of the camera
in order to carry out the confirmation, which therefore can be implemented quickly. In order to increase
the speed and the precision of the detection, the confirmation camera is preferably directed toward the
centre of the zone illuminated by said 30transmission and reception antennas. 4 In a preferred

embodiment, sajdSYleg) i B ARRESSRTS36N I HSPHIA DAL B GRS Brimages

generated by said detection confirmation camera, and means for manually adjusting the scale of the

display shown mwﬂ@wsmmwm@mmai_§9{§y§¢mm&g@mmmﬁodiﬁed).
Said display scraen,and sl Ay SIRE Y 8RS ACJEMOB LR SR UR LY 6 Ql%ﬁ)%d?é%??fab'y

installed inside a vehicle equippéd with said system. Advantageously, said means for controlling the

orientation of sl eveitdbr2seckof dbgudishbhaifshistaerin beJarfdirshitaisie slisokeyo5ei$98 obtain a
scan at a constap SCaIMPRA SRR means are remote from said orientable block, preferably

installed inside a vehicle equipped with said system.

Advantageoudly, said means for controlling the orientation of said orientable block
10 cause a displacement of said orientable block so as to obtain a scan at a constant

scanning speed.

Furthermore, said detection means are advantageously formed so as to detect non-
linear junctions of electronic components. In a preferred embodiment, said
15  detection means comprise:
- asignal transmitter capable of transmitting at |east a pulsed signal;
- said transmission antenna, which is connected to said signal transmitter;
- asignal receiver capable of receiving at least pulsed signals returned by
improvised explosive devices provided with electronic components;
20 - said reception antenna, which is connected to said signal receiver; and
- asignal control and processing unit, which is connected to said signal

transmitter and to said signal receiver.

In addition, said transmission antenna and said reception antenna can be mounted
25  onsaid orientable block:
- dther side by side;
- or intandem, which reduces the spurious noise caused by the carrier vehicle

in the reception antenna, as specified hereinafter.



Furthermore, said detection means are advantageously formed so as to detect nonlinear junctions of
electronic components. In a preferred embodiment, said 15detection means comprise: a signal
transmitter capable of transmitting at least a pulsed signal; said transmission antenna, which is
connected to said signal transmitter; a signal receiver capable of receiving at least pulsed signals
returned by improvised explosive devices provided with electronic components; 20said reception
antenna, which is connected to said signal receiver; and a signal control and processing unit, which is
connected to said signal transmitter and to said signal receiver.  In addition, said transmission
antenna and said reception antenna can be mounted 250n said orientable block: either side by side; or
in tandem, whidhréRigesenhétsperbusadisefeaudeacipanéeafiendeltidne ianteandcaptiod dntenna, as

specified hereinglifty)i S R RN G e AN RIREIREASS E?F%g@&t&i‘gﬂ& 5B A8 BOteRRPY Rl said

neutralisation means are advantageously arranged on said orientable block and are directed (at least
in a rest positioAYesieerd #hd eashel NumirRite PN tiaaidissionzane rébspiisteenidhriad] thus

SImplfying he e WEHEaRBBHRGS AR R ALSAIABIRTIRFIEY NG MgResTREgagtroling the
5 asingle orientable block and single means for controlling the orientation of said

block.

Moreover, said neutralisation means advantageously comprise:
- adisruptor gun; or

10 - amicrowave generator coupled to an orientable antenna.

In addition, said detection means advantageously further comprise means for

adjusting the fundamental frequency of the signal in order to select a fundamental

frequency, the exact harmonic of which is not present in the operating environment.
15

The present invention further relates to a movable device comprising means for

combating improvised explosive devices.

According to the invention, said movable device is noteworthy in that said
20 combating means comprise the integrated system for combating improvised

explosive devices specified above.

In afirst (preferred) embodiment, said movable device is a land vehicle (that is to
say moving on the ground). In this case, said block of the integrated system is
25  preferably mounted on the roof of said land vehicle and is arranged and controlled

so as to carry out a scan of the ground in front of said land vehicle.

Furthermore, said movable device advantageously comprises means for
transmitting a warning signal when the current speed of said land vehicle exceeds a

30 reference speed that depends on the scanning speed of said detection means. This



Moreover, said neutralisation means advantageously comprise: a disruptor gun; or 10a microwave
generator coupled to an orientable antenna. In addition, said detection means advantageously further
comprise means for adjusting the fundamental frequency of the signal in order to select a fundamental
frequency, the exact harmonic of which is not present in the operating environment. 15 The present
invention further relates to a movable device comprising means for combating improvised explosive
devices. According to the invention, said movable device is noteworthy in that said 20 combating
means comprise the integrated system for combating improvised explosive devices specified above. In
a first (preferred) embodiment, said movable device is a land vehicle (that is to say moving on the

ground). In this QH_;(%,S sfctaokidergiemiey At @i sieshmbiy mié@@ably%mﬁ@mmm of said
land vehicle andig arranged,a8d,coR AlASASH 2GR P HIASSAThA I tha JERHIE. i froqLgT said land

vehicle. Furthermore, said movable device advantageously comprises means for transmitting a
warning signal ResSIPIRd @ prRnde feed FNSaiNAING vehREer dtdaddie aEnefhdnoe speed ihat
depends on thes3eagiRg speed of said detection means. This 6 allows efficient detection to be
provided by providing a reference speed that prevents the presence of non-scanned zones in front of
the land véhicle. It is also possible to provide an alarm warning an operator in the event that the speed

is exceeded. 5 | 5 second embodiment, said movable device is a helicopter and the block of said
integrated system is mounted underneath said helicopter and is arranged and
controlled so as to carry out a scan of the ground when the helicopter is flying (at
low altitude).
10
The figures in the appended drawings will aid understanding of how the invention

can be carried out. In these figures, identical references designate similar elements.

Figure 1 isthe block diagram of a system according to the invention.
15
Figure 2 schematically shows an orientable block of a system according to the

invention.

Figure 3 schematically shows a vehicle carrying a system according to the

20 invention.

The system 1 according to the invention, which is schematically shown in figure 1,
is an integrated system for combating improvised explosive devices (IEDS)
provided with electronic components.

25
Said system 1 is more particularly, but not exclusively, intended to combat IEDs
laid by terrorists in zones of armed forces interventions in overseas theatres of
operations and particularly IEDs laid at the sides of aroad or IEDs laid or buried at
alow depth on aroad or atrack used by military vehicles.
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In a second embodiment, said movable device is a helicopter and the block of said integrated system
is mounted underneath said helicopter and is arranged and controlled so as to carry out a scan of the
ground when the helicopter is flying (at low altitude). 10 The figures in the appended drawings will aid
understanding of how the invention can be carried out. In these figures, identical references designate
similar elements. Figure 1 is the block diagram of a system according to the invention. 15 Figure 2
schematically shows an orientable block of a system according to the invention.  Figure 3
schematically shows a vehicle carrying a system according to the 20invention. The system 1 according

to the invention, which is schematically shown in figure 1, is an integrated system for combating
improvised explo¥ivbl 8lpuieese skt deePIRH ERaEBRTZJoNsoItells deed A egeii@m d is more

particularly, but it ettlIvNy IBANARA 1 CARHRL brRp Rty iU RisRigAnerAhauned forces

interventions in overseas theatres of operations and particularly IEDs laid at the sides of a road or
IEDs laid or burfée!l ssaresnsfefoh taytadtishiipd Mprextsed ssel ey M@ iiedigeSehicles. 7 For this purpose,
said system 1 comprises means 2 for remotely detecting electronic components, provided with a
transmission antenna 3 and a reception antenna 4, as well as means 5 for neutralising improvised

explosive devicASCaItaHaIHE tOMARIIPRCRIbRY e Ljidtdier CHIRNEPT aRBINEs B@REw in figure 2:
a block 6 that can be ofigRgd dyRie Vat B FdAR S A EG fch Renis hadnpa s G fl A g are

mounted: the transmission and reception antennas 3 and 4 of said detection means 2, which are
directed so as to illumieasihesatheni pa ez moynted:

» the transmission and reception antennas 3 and 4 of said detection
means 2, which are directed so as to illuminate a same zone Z1, Z2
10 of the ground (figure 3); and
* adetection confirmation video camera 7 that is directed toward the
zone Z1, Z2 illuminated by said transmission and reception antennas
3 and 4 so asto be able to form an image of thiszone Z1, Z2; and
- means 8 for controlling the orientation of said orientable block 6, which
15 cause a displacement of said orientable block 6 so as to generate a scan of
part of the ground by said detection means 2. This scan, which is
implemented between two extreme positions shown by the zones Z1 and
Z2, isindicated by a double arrow B in figure 3.

20 In this way, by virtue of the invention, a detection can be confirmed easily and

simply using the confirmation camera 7, as specified hereinafter.

Furthermore, as this detection confirmation camera 7 is directed toward the
zone Z1, Z2 illuminated by said transmission and reception antennas 3 and 4

25 and forms an image of this zone Z1, Z2, it is not necessary for orientation
calculations and significant adjustments to the aiming of the camera 7 to be
carried out in order to carry out the confirmation, which thus can be
implemented quickly. In addition, the image formed by the camera 7 alows a
detected 1ED to be precisely located.
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10o0f the ground (figure 3); and a detection confirmation video camera 7 that is directed toward the
zone Z1, Z2 illuminated by said transmission and reception antennas 3 and 4 so as to be able to
form an image of this zone Z1, Z2; and means 8 for controlling the orientation of said orientable block
6, which 15 cause a displacement of said orientable block 6 so as to generate a scan of part of the
ground by said detection means 2. This scan, which is implemented between two extreme positions
shown by the zones Z1 and Z2, is indicated by a double arrow B in figure 3. 20In this way, by virtue of
the invention, a detection can be confirmed easily and simply using the confirmation camera 7, as
specified hereinafter. Furthermore, as this detection confirmation camera 7 is directed toward the zone
Z1, Z2 illuminated by @&k teMsHeRssi Spead @ne pegtisg arausebd fstegiandanfasnghanfeameran iage of this
zone Z1, 22, it is nafAecepsafydaearisniations aisylatianmantsiopiicastadistaents, ade aiming of
the camera 7 to be carried out in order to carry out the confirmation, which thus can be implemented
quickly. In addition{rénsiifen fReHeseRy enadgnne3Aalldws a detected IED to be precisely located.
8 In order to increase speed and precision, said detection confirmation camera 7 is preferably directed
toward the centre of the zone Z1, Z2 illuminated by said transmission and reception antennas 3 and 4.

5Said tranSmissionSai {EASHHGH AhtehfaseMION EPARE deteibricantnsatfbrdetaeiion 7 are
preferably fixed (in (B samcoRArepRIL™ Bdhsalask -M&%”fﬁﬁofh@%ﬂ%’%llbéﬁ%&%jnﬁw“ﬂ%'

respective aiming directions can also be provided. 10In a preferred embodiment, said system 1 further
comprises a man-rRbgife Means for individually adjusting their respective aiming directions can

also be provided.

10 In a preferred embodiment, said system 1 further comprises a man-machine
interface 9 that comprises in particular a display screen 10 and adjustment

means 11.

This man-machine interface 9 can in particular display, on the display screen

15 10, the images generated by said detection confirmation camera 7, and it
comprises means (for example belonging to the means 11) allowing an operator
to manually adjust the scale of the display shown on said display screen 10 (so
asto modify the zoom of the displayed images).

20 Said man-machine interface 9 of the system 1 is remote from said orientable
block 6, preferably being installed inside a vehicle 12 provided with said system
1

Furthermore, said detection means 2 are formed so as to detect non-linear
25 junctions of electronic components, which significantly reduces the probability
of false darms. In effect, an analysis of threats has revealed that a vast majority
of IEDs that are laid on roads 13 or on roadsides 14 integrate large or small
electronic circuits, either for arming them or for triggering them remotely (or
via a sensor integrated in the IED). In the zones of engagement envisaged for
30 the system 1, electronic components are rarely present on roads 13 and



interface 9 that comprises in particular a display screen 10 and adjustment means 11. This
man-machine interface 9 can in particular display, on the display screen 15 10, the images generated
by said detection confirmation camera 7, and it comprises means (for example belonging to the means
11) allowing an operator to manually adjust the scale of the display shown on said display screen 10
(so as to modify the zoom of the displayed images). 20Said man-machine interface 9 of the system 1
is remote from said orientable block 6, preferably beigg installed inside a vehicle 12 provided with said
system 1. Furthermore, said detection means 2 are formed so as to detect non-linear 25 junctions of

electronic components, which significantly reduces the probability of false alarms. In effect, an analysis
of threats has revetdedsifies d4asnehaeraiors IEDY e &vart Riidian detestiarB of en Weadsane 14

integrate large or SEY h)q lgi&Eﬁran mgmmﬁgpﬁm&q ﬂgama@bqgmgﬁlggenng them remotely (or via
e

a sensor integrated In In the zones of engagément envisaged for 30the system 1, electronic
components are rarely present on roads 13 and 9 roadsides 14, and therefore, in the event of the

detection of an eleciipnig-cOmRPRSBhherlkRIAPY ThalilBlABYP danTF s Righh SRigrdetection

means 2 represent an active pulsed system of the NLJD (Non- 5 Linear Junction Detector) type and

are intendedl to detetiaabALINGESN; LIetean), Wﬁﬂ@!@ll@\ﬁlﬁé%ﬁ?@é@e@ﬂéﬁtm@mﬁm@ﬂﬁw%tumed by
non-linear junctions, Rreeel1bif A§YHesdBiechBA W e BFiGRLIRYGHET B g’?ﬂﬁlﬁ’ﬁ% (heieRred

embodiment, said detection means 2 comprise: 10a signal transmitter 16 capable of transmitting at
least a pulsed signBI&&aN ENG REINEERAERTEN feefuangipdes or transistors.

In a preferred embodiment, said detection means 2 comprise:
10 - asignal transmitter 16 capable of transmitting at least a pulsed signal with a
given fundamental frequency;
- sad transmission antenna 3, which is connected to said signal transmitter
16;
- asignal receiver 17 capable of receiving at least pulsed signals returned by
15 electronic components, in particular improvised explosive devices,
- said reception antenna 4, which is connected to said signal receiver 17; and
- asigna control and processing unit 18, which is connected to said signal

transmitter 16 and to said signal receiver 17.

20 Inaddition to areduced rate of false alarms, this detection of electronic components
has the further advantage of allowing a detection distance of severa tens of metres,
which can be expected from an active pulsed system for detecting the signal
reflected by the PN junction of certain components present on electronic boards. In
effect, the response of the junction is perfectly predictable:

25 - a PN junction between two semi-conductors reflects the incident signal
exactly at the frequency of the second harmonic of the signa initially
transmitted by the transmission antenna 3; and

- ajunction between two conducting metals reflects the incident signal on the
third harmonic of the initially transmitted signal.
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said transmission antenna 3, which is connected to said signal transmitter 16; a signal receiver 17
capable of receiving at least pulsed signals returned by 15electronic components, in particular
improvised explosive devices; said reception antenna 4, which is connected to said signal receiver 17;
and a signal control and processing unit 18, which is connected to said signal transmitter 16 and to
said signal receiver 17. 20In addition to a reduced rate of false alarms, this detection of electronic
components has the further advantage of allowing a tietection distance of several tens of metres,
which can be expected from an active pulsed system for detecting the signal reflected by the PN
junction of certain components present on electronic boards. In effect, the response of the junction is
perfectly predicteifeletes PMPfuAt BRETHRNCAMPAD Y BRTBHH SIS G sarefreersiustomciaetitnsignal exactly

at the frequenciueLdSSoaagh IRBRIE 4P SR NLA e seHE i cassyssian antenna

3; and a junction between two conducting metals reflects the incident signal on the third harmonic of
the initially trandiiuéd sigfianalttp-hsekgepsbtdoncbiaartbredh@nie btghpoteat eoRipdriRIgENed
semi-conductortmggq'@a'iﬁ,ﬁf@gﬁgj\@gﬁ soon as the receiver 17 transmits a signal to the signal
processing unit 18 with a Signal-to-background noise ratio that is higher than a predetermined
threshold, §pically 20db. 5 The fundamental frequency transmitted by pulses by the transmission

antenna 3 s selpqladaitiatiisr e meN Rt AiEReR) e PaRiAlapRarieRmans n order ©

fulfil this operational requirement, the détection means 2 furthef comprise means for adjusting the
fundamental fre¥pl RGeS It that 415 RXPGvARAASYM | FE10L OESERRiJIR R ARSF AHBNeBMHeNMeTh articular, in

order for said dgigefen KM% < JPPRIBRECRIRPRRANE MAdHRNG Ak DFUrATENGSRIGM Of the

carrier, said means have the following features: _ _
means for adjusting the fundamental frequency of the signal, which form, for

10 example, part of the means 11.

In particular, in order for said detection means 2 to detect components at a distance
that ensures the safety of the carrier, said means have the following features:
- high transmission power, in the order of 1kW,
15 - transmission and reception e ectronics designed with a very low noise level;
and
- an ultra-sensitive and highly directive pair of transmission and reception

antennas 3 and 4.

20  Thetransmission and reception antennas 3 and 4 are designed to be as directive as
possible and not to be the source of the generation of harmonics that can disrupt the

operation of the detector.

In addition, said transmission antenna 3 and said reception antenna 4 are mounted
25  onsaid orientable block 6:
- ether side by side, as shown in figure 2;
- or in tandem, that is to say one behind the other (at a sufficient distance

from each other).



high transmission power, in the order of IkW; 15transmission and reception electronics designed with a
very low noise level; and an ultra-sensitive and highly directive pair of transmission and reception
antennas 3 and 4. 20The transmission and reception antennas 3 and 4 are designed to be as directive
as possible and not to be the source of the generation of harmonics that can disrupt the operation of
the detector.  In addition, said transmission antenna 3 and said reception antenna 4 are mounted
250n said orientable block 6: either side by side, as ghown in figure 2; or in tandem, that is to say one
behind the other (at a sufficient distance from each other). 11 In a tandem assembly (not shown), the

reception antenna mounted at the front cannot carry out scanning but can have a wider lobe. In this
case, only the ttangrifgdpsn aspembly danieshown) sbaneagiiian aNRmatRwdpiedodisthsis®dhused by

the carrier vehiclg |INEFRECRHOB- AR Bup LHSHA ARAVRr SBISLSYRGMISL dasth e MaREises

means 5 intended to neutralise (that is to say to destroy or put out of operation) any préviously
detected and |lotanSENBE DN ANIEARA FREAER O AT MdNIee rREHeEsd e SewienR apsEsadekyralisation

means 5 are alspA%ANGELNR thE m@%%ﬁl%&@la‘[ hese means are 10 preferably directed toward

the zone illuminated by said transmission and reception antennas 3 and 4, which facilitates the
neutralisati®n. Alternatively or additionally, it is possible to provide specific means for carrying out very

precise aiming aidRAGIKEHTAIIGERMOL aithéE RBFHEHES FHRBRS ENFRindairta GiiRkFREON means

5 comprise disruEtor guns 20.
(that is to say to destroy or put out of operation) any previously detected and

located IED. At least means for directing the firing (gun, antenna) of said
neutralisation means 5 are aso arranged on the orientable block 6. These means are
10 preferably directed toward the zone illuminated by said transmission and reception
antennas 3 and 4, which facilitates the neutralisation. Alternatively or additionally,
it is possible to provide specific means for carrying out very precise aiming of the

neutralisation means 5.
15 Inaparticular embodiment, said neutralisation means 5 comprise disruptor guns 20.

Preferably, such a gun is of the type used with manual aiming by parcel bomb task
forces. It has, for example, a 40 mm calibre and it fires projectiles made from soft
material, which are crushed upon impact with the structure of the IED and transfer

20  dl of the kinetic energy thereto. The level of the impact is such that it dismantles
the components of the IED (€electronic boards, batteries, wires and fuses), and the
IED is then neutralised without having operated. Nevertheless, even if the IED is
activated by the impact, the explosion occurs a significant distance from the vehicle
12 carrying the system 1, which is not damaged.

25
In a further embodiment (not shown), said neutralisation means 5 comprise a high-
power microwave generator, coupled to a (phase scanning) antenna which can be
mechanically aimed or controlled. This high-power microwave generator allows the
electronics of the detected IED to be destroyed remotely.
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Preferably, such a gun is of the type used with manual aiming by parcel bomb task forces. It has, for
example, a 40 mm calibre and it fires projectiles made from soft material, which are crushed upon
impact with the structure of the TED and transfer 20 all of the kinetic energy thereto. The level of the
impact is such that it dismantles the components of the TED (electronic boards, batteries, wires and
fuses), and the TED is then neutralised without having operated. Nevertheless, even if the IED is
activated by the impact, the explosion occurs a signifieant distance from the vehicle 12 carrying the
system 1, which is not damaged. 25 In a further embodiment (not shown), said neutralisation means 5

comprise a high-power microwave generator, coupled to a (phase scanning) antenna which can be
mechanically aifiigd epesan®rolieid theisysigm pbvascanitRgwts hfe mayardioal ol ehei 8lebdiics of the

detected IED tos@ﬁeﬂ%ﬂé&)’?%rﬁ telyi sk fhngpeeration of the system 1 according to the invention,
which is shown schematically in figure 1, is as follows: during the displacement of the vehicle 12

carrying the system 1,dHéne &g di soteeeaeritelytirushiclg dleetroyirRodbampuhentd. dberme@ground in
front of 5said vehicle 1&&]%@,@@@& Qf é&?&ﬁé%%%%ﬁ E@é;bg%qw@réﬁmtely detect

electronic components that can be’part of IEDs; in the event of a detection (preferably indicated by a

visual and/Br audible afhjehiel g lominstiama arneidfaseacathebrere 61 @l dedb BiORO displayed
on the display screen %&r'@ﬁ&%u9%%&@@&»@%}%6&&%&%&%&9%%%?%@mera 7 which is

linked to the movement of the two transmission and reception antennas 3 and 4; the vehicle 12 then
stops and once the vehidieerRyedehsedetpetiopdrigberably indicated by a visual and/or audible

alarm) the image of the zone illuminated at the time of the detection is
displayed on the display screen 10 in the cabin of the vehicle 12 by means

10 of the video camera 7 which is linked to the movement of the two
transmission and reception antennas 3 and 4;

- the vehicle 12 then stops and once the vehicle has stopped the operator
zooms the camera 7 to the relevant zone and directly controls it in order to
visualy examine the source of the alarm, before deciding whether or not to

15 deal with the object that is the source of this alarm;
- if the presence of an IED is proven or suspected it is neutralised by an

operator using the neutralisation means 5.

The technologies used to implement the aforementioned functions preferably have

20  homogenous performance levelsin terms of range.

A system 1 according to the invention has the following features in particular:
- arange of severa tens of metres, ensuring the safety of the carrier in
relation to the effective radius of the charges, which isincreasingly high;
25 - detection reliability with alow false dlarm probability; and
- high destruction reliability with an effect that can be observed remotely.

As indicated above, the system 1 according to the invention for combating
improvised explosive devices is mounted on a movable device.
30



zooms the camera 7 to the relevant zone and directly controls it in order to visually examine the source
of the alarm, before deciding whether or not to 15deal with the object that is the source of this alarm; if
the presence of an TED is proven or suspected it is neutralised by an operator using the neutralisation
means 5.  The technologies used to implement the aforementioned functions preferably have 20
homogenous performance levels in terms of range. A system 1 according to the invention has the
following features in particular: a range of several teng of metres, ensuring the safety of the carrier in
relation to the effective radius of the charges, which is increasingly high; 25detection reliability with a
low false alarm probability; and high destruction reliability with an effect that can be observed remotely.

As indicated abbivé, tiigt gysferred &ﬁﬂi@ﬂdﬁ'ﬂi@ﬂb snewiveatienadeabhipatiey ehipredidanavplésive
devices is mounjed an A MyRQIRIARYIES (lf 19 @ 5t RISTRIG %?H@b&@urﬂﬁftiﬁ@ﬁi‘é"&%@hﬂ{@a“ca”y In

figure 3, said movable device is a land vehicle 12 (that is to Say moving on the ground). In this case,

the block 6 of sl@ckysiéh sl dvRysteana, b@mﬁémbﬁ erésRied i eteRbenaRd, I Beardigibly mounted
on the roof of S%@f'@%ﬁl)\/‘?ﬁ%ﬁé@oﬁtﬁ%@rﬁﬁgﬁd ;Iaﬁot\y&ﬂgpéeﬁjas 3 and 4 are oriented in a negative

elevation and said blocK 6 is arranged and controlled so as to bring about a scan of the ground several
tens of me®@es in front of said land vehicle 12. 10In order to provide efficient detection, the scanning

speed of the deeffiRRRRRAIRAwo antennas 3 and 4 are oriented in a negative devation and said
block 6 is arranged and controlled so as to bring about a scan of the ground several

tens of metresin front of said land vehicle 12.

10 Inorder to provide efficient detection, the scanning speed of the detection means 2
and the speed of the vehicle 12 need to be selected so that the scan of the sector
scanned in front of the vehicle 12 prevents the occurrence of non-scanned zones

between two successive scans.

15 Preferably, the system 1 scans the zone in front of the vehicle 12 at a constant
angular speed, with which the maximum speed of advance of said vehicle 12 is
servo-controlled. It is also possible to provide an alarm to warn an operator when
this maximum speed is exceeded.

20  Furthermore, in a second embodiment (not shown), the block 6 of said system 1 is
mounted under the belly of a helicopter and is arranged and controlled so as to
carry out a ground scan, underneath and in front of the helicopter, when said

helicopter isflying at low altitude, particularly during a route surveillance mission.

25



and the speed of the vehicle 12 need to be selected so that the scan of the sector scanned in front of
the vehicle 12 prevents the occurrence of non-scanned zones between two successive scans.
15Preferably, the system 1 scans the zone in front of the vehicle 12 at a constant angular speed, with
which the maximum speed of advance of said vehicle 12 is servo-controlled. It is also possible to
provide an alarm to warn an operator when this maximum speed is exceeded. 20 Furthermore, in a
second embodiment (not shown), the block 6 of saidigystem 1 is mounted under the belly of a
helicopter and is arranged and controlled so as to carry out a ground scan, underneath and in front of
the helicopter, when said helicopter is flying at low altitude, particularly during a route surveillance
mission. 25 14CUAIMS 1.Integrated system for combating improvised explosive devices provided
with electronic components, said system (1) comprising: 5means (2) for remotely detecting electronic
components, said means being provided with at least a transmission antenna (3) and a reception
antenna (4) and.being!fégsTeted sys e d@te@pmhaiim@éﬁ]nrm’@ds Sfbasitp ARV EEmPORddest an

orientable block, (%) 9 Mishatd @ﬁst@i‘é W@ H n antennas (3, 4) of said detection
as to 10i

means (2) are mounted, which are dlrected o) lluminate at least a same zone (Z1, Z2) of
space;  ‘neans (8) f@ﬁ@@ﬁwf?()lf% reyeCte ¥ raesHNSF SerRlrenieneanpaneR, (8 WnrReRTREISS a

displacement of,33itHEHGIARE IRIRFK @A RIRSIShIASRERALE D) SR Ll dapivhsaReR-BY BRihgetection

means (2); and means (5) for neutralising improvised exploswe devices,
being formed so as to detect non-linear junctions of electronic components;

- an orientable block (6) in which at least the transmission and reception
antennas (3, 4) of said detection means (2) are mounted, which are directed so asto
10 illuminate at least a same zone (Z1, Z2) of space;
- means (8) for controlling the orientation of said orientable block (6), which
cause a displacement of said orientable block (6) so as to generate a scan of part of
space by said detection means (2); and
- means (5) for neutralising improvised explosive devices,
15 characterised in that it further comprises a detection confirmation camera (7) which
is mounted in said orientable block (6) and is directed toward the zone (Z1, Z2)
illuminated by said transmission and reception antennas (3, 4) so as to be able to

form an image of this zone (Z1, Z2).

20 2 System according to claim 1, characterised in that it further comprises
means (9) for displaying, on a display screen (10), the images generated by said
detection confirmation camera (7), and means (11) for manually adjusting the scale
of the display shown on said display screen (10), said display screen (10) and said
adjustment means (11) being remote from said orientable block (6).

25
3. System according to either claim 1 or clam 2, characterised in that said
detection confirmation camera (7) is directed toward the centre of the zone (Z1, Z2)

illuminated by said transmission and reception antennas (3, 4).



15characterised in that it further comprises a detection confirmation camera (7) which is mounted in
said orientable block (6) and is directed toward the zone (Z1, Z2) illuminated by said transmission and
reception antennas (3, 4) so as to be able to form an image of this zone (Z1, Z2). 202.System
according to claim 1, characterised in that it further comprises means (9) for displaying, on a display
screen (10), the images generated by said detection confirmation camera (7), and means (11) for
manually adjusting the scale of the display shown onisaid display screen (10), said display screen (10)
and said adjustment means (11) being remote from said orientable block (6). 25 3.System according to
either claim 1 or claim 2, characterised in that said detection confirmation camera (7) is directed

toward the centfe of theysshe azaordiziilianaiMaRiRe s hatnrahdmidsichpastereed plioiansaishas (3, 4).
15 4. System aeeording)q 3nY AREIAHGARRS o 3 BRAER LGP o AL SRISEKNeaN 4GSy controlling

the orientation of said orlentable block {6) cause a displacement of said orientable block (6) so as to
obtain a scan aﬂ@mae@mit SfafrithPEpaichl & bRcky ik ritaae dalitlef ath am Sesie Bf @lapnsanto 3,

characterised |%Qm id-Lgismission antenna (3) and said reception antenna (4) are mounted side
by side on said orlenta le block (6). 106.System according to any one of claims 1 to 3, characterised
in that saidtransmission antenna (3) and said reception antenna (4) are mounted in tandem on said

orientable blocls(6). 7oRySten-aGeRRdINg IABhef efdissPraeedinthslaieg sAnararissd in that

15said transmission and reception anfennas 3 4) and said detection confirmation
transmission antenna (3) and sal receptl on antenna (4) are mounted side by side on

said orientable block (6).

10 6. System according to any one of claims 1 to 3, characterised in that said
transmission antenna (3) and said reception antenna (4) are mounted in tandem on
said orientable block (6).

7. System according to any one of the preceding claims, characterised in that
15 said transmission and reception antennas (3, 4) and said detection confirmation

camera (7) arefixed in said orientable block (6).

8. System according to any one of the preceding claims, characterised in that
said detection means (2) comprise:

20 - asignal transmitter (16) capable of transmitting at least a pulsed signal;
- said transmission antenna (3), which is connected to said signal transmitter
(16);
- asignal receiver (17) capable of receiving at least pulsed signals returned by
improvised explosive devices provided with electronic components;

25 - said reception antenna (4), which is connected to said signal receiver (17);
and
- asigna control and processing unit (18), which is connected to said signal

transmitter (16) and to said signal receiver (17).



camera (7) are fixed in said orientable block (6). 8. System according to any one of the preceding
claims, characterised in that said detection means (2) comprise: 20a signal transmitter (16) capable of
transmitting at least a pulsed signal; said transmission antenna (3), which is connected to said signal
transmitter (16); a signal receiver (17) capable of receiving at least pulsed signals returned by
improvised explosive devices provided with electronic components; 25-said reception antenna (4),
which is connected to said signal receiver (17); and 16 a signal control and processing unit (18),
which is connected to said signal transmitter (16) and to said signal receiver (17). 16 9.System
according to any one of the preceding claims, characterised in that said detection means (2) further

comprise mea_mg- (11) @r‘%@!ﬁu@ﬂe@" dHeofte g raedif te fepsar BE[@'@yﬁﬁeﬁh@[@@tﬁfdﬁg t_E) Higy one of the
preceding Cla'ma%i&H@(&ﬁFSH?ﬁ&H%_EEﬂLﬂ%@?ﬁlﬁ)ﬂ?&?&?ﬂ@&%gﬁﬂ'?%F%Bﬁﬁ]ﬁg’fﬁéq%ﬁ@%@@f’”ahsaﬂon

means (5) are arranged on said orientable block (6) and are directed toward the zone illuminated by
said transmissidheg@nebception antennas (3, 4). 1011.System according to any one of claims 1 to 10,
characterised in that said

5 10. System according to any one of the preceding claims, characterised in that
at least means (20) for directing the firing of said neutralisation means (5) are
arranged on said orientable block (6) and are directed toward the zone illuminated

by said transmission and reception antennas (3, 4).

10 11.  System according to any one of claims 1 to 10, characterised in that said

neutralisation means (5) comprise adisruptor gun (20).

12.  System according to any one of claims 1 to 10, characterised in that said
neutralisation means (5) comprise a microwave generator coupled to an orientable

15 antenna.

13. Movable device comprising means for combating improvised explosive

devices, characterised in that said combating means comprise the integrated system

(2) for combating improvised explosive devices, specified in any one of clams 1 to
20 12

14. Movable device according to claim 13, characterised in that said movable
deviceisaland vehicle (12), and in that said block (6) of said integrated system (1)
is mounted on the roof of said land vehicle (12) and is arranged and controlled so as

25  tocarry out ascan of the ground in front of said land vehicle (12).

15. Movable device according to any one of claims 13 to 14, characterised in
that it comprises means for transmitting a warning signal when the current speed of
the land vehicle (12) exceeds a reference speed that depends on the scanning speed

30 of said detection means (2).



neutralisation means (5) comprise a disruptor gun (20). 12. System according to any one of claims 1
to 10, characterised in that said neutralisation means (5) comprise a microwave generator coupled to
an orientable 15antenna. 13. Movable device comprising means for combating improvised explosive
devices, characterised in that said combating means comprise the integrated system (1) for combating
improvised explosive devices, specified in any one of claims 1 to 2012. 14. Movable device according
to claim 13, characterised in that said movable device7is a land vehicle (12), and in that said block (6)
of said integrated system (1) is mounted on the roof of said land vehicle (12) and is arranged and
controlled so as 25to carry out a scan of the ground in front of said land vehicle (12). 15. Movable
device according to any one of claims 13 to 14, characterised in that it comprises means for

transmitting a wagning\jignay when AeGuiaibSeead Af ine marvends (2hgxssadndyspference

speed that depends on the scanning speed 300f said detection means (2). 17 16.Movable device
according to cligYIL8,islfahat eonsd mdhattbaﬁﬂfbbbﬁ!ﬂlé ofds¥R e FenHpten Enenavntest said block

of said integratefh ypiesh isuoehuPdainehsRheliceRifionRd 1 afgeatas satiglied so as

to carry out a scan 5of the ground when the hellc er is flying.
5  of the ground when the helicopter is fIy| ng.



