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(57)  The present invention concerns a system (1)
and a method for determining the speed of a guided ve-
hicle (2) and/or the distance travelled by said guided ve-
hicle (2), the latter being guided along a route by at least
one rail (3), the system (1) comprising:

- a laser beam emitter (11) configured for emitting a
pulsed laser beam (111) aligned with a first direction (D1)
configured for pointing to a first location on a rail surface
(31);

- at least one IR detector (12, 13) configured for having
a field of view (F21, F22) aligned with a second direction
(D21, D22) in order to point to a second location on the

SYSTEM AND METHOD FOR MEASURING THE SPEED OF A GUIDED VEHICLE AND THE
DISTANCE TRAVELLED BY THE LETTER

rail surface (31) when the system (1) is installed onboard
the guided vehicle (2) and the latter is guided by said rail
(3) along said route, wherein the second location is sep-
arated from the first location by a predefined distance AX;
- a processing unit (14) configured for determining the
distance travelled by the guided vehicle (2) and/or its
speed from the predefined distance AX, a signal D (SD1,
SD2) related to a detection by the IR detector (12, 13
respectively) of a warm spot at interaction area (11, 12,
13) of the laser beam pulse with the rail surface (31) and
control parameters related to the pulses emitted by the
laser beam emitter (11).
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Description

[0001] The present invention concerns a system and
a method for measuring the speed of guided vehicle
and/or the distance travelled by the latter.

[0002] The present invention is directed to odometry
techniques for determining an actual speed and position
for a guided vehicle moving along a route. "Guided ve-
hicle" according to the present invention refers generally
to a device for carrying or transporting substances, ob-
jects or individuals that is guided by at least one guiding
means, such as a rail, and refers more particularly to
public transport means such as buses, trolleybuses,
streetcars, subways, trains or train units, etc., as well as
load transporting means such as, for example, overhead
traveling cranes or mining transportation means for which
safety is a very important factor and which are guided
along a route or railway by at least one rail, in particular
by two rails.

[0003] Guided vehicles usually comprise automatic
systems for controlling its speed in function of its position
and/or of external inputs, which are for instance the
neighboring presence of another guided vehicle, or the
presence of a curve that requires a decrease of the guid-
ed vehicle speed. Examples of automatic systems are
the Automatic train control (ATC) or the Automatic train
protection (ATP) systems that commonly equip trains.
Therefore, for safety reason, the speed and position of
a guided vehicle are important parameters that need to
be precisely and reliably determined.

[0004] Uptonow,differenttechniques have beenused
to determine the speed and/or position of a guided vehi-
cle. They are for example techniques using balises, glo-
bal navigation satellites, track circuits, tachometers, Dop-
pler radar, etc. Unfortunately most of said techniques fail
to detect wheel slip/slide events and/or near zero speed
that may affect a speed/position measurement, and are
often quite complex systems.

[0005] Anobjective ofthe presentinventionistherefore
to propose a system and a method for determining the
speed and/or position of a guided vehicle that is simple,
precise and overcome the sleep/slide and near zero
speed problems.

[0006] The aforementioned objective is achieved by a
system and a method according to the independent
claims. Further embodiments and other advantages of
the present invention are proposed in the dependent
claims.

[0007] The invention proposes in particular an on-
board system for determining the speed of a guided ve-
hicle and/or the distance travelled by said guided vehicle,
the latter being guided along a route by at least one rail,
the system according to the invention being configured
for being installed on-board the guided vehicle, for in-
stance on a bogie of the guided vehicle, the system com-
prising:

- alaserbeam emitter configured for emitting a pulsed
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laser beam aligned with a first direction configured
for pointing to a rail surface, for instance a top head
surface of the rail, when the system is installed on-
board the guided vehicle and the latter is guided by
said rail along said route. In particular, a laser beam
pulse P, emitted by the laser beam emitter at time T;
is able tointeract with the rail surface at aninteraction
area A, by generating a warm spot, also called here-
after "foot-print" F;, the laser beam emitter being in
particular further configured for being controlled by
a signal SP generated by a processing unit, said sig-
nal P determining the time T; at which the pulse P;
has to be emitted. Preferentially, the first direction is
a fixed direction;

at least one infrared radiation (IR) detector config-
ured for having a field of view (or field of detection)
aligned with a second direction pointing to said rail
surface and defining a detection area on the rail sur-
face when the system is installed on-board the guid-
ed vehicle and the latter is guided by said rail along
said route, wherein said second direction is different
from said first direction in order to have the detection
area separated from the interaction area by a pre-
defined distance AX, the IR detector being in partic-
ular further configured for outputting a signal D re-
lated to the detection of footprints F; in function of
the time T';. In other words, according to the present
invention, the first direction with which the laser
beam is aligned with is configured for pointing to a
first location on the rail surface, while the second
direction with which the field of view is aligned with
is configured for pointing to a second location on the
rail surface, wherein the first location and the second
location are separated by said predefined distance
AX on the rail surface, and correspond respectively
to the location of the interaction area and the location
of the detection area, the predefined distance AX
remaining constant with the time, and thus with the
displacement of the guided vehicle along said route;
a processing unit configured for controlling the laser
beam emitter according to control parameters and
for determining the distance travelled by the guided
vehicle and/orits speed fromthe predefined distance
AX, the signal D and the control parameters, which
are preferentially determined by the processing unit
for controlling the laser beam emitter, said control
parameters being in particular used by the process-
ing unit for controlling the time T, and for generating
the signal SP configured for controlling the laser
beam emitter. In particular, a footprint F; resulting
from a pulse P; emitted at time T, is detected at a
time T’;, wherein the time AT; = T; - T, is the time
needed by the guided vehicle for travelling the pre-
defined distance AX, the travel of the guided vehicle
along said route "bringing" the footprint F; created
on the rail surface in the detection area of the IR
detector. In particular, the travelled distance being
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then directly obtained by addition of the predefined
distance AX, and the guided vehicle speed being giv-
en by AX/AT,;. Preferentially, the processing unit is
configured for outputting said signal SP configured
for controlling laser beam emitter, said signal SP
controlling for example the time T; at which the pulse
P, has to be emitted, and optionally its intensity. The
control parameters are for instance the time T; at
which the pulse P; has to be emitted (i.e. the frequen-
cy of the pulse), optionally the intensity or energy of
the pulse, optionally its duration, and are determined
and/or adapted by the processing unit, for instance
in function of a previously determined speed of the
guided vehicle.

[0008] The present invention further proposes in par-
ticular a method for determining the speed of a guided
vehicle and/or the distance travelled by the guided vehi-
cle, the latter being guided along a route by at least one
rail, the method according to the invention comprising:

- preferentially while the guided vehicle is moving,
emitting, preferentially continuously emitting, a
pulsed laser beam from the guided vehicle, for in-
stance by means of a laser beam emitter installed
on-board the guided vehicle and controlled by a
processing unit via a signal SP, wherein said pulsed
laser beam is directed to a first location on a rail
surface of the rail and each pulse P; is configured for
interacting with the rail surface at an interaction area
A, by temporarily generating a warm spot or footprint
Fi

- preferentially while the guided vehicle is moving, de-
tecting, preferentially continuously detecting, the
footprints F; in function of the time, by using for in-
stance an IR detector, wherein a detection area of
each footprint is separated from the interaction area
by a predefined distance AX so that a footprint F;
enters the detection area once the guided vehicle
moved from said predefined distance AX;

- determining the speed and/or distance travelled by
the guided vehicle from the predefined distance AX,
the detection of the footprints F; and control param-
eters determined by the processing unit for control-
ling the emission of the pulse P;.

[0009] Further aspects of the present invention will be
better understood through the following drawings, where-
inlike numerals are used for like and corresponding parts:

Figure 1  schematic representation of a first preferred
embodiment of a system according to the in-
vention mounted on board a guided vehicle.

Figure 2  detailed view of the first preferred embodi-
ment of figure 1.

Figure 3  schematic representations of the signal SP
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and the signal D used for determining the
speed and/or travelled distance of the guided
vehicle.

[0010] Figure 1 shows a system 1 according to the in-
vention mounted on-board a guided vehicle 2 which is
configured to follow a route defined by one or two rails
3, the guided vehicle 2 moving for instance according to
the direction M illustrated by the corresponding arrow.
The system 1 according to the invention is preferentially
installed on a bogie of the guided vehicle 2.

[0011] Figure 2 is an enlargement of detail A of figure
1. The system 1 according to the invention comprises a
laser beam emitter 11 configured for being controlled by
a signal SP, an IR detector 12 configured for outputting
a signal SD1, optionally another IR detector 13 config-
ured for outputting a signal SD2, and a processing unit
14 for generating the signal SP according to control pa-
rameters determined by the processing unit and option-
ally stored in said processing unit 14, analyzing the signal
SD1 and optionally the signal SD2 in order to determine
the speed and/or distance travelled by the guided vehicle
2, wherein the processing unit 14 is in particular config-
ured for using the signal SD1 for the determination of the
speed and/or travelled distance when the guided vehicle
2 is moving according to the direction M, and the signal
SD2 when the guided vehicle is moving in a direction
opposed to the direction M.

[0012] The laser beam emitter 11 is configured for
emitting a pulsed laser beam 111, wherein the frequency
of the pulses is either maintained constant as shown in
graphic A of Fig. 3 or dynamically tuned by the processing
unit 14. Indeed, according to the present invention, the
processing unit 14 is preferentially able to dynamically
adapt and control the frequency of the pulses and/or the
energy of the laser beam in function of the guided vehicle
speed by calculating new control parameters and/or up-
dating previously determined control parameters. For in-
stance, when the guided vehicle starts moving according
to an increasing speed comprised within a first speed
interval SI1 = [0, V1], then the pulse frequency is con-
trolled by the processing unit 14 which is configured for
increasing said frequency with an increase of the guided
vehicle speed 2, and when the guided vehicle is moving
according to a speed comprised within a second speed
interval S12 = V1, V2], then the pulse frequency is main-
tained constant by the processing unit 14. According to
the present invention, the time interval AT between the
time T; at which a pulse is emitted and the time T, at
which the next pulse is emitted might be thus either con-
stant or may vary, depending notably on the guided ve-
hicle speed that has been previously determined by the
system 1. Preferentially, said frequency is maintained
constant by the signal SP of the processing unit 14 when
the guided vehicle is moving at a speed greater than the
speed V1, and is dynamically tuned by the processing
unit 14 controlling the laser beam emitter 11 when the
guided vehicle speed V is comprised between 0 and V1:
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0<V<V1.

[0013] Preferentially, the system 1 according to the in-
vention comprises a feedback loop designed for control-
ling the pulse frequency of the laser beam emitter by
means of the processing unit 14. Said feedback loop is
in particular used for the detection of the first pulse emit-
ted by the laser beam emitter 11 when the guided vehicle
starts moving. By means of said feedback loop, the
processing unit 14 is able to control the laser beam emit-
ter 11 and to force the latter to

a) either maintain the duration of the firstlaser pulse,
b) or increase the pulse frequency so that the result-
ing consecutive warm spots on the rails surface 31
intersect with each other mimicking a single warm
spot on said rail surface 31 and thus said first laser
pulse whose duration has been maintained,

until the IR detector 12,13 detects a first warm spot, i.e.
until it detects the beginning of the first interaction area
resulting from the interaction of the first pulse with the
rail surface 31 (case (a)) or from the interaction of the
series of pulses whose frequency is choses for creating
a series of warm spots intersecting with each other (case
(b)), so that when the guided vehicle starts moving, the
first warm spot has preferentially a length that is equal
to or greater than AX. By this way, the processing unit
14 is able to associate the detection of the first warm spot
to the first pulse or to the series of pulses according to
case (b) when the guided vehicle starts moving, the first
pulse or the last pulse of said series of pulses being then
preferentially separated from the next pulse by a time
interval predefined in a memory of the processing unit
14 and used by the latter for dynamically tuning the fre-
quency of the laser beam pulses. In particular, the de-
tection of the first warm spot automatically launches with-
in the processing unit 14 a counting of the pulses and of
the detected warm spots, which advantageously ensures
the correct correlation between the pulse emitted at the
time T, and the corresponding detection of the resulting
warm spot detected at time T’;, since the nth detected
warm spot simply corresponds to the nth pulse, once the
first pulse and first warm spot have been correlated ac-
cording to the previous explanation.

[0014] According to another preferred embodiment,
the processing unit is configured for evaluating if the time
AT, =T, - T,is going to be greater than a first predefined
value, and if this is true, then the processing unit 14 dy-
namically controls the pulse frequency and/or beam en-
ergy of the laser beam emitter, wherein the dynamic con-
trol comprises triggering a next pulse only if the warm
spot of a previous pulse has been detected by one of the
IR detectors. By this way, if the guided vehicle starts mov-
ing and the wheels slip, a single pulse will be emitted by
the laser beam emitter until the warm spot resulting from
said single pulse is detected by one of the IR detectors,
said detection triggering the emission of the next pulse,
until the time AT; is smaller or equal to the first predefined
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value, after what the pulse frequency becomes for in-
stance constant.

[0015] Optionally and advantageously, the processing
unit 14 is configured for determining or evaluating if the
time interval separating the time T, at which a pulse P; is
emitted and the time T’; at which the corresponding warm
spot is detected by the IR detector is going to exceed a
second predefined value, and if this is true, then the
processing unit 14 restarts counting the pulses. Indeed,
as the thermal spot dissipates with increasing time, there
is always a maximum possible time of reliable detection
above which the thermal footprint will be too weak for a
proper detection. This maximum possible time of reliable
detection is said second predefined value, which is in
particular managed and calculated by the processing unit
14 in function of internal parameters such as output laser
energy or intensity, and/or external parameters such as
ambient temperature. The second predefined value
might be stored in a memory of the processing unit and
frequently recalculated. Preferentially, once the second
predefined value is exceeded, the processing unit 14 trig-
gers a new laser pulse and restarts the counting of the
pulses and the calculation of the guided vehicle speed
and/or distance.

[0016] According to the present invention, the pulsed
laser beam is aligned with a first direction D1 configured
for pointing to a first location on the rail surface 31 when
the system 1 is installed on-board the guided vehicle 2
and the latter is guided by said rail 3 along said route.
Preferentially, said rail surface 31 is a part of the rail that
is located the farthest from a contact of a guided vehicle
wheel with the rail, in order to avoid any drawback from
a braking of the guided vehicle that may heat up the rail.
Said rail surface 31 might be for instance the top surface
of a rail head, or a side of said rail, e.g. at least one of
the lateral faces of arailweb. Therefore, when the guided
vehicle is moving, the laser beam will interact discontin-
uously (i.e. only each time a pulse is emitted and during
the duration of said pulse) with the rail surface at different
interaction areas |, creating a series of successive warm
spots or thermal footprints F; (see 11-14 on Fig. 2), which
will be successively detected by the IR detector 12 or the
other IR detector 13 depending on the direction of dis-
placement of the guided vehicle 2. As the guided vehicle
speedincreases, the distance between consecutive ther-
mal footprints will also increase in the particular case the
processing unit 14 maintains the pulse frequency of the
laser beam constant.

[0017] The signal SPis provided by the processing unit
14 as input for the laser beam emitter and allows a de-
termination and a control of the time T, at which a pulse
P; will be emitted. A signal SP is schematically represent-
ed in graphic A of figure 3 in function of the time for a
moving guided vehicle. In particular, when the guided
vehicle starts moving, the signal SP may comprise infor-
mation about the start and the end of the first pulse if the
latter is a pulse that lasts until the IR detector 12 detects
said first warm spot, or information about the time T1_1
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of the emission of the first pulse of the series of pulses
according to case (b) and the time T1_n of the emission
of the last pulse of said series of pulses. According to the
presentinvention, the time T; is the time at which a pulse
is emitted, being further preferentially supposed that,
apart from case (a) wherein the duration of the pulse is
intentionally increased, each pulse is short, so that the
time corresponding to the end of the pulse emission is
close to T;, the pulse being instantaneous or quasi-in-
stantaneous.

[0018] The system 1 according to the invention com-
prises said IR detector 12, and preferentially another IR
detector 13, each being configured for having a field of
view F21, F22 respectively aligned with a second direc-
tion D21 and a third direction D22 pointing respectively
to a second location and a third location on said rail sur-
face 31 and each designed for defining a detection area
A21, A22 on the rail surface 31 when the system 1 is
installed on-board the guided vehicle 2 and the latter is
guided by said rail 3 along said route. The second direc-
tion D21 is different from said first direction (D1) in order
to have the detection area A21 separated from the inter-
action area 11 of the pulsed laser beam 111 with the rail
surface 31 by a predefined distance AX. Optionally, if the
system 1 comprises two detectors, the third direction D22
is further different from the first and second direction in
order to have the corresponding detection area A22 sep-
arated from the interaction area 11 by another predefined
distance which might be preferentially equal to AX.
[0019] Each IR detector 12, 13 according to the inven-
tion is further configured for outputting a signal D, respec-
tively SD1 for the IR detector and SD2 for said other IR
detector, said signal D being designed for enabling a de-
termination of the time T’; at which the warm spot corre-
sponding generated at the interaction area |1 has been
detected by the IR detector. Graphic B of figure 3 sche-
matically presents a signal SD1 according to the inven-
tion, wherein a warm spot resulting from a pulse emitted
at time T, is detected at time T;'.

[0020] The processing unit 14 is configured for deter-
mining the distance travelled by the guided vehicle (2)
and/or its speed from the signal SP, the predefined dis-
tance AX, the signal SD1, and optionally from said an-
other predefined distance and the signal SD2. Preferen-
tially, the speed V of the guided vehicle moving in the
direction M is given by:

v AX
T;—T;

wherein the signal SP provides the time T, at which a
pulse P; is emitted and interacts with the rail surface 31
at an interaction area |;, and the signal SD1 provides the
time T’, at which the warm spot located at the interaction
area |; is detected by the IR detector 12. The same con-
cept applies mutatis mutandis when the guided vehicles
is moving according to a direction opposite to M, wherein
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the speed is determined from the signal SD2 provided
by said another IR detector 13, said another predefined
distance, and the signal SP.

Claims

1. System (1) for determining the speed of a guided
vehicle (2) and/or the distance travelled by said guid-
ed vehicle (2), the latter being guided along a route
by at least one rail (3), the system (1) comprising:

- a laser beam emitter (11) configured for emit-
ting a pulsed laser beam (111) aligned with a
first direction (D1) configured for pointing to a
first location on a rail surface (31) when the sys-
tem (1) is installed on-board the guided vehicle
(2) and the latter is guided by said rail (3) along
said route;

- atleast one IR detector (12, 13) configured for
having a field of view (F21, F22) aligned with a
second direction (D21, D22) in order to point to
a second location on the rail surface (31) when
the system (1) is installed on-board the guided
vehicle (2) and the latter is guided by said rail
(3) along said route, wherein the second location
is separated from the first location by a prede-
fined distance AX;

- aprocessing unit (14) configured for controlling
the laser beam emitter (11) according to control
parameters and for determining the distance
travelled by the guided vehicle (2) and/or its
speed from the predefined distance AX, a signal
D (SD1, SD2) related to a detection by the IR
detector (12) of a warm spot at interaction area
(11, 12, 13) of the laser beam pulse with the rail
surface (31) and said control parameters of the
laser beam emitter (11).

2. System (1) according to claim 1, wherein the
processing unit (14) is configured for outputting a
signal SP (SP), wherein said signal SP (SP) is de-
signed for controlling the time T; at which a pulse P;
has to be emitted according to said control parame-
ters.

3. System (1) according to claim 1 or 2, wherein the
field of view (F21, F22) and said second location are
configured for defining a detection area (A21, A22)
on the rail surface (31) through which interaction ar-
eas (I1, 12, 13) are detected at said second location.

4. System (1) according to claims 1-3, wherein the IR
detector (12, 13) is further configured for outputting
the signal D (SD1, SD2) that is designed for enabling
adetermination of the time T'i at which the interaction
area (I1) has been detected.
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System (1) according to one of the claims 1-4, where-
in the first direction (D1) and the second direction
(D21, D22) are in a same plane.

System (1) according to one of the claim 1-5, wherein
the first direction (D1) and/or the second direction
(D21, D22) are perpendicular to the rail surface (31)
when the system (1) is installed on-board the guided
vehicle and the latter moving along said route guided
by said rail (3).

System (1) according to one of the claims 1-6, where-
in the rail (3) comprises a foot to be directly or indi-
rectly installed on a ground, a web supported by said
foot and to which is attached a head, and wherein
the rail surface (31) according to the invention is the
top surface of the rail head or at least one of the two
lateral surfaces of the rail web.

System (1) according to one of the claims 1-7, where-
inthe IR detectorisinstalledin aforward and/or back-
ward position compared to the position of the laser
beam emitter, so that the second location is located
forward and/or backward compared to the first loca-
tion when considering a direction (M) of displace-
ment of the guided vehicle (2).

System (1) according to claims 8, wherein the IR
detector (12) is installed in a backward position com-
pared to the position of the laser beam emitter in
order to have said second location located backward
the first location when considering a direction of dis-
placement (M) of the guided vehicle, and wherein
the system (1) comprises another IR detector (13)
installed in a forward position compared to the posi-
tion of the laser beam emitter in order to define a
third location for detecting interaction areas, wherein
said third location is situated forward the first loca-
tion.

System (1) according to one of the claims 1-9, where-
in the processing unit (14) is configured for correlat-
ing each emitted pulse with a warm spot once the
guided vehicle is moving.

System (1) according to one of the claims 1-10,
wherein the processing unit is configured for deter-
mining the speed V of the guided vehicle from the
equation:

v AX

—_ /_
T'; —T,

wherein the processing unit (14) is configured for

determining the time T; at which a pulse P; has to be

emitted for interacting with the rail surface (31) at an

interaction area |;, and the signal D (SD1, SD2) is
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12.

13.

14.

15.

configured for providing the time T’; at which the
warm spot located at the interaction area |; has been
detected by the IR detector (12, 13).

System (1) according to one of the claims 1-11,
wherein the processing unit (14) is configured for
dynamically adapting a resolution ofthe travelled dis-
tance and/or speed measurement to an actual guid-
ed vehicle speed by changing the pulse frequency
and/or the pulsed laser beam energy.

Method determining the speed of a guided vehicle
(2) and/or the distance travelled by the guided vehi-
cle (2), the latter being guided along a route by at
least one rail (3), the method comprising the follow-
ing steps:

- emitting a pulsed laser beam (111) from a laser
beam emitter (11) of the guided vehicle (2) con-
trolled by control parameters of a processing unit
(14), wherein said pulsed laser beam (111) is
directed to a first location on a rail surface (31)
of the rail (3) and is configured for interacting
with the rail surface (31) by temporarily creating
a warm spot at an interaction area (1) with said
rail surface (31);

- detecting the warm spot by means of a IR de-
tector (12), wherein a detection area (A21, A22)
of the IR detector is located at a second location
on said rail surface (31) that is separated from
the first location by a predefined distance AX;

- determining the speed and/or distance trav-
elled by the guided vehicle (2) from the prede-
fined distance AX, a signal D (SD1, SD2) related
to the detection of said warm spots and the con-
trol parameters configured for controlling the
emission of the laser beam pulses.

Method according to claim 13, wherein the speed of
the guided vehicle (2) is determined from the equa-
tion:

v AX
T - T,

wherein V is the guided vehicle speed, the signal SP
(SP) the time T, is determined by the processing unit
(14) and controls the time at which a pulse P; is emit-
ted for interacting with the rail surface (31) at an in-
teraction area |I;, and the signal D (SD1, SD2) pro-
vides the time T’; at which the warm spot located at
the interaction area |; is detected by the IR detector
(12, 13).

Method according to claim 13 or 14, comprising dy-
namically adapting the pulse frequency and/or the
pulsed laser beam energy in function of an actual
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