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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a radio frequen-
cy (RF) antenna.

BACKGROUND

[0002] Many radio frequency (RF) based applications,
and especially those related to ground penetration radars
(GPR), underwater radars and underwater communica-
tion, involve antennas which are required to meet RF
specifications, e.g., wide frequency range and gain, while
maintaining small dimensions and resistance to extreme
environmental conditions.
[0003] Environmental conditions might include ex-
treme pressure, shock, vibrations, bending moment,
shear and temperature, which are common in applica-
tions when the antenna is attached, for example, to mov-
ing parts of machinery. In some applications temperature
extreme is experienced as well as exposure to non-solid
materials such as soil and water.
[0004] Therefore, there is a growing need to provide
an antenna solution which allows radio and radar tech-
nique to be used in extreme environments.
[0005] US 5 914 693 A discusses a coaxial resonant
slot antenna whose structure reduces the dimensions of
radio terminals, wherein the antenna is a cavity backed
slot antenna with a strip conductor as a feeding probe,
embedded in an insulating material that fills the cavity.
[0006] WO 2007/140800 A1 discusses an RFID unit
for products which are stored on metallic shelves, the
shelf having at least one slot adapted to operate as a slot
antenna when coupled to an RFID reader.
[0007] The article, "Microstrip-fed dual-frequency an-
nular slot antenna loaded by split-ring-slot", by X.L. Bao
and M.J. Ammann, and published in IET Microwaves An-
tennas and Propagation, vol. 3, no. 5, 2009, pp 757-764,
discusses compact dual-band annular-slot antenna load-
ed by a concentric split-ring-slot, wherein the antenna
has a stepped microstrip feedline which enables control
of the coupling and the annular slot is connected to the
split-ring-slot by a rectangular slot, which increases the
surface for the current path, thus reducing the resonant
frequency for a given size.

SUMMARY

[0008] The present invention is defined by independ-
ent claims 1, 13 and 14; the dependent claims describe
embodiments of the invention. According to an embodi-
ment of the invention there may be provided a ground
penetration radar, GPR, antenna, which may include: a
hollow enclosure or cavity made of a conductive material;
wherein a first portion of the hollow enclosure has a bow
tie shaped slot; ; a conductor that is spaced apart from
the slot, is positioned within a cavity defined by the hollow

enclosure, and is electrically isolated from the hollow en-
closure; wherein said conductor tapers along its longitu-
dinal axis from a feed point and wherein said conductor
has an elliptical cross-section; a first port that is coupled
to the conductor; and a dielectric element that is made
of dielectric material that at least partially fills the cavity
and the bow tie shaped slot; wherein said solid dielectric
material encases the conductor to maintain the conductor
in a location above said slot; wherein the conductor is
configured to perform at least one operation out of: (a)
receive, via the cavity, received RF radiation and send a
received RF signal to the first port; (b) receive, from the
first port, a transmitted RF signal and radiating transmit-
ted RF radiation via the cavity.
[0009] The first port may include a core that is coupled
to the conductor and a shield that is coupled to the hollow
enclosure.
[0010] The first port may be configured to be coupled
to a RF feed without a balun.
[0011] The RF antenna may not include a balun.
[0012] The conductor may have a longitudinal axis;
wherein a cross section of the conductor may change
(by shape and/or size) along at least a portion of the
longitudinal axis.
[0013] The conductor has a longitudinal axis; wherein
a cross section of the conductor gradually changes along
at least a portion of the longitudinal axis.
[0014] The conductor has an elliptical cross section.
[0015] The bow tie shaped slot has a longitudinal axis
and a transverse axis of symmetry; wherein a trajectory
of the conductor on the bow tie shaped slot overlaps the
transverse axis of symmetry of the bow tie shaped slot.
[0016] The bow tie shaped slot may have a longitudinal
axis that may be perpendicular to a longitudinal axis of
the conductor.
[0017] The bow tie shaped slot may have a longitudinal
axis that may be oriented in relation to a longitudinal axis
of the conductor.
[0018] The dielectric material partly or completely fills
the cavity and the bow tie shaped slot.
[0019] The thickness of the first portion of the hollow
aperture that defined the bow tie shaped slot may be
about one tenth of a wavelength of a RF signal transmit-
ted by the RF antenna.
[0020] The RF antenna may include an antenna mon-
itor that may be arranged to monitor at least one out of
a location of the RF antenna, a velocity of the RF antenna
and an acceleration of the RF antenna and roll pitch and
yaw angles of the antenna.
[0021] The RF antenna may include an antenna mon-
itor that may be positioned within the cavity or outside
the cavity but rigidly connected to the cavity.
[0022] The RF antenna may include an antenna mon-
itor that may be an attitude and heading reference system
or an attitude heading reference system.
[0023] The hollow enclosure may be a part of a digging
element arranged to dig materials.
[0024] The hollow enclosure may be made of a durable

1 2 



EP 3 251 171 B1

3

5

10

15

20

25

30

35

40

45

50

55

material. It may withstand forces applied during a digging
of ground or other medium.
[0025] According to an embodiment of the invention
there may be provided a method for transmitting radio
frequency (RF) radiation, the method may include : feed-
ing a conductor of the RF antenna with a transmitted RF
signal; wherein the RF antenna may include (a) a hollow
enclosure made of a conductive material; wherein a first
portion of the hollow enclosure may have a bow tie
shaped slot (c) the conductor, wherein the conductor may
be spaced apart from the slot, may be positioned within
a cavity defined by the hollow enclosure, and may be
electrically isolated from the hollow enclosure; (d) a first
port that may be coupled to the conductor; and (e) a di-
electric element that may be made of dielectric material
that at least partially fills the cavity and the bow tie shaped
slot; and radiating by the conductor transmitted RF radi-
ation via the cavity.
[0026] According to an embodiment of the invention
there may be provided a method for receiving radio fre-
quency (RF) radiation, the method may include : receiv-
ing, by a conductor and via a bow tie shaped slot and a
cavity of a hollow enclosure of an RF antenna, received
RF radiation; wherein the RF antenna may include (a)
the hollow enclosure, wherein the hollow enclosure may
be made of a conductive and durable material; wherein
a first portion of the hollow enclosure may have the bow
tie shaped slot; (c) the conductor, wherein the conductor
may be spaced apart from the slot, may be positioned
within the cavity, and may be electrically isolated from
the hollow enclosure; (d) a first port that may be coupled
to the conductor; and (e) a dielectric element that may
be made of dielectric material that at least partially fills
the cavity and the bow tie shaped slot; and sending, by
the conductor, a received RF signal to the first port.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The subject matter regarded as the invention is
particularly pointed out and distinctly claimed in the ap-
pended claims. The invention, however, both as to or-
ganization and method of operation, together with ob-
jects, features, and advantages thereof, may best be un-
derstood by reference to the following detailed descrip-
tion when read with the accompanying drawings in which:

FIG. 1 illustrates portion of a hollow enclosure of a
RF antenna according to an embodiment of the in-
vention;
FIG. 2 illustrates portion of a RF antenna that in-
cludes a portion of the hollow enclosure, a first port
and a conductor according to an embodiment of the
invention;
FIG. 3 illustrates portion of a RF antenna that in-
cludes a portion of the hollow enclosure, a first port,
a conductor and a conductive element that fills a cav-
ity defined by the hollow enclosure according to an
embodiment of the invention;

FIG. 4 illustrates a RF antenna according to an em-
bodiment of the invention;
FIG. 5 illustrates a bow tie shaped slot form in a first
portion of the hollow enclosure according to an em-
bodiment of the invention;
FIG: 6 illustrates a coaxial cable and a portion of a
RF antenna according to an embodiment of the in-
vention;
FIG. 7 illustrates an assembly process of a RF an-
tenna according to an embodiment of the invention;
FIG. 8 illustrates a coaxial cable and a RF antenna
according to an embodiment of the invention;
FIG. 9 illustrates a conductor of a RF antenna ac-
cording to an embodiment of the invention;
FIG. 10 illustrates a portion of a RF antenna that
includes a portion of the hollow enclosure, a first port
and a conductor according to an embodiment of the
invention;
FIG. 11 illustrates a portion of a system that includes
integrated two RF antennas according to an embod-
iment of the invention;
FIG. 12 illustrates a portion of a system that include
two spaced apart RF antennas according to an em-
bodiment of the invention;
FIG. 13 illustrates a method according to an embod-
iment of the invention; and
FIG. 14 illustrates a method according to an embod-
iment of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0028] In the following detailed description, numerous
specific details are set forth in order to provide a thorough
understanding of the invention. However, it will be un-
derstood by those skilled in the art that the present in-
vention may be practiced without these specific details.
In other instances, well-known methods, procedures,
and components have not been described in detail so as
not to obscure the present invention.
[0029] The subject matter regarded as the invention is
particularly pointed out and distinctly claimed in the ap-
pended claims. The invention, however, both as to or-
ganization and method of operation, together with ob-
jects, features, and advantages thereof, may best be un-
derstood by reference to the following detailed descrip-
tion when read with the accompanying drawings.
[0030] It will be appreciated that for simplicity and clar-
ity of illustration, elements shown in the figures have not
necessarily been drawn to scale. For example, the di-
mensions of some of the elements may be exaggerated
relative to other elements for clarity. Further, where con-
sidered appropriate, reference numerals may be repeat-
ed among the figures to indicate corresponding or anal-
ogous elements.
[0031] Because the illustrated embodiments of the
present invention may for the most part, be implemented
using electronic components and circuits known to those
skilled in the art, details will not be explained in any great-
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er extent than that considered necessary as illustrated
above, for the understanding and appreciation of the un-
derlying concepts of the present invention and in order
not to obfuscate or distract from the teachings of the
present invention.
[0032] Any reference in the specification to a method
should be applied mutatis mutandis to a system capable
of executing the method.
[0033] Any reference in the specification to a system
should be applied mutatis mutandis to a method that may
be executed by the system.
[0034] According to an embodiment of the invention
there is provided an RF antenna suitable for deployment
in conditions of extreme mechanical shock, pressure,
force, moment and temperature while at the same time
providing high fractional bandwidth and capable of scal-
ing over a wide range of center frequencies.
[0035] The RF antenna may be used for GPR applica-
tions, which operates in a broad range of frequencies at
the UHF and L-band (0.3 to 2 GHz), with bandwidth larger
than 50%, and is resistant to extreme environmental con-
ditions. The design is scalable to at least Ku band and
demonstrates radiation properties which facilitate effi-
cient matching into free-space or dielectric such as typ-
ical soil. The RF antenna is capable of handling high peak
power levels without breakdown.
[0036] The RF antenna is shaped and sized to provide
both a large bandwidth, compact size and durability. Es-
pecially - using a bow tie shaped slot provides a large
bandwidth, the filling of the cavity of the hollow enclosure
of the RF antenna with dielectric antenna reduces the
dimensions of the RF antenna, and the hollow enclosure
of the RF antenna (as well as filling the slot and the hollow
cavity with dielectric cavity) provides a durable RF an-
tenna. This RF antenna may be integrated as part of a
machine, and especially as part of a bucket of a digger,
thereby using the same material as the digger, reducing
the cost of manufacturing and increasing resistance to
environmental conditions.
[0037] Furthermore, as is described later, the RF an-
tenna employs a novel feeding technique which avoids
the need for a balun and employs a conductor (conductor)
with a cross-section that is elliptical in all the embodi-
ments with no direct contact to the slot, in a way that
optimally feeds the slot over a wide frequency range.
[0038] To assist the processing of signals from the an-
tenna while installed on a moving part such as a bucket
of a digger, the RF antenna may be equipped with a mo-
tion sensing module which reports the antenna space
trajectory parameterized by a time variable so that the
instantaneous position of the RF antenna may be regis-
tered for the purpose of constructing a synthetic array by
processing means. The proposed design enables encap-
sulating the motion sensing module within the RF anten-
na so that the design is compact.
[0039] The RF antenna may be designed to be part of
a bucket of a digger without constraining the digging op-
eration, therefore, the RF antenna is compact so that the

dimensions of the bucket will not be significantly affected.
To this end, the suggested RF antenna (being a slot an-
tenna) is preferred over dipole antenna and unbalanced
feed is preferred over balanced one.
[0040] Figures 1-10 illustrate an RF antenna and/or
various portions of the RF antenna according to various
embodiments of the invention. Figures 6, 8 and 10 also
illustrate; a coaxial wire and connections between the
coaxial wire and the RF antenna according to an embod-
iment of the invention.
[0041] The RF antenna 10 includes:

a. A hollow enclosure 20 made of a conductive and
durable material. A first portion 22 of the hollow en-
closure has a bow tie shaped slot 30. A second por-
tion 21 of the hollow enclosure 20 has a first aperture
27.
b. A conductor (denoted 40 in figures 2, 3, 4 and 6)
that is spaced apart from the slot 30, is positioned
within a cavity (denoted 28 in figures 1-4) defined by
the hollow enclosure 20, and is electrically isolated
from the conductor 40.
c. A first port (denoted 50 in figures 2-4 and 6) that
is at least partially included in the first aperture and
is coupled to the conductor 40.
d. A dielectric element (denoted 60 in figure 3) that
is made of dielectric material that at least partially
fills the cavity and the bow tie shaped slot. According
to an embodiment of the invention the dielectric ma-
terial surrounds the conductor and completely fills
the cavity and the bow tie shaped slot 30.

[0042] When the RF antenna operates as a receive
antenna, the conductor 40 may receive, via the cavity,
received RF radiation and send a received RF signal to
the first port. When the RF antenna operates as a transmit
antenna the conductor 40 may (b) receive, from the first
port, a transmitted RF signal and radiating transmitted
RF radiation via the cavity.
[0043] The dielectric material may be made of materi-
als such as but not limited to Pure Teflon, ABS, Delrin,
refactory clay, ceramic or vermiculum. The dielectric ma-
terial permits shrinkage of the cavity because the effec-
tive wavelength inside the material is the nominal wave-
length in air divided by the square root of the dielectric
constant. For example if the material has a dielectric con-
stant of 2.1 (pure Teflon) the size shrinks by a factor of
1.45. Furthermore, the dielectric material inside the cavity
contributes to the stiffness of the cavity.
[0044] Figures 1-4 and figure 7 illustrate various stages
of an assembly process of the RF antenna.
[0045] Figure 1 illustrates a first phase of the assembly
process in which the hollow enclosure 20 is empty.
[0046] The assembly process may continue by placing
dielectric material 61 that partially fills the cavity (see the
upper section of figure 7) and/or by connecting the con-
ductor 40 (see the intermediate section of figure 7 and
figure 2). Figure 2 illustrates the conductor 40 and the
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hollow enclosure 20 but does not illustrate any dielectric
material.
[0047] Yet another phase of the assembly process may
include filling the entire cavity with dielectric material (fig-
ure 3) and closing the cavity (for example by fastening
facet 26 to sidewalls 21, 23, 24 and 25) - as illustrated
by figure 4 and the lower section of figure 7.
[0048] Finally - a coaxial conductor may be connected
to an input port that is also connected to the hollow en-
closure (see, for example figure 6).
[0049] Figures 1-4 and 8 illustrate a rectangular
shaped hollow enclosure 20. It includes a bottom facet
22, four sidewalls 21, 23, 24 and 25 and a top facet (de-
noted 26 in figures 4 and 7). It is noted that the hollow
enclosure may be of any other shapes.
[0050] The RF antenna may have cavity dimensions
which are much smaller than would be expected from
slotted waveguide antennas. This reduction in dimen-
sions may be attributed to the structure of the RF antenna
and especially can be attributed to the manner in which
RF signals are provided to the bow tie shaped slot.
[0051] A non-limiting example of the dimensions of
cavity 28 are (see figure 1) height Hc 20 mm, width Wc
80mm and length Lc 110mm. The thickness of the side-
walls 21, 23, 24 and 25 and of facets 22 and 26 are 10 mm.
[0052] Yet another non-limiting example of the dimen-
sions of the hollow enclosure is height 0.1·λ, width 0.3·λ
and length 0.3·λ respectively. For example, for operating
with a RF radiation having a 30 cm wavelength (equiva-
lent to frequency 1000 MHz) the size of the hollow en-
closure might be 3 x 9 x 9 cm.
[0053] The specific size of the bow tie shaped slot may
be designed to optimize its performance, while the RF
antenna is directed to the ground, and the physical prop-
erties of a typical soil are taken into account (dielectric
constant 4 - 20, and conductivity 0.001-0.05 Sie-
mens/meter).
[0054] Referring to figure 5 - the bow tie shaped slot
30 includes a central portion 32 and two exterior portions
31 and 33 that are located at both opposing ends of the
central portion 32. The exterior portions 31 and 33 have
uneven widths - the width of each exterior portion of the
slot may expand when getting further from the central
portion. This expansion may be symmetrical, asymmet-
rical, gradual and/or non-gradual. The width expansion
occurs along a longitudinal axis such as longitudinal axis
of symmetry (denoted LSY) 34 of the bow tie shaped slot
30. Figure 5 also illustrates a traverse axis of symmetry
35 that is located at the center of the central portion 32.
The bow tie shaped slot 30 has a length L1 a width W1,
the central portion 32 has a length L2 and the central
portion 32 has a width W2. In figure 5 the length of each
one of the exterior portions 31 and 33 is (W1-W2)/2 and
the width of one of the exterior portions 31 and 33 is (L1-
L2)/2.
[0055] Non limiting examples of values of the bow tie
shaped slot are L1=99.7 mm, L2 = 20.2 mm,
W1=33.5mm, and W2=13.5mm.

[0056] The bow tie shape of the slot provides a large
fractional bandwidth - for example a bandwidth of about
50% from a carrier frequency of the RF signal received
or transmitted by/from the RF antenna.
[0057] The bow tie shaped slot 30 may have one or
more rounded edges and/or facets, and may be shaped
as a polygon.
[0058] According to an embodiment of the invention
the exact shape and dimensions of the bow tie shaped
slot may be determined in a trial and error method using
finite element, (FE) simulations.
[0059] Figures 2-4 and 6 illustrate that the bow tie
shaped slot 30 is positioned below (and without contact
with) the conductor 40, wherein the conductor 40 is po-
sitioned normal to and at the center of the bow tie shaped
slot 30. It is noted that the angle between the conductor
40 and the bow tie shaped slot may differ from ninety
degrees and that the conductor 40 may be positioned
above the center of the bow tie shaped slot or positioned
elsewhere - in deviation from the traverse center of sym-
metry of the bow tie shaped slot.
[0060] The conductor 40 may be positioned anywhere
within the cavity while not contacting the hollow enclo-
sure. It may, for example, be positioned at the middle of
the height of any sidewall of the hollow enclosure or be
closer to one facet out of facets 22 and 26. The exterior
of the conductor may be positioned between 1 mm and
half the heights from one of the facets 22 and 26.
[0061] Unlike regular slot antennas in which the slot is
fed by a voltage source across its center opening, so that
a symmetric potential difference is created between its
edges, in RF antenna 10 the conductor 40 is thick in
relation to the core 91 of coaxial cable 90 and may have
a cross-section, whose principal dimension (denoted 41
in figure 6) could be as much as half of the inner thickness
of the dielectric material within cavity 26 and may be
adapted optimally to complement the slot shape.
[0062] In figures 2-4 and 7 the conductor 40 is illustrat-
ed as having an almost conical shape - having a biggest
cross section at a point nearest to sidewall 21 and having
a smallest cross section at an opposite end - at a point
that is most distant: from sidewall 21. It is noted that the
conductor may have other shapes. For example - the
conductor 40 may have its biggest cross section at a
point that differs from the closest point to the sidewall,
may have a portion in which the cross section increases
with the distance from the sidewall, may have different
portions that differ from each other by the relationship
between the size of the cross section and the distance
from the sidewall.
[0063] In these figures the cross section of the conduc-
tor 40 gradually decreases with the distance from side-
wall 21. In figure 9 the conductor 40 is shown as having
a first portion 45 and a second portion 44, wherein the
first portion 45 is closer to sidewall 21 and has a height
that is substantially constant while the height of the sec-
ond portion 44 gradually decreases.
[0064] The shape of the conductor 40 may facilitate

7 8 



EP 3 251 171 B1

6

5

10

15

20

25

30

35

40

45

50

55

optimal feeding of the bow tie shaped slot 30 over a wide
frequency range. The smaller sized cross section (de-
noted 42 in figure 9) is derived to support the highest
desirable frequency, and the larger sized cross section
(denoted 43 in figure 9) is derived to support the lowest
desirable frequency.
[0065] The decreasing function of the cross section of
the conductor may be determined in a trial and error
method using finite element (FE) simulations.
[0066] The cross section of the conductor 40 may de-
crease almost monotonically. The cross-section of the
conductor is elliptical in all the embodiments (as illustrat-
ed in figure 6) and not circular to support further reduction
of the vertical size of the hollow enclosure. It is noted that
in examples not part of the claimed invention the cross
section shape might differ from an ellipse and might differ
from a circle. For example - the cross section may be a
polygon such as a rectangle, a triangle or have more than
five facets. The cross section may have linear portions
as well as nonlinear portions. The cross section shape
may be the same throughout the conductor but may
change.
[0067] The conductor 40 is partially or completely bur-
ied in the dielectric material. Figures 3, 4 and 7 illustrate
the conductor as being completely buried within the die-
lectric material. Figure 7 illustrates an assembly process
in which a first dielectric layer 61 is positioned within the
cavity and above facet 22 in which the bow tie shaped
slot 30 is formed.
[0068] To simplify the simulations to determine the de-
creasing cross section of the conductor, and the vertical
distance between the bow tie shaped slot and the con-
ductor, the conductor is assumed to be positioned or-
thogonally to the longitudinal symmetry axis of the bow
tie shaped slot and from a top view may be viewed as
being just beneath to midpoint of the slot.
[0069] Other installation, namely, not necessarily or-
thogonal to and in the middle of the slot, could be used.
However, adding degrees of freedom, while enabling po-
tential improvement, might significantly increase simula-
tions complexity. Due to fabrication tolerances and tool-
ing considerations, the exact position, shape and dimen-
sions are determined in a trial and error method using
simulations and modelling.
[0070] Figure 10 illustrates the input port 50 that has
a core 51 (shown in Fig. 6) that extends through sidewall
21 and is electrically coupled to intermediate conductor
70 that is also coupled to conductor 40. The core 51 is
isolated from the sidewall 21 by isolating element 53.
[0071] Figures 6 and 8 illustrate a connection between
the coaxial cable 90 and the RF antenna 10 according
to various embodiments of the invention. Figures 6 and
8 illustrate an example of a manner in which a core 91
of coaxial cable 90 is electrically coupled (via core 51 of
first port 50) and an intermediate conductor 70 to the
conductor 40 while the shield 52 of the coaxial cable 90
is electrically coupled (via the shield 52 of first port) to
the hollow enclosure 20. The shield 52 is made of a con-

ductive material.
[0072] The conductor 40 and the hollow enclosure may
be stimulated by alternating voltage and the field config-
uration set up between them induces current in the bow
tie shaped slot walls so that a balanced feed (BALUN) is
not required. This assists in achieving the large band-
width potential of the RF antenna while simultaneously
promoting compactness, since a wideband balun would
be inconveniently large.
[0073] Therefore a regular coaxial port, which is un-
balanced, can be coupled to the conductor with no special
balun.
[0074] A balun is often of order 0.25·λ-0.5·λ, namely
7.5-15 cm for 1,000 MHz frequency, so that avoiding a
balun maintains the RF antenna compact, with minimal
wiring inside, so that the stiffness and manufacturing sim-
plicity is improved.
[0075] By the mentioned above coupling the conductor
40 is electrically isolated from the hollow enclosure. An
RF transmitter that is coupled to the coaxial cable 90 may
be configured to excite potential difference between the
hollow enclosure and the conductor.
[0076] As here is no direct contact between the con-
ductor 40 and the sidewalls of the hollow enclosure 20,
there is an induction effect in the hollow enclosure (like
an antenna in an antenna), which stimulates the bow tie
shaped slot indirectly.
[0077] Yet according to an embodiment of the inven-
tion the RF antenna may include (or may be coupled to)
an antenna monitor that is arranged to monitor at least
one out of a location of the RF antenna, a velocity of the
RF antenna and an acceleration of the RF antenna. For
example- the antenna monitor may measure up till six
degrees of freedom- locations in X, Y and Z axes as well
as rotation in θ, Ψ and Φ. All may be measured as func-
tions of time as a parameter and related to radar time
when used in conjunction with a radar sensor.
[0078] Figure 3 illustrates an antenna monitor 80 that
is located within the cavity 28 but the antenna monitor
may be located outside the cavity.
[0079] The antenna monitor 80 may be an inertial
measurement unit (IMU), an attitude and heading refer-
ence system (AHRS), an attitude heading and reference
system or an airborne heading-attitude reference system
(AHARS).
[0080] The RF antenna 10 may be embedded in a dig-
ging element that is used to dig materials.
[0081] According to an embodiment of the invention
there may be provided an RF front end that includes a
receive RF antenna and a transmit RF antenna. Both
receive and transmit RF antennas may be the same or
may differ from each other by at least one characteristic
such as size, shape, materials, orientation, polarization
and the like. For example - the receive and transmit RF
antennas may be arranged to be cross polarized for radar
reasons or to minimize leakage between them.
[0082] The receive and transmit RF antennas may be
mounted end to end, may be close to each other (distance
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between the antennas is smaller than their length, height
and/or width) or spaced apart from each other.
[0083] The receive and transmit RF antennas may be
identical, not identical, nor symmetrically positioned, and
the actual position and size might be determined, for ex-
ample, to gain low mutual coupling between the anten-
nas.
[0084] These may be positioned to provide an optimal
fit to the ambient medium and to address mechanical
considerations.
[0085] For example, in the two antenna structures in
figure 11, the dimensions of the conductor 40 may be
approximately: 0.1·λ x 0.3·λ x 0.6·λ. For example, if the
wavelength is 20 cm (at frequency 1500 mHz), the size
of the two antennas including the walls might be as much
as 4 x 8 x 16 cm.
[0086] Also, when the RF antenna is affixed to the
bucket, the position of the antenna, as an alternative to
using the IMU monitor, could be inferred using measure-
ment means installed within the joints of the digging arm,
e.g., rotary encoders.
[0087] In the foregoing specification, the invention has
been described with reference to specific examples of
embodiments of the invention.
[0088] Figure 13 illustrates method 700 according to
an embodiment of the invention.
[0089] Method 700 may start by stage 710 for trans-
mitting radio frequency (RF) radiation, the method may
include feeding a conductor of the RF antenna with a
transmitted RF signal; wherein the RF antenna may in-
clude (a) a hollow enclosure made of a conductive ma-
terial; wherein a first portion of the hollow enclosure may
have a bow tie shaped slot; (c) the conductor, wherein
the conductor may be spaced apart from the slot, may
be positioned within a cavity defined by the hollow en-
closure, and may be electrically isolated from the hollow
enclosure; (d) a first port that may be coupled to the con-
ductor; and (e) a dielectric element that may be made of
dielectric material that at least partially fills the cavity and
the bow tie shaped slot.
[0090] Stage 710 may be followed by stage 720 of ra-
diating by the conductor transmitted RF radiation via the
cavity.
[0091] Figure 14 illustrates method 800 according to
an embodiment of the invention.
[0092] Method 800 may start by stage 810 of receiving,
by a conductor and via a bow tie shaped slot and a cavity
of a hollow enclosure of an RF antenna, received RF
radiation; wherein the RF antenna may include (a) the
hollow enclosure, wherein the hollow enclosure may be
made of a conductive and durable material; wherein a
first portion of the hollow enclosure may have the bow
tie shaped slot; (c) the conductor, wherein the conductor
may be spaced apart from the slot, may be positioned
within the cavity, and may be electrically isolated from
the hollow enclosure; (d) a first port that may be coupled
to the conductor; and (e) a dielectric element that may
be made of dielectric material that at least partially fills

the cavity and the bow tie shaped slot.
[0093] Stage 810 may be followed by stage 820 of and
sending, by the conductor, a received RF signal to the
first port.
[0094] Those skilled in the art will recognize that the
boundaries between logic blocks are merely illustrative
and that alternative embodiments may merge logic
blocks or circuit elements or impose an alternate decom-
position of functionality upon various logic blocks or cir-
cuit elements. Thus, it is to be understood that the archi-
tectures depicted herein are merely exemplary, and that
in fact many other architectures may be implemented
which achieve the same functionality.
[0095] Any arrangement of components to achieve the
same functionality is effectively "associated" such that
the desired functionality is achieved. Hence, any two
components herein combined to achieve a particular
functionality may be seen as "associated with" each other
such that the desired functionality is achieved, irrespec-
tive of architectures or intermediate components. Like-
wise, any two components so associated can also be
viewed as being "operably connected," or "operably cou-
pled," to each other to achieve the desired functionality.
[0096] Furthermore, those skilled in the art will recog-
nize that boundaries between the above described op-
erations merely illustrative. The multiple operations may
be combined into a single operation, a single operation
may be distributed in additional operations and opera-
tions may be executed at least partially overlapping in
time. Moreover, alternative embodiments may include
multiple instances of a particular operation, and the order
of operations may be altered in various other embodi-
ments.
[0097] Also for example, in one embodiment, the illus-
trated examples may be implemented as circuitry located
on a single integrated circuit or within a same device.
Alternatively, the examples may be implemented as any
number of separate integrated circuits or separate de-
vices interconnected with each other in a suitable man-
ner.
[0098] However, other modifications, variations and al-
ternatives are also possible. The specifications and draw-
ings are, accordingly, to be regarded in an illustrative
rather than in a restrictive sense.
[0099] The word ’comprising’ does not exclude the
presence of other elements or steps then those listed in
a claim. Furthermore, the terms "a" or "an," as used here-
in, are defined as one or more than one. Also, the use of
introductory phrases such as "at least one" and "one or
more" in the claims should not be construed to imply that
the introduction of another claim element by the indefinite
articles "a" or "an" limits any particular claim containing
such introduced claim element to inventions containing
only one such element, even when the same claim in-
cludes the introductory phrases "one or more" or "at least
one" and indefinite articles such as "a" or "an." The same
holds true for the use of definite articles. Unless stated
otherwise, terms such as "first" and "second" are used
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to arbitrarily distinguish between the elements such
terms describe. Thus, these terms are not necessarily
intended to indicate temporal or other prioritization of
such elements. The mere fact that certain measures are
recited in mutually different claims does not indicate that
a combination of these measures cannot be used to ad-
vantage.
[0100] While certain features of the invention have
been illustrated and described herein, many modifica-
tions, substitutions, changes, and equivalents will now
occur to those of ordinary skill in the art.

Claims

1. A ground penetration radar, GPR, antenna (10), suit-
able for a digging machine such that the GPR is con-
figured to remain operable under the same environ-
mental conditions as the machine, comprising:

a rectangular hollow enclosure (20) made of a
conductive material defining a cavity therein;
wherein a first portion of the hollow enclosure
(20) has a bow tie shaped slot (30);
a conductor (40) that is spaced apart from the
slot (30), is positioned within said cavity, is gal-
vanically isolated from walls of the hollow enclo-
sure (20) and is configured to induce an induc-
tion effect in said cavity to indirectly stimulate
said slot (30) in the UHF and L-band frequen-
cies; wherein said conductor (40) tapers along
the longitudinal axis (41) of the conductor (40)
from a feed point, and wherein said conductor
(40) has an elliptical cross-section;
wherein the bow tie shaped slot (30) has a lon-
gitudinal axis (34) of symmetry which is located
perpendicular to said longitudinal axis (41) of
said conductor (40) and a transverse axis (35)
of symmetry which is perpendicular to said lon-
gitudinal axis (34) of symmetry;
wherein a projection of the conductor (40) on a
plane of the bow tie shaped slot (30) overlaps
the transverse axis (35) of symmetry of the bow
tie shaped slot (30);
a first port (50) that is coupled to the conductor
(40) at said feed point; and
a dielectric element (60) that is made of a solid
dielectric element that at least partially fills the
cavity (20) and the bow tie shaped slot (30),
wherein said solid dielectric element (60) encas-
es the conductor (40) to maintain the conductor
(40) in a location above said slot (30);
wherein the shape of said cavity (20) with said
dielectric (60), the shape of said conductor (40)
and the shape of said slot (30) combine to pro-
vide a ground penetrating antenna (10).

2. The antenna according to claim 1 wherein the first

port (50) comprises a core (91) that is coupled to the
conductor and a shield (92) that is coupled to the
hollow enclosure (20).

3. The antenna according to claim 1 wherein the first
port (50) is configured to be coupled to a radio fre-
quency, RF, feed without a balun.

4. The antenna according to claim 1 wherein the an-
tenna does not include a balun.

5. The antenna according to claim 1 wherein the die-
lectric material completely fills the cavity and the bow
tie shaped slot (30).

6. The antenna according to claim 1 wherein a thick-
ness of the first portion of the hollow enclosure is
about one tenth of a wavelength of a RF signal trans-
mitted by the antenna.

7. The antenna according to claim 1 further comprising
an antenna monitor (80) that is arranged to monitor
at least one out of a location of the antenna, a velocity
of the antenna and an acceleration of the antenna.

8. The antenna according to claim 1 further comprising
an antenna monitor (80) that is arranged to monitor
antenna movements in six degrees of freedom as a
function of time.

9. The antenna according to claim 1 further comprising
an antenna monitor (80) that is positioned within the
cavity (20).

10. The antenna according to claim 1 further comprising
an antenna monitor (80) that is an attitude and head-
ing reference system or an attitude heading refer-
ence system.

11. The antenna according to claim 1 wherein the hollow
enclosure (20) is made of a durable material.

12. The antenna according to claim 1 wherein said die-
lectric has a conformal shape to said conductor with-
in which said conductor sits.

13. A method for transmitting radio frequency, RF, radi-
ation which penetrates into the ground from a ground
penetrating antenna, GPR, integrated into a digging
machine such that the GPR is configured to remain
operable under the same environmental conditions
as the machine, the method comprises:

feeding a conductor (40) of the antenna with a
transmitted RF signal;
wherein the antenna comprises a rectangular
hollow enclosure (20) made of a conductive ma-
terial defining a cavity therein;
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wherein a first portion of the hollow enclosure
(20) has a bow tie shaped slot (30);
wherein said conductor (40) is spaced apart
from the slot (30), is positioned within said cavity
(20), is galvanically isolated from walls of the
hollow enclosure and induces an induction ef-
fect in said cavity to indirectly stimulate said slot
(30) in the UHF and L-band frequencies, where-
in said conductor (40) tapers along the longitu-
dinal axis (41) of the conductor (40) from a feed
point and wherein said conductor (40) has an
elliptical cross-section;
maintaining said conductor (40) in location
above said bow tie shaped slot (30) via an en-
casing, solid dielectric (60); and
wherein said dielectric (60) at least partially fills
the cavity (20) and the bow tie shaped slot (30);
wherein the bow tie shaped slot (30) has a lon-
gitudinal axis (34) of symmetry which is located
perpendicular to said longitudinal axis (41) of
said conductor and a transverse axis (35) of
symmetry which is perpendicular to said longi-
tudinal axis (34) of symmetry;
wherein a projection of the conductor (40) on a
plane of the bow tie shaped slot (30) overlaps
the transverse axis (35) of symmetry of the bow
tie shaped slot (30);
wherein the shape of said cavity (20) with said
dielectric (60), the shape of said conductor (40)
and the shape of said slot (30) combine to pro-
vide a ground penetrating antenna.

14. A method for receiving radio frequency, RF, radiation
from an object in the ground using a ground pene-
trating antenna , GPR, integrated into a digging ma-
chine such that the GPR is configured to remain op-
erable under the same environmental conditions as
the machine, the method comprises:

receiving, by a conductor (40) and via a bow tie
shaped slot (30) and a cavity of a rectangular
hollow enclosure (20) of an antenna, received
RF radiation; wherein the antenna comprises
the hollow enclosure (20);
wherein the hollow enclosure is made of a con-
ductive material defining a cavity therein;
wherein a first portion of the hollow enclosure
has the bow tie shaped slot (30); and said con-
ductor (40) tapers along the longitudinal axis of
the conductor (40) from a feed point and wherein
said conductor (40) has an elliptical cross-sec-
tion;
galvanically isolating said conductor (40) from
the hollow enclosure (20); and inducing an in-
duction effect in said cavity to indirectly stimulate
said slot in the UHF and L-band frequencies;
maintaining said conductor (40) in location
spaced apart and above said bow tie shaped

slot (30) via an encasing, solid dielectric (60),
wherein said dielectric (60) at least partially fills
the cavity (20) and the bow tie shaped slot (30);
wherein the bow tie shaped slot (30) has a lon-
gitudinal axis (34) of symmetry which is located
perpendicular to said longitudinal axis (41) of
said conductor and a transverse axis (35) of
symmetry which is perpendicular to said longi-
tudinal axis (34) of symmetry;
wherein a projection of the conductor (40) on a
plane of the bow tie shaped slot (30) overlaps
the transverse axis (35) of symmetry of the bow
tie shaped slot (30);
wherein the shape of said cavity (20) with said
dielectric (60), the shape of said conductor (40)
and the shape of said slot (30) combine to pro-
vide a ground penetrating antenna.

Patentansprüche

1. Bodenradar, GPR, Antenne (10), die für eine Bag-
germaschine geeignet ist, so dass die GPR konfigu-
riert ist, unter denselben Umgebungsbedingungen
wie die Maschine betriebsfähig zu bleiben, die auf-
weist:

eine rechteckige hohle Umhüllung (20), die aus
einem leitfähigen Material besteht, die einen
Hohlraum darin definiert;
wobei ein erster Abschnitt der hohlen Umhül-
lung (20) einen fliegenförmigen Schlitz (30) auf-
weist;
einen Leiter (40), der vom Schlitz (30) beabstan-
det ist, innerhalb des Hohlraums angeordnet ist,
von den Wänden der hohlen Umhüllung (20) gal-
vanisch isoliert ist und konfiguriert ist, einen In-
duktionseffekt im Hohlraum zu induzieren, um
den Schlitz (30) in den UHF- und L-Band-Fre-
quenzen indirekt zu stimulieren, wobei sich der
Leiter (40) längs der Längsachse (41) des Lei-
ters (40) von einem Speisepunkt verjüngt und
wobei der Leiter (40) einen elliptischen Quer-
schnitt aufweist;
wobei der fliegenförmige Schlitz (30) eine Sym-
metrielängsachse (34), die senkrecht zur
Längsachse (41) des Leiters (40) angeordnet
ist, und eine Symmetriequerachse (35) auf-
weist, die senkrecht zur Symmetrielängsachse
(34) ist;
wobei sich eine Projektion des Leiters (40) auf
eine Ebene des fliegenförmigen Schlitzes (30)
mit der Symmetriequerachse (35) des fliegen-
förmigen Schlitzes (30) überlappt;
einen ersten Anschluss (50), der mit dem Leiter
(40) am Speisepunkt gekoppelt ist; und
ein dielektrisches Element (60), das aus einem
festen dielektrisches Element besteht, das den
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Hohlraum (20) und den fliegenförmigen Schlitz
(30) mindestens teilweise füllt, wobei das feste
dielektrische Element (60) den Leiter (40) um-
hüllt, um den Leiter (40) an einer Stelle über dem
Schlitz (30) zu halten;
wobei sich die Form des Hohlraums (20) mit
dem Dielektrikum (60), die Form des Leiters (40)
und die Form des Schlitzes (30) vereinen, um
eine Bodenradarantenne (10) bereitzustellen.

2. Antenne nach Anspruch 1, wobei der erste An-
schluss (50) einen Kern (91), der mit dem Leiter ge-
koppelt ist, und eine Abschirmung (92) aufweist, die
mit der hohlen Umhüllung (20) gekoppelt ist.

3. Antenne nach Anspruch 1, wobei der erste An-
schluss (50) konfiguriert ist, ohne einen Symmetrie-
rübertrager mit einer Hochfrequenz, HF, Einspei-
sung gekoppelt zu werden.

4. Antenne nach Anspruch 1, wobei die Antenne keinen
Symmetrierübertrager aufweist.

5. Antenne nach Anspruch 1, wobei das dielektrische
Material den Hohlraum und den fliegenförmigen
Schlitz (30) vollständig füllt.

6. Antenne nach Anspruch 1, wobei eine Dicke des ers-
ten Abschnitts der hohlen Umhüllung etwa ein Zehn-
tel eine Wellenlänge eines HF-Signals beträgt, das
durch die Antenne gesendet wird.

7. Antenne nach Anspruch 1, die ferner einen Anten-
nenmonitor (80) aufweist, der eingerichtet ist, einen
Ort der Antenne und/oder eine Geschwindigkeit der
Antenne und/oder eine Beschleunigung der Antenne
zu überwachen.

8. Antenne nach Anspruch 1, die ferner einen Anten-
nenmonitor (80) aufweist, der eingerichtet ist, Anten-
nenbewegungen in sechs Freiheitsgraden als Funk-
tion der Zeit zu überwachen.

9. Antenne nach Anspruch 1, die ferner einen Anten-
nenmonitor (80) aufweist, der im Hohlraum (20) an-
geordnet ist.

10. Antenne nach Anspruch 1, die ferner einen Anten-
nenmonitor (80) aufweist, der ein Lage- und Kurs-
bezugssystem oder ein Lage-Kurs-Bezugssystem
ist.

11. Antenne nach Anspruch 1, wobei die hohle Umhül-
lung (20) aus einem haltbaren Material besteht.

12. Antenne nach Anspruch 1, wobei das Dielektrikum
eine konforme Form zum Leiter aufweist, in der der
Leiter sitzt.

13. Verfahren zum Senden von Hochfrequenz, HF,
Strahlung, die in den Boden eindringt, von einer Bo-
denradarantenne, GPR, die in eine Baggermaschine
integriert ist, so dass die GPR konfiguriert ist, unter
denselben Umgebungsbedingungen wie die Ma-
schine betriebsfähig zu bleiben, wobei das Verfah-
ren aufweist:

Speisen eines Leiters (40) der Antenne mit ei-
nem Sende-HF-Signal;
wobei die Antenne eine rechteckige hohle Um-
hüllung (20) aufweist, die aus einem leitfähigen
Material besteht, die einen Hohlraum darin de-
finiert;
wobei ein erster Abschnitt der hohlen Umhül-
lung (20) einen fliegenförmigen Schlitz (30) auf-
weist;
wobei der Leiter (40) vom Schlitz (30) beabstan-
det ist, innerhalb des Hohlraums (20) angeord-
net ist, von den Wänden der hohlen Umhüllung
galvanisch isoliert ist und einen Induktionseffekt
im Hohlraum induziert, um den Schlitz (30) in
den UHF- und L-Band-Frequenzen indirekt zu
stimulieren, wobei sich der Leiter (40) längs der
Längsachse (41) des Leiters (40) von einem
Speisepunkt verjüngt und wobei der Leiter (40)
einen elliptischen Querschnitt aufweist;
Halten des Leiters (40) an einer Stelle über dem
fliegenförmigen Schlitz (30) mittels eines einhül-
lenden, festen Dielektrikums (60); und
wobei das Dielektrikum (60) den Hohlraum (20)
und den fliegenförmigen Schlitz (30) mindes-
tens teilweise füllt;
wobei der fliegenförmige Schlitz (30) eine Sym-
metrielängsachse (34), die senkrecht zur
Längsachse (41) des Leiters angeordnet ist, und
eine Symmetriequerachse (35) aufweist, die
senkrecht zur Symmetrielängsachse (34) ist;
wobei sich eine Projektion des Leiters (40) auf
eine Ebene des fliegenförmigen Schlitzes (30)
mit der Symmetriequerachse (35) des fliegen-
förmigen Schlitzes (30) überlappt;
wobei sich die Form des Hohlraums (20) mit
dem Dielektrikum (60), die Form des Leiters (40)
und die Form des Schlitzes (30) vereinen, um
eine Bodenradarantenne bereitzustellen.

14. Verfahren zum Empfangen von Hochfrequenz, HF,
Strahlung von einem Objekt im Boden mittels einer
Bodenradarantenne, GPR, die in eine Baggerma-
schine integriert ist, so dass die GPR konfiguriert ist,
unter denselben Umgebungsbedingungen wie die
Maschine betriebsfähig zu bleiben, wobei das Ver-
fahren aufweist:

Empfangen durch einen Leiter (40) und über ei-
nen fliegenförmigen Schlitz (30) und einen Hohl-
raum einer rechteckigen hohlen Umhüllung (20)
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einer Antenne von Empfangs-HF-Strahlung,
wobei die Antenne die hohle Umhüllung (20)
aufweist;
wobei die hohle Umhüllung aus einem leitfähi-
gen Material besteht, das einen Hohlraum darin
definiert;
wobei ein erster Abschnitt der hohlen Umhül-
lung den fliegenförmigen Schlitz (30) aufweist;
und sich der Leiter (40) längs der Längsachse
des Leiters (40) von einem Speisepunkt verjüngt
und wobei der Leiter (40) einen elliptischen
Querschnitt aufweist;
galvanisches Isolieren des Leiters (40) von der
hohlen Umhüllung (20); und Induzieren eines In-
duktionseffekts im Hohlraum, um den Schlitz in
den UHF- und L-Band-Frequenzen indirekt zu
stimulieren;
Halten des Leiters (40) an einer Stelle, die vom
fliegenförmigen Schlitz (30) beabstandet ist und
über ihm liegt, mittels eines einhüllenden, festen
Dielektrikums (60),
wobei der Dielektrikum (60) den Hohlraum (20)
und den fliegenförmigen Schlitz (30) mindes-
tens teilweise füllt;
wobei der fliegenförmige Schlitz (30) eine Sym-
metrielängsachse (34), die senkrecht zur
Längsachse (41) des Leiters angeordnet ist, und
eine Symmetriequerachse (35) aufweist, die
senkrecht zur Symmetrielängsachse (34) ist;
wobei sich eine Projektion des Leiters (40) auf
eine Ebene des fliegenförmigen Schlitzes (30)
mit der Symmetriequerachse (35) des fliegen-
förmigen Schlitzes (30) überlappt;
wobei sich die Form des Hohlraums (20) mit
dem Dielektrikum (60), die Form des Leiters (40)
und die Form des Schlitzes (30) vereinen, um
eine Bodenradarantenne bereitzustellen.

Revendications

1. Antenne de géoradar GPR (10), appropriée pour une
machine de creusement, de telle manière que le géo-
radar est prévu pour rester opérationnel dans les
mêmes conditions environnementales que la machi-
ne, comprenant :

une enceinte creuse rectangulaire (20) en ma-
tériau conducteur, définissant une cavité
enclose ;
où une première partie de l’enceinte creuse (20)
présente une fente (30) en forme de nœud
papillon ;
un conducteur (40) espacé de la fente (30) est
disposé à l’intérieur de la cavité, est isolé galva-
niquement des parois de l’enceinte creuse (20)
et est prévu pour générer un effet d’induction
dans la cavité pour stimuler indirectement la fen-

te (30) dans les fréquences des bandes UHF et
L ; le conducteur (40) s’amincissant le long de
l’axe longitudinal (41) du conducteur (40) depuis
un point d’alimentation, et le conducteur (40)
ayant une section transversale elliptique ;
où la fente (30) en forme de nœud papillon pré-
sente un axe de symétrie longitudinal (34) per-
pendiculaire à l’axe longitudinal (41) du conduc-
teur (40) et un axe de symétrie transversal (35)
perpendiculaire à l’axe de symétrie longitudinal
(34) ;
où une projection du conducteur (40) sur le plan
de la fente (30) en forme de nœud papillon che-
vauche l’axe de symétrie transversal (35) de la
fente (30) en forme de nœud papillon ;
un premier port (50) est raccordé au conducteur
(40) sur le point d’alimentation ; et
un élément diélectrique (60) est constitué d’un
élément diélectrique solide comblant au moins
en partie la cavité (20) et la fente (30) en forme
de nœud papillon,
où l’élément diélectrique solide (60) enrobe le
conducteur (40) pour maintenir le conducteur
(40) en place au-dessus de la fente (30) ;
où la forme de la cavité (20) avec le diélectrique
(60), la forme du conducteur (40) et la forme de
la fente (30) se combinent pour réaliser une an-
tenne géoradar (10).

2. Antenne selon la revendication 1, où le premier port
(50) comprend une âme (91) raccordée au conduc-
teur et un blindage (92) raccordé à l’enceinte creuse
(20).

3. Antenne selon la revendication 1, où le premier port
(50) est prévu pour être raccordé à une alimentation
radiofréquence RF sans balun.

4. Antenne selon la revendication 1, où l’antenne ne
comprend pas de balun.

5. Antenne selon la revendication 1, où le matériau dié-
lectrique comble l’ensemble de la cavité et de la fente
(30) en forme de nœud papillon.

6. Antenne selon la revendication 1, où l’épaisseur de
la première partie de l’enceinte creuse est d’environ
un dixième de la longueur d’onde d’un signal RF
transmis par l’antenne.

7. Antenne selon la revendication 1, comprenant en
outre un dispositif de contrôle d’antenne (80) prévu
pour surveiller l’emplacement de l’antenne et/ou la
vitesse de l’antenne et/ou l’accélération de l’anten-
ne.

8. Antenne selon la revendication 1, comprenant en
outre un dispositif de contrôle d’antenne (80) prévu
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pour surveiller des déplacements d’antenne suivant
six degrés de liberté en fonction du temps.

9. Antenne selon la revendication 1, comprenant en
outre un dispositif de contrôle d’antenne (80) disposé
à l’intérieur de la cavité (20).

10. Antenne selon la revendication 1, comprenant en
outre un dispositif de contrôle d’antenne (80), lequel
est un système de référence d’assiette et de cap ou
un système de référence d’assiette/de cap.

11. Antenne selon la revendication 1, où l’enceinte creu-
se (20) est en matériau durable.

12. Antenne selon la revendication 1, où le diélectrique
a une forme conformée au conducteur à l’intérieur
de laquelle le conducteur est logé.

13. Procédé de transmission d’un rayonnement ra-
diofréquence RF pénétrant dans le sol depuis une
antenne géoradar GPR, intégrée à une machine de
creusement de telle manière que le géoradar est pré-
vu pour rester opérationnel dans les mêmes condi-
tions environnementales que la machine, ledit pro-
cédé comprenant :

l’application à un conducteur (40) de l’antenne
d’un signal RF transmis;
l’antenne comprenant une enceinte creuse rec-
tangulaire (20) en matériau conducteur définis-
sant une cavité enclose ;
une première partie de l’enceinte creuse (20)
présentant une fente (30) en forme de nœud
papillon ;
le conducteur (40) étant espacé de la fente (30),
étant disposé à l’intérieur de la cavité (20), étant
isolé galvaniquement des parois de l’enceinte
creuse et générant un effet d’induction dans la
cavité pour stimuler indirectement la fente (30)
dans les fréquences des bandes UHF et L, le
conducteur (40) s’amincissant le long de l’axe
longitudinal (41) du conducteur (40) depuis un
point d’alimentation, et le conducteur (40) ayant
une section transversale elliptique ;
le maintien en place du conducteur (40) au-des-
sus de la fente (30) en forme de nœud papillon
au moyen d’un diélectrique solide (60)
enrobant ; et
le diélectrique (60) comblant au moins partielle-
ment la cavité (20) et la fente (30) en forme de
nœud papillon ;
la fente (30) en forme de nœud papillon présen-
tant un axe de symétrie longitudinal (34) per-
pendiculaire à l’axe longitudinal (41) du conduc-
teur (40) et un axe de symétrie transversal (35)
perpendiculaire à l’axe de symétrie longitudinal
(34) ;

une projection du conducteur (40) sur le plan de
la fente (30) en forme de nœud papillon chevau-
chant l’axe de symétrie transversal (35) de la
fente (30) en forme de nœud papillon ;
la forme de la cavité (20) avec le diélectrique
(60), la forme du conducteur (40) et la forme de
la fente (30) se combinant pour réaliser une an-
tenne géoradar.

14. Procédé de réception d’un rayonnement radiofré-
quence RF d’un objet dans le sol au moyen d’une
antenne géoradar GPR intégrée à une machine de
creusement, de telle manière que le géoradar est
prévu pour rester opérationnel dans les mêmes con-
ditions environnementales que la machine, ledit pro-
cédé comprenant :

la réception d’une radiation RF par un conduc-
teur (40), via une fente (30) en forme de nœud
papillon et d’une cavité d’une enceinte creuse
rectangulaire (20) d’une antenne ;
l’antenne comprenant l’enceinte creuse (20) ;
l’enceinte creuse étant en matériau conducteur
définissant une cavité enclose ;
une première partie de l’enceinte creuse pré-
sentant la fente (30) en forme de nœud papillon ;
et le conducteur (40) s’amincissant le long de
l’axe longitudinal du conducteur (40) depuis un
point d’alimentation, le conducteur (40) ayant
une section transversale elliptique ;
l’isolation galvanique du conducteur (40) de l’en-
ceinte creuse (20) ; et la génération d’un effet
d’induction dans la cavité pour stimuler indirec-
tement la fente (30) dans les fréquences des
bandes UHF et L ;
le maintien en place du conducteur (40) au-des-
sus de la fente (30) en forme de nœud papillon
au moyen d’un diélectrique solide (60) enrobant,
le diélectrique (60) comblant au moins partielle-
ment la cavité (20) et la fente (30) en forme de
nœud papillon ;
la fente (30) en forme de nœud papillon présen-
tant un axe de symétrie longitudinal (34) per-
pendiculaire à l’axe longitudinal (41) du conduc-
teur et un axe de symétrie transversal (35) per-
pendiculaire à l’axe de symétrie longitudinal
(34) ;
une projection du conducteur (40) sur le plan de
la fente (30) en forme de nœud papillon chevau-
chant l’axe de symétrie transversal (35) de la
fente (30) en forme de nœud papillon ;
la forme de la cavité (20) avec le diélectrique
(60), la forme du conducteur (40) et la forme de
la fente (30) se combinant pour réaliser une an-
tenne géoradar.
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