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ABSTRACT

The present invention relates to a localisation or estimation
group of the position of a moving target, such as a person or
a manual guided vehicle, in a warehouse or in an area to be
monitored with at least one automatic guided vehicle,
equipped with a unit for controlling the movement of the
automatic guided vehicle itself, and at least a moving target.
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GROUP FOR LOCALIZING A MOVING
TARGET IN A WAREHOUSE WITH
AUTOMATIC GUIDED VEHICLES

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a localisation
group for a moving target in a warehouse with automatic
guided vehicles, as well as a method of localization for a
moving farget, with the term moving target meaning per-
sons, forklift trucks or manual guided vehicles or TN, etc.,
which move in the warehouse together with the automatic
guided vehicles.

STATE OF THE ART

[0002] Typically, the localisation of moving objectives or
targets such as persons, forklift trucks or manual guided
vehicles moving in warehouse or industrial areas in general,
is carried out by arranging a plurality of antennas at fixed
nodes, called anchors (in English anchor nodes), which send
the detected signals to a centralized controller that uses the
received signals to estimate through triangulation algorithms
and possible evolution thereof the position of the moving
target and, accordingly, signal such position to the control
unit of the automatic guided vehicles, in order to avoid the
collision of the automatic guided vehicles, for example LGV
(Laser guided vehicle) or AGV (automatic guided vehicle),
with the moving target.

[0003]  Such system requires the installation of a plurality
of antennas, called anchors or nodes or anchor nodes, in the
area of interest, usually a warehouse, thereby involving high
installation costs, as well as a complex handling of the
communications between the moving targets, the nodes or
the anchors, the controller of the nodes and the control unit
of the automatic guided vehicles.

OBIJECTS OF THE INVENTION

[0004] One object of the present invention is to provide for
an improved localisation or position estimation group for a
moving target, such as a person or a manual guided vehicle,
in a warehouse with automatic guided vehicles.

[0005] Another object of the present invention is to pro-
vide for a localisation or position estimation group for a
moving target, such as a person or a manual guided vehicle,
in a warehouse with automatic guided vehicles, which is
able to localize or detect in a fast and effective way such
moving target.

[0006] One further object of the present invention is to
provide for a localisation or position estimation group of the
type mentioned above, which is able to detect the position of
a moving target, such as a person or an automatic guided
vehicle and avoid the collision of automatic guided vehicles
with the moving target.

[0007] Yet another object of the present invention is to
provide for a localisation or position estimation group for a
moving target, such as a person or a manual guided vehicle,
in a warehouse with automatic guided vehicles which allows
to simplify the localisation group and the installation
thereof.

[0008] According to one aspect of the present invention, a
localisation group according to the present principles is
provided.

[0009] The present application refers to preferred and
advantageous embodiments of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Other features and advantages of the invention will
be more apparent from the description of one embodiment of
a localisation group, given for indicative purpose in the
enclosed drawings, wherein:

[0011] FIG. 1 shows a localisation group according to the
present invention; and

[0012] FIG. 2 shows the group of FIG. 1 in a coordinate
system.

[0013] In the enclosed drawings, the same parts or com-
ponents are associated to the same reference numbers.

DETAILED DESCRIPTION OF THE
INVENTION

[0014] The present invention relates to a localisation or
estimation group of the position for at least one moving
target 2, such as a person, a forklift truck or a manual guided
vehicle, etcetera, which is in a warehouse or in an area to be
monitored, such as a production area in general, an outdoor
stocking area, a port, etcetera, together with automatic
guided vehicles, hereafter also referred to as AGV (Auto-
matic guided vehicle) or LGV (Laser guided vehicle).
[0015] In the warehouse or the area to be monitored at
least one automatic guided vehicle 3 is also present, which
vehicle is provided with localisation means 1 for the moving
target 2.

[0016] In fact, an important feature of the present inven-
tion is that the localisation means 1 for the moving target 2
are provided on the automatic guided vehicle 3. This feature
allows to remarkably simplify the installation of the nodes
with the relative antennas for detecting moving targets in the
warehouse or area to be monitored, because it is not neces-
sary anymore to place the localisation means, which usually
comprise the antennas, at fixed points in the warehouse or in
the area to be monitored.

[0017] Moreover, thanks to such expedient, it is possible
to reduce the number of antennas required to “cover” or
monitor the entire area of the warehouse or the area to be
monitored, by positioning a reduced number of antennas on
vehicles, if desired only on vehicles.

[0018] Moreover, in this way the antennas are positioned
only where they are actually needed, i.e. where the auto-
matic guided vehicles are.

[0019] The localisation means 1 of the vehicle 3 comprise
at least two first nodes for emitting and receiving signals,
each first node being provided with an antenna (not shown)
for receiving/emitting signals.

[0020] The first nodes of the vehicle 3 can be more than
two, for example three and, according to the embodiment
shown in the figure, even four, referred to as S0, S1, S2, S3.
[0021] In general, the number of first nodes on the auto-
matic guided vehicle 3 can be any, starting from two.
[0022] For example, two first nodes, SO and S3, can be
placed in the front F of the vehicle 3, and send signals
towards the moving target 2 to be localized.

[0023] The moving target 2, in turn, is provided with a
second node or marker, identified in FIG. 1 with the same
number 2 of the moving target, the second node or marker
comprising in turn at least one antenna capable of receiving/
emitting signals.

[0024]  Accordingly, when the first nodes of vehicle 3 send
signals towards the second node or marker of the moving
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target 2 to be localized, by the same target 2 a return signal
is obtained towards the first nodes of the vehicle 3.

[0025] Itis to be noted that the first nodes SO, S1, S2, S3,
being placed on the automatic guided vehicle 3, are also
integral with respect to each other and form a group of fixed
nodes therebetween, yet nodes which move with vehicle 3.
[0026] The first nodes SO, S1, S2, S3 cooperate with each
other to localize the moving node uncoupled from the fixed
nodes rigid with each other, the moving node being the one
on the moving target 2.

[0027] The first emitting/receiving nodes of the vehicle 3
and the marker of the moving target 2 can use electromag-
netic waves of the same ultra wide band type, or UWB, or
also other types of transmission signals by electromagnetic
waves can be used, for example Wi-Fi or Bluetooth (trade-
marks registered by their respective owners).

[0028] The marker of the moving target 2 can also com-
prise an ID identification code, which allows to distinguish
a moving target 2 from another, if in the warehouse or area
to be monitored several moving targets 2 are present.
[0029] According to one version not shown, each antenna
of the first nodes SO, S1, S2, S3 is operated by a respective
emission/reception unit.

[0030] According to one version of the present invention
shown in FIG. 1, each of the first nodes SO, S1, S2, S3
comprises one antenna, and such antennas are operated in
couple, by two emission/reception units 4a, 4.

[0031] In general, in the automatic guided vehicle 3 sev-
eral first nodes can be provided with respective antennas,
which antennas are operated by a lower number of emission/
reception units. In particular, a single emission/reception
unit can also operate all the antennas of the first nodes SO,
S1, S2, S3 of the vehicle 3.

[0032] Vehicle 3 also comprises electrical powering
means 8 for the emission/reception units 4a, 45 and/or for
the programming control unit 6.

[0033] With reference to the way in which the nodes are
operated by a lower number of emission/reception units, this
can occur, for example, according to a time division multi-
plexing logic, the emission/reception units 4a and 4b
thereby comprising means for carrying out the time division
multiplexing of the signals from and towards the first
emitting and receiving nodes SO0, S1, S2, S3.

[0034] Alternatively, emission/reception units (control
units) could, for example, be provided, capable of support-
ing two or more independent output channels and to process
in parallel the signals received by the antennas.

[0035] As already stated, in the embodiment shown in
FIG. 1, vehicle 3 comprises two emission/reception units 4a
and 4b, as well as the first emitting and receiving nodes SO,
S1, S2, S3 with the respective antennas; the emission/
reception units 4a, 4b are then connected to the antennas of
the first emitting and receiving nodes SO, S1, S2, S3, by
transmission means 7a, 7b, 7c, 7d.

[0036] The first nodes SO, S1, S2, S3 emitting and receiv-
ing the electromagnetic waves thereby form the anchors or
nodes of virtual type, i.e. they are antennas which are
operated by a lower number of emission/reception units.
[0037] More in detail, according to the example of FIG. 1,
unit 4a operates the first node S1 through channel 75, and the
first node S2 through channel 7¢, while unit 45 operates the
first node SO through channel 7a, and lastly the first node S3
through channel 74.
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[0038] In this way, the advantage of a reduction of com-
ponents cost is obtained, since the antennas are less expen-
sive with respect to the nodes equipped with emission/
reception units, and a more easy handling of the signals
coming from the nodes is also achieved, given that each unit
4a or 4b s able to coordinate independently the virtual nodes
to which it is connected.

[0039] The connections between nodes and the units 4a,
4b can, for example, be obtained by means of extensions
(cables), even if connections of other types could also be
provided, if desired wireless.

[0040] The automatic guided vehicle 3 comprises in addi-
tion a controller or programming control unit 6 in connec-
tion with the emission/reception units 4a, 4b, in order to
control the emission and the reception of detection signals of
the first nodes S0, S1, S2, S3 and, thus, calculate the position
of the moving target 2, through a triangulation between the
involved nodes.

[0041] Nodes SO, S1, S2, S3 can be positioned two at the
front or first front F of the vehicle and two at the rear or
second front R of the vehicle. In particular, each node can be
provided close to an angle of the vehicle 3 outline, consid-
ering the plan view of the vehicle outline as approximately
a rectangle, thereby allowing a geometrical position of the
nodes on the vehicle more favorable in order to carry out the
triangulation with the moving target 2.

[0042] Of course, the nodes could be positioned also in a
way different from the one described above, for example as
a cross or according to other suitable arrangement.

[0043] The localisation group 1 according to the invention
therefore allows to localize or appropriately estimate the
position of a moving target, thanks to the antennas of the
nodes installed on each automatic guided vehicle.

[0044] According to one version of the present invention,
some nodes could be added, with the respective antennas, at
fixed points of the warehouse (not shown), in order to
improve the localisation of the moving target, since, at
certain positions and according to certain configurations of
the warehouse, the localisation of the moving target with the
only nodes positioned on the automatic guided vehicle could
show lower precision than the necessary one. Thus for
example, in the corridors, the vehicles and the obstacles/
objectives are less in number (thus less “density”), while in
the shipping areas many vehicles and many obstacles/
objectives are usually present, therefore a higher localisation
precision is necessary.

[0045] There is anyway a notable simplification with
respect to the solutions with the net of localisation nodes
placed at fixed points of the warehouse or area to be
monitored.

[0046] It should be noted that automatic guided vehicles
are connected to a centralized control device which handles
the movement thereof and, thus, perfectly knows the posi-
tion at each instant of each automatic guided vehicle, such
position is for example estimated by integrating odometry
and laser scanning or other systems (for example vision
system for line-following, inertial units, etcetera) on the
above mentioned vehicles, and this allows, in combination
with the localisation means of the moving targets above
described, an optimal and safe movement of the automatic
guided vehicles in the warehouse or in the area to be
monitored.

[0047] According to a version of the present invention, the
localisation group can comprise several automatic guided
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vehicles 3 provided with localisation means as indicated
above, the above mentioned localisation means being able to
detect the position of the moving target, and also to com-
municate between each other or anyway with a general
controller of the group, in order to obtain an efficient and
safe handling of the traffic in the warehouse or area to be
monitored.

[0048] According to embodiments which are not object of
the present invention and therefore not described more in
detail, the automatic guided vehicle 3 comprises movement
means, for example, wheels or movement tracks, motor
means for actuating the wheels or tracks and controlled by
a control unit for the controlled movement of the vehicle in
a respective warehouse.

[0049] In case, the same unit controlling the movement of
the vehicle can comprise also the controller or programming
contro] unit 6 which controls the emission/reception units
4a, 4b.

[0050] The steps of a possible localisation or position
estimation method with a group according to the present
invention will be now described. To this regard, the case
wherein the localisation group comprises one vehicle with
four nodes is considered, but, as will be understood, similar
considerations are applied to a group provided with one or
more vehicles, each with two or three nodes.

[0051] A coordinate system which could be used is that
shown in FIG. 2, wherein the x axis is the line between nodes
S1 and S2 (behind or on the rear R of the vehicle, for
example a LGV) and the origin is the intermediate point
between S1 and S2. In the considered coordinate system, the
nodes coordinates on board, expressed in millimeters, are:

S0=[-350,1900]S1=[-550,0] @.0)

52=[550,0]53=[350,1900] 22

1. Localisation Scheme

[0052] A number of localisation or position estimation
algorithms were implemented, which imply two steps:
[0053] acquisition of the distance of the marker 2 by
means of the four nodes SO, S1, S2 and S3 antennas
signals; and
[0054] processing of the signals for obtaining the posi-
tion estimation of the moving target 2.
[0055] In particular, in the case wherein more than one
objective is to be detected, such as a manual vehicle, a
further step is provided, which is carried out before the other
two now cited, i.e. a detection or discovery step of the
objectives in the operating range of a node, in particular a so
called master node, which will be discuss below.
[0056] The first distance acquisition step will described
first.
[0057] In all the considered algorithms, when the vehicle,
for example a LGV, is static or moving forward, node S0 acts
as a master node in the odd iterations and node S3 acts as
master node in the even iterations, while, when the LGV
moves backwards, node S1 acts as master node in the odd
iterations and node S2 acts as master node in the even
iterations.
[0058] During the discovery phase (mainly for multi-
target scenarios), the master node interrogates in sequence
all possible mobile targets, whose existence in the system is
assumed known a priori. The output of the discovery phase
is the list of the only mobile targets present within the action
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range of the master node. The subsequent steps are repeated
for all and only the moving targets thus identified. The
schema for the acquisition phase of the distance is the
following:
[0059] all nodes SO, S1, S2, S3 are in the sleeping state;
[0060] the master node is activated;

[0061] the master node sends signals in the automated
warehouse network until it receives the response from
the marker or ID—in the event that an identification
code is provided—of a mobile target 2;

[0062] once the master node receives the response from
the marker or ID of a moving target 2, it is placed in the
sleeping state and activates the slave node SlI;

[0063] the slave node Sl1 interrogates the marker or ID
of the mobile target 2 which had responded to the
master node;

[0064] the slave node SI1 is placed in the sleeping state
and activates the slave node SI2;

[0065] the slave node S12 queries the marker or ID of
the mobile target 2 which had responded to the master
node;

[0066] the slave node SI2 is placed in the sleeping state
and activates the slave node SI3;

[0067] the slave node SI3 queries the marker or ID of
the mobile target 2 which had responded to the master
node;

[0068] the slave node SI3 is placed in the sleeping state.
[0069] The SI3 slave node is the node or end at a node of
the antenna connected to the same emission/receiving unit of
the master node, while the slave node SI2 and the slave node
SI1 are the two nodes connected to the other emission/
receiving unit, and the slave node Sl1 is on the same side of
the master node.

[0070] Therefore, the following configurations are the
only possible:

[0071] with the vehicle 3 that moves forward, odd
iterations: the node SO is the master node, the node S3
is the first slave node, the node S1 is the second slave
node and the node S2 is the third slave node;

[0072] with the vehicle 3 that moves forward, even
iterations: the node S3 is the master node, the node SO
is the first slave node, the node S2 is the second slave
node and the node S1 is the third slave node;

[0073] with the vehicle 3 that moves backward, odd
iterations: the node S1 is the master node, the node S2
is the first slave node, the node SO is the second slave
node and the node S3 is the third slave node; and

[0074] with the vehicle 3 that moves backward, even
iterations: the node S2 is the master node, the node S1
is the first slave node, the node S3 is the second slave
node and the node SO is the third slave node.

[0075] After receiving responses from all slave nodes, the

estimating of the position begins, which will now be
described.

[0076] Each estimate of the distance from each antenna of
nodes S0, S1, S2, S3 is evaluated on the basis of a circum-
ference with center at the position of the respective node and
whose radius is the estimated distance, circumference which
is ideally traced by the signal emitted from each antenna or
node. For this reason, assuming that all the slave nodes
respond, one would have four circumferences.
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[0077] Designating the coordinates of the master as [xM,
yM] and the slave nodes coordinates as [xsl1, ysl1] [xsl2,
ysl2] [xsl3, ysl3], one would have:

CM=(x-xM)*+(y-yM)*=r*5¢ (23)
Csl1=(x-xsT1 P+(y-psl1)?=r2, (24)
Cst2=(x-xsT2Y2+(y-ysI2)*=1%, (2.5)
Csl3=(r-xsI3Y2+(y=ys3)2= 3 (2.6)

where I, Iy, Iy and r ;; are the distances estimated from
the master node, the first slave node, the second slave node
and the third slave node.

[0078] The intersection of the four circumferences should
give the position of the mobile target.

[0079] Because of possible errors, the four circumferences
may not intersect at a single point. Of course, many strat-
egies can be used to find the estimate of the position of the
target.

[0080] Some of the possible algorithms used for this
purpose will now be described.

2. Algorithm 1

[0081] 2.1. This algorithm operates in the following way.
[0082] If all slave nodes respond:

[0083] if min {vPeaksll1, vPeaksl2,
vPeaksl3 }=vPeaksl1 then the estimated distance from
the first slave node is ignored and the localization
strategy is explained in paragraph 2.4;

[0084] if min {vPeaksl1, vPeaksl2,
vPeaksl3 }=vPeaksl2 then the estimated distance from
the second slave node is ignored and the localization
strategy is explained in paragraph 2.3;

[0085] if min {vPeaksl1, vPeaksl2,
vPeaks]3 }=vPeaksl3 then the estimated distance from
the third slave node is ignored and the localization
strategy is explained in paragraph 2.2;

[0086] with vPeak that is the absolute maximum value in
the window of the front edge of the received waveform.
[0087] vPeak represents a kind of received power, because
it corresponds to the absolute maximum value detected in
the main UWB impulse received. In this regard, due to
reflections indoors or into a building, it is very likely that
more replicas of the same transmitted impulse arrive to the
receiver: among these, one is the main (the “stronger”) and
vPeak corresponds to its absolute maximum value (the
impulse could also be negative, but with high maximum
absolute value). The higher are the values for vPeak, the
higher is the received power.

[0088] Consequently, high vPeak values correspond to
more reliable measurements of the distance estimate, and are
probably related to paths of a signal of a target in direct
visibility.

2.2. If the third slave node does not respond, then CMNCsl1
and CMNCsl2 is evaluated.

2.2.1 If {P0, P1}=CMNCsl1 and {Q0,Q1}=CMNCsl2

[0089] Pe{PO, P1} and Qe{Q0,Q1} is selected in such a
way that

”P‘Q”q“'mf;e[o,l]”PFQj”
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[0090] The barycenter of the two points 0.5(P+Q) is
considered as an estimate of the position of the mobile target
2.

222 If 0=CMNCsl1 and {Q0, Q1}=CMNCsI2

[0091] the two points POeCM and PleCsll are evaluated
in such a way that

1PO-P1j=minp, car,ge ot IP-Qll

[0092] if [[PO-P1|j<d,, one goes to the point 2.2.1

[0093] otherwise, as estimate of the position of the mobile
target 2, the point between QO and QI with the lower
x-coordinate (if the master node is SO or S1) or greater
x-coordinate (if the master node is S2 or S3) is selected.

223 If {P0, P1}=CMNCsl1 and 0=CMNCsl2

[0094] the two points QUeCM and Q1eCsl2 are evaluated
in such a way that

[00-Q1]=minpe car,ge coral Pl

[0095] if [QO-QI||<d,, one goes to the point 2.2.1

[0096] otherwise, as estimate of the position of the mobile
target 2 is selected the point between PO and P1 with the
greater y-coordinate (if the vehicle or the LGV is moving

forward) or with the lower y-coordinate (if the vehicle or the
LGV is moving backward).

[0097] d,, is a threshold distance that is used in order to
maximize the performances of the localization algorithm (in
terms of probability of error). In other words, d,, is a design
parameter of the algorithm.

2.2.4 If 0=CMNCsl1 and 0=CMNCsl2

[0098] the two points Q0eCM and Q1eCsl2 are evaluated
in such a way that

[PO-P1|l=minp. car,gecsiniP-2

[0099] the two points Q0eCM and Q1€Csl2 are evaluated
in such a way that

|00-01|=minp, car,gecoinl POl
[0100] if |[PO-P1|}<d,, and ||Q0-Q1||l<d,, one goes to the
point 2.2.1.

[0101]  IfPO-P1]}<d,, and [|Q0-Q1[>d,, as estimate of the
position of the mobile target 2, the barycenter of the two
points PO and P1, that is 0.5(P0+P1) is selected.

[0102] If|PO-P1|>d,, and [|Q0-Ql||<d,,, as estimate of the
position of the mobile target 2, the barycenter of the two
points Q0 and QI, that is 0.5(Q0+Q1) is selected.

[0103] If |[PO-P1|>d,, and ||Q0-Q1|>d,,, the position of
the mobile target 2 is set equal to [0, 0].

2.3. If the second slave node does not respond, then
CMNCsl1 and CMNCsl3 is evaluated.

2.3.1 If {P0, P1}=CMNCsl1 and {Q0, Q1}=CMNCsl3

[0104] Pe{PO, P1} and Q €{QO0, Q1} are selected in such
a way that
lU’—QH=min,»,,‘E[o,uHP i-Qjl

[0105] The barycenter of the two points 0.5(P+Q) is
considered as an estimate of the position of the mobile target
2.
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232 If 0=CMNCsl1 and {Q0,Q1}=CMNCsl3

[0106] the two points POeCM and PleCsll are evaluated
in such a way that
[|PO-P1|Fminp. ca gecsns IP-Lll

[0107] if |[PO-Pl||<d,, one goes to 2.3.1

[0108] otherwise, as an estimate of the position of the
mobile target 2 is selected the point between Q0 and Q1 with
the higher x-coordinate (if the master node is SO or S1) or
the lower x-coordinate (if the master node is S2 or S3).

233 If {P0, P1}=CMNCsl1 and 0=CMNCsl3

[0109] as an estimate of the position of the mobile target
2 is selected the point between PO and P1 with the greater
y-coordinate (if the vehicle or the LGV is moving forward)
or with the lower y-coordinate (if the vehicle or the LGV is
moving backward).

234 If 0=CMNCsll and 0=CMNCsl3

[0110] the two points POeCM and P1eCsl1 are evaluated
in such a way that
[PO-P1 ":miﬂpeaw,gec.cnuP‘Q”

[0111] If|PO-P1||<d,, one goes to 2.3.3

[0112] otherwise, the position of the mobile target 2 is set
equal to [0, 0].

2.4 1f the first slave node does not respond, then CMNCsl2
and CMNCsl3 is evaluated.

2.4.1 If {PO, P1}=CMNCsl2 and {Q0, Q1}=CMNCsI3

[0113] Pe{PO, P1} and Q ¢ {QO, Q1} are selected in such
a way that
”P_Q”:minije[o,l]“Pi'Q/."

[0114] The barycenter of the two points 0.5(P+Q) is con-
sidered as an estimate of the position of the mobile target 2.

242 If 0=CMNCs12 and {Q0, Q1}=CMNCsI3

[0115] P0eCM and P1eCsl2 are evaluated in such a way
that

|lPO-P1 "=mjnPsCM,QeCsll P-0l

[0116] if ||[PO-P1||<d,; one goes to the point 2.4.1

[0117] otherwise, as an estimate of the position of the
mobile target 2 is selected the point between Q0 and Q1 with
the lower x-coordinate (if the master node is SO or S1) or the
greater x-coordinate (if the master node is S2 or S3).

2.43 If {P0, P1}=CMNCs12 and 0=CMNCsI3

[0118] as an estimate of the position of the mobile target
2 is selected the point between PO and P1 with the lower
x-coordinate (if the master node is SO or S1) or with the
grater x-coordinate (if the master node is S2 or S3).

2.4.4 If 0=CMNCs12 and 0=CMNCsl3

[0119] the two points POeCM and P1eCsl2 are evaluated
in such a way that
[[PO-P1|Fminpecar.gecsnllP-2ll

[0120] If|PO-P1||=d,, one goes to 2.4.3
[0121] otherwise, the position of the mobile target 2 is set
equal to [0, 0].
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2.5 If only the first slave node responds

[0122] CMNCsll is evaluated.

2.5.1. If {P0, P1}=CMNCsl1 as an estimate of the position
of the mobile target 2 is selected the point between PO and
P1 with the greater y-coordinate (if the vehicle or the LGV
is moving forward) or with the lower y-coordinate (if the
vehicle or the LGV is moving backward).

2.5.2 If 0=CMNCsll

[0123] the two points POeCM and PleCsll are evaluated
in such a way that

[[PO-P1|Fminpecar,gecsnliP-Qll

If ||PO-P1|<d,, as an estimate of the position of the mobile
target 2 is selected the barycenter of the two points PO and
P1, that is 0.5(P0+P1) otherwise, the position of the mobile
target 2 is set equal to [0, 0].

2.6 If only the second slave node responds

[0124] CMNCsl2 is evaluated.

2.6.1. If {P0, P1}=CMNCsI2 as an estimate of the position
of the mobile target 2 is selected the point between PO and
P1 with the lower x-coordinate (if the master node is SO or
S1) or with the grater x-coordinate (if the master node is S2
or S3).

2.6.2 If 0=CMNCsl2

[0125] the two points POeCM and P1eCsll are evaluated
so that

[PO-P1=ming, car,gecar IP-011

[0126] If||PO-P1||<d,, as an estimate of the position of the
mobile target 2 is selected the barycenter of the two points
PO and P1, that is 0.5(P0+P1).

[0127] Otherwise, the position of the mobile target 2 is set
equal to [0, 0].

2.7 If only the third slave node responds

[0128] CMNCsI3 is evaluated.

2.7.1.1f {P0, P1}=CMNCsl3 as an estimate of the position
of the mobile target 2 is selected the point between PO and
P1 with the greater x-coordinate (if the master node is SO or
S1) or with the lower x-coordinate (if the master node is S2
or S3).

2.7.2 If 0=CMNCsl3, the position of the mobile target 2 is
set equal to [0, 0].

2.8 If none of the slave node responds, the position of the
mobile target 2 is set equal to [0, 0].

3. Algorithm 2

[0129] The algorithm 2 presents points 5, 6, 7 and 8
corresponding to points 5, 6, 7 and 8 of the algorithm 1 Point
1 corresponds formally to the point 1 of the algorithm 1, but
with reference to point 2, 3, 4 they operate in a different
manner

3.1. If all three slave nodes respond

[0130] If min {vPeaksll, vPeaksl2, vPeaksl3}=vPeaksll
then the estimate of the first slave node distance is ignored.
The localization strategy is explained in section 3.4.
[0131] If min {vPeaksll, vPeaksl2, vPeaksl3}=vPeaksl2
then the estimate of the second slave node distance is
ignored. The localization strategy is explained in section 3.3.
[0132] If min {vPeaksll, vPeaksl2, vPeaksl3}=vPeaksl3
then the estimate of the third slave node distance is ignored.
The localization strategy is explained in section 3.2.
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3.2. If the third slave node does not respond
[0133] CMNCsll and CMNCsl2 are evaluated
[0134] A. If vPeaksllzthvPeak and vPeaksl2=thvPeak

32.1 If {P0, P1}=CM NCSI1 and {Q0, Q1}=CM NCS12
[0135] Pe{PO, P1} and Q €{Q0, Q1} are selected so that
”P_Q”:Inmije[o,l]up i-Of]

[0136] The barycenter of the two points 0.5(P+Q) is
considered as an estimate of the position of the mobile target
2,

3.2.2 If 0=CMNCsl1 and {Q0, Q1}=CMNCsl2

[0137] the two points POeCM and PleCsll are evaluated
in such a way that

[PO-P1 ||:mﬂpsw.gecs11|W'Q||

[0138] If|PO-P1|<d,, one goes to the point 3.2.1

[0139] otherwise as an estimate of the position of the
mobile target 2 is selected the point between Q0 and Q1 with
the lower x-coordinate (if the master node is SO or S1) or
with the grater x-coordinate (if the master node is S2 or S3).

3.23 If {P0, P1}=CMNCsll and 0=CMNCsl2

[0140] The two points Q0eCM and Q1€Csl2 are evaluated
in such a way that

"QO_QIII:mmPECA{,QECsH"P_ ol

[0141] If|QO-Ql||<d,;, one goes to the point 3.2.1

[0142] otherwise as an estimate of the position of the
mobile target 2 is selected the point between PO and P1 with
the greater y-coordinate (if the LGV is moving forward) or
with the lower y-coordinate (if the LGV is moving back-
ward).

3.2.4 If 0=CMNCsl1 and 0=CMNCsl2

[0143] The two points P0eCM and P1eCsl2 are evaluated
in such a way that

[PO-P1|lFminp, ca gecon 1P-2ll

[0144] The two points Q0eCM and Q1eCsl2 are evaluated
in such a way that

[©0-Q1lFmin. casgecsnlP- Ol

[0145] 1If [PO-P1||<d,, and ||Q0-Q1||<d,, one goes to the
point 3.2.1.

[0146] If|PO-P1||<d,, and |[Q0-Q1|}>d,,, as estimate of the
position of the mobile target 2, the barycenter of the two
points PO and P1, that is 0.5(P0+P1) is selected.

[0147) 1f|PO-P1|>d,, and [Q0-Q1|=d,;, as estimate of the
position of the mobile target 2, the barycenter of the two
points Q0 and QI, that is 0.5(Q0+Q1) is selected.

[0148] If |[PO-P1|>d,, and ||Q0-Q1|[>d,,, the position of
the mobile target 2 is set equal to [0,0].

[0149] B.If vPeaksll=thvPeak and vPeaksl2<thvPeak one
goes to the point 5, corresponding to the point 2.5 of the
algorithm 1

[0150] C.If vPeaksll<thvPeak and vPeaksl2>thvPeak one
goes to the point 6, corresponding to the point 2.6 of the
algorithm 1

[0151] D. If vPeaksl1<thvPeak and vPeaksl2<thvPeak
[0152] If vPeaksll<=vPeaksl2 one goes to the point 6,
corresponding to the point 2.6 of the algorithm 1
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[0153] If vPeaksll>vPeaksl2 one goes to the point 5,
corresponding to the point 2.5 of the algorithm 1

3.3. If the second slave node does not respond

[0154] CMNCsll and CMNCsl3 are evaluated

[0155] A. If vPeaksl1=thvPeak and vPeaksl3=thvPeak

33.1 If {P0, P1}=CMNCsl1 and {Q0.Q1}=CMNCsl3
[0156] Pe{PO, P1} and Q €{Q0,Q1} are selected so that
”P_Q"=minl',;'s[0.l]"Pi_Qj”

[0157] The barycenter of the two points 0.5(P+Q) is
considered as an estimate of the position of the mobile target
2,

3.3.2 If 0=CMNCsl1 and {Q0,Q1}=CMNCsl3

[0158] The two points POeCM and P1€Csll1 are evaluated
in such a way that

|1PO-P1l=minp. cas,gecsun IP-€l

[0159] If|[PO-Pl||<d,, one goes to the point 3.3.1

[0160] otherwise as an estimate of the position of the
mobile target 2 is selected the point between Q0 and Q1 with
the greater x-coordinate (if the master node is SO or S1) or
with the lower x-coordinate (if the master node is S2 or S3).

333 If {P0, P1}=CMNCsl1 and 0=CMNCsl3

[0161] As an estimate of the position of the moving target
2 the point between P0 and P1 with the y-coordinate greater
(if the LGV is moving forward) or the y-coordinate lower (if
the LGV is moving backwards) is selected.

3.3.4 If 0=CMNCsll and 0=CMNCsl3

[0162] The two points POeCM and P1eCsll are evaluated
in such a way that

[[PO-P lllzmiﬂpscu,gsr:sulw‘Q||

[0163] If||PO-P1||<d,, one goes to point 3.3.3

[0164] otherwise, the position of the moving target 2 is
settled equal to [0, 0].

[0165] B. If vPeaksll=thvPeak and vPeaksl3<thvPeak one
goes to point 5, corresponding to the point 2.5 of the
algorithm 1

[0166] C. If vPeaksll<thvPeak and vPeaksl3=thvPeak one
goes to point 7, corresponding to the point 2.7 of the
algorithm 1

[0167] D. If vPeaksli<thvPeak and vPeaksl3<thvPeak
[0168] If vPeaksll<=vPeaksl3 one goes to point 7, corre-
sponding to the point 2.7 of the algorithm 1

[0169] If vPeaksl1>vPeaksl3 one goes to point 5, corre-
sponding to the point 2.5 of the algorithm 1

3.4. If the first slave node does not answer

[0170] It should be evaluated CMNCsl2 and CMNCsl3
[0171] A. If vPeaksl2=thvPeak and vPeaksl3zthvPeak

3.4.1 If {P0, P1}=CMNCs12 and {Q0,Q1}=CMNCsl3
[0172] Pe{PO, P1} and Qe{Q0,Q1} are selected such that
|P-Ql=min; jefo,1lPi- Ol

[0173] The barycenter of the two points 0,5(P+Q) is
considered as an estimate of the position of the moving
target 2.
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3.4.2 If 0=CMNCs12 and {Q0,Q1}=CMNCsl3

[0174] The two points POeCM and P1eCsl2 are evaluated
in such a way that

[PO-P1[=minp.cargecsnlP-@l

[0175] 1If ||PO-P1||<d,, one goes to point 3.4.1

[0176] otherwise, as an estimate of the position of the
moving target 2 the point between Q0 and QI with the
x-coordinate lower (if the master node is SO or S1) or with
the x-coordinate greater (if the master node is S2 or S3) is
selected.

3.4.3 If {P0, P1}=CMNCs12 and 0=CMNCsI3

[0177]  As an estimate of the position of the moving target
2 the point between P0 and P1 with the x-coordinate lower
(if the master node is SO or S1) or with the x-coordinate
greater (if the master node is S2 or S3) is selected.

3.4.4 If 0=CMNCs12 and 0=CMNCsI3

[0178] The two points POeCM and P1€Csl2 are evaluated
in such a way that

|IPO-P1 ||=Hﬁﬂpgm,gecsn||P‘Q"

[0179] 1If|[PO-P1||<d,, one goes to point 3.4.3

[0180] otherwise, the position of the moving target 2 is
settled equal to [0, 0].

[0181] B. If vPeaksl2=thvPeak and vPeaksl3<thvPeak one
goes to point 6, corresponding to the point 2.6 of the
algorithm 1

[0182] C.If vPeaksl2<thvPeak and vPeaksl3=thvPeak one
goes to point 7, corresponding to the point 2.7 of the
algorithm 1

[0183] D. If vPeaksl2<thvPeak and vPeaksl3<thvPeak
[0184] If vPeaksl2<=vPeaksl3 one goes to point 7, corre-
sponding to point 2.7 of the algorithm 1

[0185] 1If vPeaks|2>vPeaksl3 one goes to point 6, corre-
sponding to the point 2.6 of the algorithm 1

4. Algorithm 1-A

[0186] This algorithm is similar to algorithm 1, with
points 2,3, 4, 5, 6,7 and 8 identical to those of the algorithm
1. The point 1 works in a different manner in the algorithms
explained in the foregoing, the circumference related to the
master has always been taken into account. Upon analyzing
the collected results, it has been verified that this is not
always the best choice, since the interval estimations from
the master can be wrong as those of the slave nodes. For this
reason, when all the three slave nodes answer (i. e. when
four interval estimations from all the nodes are available), if
the value of vPeak referred to the master is lower than those
of the slave nodes, the interval measure of the master is
ignored.

[0187] The point 1 is then changed as follows:

[0188] If all the three slave nodes answer

[0189] If  min{vPeakm, vPeaksll, vPeaksl2,
vPeaksl3 }=vPeakm then the distance estimate of the master
is ignored.

4.1 If {P0, P1}=Csl1NCs3 and {Q0,Q1}=Csl2NCsl3

[0190] Pe{PO, P1} and Q €{Q0,Q1} are selected such that
1P-Qll=ming jejo, 3{1Pi- Qi
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[0191] The barycenter of the two points 0,5(P+Q) is
considered as an estimate of the position of the moving
target 2.

4.2 If 0=Cs11NCsl3 and {Q0,Q1}=Csl2NCsI3

[0192] The two points POeCsl1 and P1eCsl3 are evaluated
in such a way that

[PO-P1|Fminpcyy gecsnllP-2l

[0193] If|PO-P1|<d,, one goes to point 4.1

[0194] otherwise, as an estimate of the position of the
moving target 2 the point between Q0 and QI with the
y-coordinate greater (if the master node is SO or S3) or the
y-coordinate lower (if the master node is S1 or S2) is
selected.

4.3 If {P0, P1}=Csl1NCs13 and 0=CsI2NCsl3

[0195] The two points QOeCsl2 and Q1eCsl3 are evalu-
ated such that

100-01|=minp. o, gecsislP-2l

[0196] If||Q0-Q1||<d,, one goes to point 4.1

[0197] otherwise, as an estimate of the position of the
moving target 2 the point between PO and P1 with the
x-coordinate lower (if the master node is SO or S1) or the
x-coordinate greater (if the master node is S2 or S3) is
selected.

4.4 If 0=Cs11NCs13 and 0=Cs12NCsl3

[0198] The two points POeCsl1 and P1eCsl3 are evaluated
in such a way that

[PO-P1jEminp,coy gecollP-Ofl

[0199] The two points QOeCsl2 and Q1eCsl3 are evalu-
ated such that

|@0-01]=minpe o gecsnsliP-2ll

[0200] If|PO-P1|<d,, and [|Q0-Q1||<d,, one goes to 4.1
[0201] If||PO-P1|=d,, and [|Q0-Q1|>d,, as an estimate of
the position of the moving target 2, the barycenter of the two
points PO and P1, i. e. 0,5(P0+P1) is selected.

[0202] If||PO-P1|>d,, and [|Q0-Q1||<d,, as an estimate of
the position of the moving target 2, the barycenter of the two
points Q0 and QI, i. e. 0,5(Q0+Q1) is selected.

[0203] If|[PO-P1|>d,, and ||Q0-Q1|j=d,, the position of the
moving target 2 is settled equal to [0, 0].

[0204] If  min{vPeakm, vPeaksll, vPeaksl2,
vPeaks!3 }=vPeaksl1 then the estimate of the distance of the
first slave node is ignored. The localisation strategy is that
explained under point 2.4 of the algorithm 1

[0205] If  min{vPeakm, vPeaksll, vPeaksl2,
vPeaks]3 }=vPeaks2 then the estimate of the distance of the
second slave node is ignored. The localisation strategy is
that explained under point 2.3 of the algorithm 1

[0206] If min{vPeakm, vPeaksl1, vPeaksl2,
vPeaks!3 }=vPeaksl2 then the estimate of the distance of the
third slave node is ignored. The localisation strategy is that
explained under point 2.2 of the algorithm 1

5. Algorithm 2-A

[0207] This algorithm is similar to the algorithm 2, but
point 1 works in a manner similar to the algorithm 1-A and
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even ignoring the measure of the master if the corresponding
value of vPeak is lower to a certain threshold.

6. Algorithm 1-F

[0208] This algorithm is similar to the algorithm 1-A, but
the position estimates greater than 2 meters from the
barycenter of the last three estimates are not considered.

7. Algorithm 2-F

[0209] This algorithm is similar to the algorithm 2-A, but
the position estimates greater than 2 meters from the
barycenter of the last three estimates are not considered.
[0210] Therefore, according to the present invention, the
localisation group comprises one or more automatic guided
vehicles, such as LGV or AGV with TN (persons or forklifts
or manual-guided vehicles), equipped with a sort of “radar”,
for example a “UWB” radar or an “identity selective UWB
radar” able to detect other moving targets at around LGV. In
particular, such a radar, for example of the UWB-type, can
include 2 or more nodes, for example 3 or 4 nodes managed
by a centralized processing unit on board of the LGV same,
which nodes on board of the vehicle perform the function of
fixed anchors integral with one another.

[0211] The use of UltraWideBand (UWB) communica-
tions has the advantage of ensuring, thanks to the use of
temporal pulses with a duration of tens of picoseconds, a
considerable accuracy of localisation—up to a few centime-
ters in free space—which makes the wireless UWB tech-
nology significantly more effective than other wireless tech-
nologies, for example radio frequency technologies at low
frequencies, WiFi or Bluetooth, which anyway could also be
used as an alternative.

[0212] Therefore, as it will be appreciated, the main
aspects of the invention subject matter of the present patent
application are the following:

[0213] group with fixed nodes on a vehicle, which are
integral with each other and which cooperate to localise
another mobile node uncoupled to the group of fixed
nodes integral with one another; all the nodes—both
those integral with each other and the moving target—
can use the same kind of wireless communication;

[0214] the target or moving target to be localised is of
the active type and equipped with marker;

[0215] a system based on the idea of virtual anchors is
made; to this regard, a plurality of antennas driven by
a central unit (for example, at time division) can be
employed, so that an antenna acts as a node for the
measurement of a distance from the moving target; this
approach has two advantages, namely (i) reduction of
costs—antennas less expensive than full nodes—and
(ii) ease of management, the processing unit on the
vehicle manages a lower number of nodes;

[0216] particular realization of the above-mentioned
systems via wireless technology of UWB type;

[0217] implementation of a localisation method with 4
fixed nodes integral with each other—anchors on the
vehicle—with three steps for the estimation of the
localisation of a moving node: (i) the discovery of the
presence of a node or moving target and its identifier;
(ii) estimates of the distances between each anchor or
node and the moving node; (iii) processing of such
distances in a manner suitable to calculate the position
of the moving node; during the third step different
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algorithms can be used, including for example pseudo-
intersection of circumferences, other geometric algo-
rithms, use of particle swarming optimization (PSO),
etcetera;

[0218] extension of all the systems above described
under the previous points for the localisation of a
certain number (>1) of moving nodes (independent one
with respect to the other) and uncoupled to the group of
fixed nodes integral with one another.

[0219] Moreover, when dealing with the localisation of
multiple moving nodes, it can be provided for the develop-
ment of innovative algorithms to limit interferences—actu-
ally collisions—between transmissions from distinct targets.
[0220] Furthermore, as already above mentioned, the
cooperation between the moving radar of the vehicle or
vehicles and some fixed anchors (which are distributed, for
example, in a warehouse) can be foreseen.

[0221] A possible cooperation can include, for example,
fixed anchors able to obtain the list of the moving targets
present in a given area, which list could help the moving
anchors on vehicles, especially during the discovery phase.
[0222] Modifications and variants of the invention are
possible within the scope of protection defined by the
claims.

1. A localisation or estimation group of the position of a
moving target, such as a person or a manual guided vehicle,
in a warehouse or in an area to be monitored with at least one
automatic guided vehicle, equipped with a unit for control-
ling the movement of the automatic guided vehicle itself and
at least one moving target, said group including at least two
first nodes for emitting and receiving signals, said first nodes
being provided with respective antennas, a second node or
marker positioned on said moving target, said marker
including at least one antenna suitable for receiving/emitting
signals in response to signals coming from the at least two
first nodes for emitting and receiving signals, wherein said
at least two first nodes for emitting and receiving signals are
located on said at least one automatic guided vehicle.

2. The localisation group according to claim 1, wherein
the first nodes for emitting/receiving on the automatic
guided vehicle and the marker of the moving target use
electromagnetic waves of the same ultra wide band type,
abbreviated to UWB, or other types of transmission signals
via electromagnetic waves, such as Wi-Fi or Bluetooth.

3. The localisation group according to claim 1, wherein
the antennas of said at least two first nodes for emitting and
receiving signals are controlled by a number of emission/
receiving units lower than the number of said first nodes.

4. The localisation group according to claim 3, wherein
said emission/receiving units comprise means for perform-
ing the time division multiplexing of signals to and from said
first nodes for emitting and receiving signals.

5. The localisation group according to claim 3, wherein
said first nodes for emitting and receiving signals are con-
nected to the emission/receiving units via transmission
means.

6. The localisation group according to claim 1, wherein
said first nodes for emitting and receiving signals are four
and are positioned in proximity to a corner of the outline of
the automatic guided vehicle, considering the plan view of
the outline of the automatic guided vehicle approximately as
a rectangle, thus allowing a more favourable geometric
location of nodes on the automatic guided vehicle to perform
the trilangulation with the moving target.
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7. The localisation group according to claim 1, compris-
ing some nodes with the respective antennas at fixed points
of the warehouse or area.

8. The localisation group according to claim 3, wherein
said automatic guided vehicle comprises a control unit or
programmed contro] unit controlling said emission/receiv-
ing units, receiving detection input signals of said at least
two nodes and calculating the position of said at least one
target.

9. The localisation group according to claim 8, wherein
said control unit or programmed control unit is comprised in
the same unit for controlling the movement of the automatic
guided vehicle.

10. The localisation method of a moving target via a
localisation group according to claim 1, comprising the
following steps:

acquiring the signals of the distance of said at least two

first nodes from said at least one moving target; and
processing the signals of the distance to obtain the posi-
tion estimate of said at least one moving target.

11. The method according to claim 10, wherein said
processing step of the signals of the distance includes the
following steps:

assigning to one node the role of master node and to at

least another node the role of slave node;

setting all the nodes to the sleeping state;

activating the master node;

sending signals from said master node to the node net-

work of said warehouse until it receives a response
from the marker of a moving target;

once said master node has received a response from a

moving target, setting said master node to the sleeping
state and activating at least one slave node;

sending signals from said slave node to the node network

of said warehouse until it receives a response from the
marker of said moving target that had responded to said
master node;

setting said slave node to the sleeping state;

repeating the procedure for all the remaining slave nodes

and storing all the signals of the responses received
from the master node and from all the slave nodes,
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processing said stored signals to obtain the position
estimate of said at least one moving target.

12. The method according to claim 10, comprising a step
of identification of the targets present within the working
range of a master node, said identification step being carried
out before said steps that provide for acquiring, computing
and processing,.

13. The method according to claim 10, wherein said signal
processing for obtaining the position estimate of said at least
one target is carried out by intersecting circumferences with
their centre at the position of said at least two nodes, said
circumferences being ideally traced by the signals emitted
by each node.

14. An automatic guided vehicle for a localisation or
estimation group of the position of a moving target accord-
ing to claim 1, said vehicle comprising a unit for controlling
the movement of said automatic guided vehicle itself, as
well as at least two first nodes for emitting and receiving
signals, said first nodes being provided with respective
antennas.

15. The vehicle according to claim 14, wherein said at
least two first nodes for emitting and receiving signals use
electromagnetic waves of the ultra wide band type, or other
types of transmission signals via electromagnetic waves,
such as Wi-Fi or Bluetooth.

16. The vehicle according to claim 14, wherein said
antennas of said at least two first nodes for emitting and
receiving signals are controlled by a number of emission and
receiving units lower than the number of said first nodes.

17. A vehicle according to claim 16, wherein said emis-
sion and receiving units comprise means for performing the
time division multiplexing of signals to and from said first
nodes for emitting and receiving signals.

18. A vehicle according to claim 14, wherein said first
nodes for emitting and receiving signals are four and are
positioned in proximity to a corner of the outline of the
automatic guided vehicle.
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