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(57) Abstract: A method for defining a lay direction & of at
least one elongated buried object (50), by means of GPR
technique (Ground Penetrating Radar), comprises the steps of
moving a first GPR sensor (110) along a first trgjectory s
consisting of a plurdity of points P, and moving a second
GPR sensor (110", integral to the first GPR sensor (110),
along a second trgjectory s consisting of a plurality of points
P' and paralel to the first trgjectory s. The method also com-
prises the steps of detecting a first and a second plurality of
presence signals concerning possible buried objects by the
first GPR sensor (110) and the second GPR sensor (120), ac-
quisition of afirst and a second set of spatial coordinates for
each point P and P' a which a presence signal is detected,
and receiving by acontrol unit (150) the presence signals and
the set of spatia coordinates. The method provides then a
step of computing the data concerning the presence of pos-
sible buried elongated objects (50) and the set of spatial co-
ordinates, in order to determine, among al points P and P' at
which a presence signal has been detected, points Pi and Pi'
at which the probability of presence of an elongated buried
object (50) is higher. Then, a step of determining, at the end
of said computing step, the lay direction & of at least one
elongated buried object (50) is carried out responsive to the
set of spatial coordinates corresponding to points Pi and Pi'.
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TITLE
DEVI CE AND METHOD FOR DETECTI NG POSI TI ON AND ORI ENTATI ON

OF UNDERGROUND ELONGATED BODI ES

DESCRI PTI ON

Field of the invention

The present invention relates to a nmethod for
det ecti ng, by means of GPR (Gound Penetrating Radar) ,
underground ducts and for conmputing their lay direction.

Furthernmore, the invention relates to an apparatus

that carries out this nethod.

Description of the prior art

Inspecting devices are known that provide radio
frequency energy for searching, by radar techniques,
objects present in the underground, in walls of buildings,
or in other hidden sites, with various applications in the
fields of building engineering, geol ogy, ar chaeol ogy.
These devices have the nerit not to affect the physical,
chem cal and nechanical features of the structures and of
the material that surround them

In such devices, known as ground penetrating radars
or wwth the acronyms GPR (G ound Penetrating Radar) or SPR
(Surface Penetrating Radar) , at |east one antenna is
provided for receiving/transmtting a radiof requency (GPR
sensor) and a renote control wunit . conprising a PC and an

i nterface board with the or each antenna are also
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provi ded. The operation of these devices is typical of
rada‘rs emtting an RF signal and analysing a return signal
reflected by the objects hit by the emtted signal (echo)

The GPR sensor is displaced on the surface of the target
material, and, once started the transmi ssion, the received
return signals, suitably filtered, are generally displayed
in the form of two-dinmensional i mges, representing the
anpl i tude versus- tine (ordinate) and of the space
(abscissa) with respective coding ‘coI ours.

The principles of opérati on of Gound Penetrati ng
Radars are described for exanple in "Surface penetrating
radar 2nd edition" by D. J. Daniels "The Institution of
El ectric Engineers, Stevenage (UK), 2004", or "IDS Radar
Products For Utilities Mapping And Gound Cassification”
by @uido Manacorda "Proceedings of 20th International NO
DIG Conference and Exhibition Copenhagen Denmark, My 28-
31, 2002" available also in ww.idscorporation.com

Normal |y, the ground penetrating radars of the prior
art, uséd in defining and mapping underground ducts and
cabl e- duct s, are arranged for scanning along directions
per pendi cul ar to each other, i.e. defining a grid of
nmeasurenent points. Such steps are long and difficult, but
are necessary for determining the lay direction of buried
objects whose direction is not known or it cannot be

evaluated a priori. A ground penetrating radar is in fact
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capabl e of measuring precisely only ducts and underground
cable-ducts wth a lay direction perpendicular to the
scanning direction. In this case, in fact, the position
and the depth of the target are obtained by sinply reading
in the radar inmage the coordinates of a hyperbolic shape
reflected by the duct or by the cable-duct.

In order to overcone this problem sone of the known
ground penetrating radars use an array of GPR sensors, in
order to speed up the inspection owing to the decrease of
the nunber of scanning travels to carry out.

However, also in this case, the step of locating the
lay direction of the buried objects is not immediate, but
it is necessary to carry out many scanning travels to
follow all the possible lay directions of the buried
obj ect .

In DE10018031A1 , for exanple, a ground penetrating
radar is described that uses two adjacent GPR antennas
working alternately to each other. The two antennas are at
a distance from each other along a line perpendicular to
the travel direction of the ground penetrating radar.
Fur t her nore, they are at an angle a for partially
overlapping the trajectories of the two signals comng
from the antennas, in orderv to follow the lay direction of
the buried objects by conparing the two generated radar

imges wth the data provided by the tw antennas .
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According to DE10018031A1 , in fact, by noving the antennas
along the lay direction of the duct or cable-duct, t he
signal from it reflected returns to the ground penetrating
radar with a delay substantially fixed and responsive to
the distance between the antennas and the duct. Therefore,
the trajectory is found noving the apparatus until the
response tine of the signals produced by the two antennas
is mninmm correspondi ng to a position of the radar
aligned vertically to the duct.

The device described in DE10018031A1 has a plurality
of technical problens. Firstly, for detecting a duct it is
necessary that the two antennas are at an angle a in such
a way that the transmitted signals overlap when they neet
each other at the depth of the duct. So, according to
DE10018031A1 , it is essential to know_ a priori the depth
of the sought ducts and cable-ducts, and this often is not
possi bl e. Such aspect is already disadvantageous in case
of a large duct laid at a fixed depth, but it is alnost
prohibitive when the duct changes the depth along its
pat h. )

Furthernore, the need of overlapping the signals at
the duct prevents detecting ducts too close to the ground
surface, since it would be necessary a too high angle a of

inclination of the antennas.
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Anot her dr awback of the device present ed in
DE10018031A1 relates to the angle a that, as disclosed,
changes between 5° and 16°. The angle at which the signals |
are transmtted wth respect to a vertical di rection
causes a worsening of the anplitude of the received
signal, when thé duct is not struck by the main beam of
the antenna but by a secondary | obe.

Fi nally, an unreliable detection of the direction of
the pipes is caused by an inpossibility of follow ng

exactly the direction of the duct during the travel of the

ground penetrating radar. In fact, if the antennas detect
a same signal, the radar is positioned symetric wth
respect to the duct. |If this symetry is kept precisely,

then the radar travel is directed parallel to the duct and
aligned vertically to the same. In practice, however, it
is not possible to keep such symetry, since its precision
i s alnost i npossible to check. In particular, usi ng
antennas with a large beam of waves, as normally wused in
grbund penetrating radars, the net hod‘ woul d cause an
unreliability in detecting the depth of the duct which is

about half the distance between the antennas.

Summary of the invention

It is therefore a feature of the present invention
to solve the above described technical problenms present in

the prior art.
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It is also a feature of the present - invention to
'provi de a nethod that, by nmeans of GPR technique (G ound
Penetrating Radar) allows defining the lay di re‘cti on of an
el ongated buried object <carrying out a single scanning
st ep.

It is also a feature of the present invention to
provide a nmethod for defining this lay direction in real
time during the scanning.

It is a further feature of the present invention to
provide a rrét hod for tracking an elongated buried object’
along all its lay direction, in order to determne
possi bl e changes of the lay direction.

It is still a feature of the present invention to
provide a nmethod for displaying said lay direction on a
map referred to a global reference system and/or a |ocal
reference system

It is also a feature of the present invention to
provide a nethod for defining the duct lay direction in an
automatic way and without the need for an éxpert staff.

It is a further feature of the present invention to
provide an apparatus that carries out such nethod.

These and other objects are achieved by a nethod for
defining a lay direction & of at |east one elongated
buri ed obj ect by neans of GPR techni que (G ound

Penetrating Radar) conprising the steps of:
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- novi ng a first GPR sensor along a first
trajectory s consisting of a plurality of points P,
sai d first trajectory s having origin at a
predeterm ned point Pyand having as tangent Iline, at
each point P of said plurality, a predeterm ned
direction vy;

- moving a second GPR sensor, integrally to the
first GPR sensor, so that the second GPR sensor
travels along a second trajectory s' consisting of a
plurality of points p', said second trajectory s
having origin at a predeterm ned point P, and being
par al | el to the first trajectory s, said second
trajectory s' having as tangent line, at each point
p- of said plurality, a predeterm ned direction y',
said second CGPR sensor spatially arranged in such a
way that a connecting Iline between the first GPR
sensor and the second GPR sensor def i nes a
pr edet er m ned direction € not parallel to the
directions y and y';

- detecting a first plurality of presence signals
by the first GPR sensor, each presence signal of
said first plurality being detected at |east at one
poi nt P of the first trajectory s, said first
plurality of presence signals associated wth data

concerning the presence of at |east one possible
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el ongated buried object at a first area (A defined
in a nei ghbourhood of a projection of point P on the
el ongated buried object;

— determining a first set of spatial coordinates
for each point P of the trajectory s in which a
presence signal of said first plurality is detected;
— detecting a second plurality of presence signals
by the second GPR sensor, each presence signal of
said second plurality being detected at |east at one
point pP' of said second trajectory s', said second
plurality of presence signals associated with data
concerning the presence of at |east one possible
el ongat ed buried object along a substantially
vertical direction passing through point p';

— determining a second set of spatial coordinates

for each point P of the trajectory s' in which a
presence si gnal of said second  plurality is
det ect ed,;

— sending to a control wunit the first and of the
second plurality of presence signals and each first
and second set of spatial coordinates;

— conputing a presence record concerning the
presence of possible buried elongated objects and of

each first and second set of spatial coordinates,

by:
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determining, anong all points P and P' at which
a presence signal has been detected, points P,
and pP;' at which the probability of presence of
an elongated buried object is higher; and

compari ng said sets of spatial coor di nat es
corresponding to points P; and Pri' wth each
ot her;

- determining, at the end of said conputing step,

the lay direction & of at |east one elongated buried

object responsive to the set of spatial coordinates

corresponding to points P; and P;' .

The method according to the invention allows then
defining the lay direction of an elongated buried object
with a single scanni ng, by sinply determning the spatial
coordi nates of points Py and Py’ .

In particular, the conputing step can be carried out
through a program nmeans resident in the control wunit, in
such a way that the conmputing step is automatic and the
step of locating the lay direction & is carried out in
real time during the scanning step.

Advant ageously, the conputing step conprises a step
of conputing an angle a set betweén a direction x
orthogonal to the directions y and y' and an expected |ay
direction &1 of the elongated object, said expected |Iay

direction &1 conputed by conparison of a set of spatial
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coordi nates of points P, and P in which data have been
detected relative to the presence of a sane elongated
buried object.
In particular, the nethod further conprises the
steps of:
- positioning the apparatus in such a way that
direction 'y is orthogonal to the expected |ay
direction d;;
- iterating the steps of:
det ecti ng the first plurality of presence
si gnal s;
determining the first set of spatial coordinates
of each point P;
det ecti ng the second plurality of presence
si gnal s;
det er mi ni ng t he second set of spati al
coordi nates of each point p';
receiving the first and the second plurality of
presence signals and the first and the second
set of spatial coordinates;
conputing angle a;
said step of iterating repeated until angle a is
zero;
- i denti fying, when angle o is zero, of the

expect ed lay direction 51 as the actual | ay
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direction 3.

Such iterative process reduces effectively and wth
| ow conputati onal burden possible any neasurenment errors
occurred during the first detecting step of presence
signals and/or the first step of determning the set of
spatial coordi nates.

Advant ageousl vy, in case the conputing step is made
t hrough program neans, a step is also provided of
filtering and anplifying the first and the second
plurality of presénce signals, to allow a quicker and nor e
precise identification of points pi and pi’

Advant ageousl vy, when the lay direction & in an
i nspected zone has been identified, the method according
to the invention provi des a novi ng step where the
appar at us is caused to translate laterally in a
i medi ately next subsequent zone in order to check that
this lay direction & is the sanme as the previous zone or,
alternatively, in order to determine the lay direction 3
in the subsequent zone. Such step can be repeated many
times, in order to follow the buried objects along all its
lay direction.

In particular, in this noving step the apparatus in
the inspected zone, direction y is kept orthogonal to the
direction & in the previous zone, in order to assist the

conmparison wth the previous zone and determine easily the



10

15

20

25

WO 2014/181240 PCT/IB2014/061213
12

direction & of the buried object in the inspected zone
The nmai ntenance of the orthogonality between direction vy
and the lay direction & can be sinplified, for exanple, by
a navi gation device.

In particular, the set of spatial coordinates bof
each point P is referred to a reference system selected
from the group consisting of:

- a relative reference system having origin at

said predeterm ned point Py;

- a global reference sysfem

- or a conbination thereof;

In particular, the set of spatial coordinates of
each point P is referred to a reference system selected
from the group consisting of:

- a relative reference system having origin at

said predeterm ned point Py

- a gl obal reference system

- or a conbination thereof.

According to another aspect of the invention, an
apparatus for defining a lay direction & of at |east one
el ongated buried object conprises a first GPR sensor
configured to mneasure a first plurality of presence
signals associated with data concerning the presence of at
| east one possible elongated buried object;

whose characteristic is that it further conprises:
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- a second GPR sensor arranged integrally to the
first GPR sensor in such a way that a connecting
l'ine between the first GPR sensor and the second GPR
sebnsor defines‘ a predeterm ned direction € not
parallel to the directions y and y', said second GPR
sensor (110') configured to rmeasure a second
plurality of presence signals associated wth data
concerning the presence of at Ileast one possible
el ongated buried object;
- at least one position sensor arranged to detect
a. first set of spatial coordinates for each point P
of the trajectory s in which a presence signal of
said first plurality is detected, said or each
position sensor being also arranged to detect a
second set of spatial coordinates for each point p:
of the trajectory s' in which a presence signal of
said second plurality is detected;
- A control wunit arranged for receiving the first
and the second plurality of presence signals by the
first and by the second GPR sensor and each first
and second set of spatial coordinates from said or
each position sensor.
Advant ageousl vy, a program neans is also conprised
resident in the control wunit and configured to analyse

each first and second set of spatial coordinates and the
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data concerning the presence Qf possi bl e buried elongated

objects, said control wunit being also configured for:
determ ning, anong all points P and P' at which
a presence signal has been detected, points Pi
and P;' at which the probability is higher of
presence of said or each elongated buri ed
obj ect; and
compari ng said sets of spatial coordi nat es
correspbndi ng to points Pi and PF' wth each
ot her;

- determning, at the end of the control step, the

I ay directibon 0 of at least one elongated buried

object responsive to the set of spatial coordinates

corresponding to points P and P’

This way, the step of locating the lay direction 9
is done in an automatic way and in real tinme, needing a
si ngl e scanning.

In particular, the program neans is also arranged to
filter and anplify the presence signals, to allow a
qui cker and nore precise identification of points Pi and
Bi'

Advant ageousl vy, a navi gati on devi ce i's al so
provi ded, operatively connected to the control wunit, and
arranged to guide the first GPR sensor and the second GPR

sensor in such a way that the directions y and y' turn out
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parallel or orthogonal to the lay direction & of said or
each el ongated obj ect . This way, the apparatus can
determne easily the whole lay direction of said or each
el ongated object.

In particular, the navigation device is selected
from the group consisting of:

— an anal og conpass;

— a digital compass;

— an accel eroneter ;

— a GPS device;

— a total station;

— a gyroscope;

— an inertial station;

— a conbi nation thereof.

Advant ageously, the navigation device is configured
fo guide the first GPR sensor and the second GPR sensor
orthogonally to an expected lay direction &1 and the
program neans is configured to determne, at the end of
the conmputing step carried out by said program neans, a
lay direction &, and to check that it coincides wth the
expected lay direction 3;.

This way, it is possible to set an iterative process
for inproving the precision for defining the lay direction
d, reducing effectively and quickly any neasurenment errors

occurred during the first detecting step of presence
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signals and/or the first step of determining the set of

spati al

coor di nat es.

In particular, said or each position sensor is

sel ected from the group consisting of:

sensor

- a rotational encoder;

- a netric wheel;

- a GPS device;

- a total station;

- a gyroscope,;

- a GPS device;

- an inertial station;

- a nmeasuring device of the travelled distance;

- a conbi nati on thereof.

In particular, the first and/or the second GPR
are selected from the group consisting of:

- an elenment type antenna (i.e. nonopole, dipole,

bowtie, etc.);

- a "frequency i ndependent " ant enna (i.e.

Logperiodic, spiral-shaped, Vivaldi, etc.);

— a horn antenna;

- an ultra-wide band non dispersive antenna (i.e.

travelling wave antenna, travelling wave TEM horn,

I mpul se Radiating Antenna, rod antenna, etc.)

- a conbi nati on thereof.
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Advant ageousl y, a novable support is also provided
arranged to support the first GPR sensor and the second
GPR sensor to assist that said GPR sensors are noved
integrally to each other.

In particular, the novable support is also arranged

to support the other conponents of the apparatus.

Brief description of the draw ngs

Furt her characteristic and/ or  advant ages of the
i nvention will be nmade clearer with the follow ng
description of an enbodinent thereof, exenplifying but not
limtative, with reference to the attached drawings in
whi ch: |

- Fig. 1 shows a possible exenplary enbodinment of

an apparatus, accordi ng to the invention, for

defining a lay direction o of at |east one elongated

buried object; |

- Fig. 2 shows a step of moving the apparatus on a

target surface;

- In Fig. 3 a step is shown of locating a first

point p; at which there is a high probability of

presence of a buried object;

- In Fig. 4 a step is shown of locating a second

point pP' at which there is a high probability of

presence of a buried object, and subsequently

defining an expected lay direction di;
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- In Fig. 5 a step is shown of further positioning
apparatus 100 for testing the expected lay direction
o1 of the buried object;

- In Fig. 6 a nmoving step is shown where the
apparatus is caused to translate laterally in a
i medi ately next subsequent zone to follow the |ay
direction of the buried object;

- In Fig. 7A  exanples are shown of neasured
presence signals, in case of a # 0;

— In Fiag. 7B exanples are shown of neasured-
presence signals, in case of a = o0;

- In Fig. 8 a flowsheet is shown which outlines
various steps of the nethod for defining the |lay
direction o of buried elongated objects, according

to the invention.

Description of a preferred exenplary enbodi nent

Wth reference to Fig. 1, a possible exenplary
enbodi nment of an apparatus 100, accordi ng to the
[ nvent‘i on, for defining a lay direction & of at |east one
el ongated buried object 50 conprises a first and a second
GPR sensor, 110 and 110° , nmounted to a novable support
130.

GPR sensors 110 and ilO' allow to neasure the
presence of possible buried elongated objects by sending

under gr ound presence signals consisting of short high



10

15

20

25

WO 2014/181240 PCT/IB2014/061213
19

frequency electromagnetic pulses and then receiving back
such signals.

Movabl e support 130, to which GPR sensors 110 and
110" are integral, assists noving apparatus 100 throughout
a target area, and at the sanme tine nakes the GPR sensors
i nt egral to each other, so that they follow parallel
trajectories during the step of detecting the signals.

In particular, assuming a plane n as the plane on
whi ch substantially the t.arget area lays, and assuming the
positions of GPR sensors 110 and 110° in this plane n
respectively as points P and pP', GPR sensors 110 and 110
can nmeasure the presence of possible buried elongated
objects, respectively at a .first ~area A and of a second
area A' . Such areas A and A' are defined, respectively, as
a nei ghbourhood of the projections of points P and P' on
el ongated buried object 50, and are spatially different
from each other. To novable support 130, in this exenplary
enbodi ment, a control wunit 150, in particular a conputer,
and a position sensor 120 are al so connected.

To control wunit 150 a navigation device 160 can be
al so connected, which is adapted, for exanple, to display
a lay direction & so that a user can follow the buried
object along all its lay direction.

In figures 2,3,4,5,6 the successive steps of the

method according to the invention are diagrammtically
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shown, for defining a lay direction & of at |east one
el ongated buried object 50.

Wth reference to Fig. 2, when apparatus 100 is
moved on a target surface substantially parallel to plane
n, the two GPR sensors 110 and 110° trace on this plane n
two parallel trajectories s and s', consisting of two
pluralities of points P and p' and have origin at points
Po and Py' . Furthernore, the two trajectories s and s
have as tangent lines, at each point, directions y and y'.

Such -directions y and y' are in turn parallel to each

ot her, being the tangential  lines to two trajectories
paral | el to each other, and are also parallel to the
conveying direction all apparatus 100. The direction of
movenent is indicated by an arrow, | ocated underneath

apparatus 100.

Two GPR sensors 110 and 110" are integral to each

other and Jl|ocated at a fixed distance d. A line that
connects t he t wo GPR sensors 110 and 110 has a
pr edet er m ned direction €, which forms, in each position

of apparatus 100, an angle [ not =zero with direction vy.
The distance d has projection hi on direction y and a
projection D on a direction x orthogonal to direction vy
and arranged also in plane n.

Sinple trigononetric considerations allow to wite

the following relations:
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hi = d*cos (PB)
D = d*sin (B)

When noving apparatus 100 on the target surface, GPR
Sensors 110 and 110 det ect continuatively presence
signals that reproduce data relating to the presence of
possible buried elongated objects. At the sane tineg,
position sensor 120 acquires‘ a set of coordinates in plane

'n for each point P or P’ in which a presence signal by GPR
sensors 110 andv 110' is detected. Each set of coordinates
can be referred to a reference system having origin at Po
or, alternatively to a global reference system In -the
|atter case, the position sensor could be, for exanple, a
GPS sensor (dobal Positioning System) based on a system
of positioning satellites.

The acquired set of coordinates, along with the
presence signals, are transnitted, in particular in rea
tinme, to control unit 150, which makes it possible a
control by a user and/or by neans of a software resident
in the sanme control wunit 150.

OnMng to the acquisition of coordinates of the
positions covered in turn by the two GPR sensors 110 and
110', the program neans and/or the wuser are capable of
deternining the two trajectories s and s' travelled by the
GPR sensors sane, and then also the directions tangential

toy and y' at each point.
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In Fig. 3 the instant is shown when one of the two
GPR sensors 110 and 110" reveals the presence of a buried
obj ect

Speci fically, when control unit 150 receives the
presence signals detected by first GPR sensor 110 at point
P, and at adjacent points, t.he program means and/or the
user conpute such signals and detect point pP; as the point
at which there is a high probability of presence of a
buried object. The coordinates of point Pi in plane n h.ave
already been obtained by. the actual position sensor 120,
whereas the coordinate that provides the depth of the
buried object at point Py, is evaluated by the presence
signal. It is therefore wunivocally determned spatially a
first point of the lay direction of the elongated buried
obj ect. |

In Fig. 4 the nonent is shown where the step of
controlling the presence signals nmeasured by the second
sénsor 110' allows locating point P;' as point at which

there is a high probability of presence of a buried

obj ect . Such step of processing the presence signals
allows to determine both the depth of such object, if the
buried object detected at point Pi' is the same detected

at point Fi.
In case the object det ect ed is the sane, t he

expected lay direction &1 of elongated buried object 50
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can be determned, since for two points P; and pi* a single
straight Iline can pass. |In particular, »t he expected |ay
direction &, is defined by conputing an angle a between
the above described direction &, and a direction x,

orthogonal to the travel direction.

As it is apparent, except from the case in which
direction 01 is not exactly parallel to a connecting line
between the sensors 110 and 110', the step of |locating
points P; and Py' is carried out tenporally di ‘fferent

steps .

In simplified case of Fig. 4, where the conveying
direction of apparatus 100 has been kept fixed in the
short time between the steps of locating first point Pi
and of second point pPi', the expected lay direction &1 is
evaluated sinply by determning the projection h, on y of
segnent PxPi', i.e. by determning the distance travelled
by apparatus 100 in said tine.

In this case, in fact, angle a is evaluated, by
means of sinple trigononetric consi derati ons, by the

foll owi ng equation:
d* cos B +h,

d

—Ccos (3
o=tan!

sinf

wherein [ and d are known, and h, is the only

vari abl e val ue.
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In Fig. 5 a step is shown of further positioning
apparatus 100, for testing the expected lay direction 31
of elongated buried object 50.

In particular, once an expected lay direction &1 of

the buried object 50 has been defined, apparatus 100 is

posi ti oned again in such a way that direction 'y is
ort hogonal to direction 3l '. Thi s can be mde, in
particul ar, by a navigation device 160, for exanple

connected to control wunit 150 (see Fig. 1).

The apparatus is then caused to travel along new
direction y repeating the steps of detecting the presence
si gnal s, conputi ng the coordinates and computing a
presence record, up to calculating new a between the new
direction x and a new expected lay direction 3.

If this angle a is zero, then the new expected |ay
direction &; is confirmed as coincident wth /the expect ed
lay direction &1 calculated above and then assuned as the
actual lay direction &, which is defined with respect to
the reference system chosen above.

If instead angle a is not zero, and this can occur
for exanple in case of neasurenent errors that result
during the first estimation of o1, t hen a further
positioning and verification steps are carried out, givVving
rise substantially to an iterative process that ends when

angle a calculated is eventually zero.
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Wth reference to Fig. 6, when the lay direction &
in the inspected zone has been defined, the nethod
according to the invention provides a noving step where
appar at us 100 is <caused to translate laterally in a
i medi ately next subsequent zone in order to check that
this lay direction o6 is the same as the previous zone or,
alternatively, in order to determine the lay direction &
in the inspected zone. Such step can be repeated nmany
tinés, in order to follow the buried object 50 along all
its lay direction.

In particular,‘ while noving apparatus 100 in the
i nspected zone, direction y is kept orthogonal to the
direction & in the previous zone, in order to assist the
conparison wth fhe previ ous zone and determne easily the
direction o of the buried object 50 in the inspected zone.

In a possible exenpl ary enbodi nent , t he | ay
direction o can be displayed on a screen of the navigation
device 160 (see Fig. 1), for exanple on a map oriented
with respect to the conveying direction of apparatus 100.
This way, a user can direct the novenment of apparatus 100
and at the sanme tinme can display on the screen the |ay
direction defined up to that nonent. Even in Figs. 2 to s,
both always shown the novable support 130, it is not
necessary for the purpose of the operation of the present

i nventi on, since GPR sensors 110 and 110 can also be
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nmoved by means of other devices and/or manually by a user,
Wi t hout Wi th this af fecting the effect t echni cal as
cl ai med

Wth reference to Figs. 7A and 7B, the presence

signal s det ect ed by GPR sensors 110 and 110 can be

di spl ayed, for exanple, as branches of a hyperbole whose
vertices correspond to the positions of the points, in
particul ar P, and Pi' at whi ch t here is a high

probability of presence of an elongated buried object.
In particular, Fig. 7A shows the displays 10 and 10
of the neasured presence signals in a sinplified case,

like that of Fig. 4, where the conveying di rection of

appar at us 100 has been kept fixed, and parall el to
di rection y, in the time between the step of locating
first poi nt P, and of second poi nt Pi* . The travel

di rection of moving appar at us 100 when det ecting t he
presence signals is indicated by the arrow Like Fig. 4,
by projecting on y segnent P,Pi' the quantity h, is
obt ai ned, which is necessary to calculate angle a that
defines the expected lay direction o6, of elongated  buried
obj ect 50.

Fig. 7B shows instead the displays 20 and 20' of the
measured presence signals during a verification step, |ike

that shown in Fig. 5, where apparatus 100 is noved along a
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direction y perpendicular to the expected lay direction
ol .

In particular, the —case of Fi g. 7B  shows an
alignnent of the vertices of the two branches of hyperbole
along the expected lay direction d&;. Such alignnment causes
zeroing the projection h, and therefore of angle a,
al | owi ng vthe verification whet her the expected I ay
direction d; coincides actually wth the actual | ay
direction & of the elongated buried object.

Both the step of locating the vertices of the
branches of hyperbole, and therefore of points PpPi and pri',
and the correlation between two presence signals in order
to assess whether they belong to a sanme buried object, are
operations that can be carried out visually by a user,
starting from the displays as shown in Figs. 7A and IB.

Al ternatively, for an autommtization of the contro
step, a program neans can be further provided in control
unit  150. In this case, the step of determning the
vertices can be done wusing an algorithm for recognizing
the image that, starting from the above described
di splays, builds vectorial curves of which is possible,
for exanple, to determine the nmaximum and/or m ni mum
points .

Furthernore, the program nmeans can carry out also a

correlation between two presence signals by neans, for
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exanmple, of a pattern recognition filter and/or a inmage
processing filter.

More in general, when .the step of conputing the
presence signals is made through the program neans, a step
can also be provided of filtering and/or an anplifying
such signal s, for assisting the recognition and the
correlation of the displayed inages.

In Fig. 8 a flowsheet is shown which outlines
various steps of the nmethod for defining the lay direction
o of buri éd el ongated objects, according to the invention.

In particular, a step is provided of  moving
apparatus 100 on a target surface (201), during V\hi ch GPR
sensors 110 and 110° trace two trajectories s and s', thus
detecting continuatively  presence sighals concerning the
presence of possible buried objects (202) . At the sane
time a position sensor 120 acquires t he spati al
coordi nat es, with respect to a absolute or relative
reference system of each point of trajectories s and s
at which a presence signal has been received (203)

The presence signhals and the spatial coordinates are
transmtted to a control unit 150, so that they can be
computed by a user and/or by neans of a software resident
in the control unit sane. - The conputing step allows to
define a first point pPi at which it is very probable the

presence of a buried object 50 (204), and then to define a
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second point pPi' at which it is very probable the presence
of the sane buried object 50 (205)

By conmputing the line that passes through points Pi
and Pi' it is therefore possible to determine an expected
lay direction &1 of said buried object 50 (206), and then
to calculate angle a between the direction x, orthogonal
to the conveying direction of apparatus 100, and the above
described direction Ol (207)

Typi cally, angle a is not zero (207" ), being casual
the trajectory chosen when noving apparatus 100.

In this case, therefore, apparatus 100 is positioned

~again so that direction y, tangential to the trajectory of

the apparatus, i s perpendicular to the expected | ay
di rection Ol as previously defi ned. Such  positioning
nmovenent can be made, for exarrpi e, by nmeans of a navigation
devi ce 160.

All the steps previously described (201-207), until
angle a is zero (207'') are then repeated. Wien angle a is
zero, the last expected lay direction 0, as calculated is
confirmed as the actual lay direction & (208).

At this point, apparatus 100 is caused to translate
in a zone next to that previously inspected, naintaining
direction y perpendicular to the direction O previously

detected (210)
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The foregoing description of specific exenplary

enbodi ments wll so fully reveal the invention according
to the conceptual poi nt  of view, so that others, by
applying current know edge, wll be able to nodify and/or
adapt in various applications the specific exenplary

enbodi ments w thout further research and wthout parting
from the invention, and, accordingly, it is neant that
such adaptations and nodifications will have to be
considered as equivalent to the specific enbodinents. The
nmeans -and the materials to realise the different functions
described herein could have a di fferent nature wthout,

for this reason, departing from the field of the
invention, it is to be understood that the phraseology or
termnology that is enployed herein is for the purpose of

description and not of limtation.
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CLAI M5

1. A method for defining a lay direction & of at |east

one elongated buried object (50) by nmeans of GPR

t echni que (Ground Penetrating Radar) , said nethod
characterized in that it conprises the steps of:

- nmoving a first GPR sensor (110) along a first

trajectory s consisting of a plurality of points P,

sai d first trajectory s having origin at a
predeterm ned point Pyand having as tangent |ine, at
each point P of -said plurality, a predeterm ned

direction vy;

- noving a second GPR sensor (110'), integrally to
said first GPR sensor (110), so that said second GPR
sensor (110') travels along a second trajectory s
consisting of a plurality of points p', said second
trajectory s' having origin at a predetermned point

Ppo and being parallel to said first trajectory s,

said second trajectory s*' having as tangent Iline, at
each point P of said. plurality, a predeterm ned
direction y', said second CGPR. sensor (110') spatially
arranged in such a way that a connecting |ine between

said first GPR sensor (1120) and said second GPR
sensor (110" ) defines a predetermined direction € not
parallel to said directions y and y';

- detecting a first plurality of presence signals
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by said first GPR sensor (110), each presence signal
of said first plurality being detected at |east at
one point P of said first trajectory s, said first
plurality of presence signals associated wth data
concerning the presence of at |east one possible
elongated buried object (500 at a first area (A
defined in a neighbourhood of a projection of said
point P on said elongated buried object (50) ;

- determning a first set of spatial coordinates
for each point P of said trajectory s in which a
presence signal of said first plurality is detected;

- detecting a second plurality of presence signals
by said second GPR sensor (110'), each presence
signal of said second pl urality being detected at
| east at one point pP' of said second trajectory s,
said second plurality of presence signals associated
with data concerning the presence of at |east one
possible elongated buried object (500 at a second
area (A ) defined in a neighbourhood of a projection
of said point P on said elongated buried object
.(50), said or each second area (A ) being spatially
different from said or each first area (A ;

- determning a second set of spatial coordinates
for each point P of said second trajectory s' in

which a presence signal of said second plurality is
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det ect ed;
- receiving by a control wunit (150) said first and
said second plurality of presence si gnél s and each
sai d first and sai d second set of spati al
coordi nates ; |
- conmputi ng a presence record concer ni ng t he
presence of possible buried elongated objects (50)
and of weach said first and said second set of
spatial coordinates, by:
det er m ni ng, anong all points P and P' at which
a presence signal has been detected, points Pi

and P;' at which the probability of presence of

said or each elongated buried object (50) is
hi gher; and
compari ng said sets of spati al coordi nat es

corresponding to said points Pi and Pi' wth each

ot her;
- det er m ni ng, at the end of said conputing step,
the lay direction & of at |east one elongated buried
object responsive to the set of spatial coordinates
corresponding to points of said lay direction & of
at least one elongated buried object (50) responsive
to said set of spatial coordinates corresponding to

said points pPi and Ppi'

2. The rmethod accordi ng to claim 1, wherein said
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computing step conprises a step of conputing

a set Dbetween a direction X orthogonal

directions y and y* and an expected lay direction

of said or each el o'ngated obj ect (50)

an angle
to said

ol

, said expected

lay direction ©o; conputed by conparison of set of

spatial coordinates of said points pPi and pi

in which

data have been detected relative to the presence of a

same elongated buried object (50)

3. The nethod according to claim 2, wherein the nmethod

further conprises the steps of:

— further positioning said apparatus (100) in such

a way that said direction y is orthogonal
expected lay direction d1;
— iterating said steps of:
det ecti ng said first plurality of
signal s ;
det er m ni ng said  first set of
coordi nates of each point P;
det ecti ng said second  plurality of
signal s ;
det erm ni ng sai d second set of
coordi nates of each point p';
receiving said first and said second

of presence signals and of said first

second set of spatial coordinates;

to said

presence

spati al

presence

spati al

plurality

and said
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computing said angle a;

said step of iterating repeated until said angle a
is zero;
- i dentifying, when said angle a is zero, said

expected lay direction &, as said lay direction 9.

4. The method according to claim 1, wherein said set of
spatial coordinates of each point P is referred to a
reference system selected from the group consisting
of :

- a relative reference system having origin at
said predeterm ned point Py,

— a global reference system

— or a conbination thereof;

and wherein said set of spatial coordinates of each
point P is referred to a reference system selected
from the group consisting of:

- a relative reference system having origin at
said predetermned point Py ;

— a global reference system

— or a conbination thereof.

5. An apparatus (100) for defining a lay direction 8 of
at | east one el ongated buried object (50), sai d
apparatus (100) conprising:

- a first GPR sensor (110) configured to nmeasure a

first plurality of presence signals associated wth
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data concerning the presence of at | east one
possible elongated buried object (50);
said apparatus (100) characterized in that it further
conpri ses
— a second GPR sensor (110') arranged integrally

to said first GPR sensor (110) in such a way that a

connecting line between said first GPR sensor (110)
and sai d second GPR sensor (110" ) defi nes a
pr edet er ni ned direction € not paral | el to said
directions y and y', said second GPR sensor (110')

configured to neasure a second plurality of presence

signals associated wth data concerning the presence

of at least one possible elongated buried object

(50) ;

— at least one position sensor (120) arranged to
detect a first set of spatial coordinates for each
point P of said trajectory s in which a presence

signal of said first plurality is detected, said or
each position sensor (120) being also arranged to

detect a second set of spatial coordinates for each

point P of said second trajectory s' in which a
presence si gnal of sai d second plurality is
det ect ed;

— a control unit (150) arranged for receiving said

first and said second plurality of presence signals
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from said first and sai d second GPR sensor
(110,110') and each said first and said second set
of spatial coor di nat es from said or each position

sensor  (120)

6. The apparatus (100) according to claim 5, wherein a
program means is also conprised resi dent in said
control unit (150) and éonfigured to anal yse each said
first and said second set of spatial coordinates and
said data concerning the presence of possible buried
el ongated objects (50), said control unit (150) being
also configured for:
| det er m ni ng, anong all points P and P' at which

a presence signal has been detected, points Pj
and P;+ at which the.probability is higher of
presence of said or each elongated buried object
(50); and
compari ng sai d sets of spati al coor di nat es
corresponding to said points Pi and FPi' with each
ot her;
- det er m ni ng, at the end of said conputing step,
said lay direction 0 of at least one elongated
buried object (50) responsive to said set of spatial

coordinates corresponding to said points Pi and P’

7. The apparatus (100) according to claim 5, where a

navigation device is also provided (160), operatively
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connected to said control wunit (150), and arranged to
guide said first GPR sensor (1100 and said second GPR
sensor (110') in such a way that said directions y and
y' turn out parallel or orthogonal to said lay direction
0 of said or each elongated object (500, in order to
allow defining the whole lay direction of said or each
el ongated object (50) , in particular said navigation
device (160) selected from the group consisting of:

- an anal og conpass;

- a digital conpass;

- an accel eroneter;

- a GPS device;

- a total station;

- a gyroscope;

- an inertial station;

- a conbi nation thereof.

The apparat us (100) as claim 6 and 7, wherein said
navi gati on device is configured to guide said first
GPR sensor (110) and said second GPR sensor (110")
ort hogonal | y to an expected lay direction &1 and said
program neans is configured to deternine, at the end
of said conputing step carried out by said program
nmeans, a lay direction d, and to check t hat it

coincides wth said expected lay direction 3.

The apparatus (100) according to claim 5, wherein said

or each position sensor (120) is selected from the
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group consisting of:

a rotational encoder;

- a netric wheel;

- a GPS devi ce;

- a total station;

- a gyroscope;

- an inertial station;

- a measuring device of the travelled distance;

- a conbi nation thereof;

and wherein said first and/ or said second GPR sensor

(110,110') is/are selected from the group consisting of:

10.

- an element type antenna (i.e. nonopole, dipole,
bowtie, etc.);

- an antenna of "frequency independent” type (i.e.
Logberi odi c, spiral -shaped, Vivaldi, etc.);

- a horn antenna;

- an ultra-wide band non dispersive antenna (i.e.
travelling wave antenna, travelling wave TEM horn,
I mpul se Radiating Antenna, rod antenna, etc.)

- a conbi nation thereof.

The apparatus (100) according to claim 5, wherein a
novabl e support is also provided (130) arranged to
support said first GPR sensor (110) and said second
GPR sensor (110') to assist that said GPR sensors are

noved integrally to each other.
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