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ABSTRACT

A track system of a vehicle can be monitored (e.g., during operation of the
vehicle) to obtain information about the track system which can be used for
various purposes, such as, for example, to convey the information about the
track system to a user (e.g., an operator of the vehicle) and/or to control the
vehicle, for instance, by controlling a speed of the vehicle depending on a state
of the track system. This may be useful, for example, to gain knowledge about a
track of the track system, to help prevent rapid wear or other deterioration of the
track of the track system (e.g., blowout), and/or to adapt how fast or slow the
vehicle moves in order to protect the frack of the track system while permitting

the speed of the vehicle to be greater over short periods.
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SYSTEMS AND METHODS FOR MONITORING A TRACK SYSTEM FOR
TRACTION OF A VEHICLE

FIELD

The invention relates generally to off-road vehicles comprising track systems (e.g.,
agricultural vehicles, industrial vehicles, etc.) and, more particularly, to monitoring

track systems for traction of vehicles.

BACKGROUND

Certain off-road vehicles, such as agricultural vehicles (e.g., tractors, harvesters,
combines, etc.), industrial vehicles such as construction vehicles (e.g., loaders,
bulldozers, excavators, etc.) and forestry vehicles (e.g., feller-bunchers, tree
chippers, knuckleboom loaders, etc.), military vehicles (e.g., combat engineering
vehicles (CEVs), etc.), all-terrain vehicles (ATVs), and snowmobiles, to name a
few, may be equipped with elastomeric tracks which enhance their traction and
floatation on soft, slippery and/or irregular grounds (e.g., soil, mud, sand, ice,

snow, etc.) on which they operate.

A track comprises a ground-engaging outer side including a plurality of traction
projections, sometimes referred to as “traction lugs”, “tread bars” or “tread blocks”,
which are distributed in its longitudinal direction to enhance traction on the ground.
Deterioration of the traction projections during use may sometimes become

significant enough to force replacement of the track even though the
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track’s carcass is still in acceptable condition. For example, the traction
projections may sometimes “blowout’, i.e., explode, under repeated loads as
heat buildup within them increases their internal temperature such that part of
their internal elastomeric material decomposes and generates a volatile product
which increases internal pressure until they burst. This may become more
prominent, in some cases, where there is more roading of the track on hard road
surfaces (e.g., in an agricultural vehicle travelling on paved roads between fields

or other agricultural sites).

This type of track also comprises an inner side which may include a plurality of
drive/guide projections, commonly referred to as “drive/guide lugs”, which are
spaced apart along its longitudinal direction and used for driving and/or guiding
the track. Wear or other deterioration of the drive/guide lugs during operation of a
vehicle comprising the track (e.g., as they come into contact with one or more of

wheels) often also reduces the track’s useful life.

Various other situations may exist where it may be useful to have certain

information about track systems for traction of vehicles.

For these and other reasons, there is a need for improvements directed to track

systems for traction of vehicles.

SUMMARY

According to various aspects of the invention, a track system of a vehicle can be
monitored (e.g., during operation of the vehicle) to obtain information about the
track system which can be used for various purposes, such as, for example, to
convey the information about the track system to a user (e.g., an operator of the
vehicle) and/or to control the vehicle, for instance, by controlling a speed of the
vehicle depending on a state (e.g., a temperature and/or one or more other

physical characteristics) of the track system. This may be useful, for example, to
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gain knowledge about a track of the track system, to help prevent rapid wear or
other deterioration of the track (e.g., blowout), and/or to adapt how fast or slow
the vehicle moves in order to protect the track while permitting the speed of the
vehicle to be greater over short periods {e.g., when travelling on or crossing

roads or other particular areas).

For example, according to an aspect of the invention, there is provided a system
for controlling a vehicle that comprises a track system for traction of the vehicle.
The frack system comprises a track and a track-engaging assembly to move the
track around the track-engaging assembly. The track-engaging assembly
comprises a plurality of wheels engaging the track. The track is elastomeric to
flex around the track-engaging assembly and comprises an inner surface for
facing the track-engaging assembly, a ground-engaging outer surface for
engaging the ground, and a plurality of traction projections projecting from the
ground-engaging outer surface and distributed in a longitudinal direction of the
track. The system comprises a sensor configured to monitor the track system
and issue a signal relating to the track system, and a processing entity
configured to process the signal relating to the track system and issue a signal
relating to operation of the vehicle.

According to another aspect of the invention, there is provided a system for
controlling a vehicle that comprises a track system for traction of the vehicle. The
track system comprises a track and a track-engaging assembly to move the track
around the track-engaging assembly. The track-engaging assembly comprises a
plurality of wheels engaging the track. The track is elastomeric to flex around the
track-engaging assembly and comprises an inner surface for facing the track-
engaging assembly, a ground-engaging outer surface for engaging the ground,
“and a plurality of traction projections projecting from the ground-engaging outer
surface and distributed in a longitudinal direction of the track. The system
comprises a temperature sensor configured to sense a temperature of the track

and issue a signal relating to the temperature of the track, and a processing
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entity configured to process the signal relating to the temperature of the track and

issue a signal relating to operation of the vehicle.

According to another aspect of the invention, there is provided a method for
controlling a vehicle that comprises a track system for traction of the vehicle. The
track system comprises a track and a track-engaging assembly to move the track
around the track-engaging assembly. The track-engaging assembly comprises a
plurality of wheels engaging the track. The track is elastomeric to flex around the
track-engaging assembly and comprises an inner surface for facing the track-
engaging assembly, a ground-engaging outer surface for engaging the ground,
and a plurality of traction projections projecting from the ground-engaging outer
surface and distributed in a longitudinal direction of the track. The method
comprises providing a sensor to monitor the track system and issue a signal
relating to the track system, and providing a processing entity to process the
signal relating to the track system and issue a signal relating to operation of the
vehicle.

According to another aspect of the invention, there is provided a method for
controlling a vehicle that comprises a track system for traction of the vehicle. The
track system comprises a track and a track-engaging assembly to move the track
around the track-engaging assembly. The track-engaging assembly comprises a
plurality of wheels engaging the track. The track is elastomeric to flex around the
track-engaging assembly and comprises an inner surface for facing the track-
engaging assembly, a ground-engaging outer surface for engaging the ground,
and a plurality of traction projections projecting from the ground-engaging outer
surface and distributed in a longitudinal direction of the track. The method
comprises providing a sensor to sense a temperature of the track and issue a
signal relating to the temperature of the track, and providing a processing entity
to process the signal relating to the temperature of the track and issue a signal

relating to operation of the vehicle.
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According to another aspect of the invention, there is provided a system for
monitoring a track system for traction of a vehicle. The track system comprises a
track and a track-engaging assembly to move the track around the track-
engaging assembly. The track-engaging assembly comprises a plurality of
wheels engaging the track. The track is elastomeric to flex around the track-
engaging assembly. The track comprises an inner surface for facing the track-
engaging assembly, a ground-engaging outer surface for engaging the ground,
and a plurality of traction projections projecting from the ground-engaging outer
surface and distributed in a longitudinal direction of the track. The system
comprises a sensor configured to monitor the track system and issue a signal
relating to the track system. The system also comprises a processing entity

configured to process the signal relating to the track system.

According to another aspect of the invention, there is provided a system for
monitoring a track system for traction of a vehicle. The track system comprises a
track and a track-engaging assembly to move the track around the track-
engaging assembly. The track-engaging assembly comprises a plurality of
wheels engaging the track. The track is elastomeric to flex around the track-
engaging assembly. The track comprises an inner surface for facing the track-
engaging assembly, a ground-engaging outer surface for engaging the ground,
and a plurality of traction projections projecting from the ground-engaging outer
surface and distributed In a longitudinal direction of the track. The system
comprises a temperature sensor configured to sense a temperature of the track
and issue a signal relating to the temperature of the track, and a processing
entity configured to process the signal relating to the temperature of the track.

According to another aspect of the invention, there is provided a method for
monitoring a track system for traction of a vehicle. The track system comprises a
track and a track-engaging assembly to move the track around the track-
engaging assembly. The track-engaging assembly comprises a plurality of
wheels engaging the track. The track is elastomeric to flex around the track-
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engaging assembly. The track comprises an inner surface for facing the track-
engaging assembly, a ground-engaging outer surface for engaging the ground,
and a plurality of traction projections projecting from the ground-engaging outer
surface and distributed in a longitudinal direction of the track. The method
comprises providing a sensor to monitor the track system and issue a signal
relating to the track system, and providing a processing entity to process the

signal relating to the track system.

According to another aspect of the invention, there is provided a method for
monitoring a track system for traction of a vehicle. The track system comprises a
track and a track-engaging assembly to move the track around the track-
engaging assembly. The track-engaging assembly comprises a plurality of
wheels engaging the track. The track is elastomeric to flex around the track-
engaging assembly. The track comprises an inner surface for facing the track-
engaging assembly, a ground-engaging outer surface for engaging the ground,
and a plurality of traction projections projecting from the ground-engaging outer
surface and distributed in a longitudinal direction of the track. The method
comprises providing a sensor to sense a temperature of the track and issue a
signal relating to the temperature of the track, and providing a processing entity
to process the signal relating to the temperature of the track.

According to ancther aspect of the invention, there is provided a track for traction
of a vehicle. The track is mountable around a track-engaging assembly to move
around the track-engaging assembly. The track-engaging assembly comprises a
plurality of wheels for engaging the track. The track is elastomeric to flex around
the track-engaging assembly. The track comprises: an inner surface for facing
the track-engaging assembly; a ground-engaging outer surface for engaging the
ground; a plurality of traction projections projecting from the ground-engaging
outer surface and distributed in a longitudinal direction of the track; and a sensor

configured to monitor the track and issue a signal relating to the track.
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According to another aspect of the invention, there is provided a method of
manufacturing a track for traction of a vehicle. The track is mountable around a
track-engaging assembly to move around the track-engaging assembly. The
track-engaging assembly comprises a plurality of wheels for engaging the track.
The track comprises: an inner surface for facing the track-engaging assembly; a
ground-engaging outer surface for engaging the ground; and a plurality of
fraction projections projecting from the ground-engaging outer surface and
distributed in a longitudinal direction of the track. The method comprises: forming
the track; and providing a sensor in the track that is configured to monitor the

track and issue a signal relating to the track.

According to anocther aspect of the invention, there is provided a device for
monitoring a track system for traction of a vehicle. The track system comprises a
track and a track-engaging assembly to move the track around the track-
engaging assembly. The track-engaging assembly comprises a plurality of
wheels engaging the track. The track is elastomeric to flex around the track-
engaging assembly. The track comprises an inner surface for facing the track-
engaging assembly, a ground-engaging outer surface for engaging the ground,
and a plurality of traction projections projecting from the ground-engaging outer
surface and distributed in a longitudinal direction of the track. The track system
comprising a sensor configured to monitor the track system. The device
comprises: an input for receiving a signal based on monitoring of the track
system by the sensor, a processing entity configured to process the signal to
derive information about the track system, and an output for outputting the
information about the track system.

According to another aspect of the invention, there is provided a computer-
readable storage medium storing a program executable by a communication
device for monitoring a track system for traction of a vehicle. The track system
comprises a track and a track-engaging assembly to move the track around the

track-engaging assembly. The track-engaging assembly comprises a plurality of
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wheels engaging the track. The track is elastomeric to flex around the track-
engaging assembly. The track comprises an inner surface for facing the track-
engaging assembly, a ground-engaging outer surface for engaging the ground,
and a plurality of traction projections projecting from the ground-engaging outer
surface and distributed in a longitudinal direction of the track. The track system
comprises a sensor configured to monitor the track system. The program
comprises instructions executable by the communication device to cause the
communication device to: receive a signal based on monitoring of the track system
by the sensor; process the signal to derive information about the track system; and

output the information about the track system.

According to another aspect of the invention, there is provided a system for use in
respect of a vehicle that comprises a track. The track comprises a ground-
engaging outer surface and an inner surface opposite to the ground-engaging
outer surface. The track is mounted around a track-engaging assembly configured
to move the track around the track-engaging assembly. The track-engaging
assembly comprises a plurality of wheels for engaging the track, the track being
elastomeric to flex around the track-engaging assembly. The system comprises a
sensor configured to sense a characteristic of the ground, the sensor being part of
at least one of the track and the track-engaging assembly. The system also
comprises a processing apparatus configured to issue a signal related to the

ground based on the characteristic of the ground.

According to another aspect of the invention, there is provided a track system for
a vehicle. The track system comprises a track comprising a ground-engaging outer
surface and an inner surface opposite to the ground-engaging outer surface. The
track system also comprises a track-engaging assembly to move the track around
the track-engaging assembly. The track-engaging comprises a plurality of wheels
for engaging the track, the track being elastomeric to flex around the track-
engaging assembly. The track system also comprises a sensor configured to

sense a characteristic of the ground.
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According to another aspect of the invention, there is provided a track for a vehicle.
The track is mountable around a track-engaging assembly configured to move the
track around the track-engaging assembly. The track-engaging assembly
comprises a plurality of wheels for engaging the track, the track being elastomeric
to flex around the track-engaging assembly. The track comprises a ground-
engaging outer surface. The track also comprises an inner surface opposite to the
ground-engaging outer surface. The track further comprises a sensor configured

to sense a characteristic of the ground.

According to another aspect of the invention, there is provided a computer-
readable storage medium storing a program executable by a processing apparatus
for use in respect of a vehicle that comprises a track. The track comprises a
ground-engaging outer surface and an inner surface opposite to the ground-
engaging outer surface. The track is mounted around a track-engaging assembly
configured to move the track around the track-engaging assembly. The track-
engaging assembly comprises a plurality of wheels for engaging the track, the
track being elastomeric to flex around the track-engaging assembly. The vehicle
comprises a sensor configured to sense a characteristic of the ground, the sensor
being part of at least one of the track and the track-engaging assembly. The
program comprises instructions executable by the processing apparatus to cause
the processing apparatus to receive data derived from the sensor and to issue a

signal relating to the ground based on the characteristic of the ground.

According to another aspect of the invention, there is provided a method for use in
respect of a vehicle that comprises a track. The track comprises a ground-
engaging outer surface and an inner surface opposite to the ground-engaging
outer surface. The track is mounted around a track-engaging assembly configured
to move the track around the track-engaging assembly. The track-engaging

assembly comprises a plurality of wheels for engaging the track, the track being
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elastomeric to flex around the track-engaging assembly. The method comprises
using a sensor to sense a characteristic of the ground, the sensor being part of at
least one of the track and the track-engaging assembly. The method also
comprises using a processing apparatus to issue a signal relating to the ground

based on the characteristic of the ground.

According to another aspect of the invention, there is provided a system for use in
respect of a vehicle that comprises a track. The track comprises a ground-
engaging outer surface and an inner surface opposite to the ground-engaging
outer surface. The track is mounted around a track-engaging assembly configured
to move the track around the track-engaging assembly. The track-engaging
assembly comprises a plurality of wheels for engaging the track, the track being
elastomeric to flex around the track-engaging assembly. The system comprises a
sensor configured to sense a load distribution of the vehicle, the sensor being part
of at least one of the track and the track-engaging assembly, and to issue a signal

based on the load distribution of the vehicle.

According to another aspect of the invention, there is provided a track system for
a vehicle. The track system comprises a track. The track comprises a ground-
engaging outer surface and an inner surface opposite to the ground-engaging
outer surface. The track system also comprises a track-engaging assembly to
move the track around the track-engaging assembly. The track-engaging
assembly comprises a plurality of wheels for engaging the track, the track being
elastomeric to flex around the track-engaging assembly. The track system further

comprising a sensor configured to sense a load distribution of the vehicle.

According to another aspect of the invention, there is provided a track for a vehicle.
The track is mountable around a track-engaging assembly configured to move the
track around the track-engaging assembly. The track-engaging assembly
comprises a plurality of wheels for engaging the track, the track being elastomeric

to flex around the track-engaging assembly. The track comprises a ground-

8b

Date Regue/Date Received 2021-09-30



engaging outer surface. The track also comprises an inner surface opposite to the
ground-engaging outer surface. The track further comprises a sensor configured

to sense a load distribution of the vehicle.

According to another aspect of the invention, there is provided a computer-
readable storage medium storing a program executable by a processing apparatus
for use in respect of a vehicle that comprises a track. The track comprises a
ground-engaging outer surface and an inner surface opposite to the ground-
engaging outer surface. The track is mounted around a track-engaging assembly
configured to move the track around the track-engaging assembly. The track-
engaging assembly comprises a plurality of wheels for engaging the track, the
track being elastomeric to flex around the track-engaging assembly. At least one
of the track and the track-engaging assembly comprises a sensor configured to
sense a load distribution of the vehicle. The program comprises instructions
executable by the processing apparatus to cause the processing apparatus to
receive data derived from the sensor and to issue a signal relating to the vehicle

based on the load distribution of the vehicle.

According to another aspect of the invention, there is provided a method for use in
respect of a vehicle that comprises a track. The track comprises a ground-
engaging outer surface and an inner surface opposite to the ground-engaging
outer surface. The track is mounted around a track-engaging assembly configured
to move the track around the track-engaging assembly. The track-engaging
assembly comprises a plurality of wheels for engaging the track, the track being
elastomeric to flex around the track-engaging assembly. The method comprises
using a sensor to sense a load distribution of the vehicle, the sensor being part of
at least one of the track and the track-engaging assembly. The method also
comprises using a processing apparatus to issue a signal relating to the vehicle

based on the load distribution of the vehicle.

8¢
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According to another aspect of the invention, there is provided a system for use in
respect of a vehicle comprising a track system. The track system comprises a track
comprising a ground-engaging outer surface and an inner surface opposite to the
ground-engaging outer surface. The track system comprises a track-engaging
assembly configured to move the track around the track-engaging assembly. The
track-engaging assembly comprises a plurality of wheels for engaging the track
and the track is elastomeric to flex around the track-engaging assembly. The
system comprises a monitoring device configured to monitor a characteristic of the
track system and a processing apparatus configured to issue a signal relating to a

speed of the vehicle based on the characteristic of the track system.

According to another aspect of the invention, there is provided a vehicle that
comprises a track system. The track system comprises a track comprising a
ground-engaging outer surface and an inner surface opposite to the ground-
engaging outer surface. The track system comprises a track-engaging assembly
configured to move the track around the track-engaging assembly. The track-
engaging assembly comprises a plurality of wheels for engaging the track. The
track is elastomeric to flex around the track-engaging assembly. The vehicle
comprises a monitoring device configured to monitor a characteristic of the track
system and a processing apparatus configured to issue a signal relating to a speed

of the vehicle based on the characteristic of the track system.

According to another aspect of the invention, there is provided a system for use in
respect of a vehicle comprising a track. The track comprises a ground-engaging
outer surface including a plurality of traction lugs and an inner surface opposite to
the ground-engaging outer surface and is mounted around a track-engaging
assembly configured to move the track around the track-engaging assembly. The
track-engaging assembly comprises a plurality of wheels for engaging the track.
The track is elastomeric to flex around the track-engaging assembly. The system

comprises a sensor integrated in one of the plurality of traction lugs.

8d
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According to another aspect of the invention, there is provided a track for traction
of a vehicle. The track comprises a ground-engaging outer surface and an inner
surface opposite to the ground-engaging outer surface and is mountable around a
track-engaging assembly configured to move the track around the track-engaging
assembly. The track-engaging assembly comprises a plurality of wheels for
engaging the track and the track is elastomeric to flex around the track-engaging
assembly. The track comprises a sensor comprising a housing configured to

protect the sensor.

According to another aspect of the invention, there is provided a track for traction
of a vehicle. The track comprises a ground-engaging outer surface and an inner
surface opposite to the ground-engaging outer surface and is mountable around a
track-engaging assembly configured to move the track around the track-engaging
assembly. The track-engaging assembly comprises a plurality of wheels for
engaging the track and the track is elastomeric to flex around the track-engaging
assembly. The track comprises a sensor configured to issue a signal indicative of

a characteristic sensed by the sensor in response to an interrogation signal.

According to another aspect of the invention, there is provided a system for use in
respect of a vehicle comprising a track. The track comprises a ground-engaging
outer surface and an inner surface opposite to the ground-engaging outer surface
and is mounted around a track-engaging assembly configured to move the track
around the track-engaging assembly. The track-engaging assembly comprises a
plurality of wheels for engaging the track and the track is elastomeric to flex around
the track-engaging assembly. The system comprises a sensor being embedded in
a covering of one of the wheels for engaging the track, the sensor being configured
to sense a characteristic of the one of the wheels for engaging the track and a
processing apparatus configured to issue a signal relating to the vehicle based on

the characteristic of the one of the wheels for engaging the track.

8e
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According to another aspect of the invention, there is provided a track for traction
of a vehicle. The track comprises a ground-engaging outer surface and an inner
surface opposite to the ground-engaging outer surface and is mountable around a
track-engaging assembly configured to move the track around the track-engaging
assembly. The track-engaging assembly comprises a plurality of wheels for
engaging the track and the track is elastomeric to flex around the track-engaging
assembly. The track comprises a sensor comprising a sensing device configured
to sense a characteristic and a transmitter configured to issue a signal indicative
of the characteristic sensed by the sensing device, wherein the sensing device is

spaced apart from the transmitter.

According to another aspect of the invention, there is provided a system for use in
respect of a vehicle comprising a track. The track comprises a ground-engaging
outer surface and an inner surface opposite to the ground-engaging outer surface
and is mounted around a track-engaging assembly configured to move the track
around the track-engaging assembly. The track-engaging assembly comprises a
plurality of wheels for engaging the track and the track is elastomeric to flex around
the track-engaging assembly. The system comprises a sensor configured to sense
a characteristic of the track and a processing apparatus configured to predict an

end-of-life of the track based at least in part on the characteristic of the track.
These and other aspects of the invention will now become apparent to those of
ordinary skill in the art upon review of the following description of embodiments of
the invention in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description of embodiments of the invention is provided below, by way

of example only, with reference to the accompanying drawings, in which:

8f
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Figure 1 shows an example of a tracked vehicle comprising a track system in

accordance with an embodiment of the invention;

Figures 2 and 3 show a plan view and a side view of a track of the track system;

Figure 4 shows an inside view of the track;

Figure 5 shows a cross-sectional view of the track;

Figure 6 shows a perspective view of a traction projection of the track;

8g
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Figure 7 shows a drive wheel of a track-engaging assembly of the track system;
Figure 8 shows a drive/guide projection of the track;

Figure 9 shows an example of an embodiment of a monitoring system of the
tracked vehicle, comprising sensors and a processing entity;

Figure 10 shows an example of an embodiment of a sensor of the monitoring

system;

Figure 11 shows a cross-sectional view of the track comprising the sensors

embedded within traction projections of the track;

Figure 11A shows a cross-sectional view of the track which shows a sensing
device of the sensor located at a hottest point of the traction projection of the
track;

Figure 11B shows a cross-sectional view of the track which shows the sensing
device of the sensor located at a reference point spaced apart from the hottest

point of the traction projection of the track;

Figure 12 shows a perspective view of a housing of the sensor of the monitoring

system;

Figure 13 shows a cross-sectional view of the housing of the sensor taken along
line 13-13 in Figure 12;

Figure 14 shows an example of the processing entity of the monitoring system;
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Figure 15 is a flow diagram showing the sensor transmitting a signal relating to
the track system to the processing entity and the processing entity issuing a

signal relating to operation of the vehicle;

Figure 16 is a flow diagram showing the processing entity fransmitting an

interrogation signal to the sensor to obtain the signal relating to the track system;

Figure 17 shows an example of an embodiment of a powertrain of the tracked

vehicle;

Figure 18 shows an example of an embodiment of a powertrain controller of the

powertrain;

Figure 19 shows an example of an embodiment of components of the powertrain

controller;
Figures 20 and 21 are flow diagrams of variants in which the tracked vehicle
comprises a control element sending a command to the processing entity and to

the powertrain controller respectively;

Figure 22 shows an example of implementation in which the processing entity

interacts with a communication device to convey information;

Figure 23 shows an example of an embodiment in which the communication

device comprises a display;

Figure 24 shows an example of an embodiment in which the communication

device comprises a speaker:

Figure 25 shows an example of an embodiment in which the sensors are

incorporated in drive/guide lugs of the track; and

10
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Figure 26 shows an example of an embodiment in which the sensors are

incorporated in a carcass of the track.

Figure 27 shows an example of an embodiment in which the processing entity
issues the signal relating to the operation of the vehicle to the powertrain of the

vehicle;

Figure 28 shows an example of an embodiment of components of a user

interface of an operator cabin of the vehicle;

Figure 29 shows an example of an embodiment in which a remote control

comprises the control element of Figures 20 and 21;

Figure 30 shows a cross-sectional view of a given traction projection of the track

in which the sensor is embedded:;

Figure 31 shows a sectional view of the track including the sensor embedded in a
given traction projection of the track;

Figures 32A, 32B and 32C respectively show a graph representing an example
of a temperature of a track as a function of a speed of the vehicle when 1) the
vehicle is driven at full speed; 2) the vehicle is driven at a constant speed to in
accordance with a load carried by the vehicle; and 3) the vehicle is driven using

the track and the monitoring system;

Figures 33A, 33B and 33C respectively show a graph representing an example
of a temperature of a track as a function of a speed of the vehicle in an example
of a work day when 1) the vehicle is driven at full speed; 2) the vehicle is driven
at a constant speed in accordance to the load carried by the vehicle; and 3) the
vehicle is driven using the track and the monitoring system;

11
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Figures 34 and 35 show top views of the track in accordance with embodiments
in which at least part of the sensor and at least part of the processing entity are
oriented so as to faciltate communication between the sensor and the

processing entity;

Figure 36 shows an embodiment in which the communication device is a

personal communication device;

Figure 37 shows an example of the communication device of Figure 36;

Figure 38 shows an example of a user interface of the communication device of
Figure 36;

Figure 39 shows an example of a processing entity of the communication device

of Figure 36; and

Figure 40 shows an example of an embodiment in which a work implement of the
tracked vehicle implements the monitoring system.

It is to be expressly understood that the description and drawings are only for the
purpose of illustrating certain embodiments of the invention and are an aid for
understanding. They are not intended to be a definition of the limits of the

invention.

DETAILED DESCRIPTION OQF EMBODIMENTS
Figure 1 shows an example of an off-road tracked vehicle 10 in accordance with
an embodiment of the invention. In this embodiment, the vehicle 10 is a heavy-

duty work vehicle for performing agricultural work, construction or other industrial
work, or military work. More particularly, in this embodiment, the vehicle 10 is an
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agricultural vehicle for performing agricultural work. Specifically, in this example,
the agricultural vehicle 10 is a tractor. In other examples, the agricultural vehicle
10 may be a combine harvester, another type of harvester, or any other type of

agricultural vehicle.

The agricultural vehicle 10 comprises a frame 12, a powertrain 15, a steering
system 17, a plurality of track systems 164, 16, (which can be referred to as
“‘undercarriages”), and an operator cabin 20 that enable an operator to move the
agricultural vehicle 10 on the ground to perform agricultural work possibly using a

work implement 18.

As further.discussed later, in this embodiment, the track systems 164, 16, can be
monitored (e.g., during operation of the agricultural vehicle 10) to obtain
information about the track systems 164, 16, which can be used for various
purposes, such as, for example, to convey the information about the track
systems 164, 162 to a user (e.g., the operator) and/or to control the agricultural
vehicle 10, for instance, by controlling a speed of the agricultural vehicle 10
depending on a state (e.g., a temperature and/or one or more other physical
characteristics) of one or more of the track systems 164, 16,. This may be useful,
for example, to gain knowledge about tracks of the track systems 16,, 16,, to
help prevent rapid wear or other deterioration of the tracks of the track systems
164, 16, (e.g., blowout), and/or to adapt how fast or slow the agricultural vehicle
10 moves in order to protect the tracks of the track systems 164, 16, while
permitting the speed of the agricultural vehicle 10 to be greater over short

periods (e.g., when travelling on or crossing roads or other particular areas).

The powertrain 15 is configured for generating motive power and transmitting
motive power to the track systems 16, 16, to propel the agricultural vehicle 10
on the ground. To that end, the powertrain 15 comprises a prime mover 14,
which is a source of motive power that comprises one or more motors. For

example, in this embodiment, the prime mover 14 comprises an internal
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combustion engine. In other embodiments, the prime mover 14 may comprise
another type of motor (e.g., an electric motor) or a combination of different types
of motor (e.g., an internal combustion engine and an electric motor). The prime
mover 14 is in a driving relationship with the track systems 164, 16,. That is, the
powertrain 15 transmits motive power generated by the prime mover 14 to one or
more of the track systems 164, 16, in order to drive (i.e., impart motion to) these
one or more of the track systems 164, 16,. The powertrain 15 may transmit power
from the prime mover 14 to the track systems 164, 162 in any suitable way. In this
embodiment, the powertrain 15 comprises a transmission 62 between the prime
mover 14 and final drive axles 564, 564 for transmitting motive power from the
prime mover 14 to the track systems 164, 16,. The transmission 62 may be an
automatic transmission (e.g., a continuously variable transmission (CVT)) or any

other suitable type of transmission.

The work implement 18 is used to perform agricultural work. For example, in
some embodiments, the work implement 18 may be a combine head, a cutter, a

scraper, a tiller, or any other type of agricultural work implement.

The operator cabin 20 is where the operator sits and controls the agricultural
vehicle 10. More particularly, the operator cabin 20 comprises a user interface 70
including a set of controls that allow the operator to steer the agricultural vehicle
10 on the ground and operate the work implement 18. For example, in this
embodiment, the user interface 70 comprises an accelerator 72, a brake control
73, and a steering device 74 that are operable by the operator o control motion
of the agricultural vehicle 10 on the ground and operation of the work implement
18. The user interface 70 also comprises an instrument panel 75 (e.g., a
dashboard) which provides indicators (e.g., a speedometer indicator, a

tachometer indicator, etc.) to convey information to the operator.

The track systems 164, 16, engage the ground for traction of the agricultural

vehicle 10. Each track system 16; comprises a track-engaging assembly 21 and a
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track 22 disposed around the track-engaging assembly 21. in this embodiment,
the track-engaging assembly 21 comprises a plurality of wheels which, in this
example, includes a drive wheel 24 and a plurality of idler wheels that includes a
front idler wheel 26 and a plurality of roller wheels 284-286. The track system 16;
also comprises a frame 13 which supports various components of the track
system 16, including the roller wheels 284-285 The track system 16; has a
longitudinal direction and a first longitudinal end 57 and a second l[ongitudinal
end 59 that define a length of the track system 16;. The track system 16; has a
widthwise direction and a width that is defined by a width of the track 22. The
track system 16, also has a height direction that is normal to its longitudinal

direction and its widthwise direction.

The track 22 engages the ground to provide traction to the agricultural vehicle 10.
A length of the track 22 allows the track 22 to be mounted around the track-
engaging assembly 21. In view of its closed configuration without ends that
allows it to be disposed and moved around the track-engaging assembly 21, the
frack 22 can be referred to as an “endless” track. With additional reference to
Figures 2 to 5, the track 22 comprises an inner side 45, a ground-engaging outer
side 47, and lateral edges 494, 49;. The inner side 45 faces the wheels 24, 26,
284-286, while the ground-engaging outer side 47 engages the ground. A top run
65 of the track 22 extends between the longitudinal ends 57, 59 of the track
system 16; and over the wheels 24, 26, 284-285, while a bottom run 66 of the
track 22 extends between the longitudinal ends 57, 59 of the track system 16;
and under the wheels 24, 26, 28:-28¢. The track 22 has a longitudinal axis 19
which defines a longitudinal direction of the track 22 (i.e., a direction generally
parallel to its longitudinal axis) and transversal directions of the track 22 (i.e.,
directions transverse to its longitudinal axis), including a widthwise direction of
the track 22 (i.e., a lateral direction generally perpendicular to its longitudinal
axis). The track 22 has a thickness direction normal to its longitudinal and
widthwise directions.
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The track 22 is elastomeric, i.e., comprises elastomeric material, to be flexible
around the track-engaging assembly 21. The elastomeric material of the track 22
can include any polymeric material with suitable elasticity. In this embodiment,
the elastomeric material of the track 22 includes rubber. Various rubber
compounds may be used and, in some cases, different rubber compounds may
be present in different areas of the track 22. In other embodiments, the
elastomeric material of the track 22 may include another elastomer in addition to

or instead of rubber {e.g., polyurethane elastomer).

More particularly, the track 22 comprises an endless body 36 underlying its inner
side 456 and ground-engaging outer side 47. In view of its underlying nature, the
body 36 will be referred to as a "carcass”. The carcass 36 is elastomeric in that it
comprises elastomeric material 38 which allows the carcass 36 to elastically
change in shape and thus the track 22 to flex as it is in motion around the track-
engaging assembly 21. The carcass 36 comprises an inner surface 32 and a

ground-engaging outer surface 31 that are opposite one another.

In this embodiment, the carcass 36 comprises a piurality of reinforcements
embedded in its elastomeric material 38. These reinforcements can take on

various forms.

For example, in this embodiment, the carcass 36 comprises a layer of reinforcing
cables 374-37y that are adjacent to one another and extend generally in the
longitudinal direction of the track 22 to enhance strength in tension of the track
22 along its longitudinal direction. In this case, each of the reinforcing cables 37;-
37m is a cord including a plurality of strands (e.g., textile fibers or metallic wires).
In other cases, each of the reinforcing cables 37-37yy may be another type of
cable and may be made of any material suitably flexible along the cable’s

longitudinal axis (e.g., fibers or wires of metal, plastic or composite material).
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As another example, in this embodiment, the carcass 36 comprises a layer of
reinforcing fabric 43. The reinforcing fabric 43 comprises thin pliable material
made usually by weaving, felting, knitting, interlacing, or otherwise crossing
natural or synthetic elongated fabric elements, such as fibers, filaments, strands
and/or others, such that some elongated fabric elements extend transversally to
the longitudinal direction of the track 22 to have a reinforcing effect in a
transversal direction of the track 22. For instance, the reinforcing fabric 43 may
comprise a ply of reinforcing woven fibers (e.g., nylon fibers or other synthetic
fibers).

The carcass 36 may be molded into shape in a molding process during which the
rubber 38 is cured. For example, in this embodiment, a mold may be used to
consolidate layers of rubber providing the rubber 38 of the carcass 36, the

reinforcing cables 374-37\ and the layer of reinforcing fabric 43.

In this embodiment, the endless track 22 is a one-piece “jointless” track such that
the carcass 36 is a one-piece jointless carcass. In other embodiments, the
endless track 22 may be a “jointed” track (i.e., having at least one joint
connecting adjacent parts of the track 22) such that the carcass 36 is a jointed
carcass (i.e., which has adjacent parts connected by the at least one joint). For
example, in some embodiments, the track 22 may comprise a plurality of track
sections interconnected to one another at a plurality of joints, in which case each
of these track sections includes a respective part of the carcass 36. In other
embodiments, the endless track 22 may be a one-piece track that can be closed

like a belt with connectors at both of its longitudinal ends to form a joint.

The inner side 45 of the endless track 22 comprises an inner surface 55 of the
carcass 36 and a plurality of wheel-contacting projections 48;-48y that project
from the inner surface 55 and are positioned to contact at least some of the
wheels 24, 26, 28+-285 to do at least one of driving (i.e., imparting motion to) the
track 22 and guiding the track 22. The wheel-contacting projections 48,-48y can
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be referred to as "wheel-contacting lugs”. Furthermore, since each of them is
used to do at [east one of driving the track 22 and guiding the track 22, the
wheel-contacting lugs 484-48y can be referred to as “drive/guide projections” or
“drive/guide lugs”. In some examples of implementation, a drive/guide lug 48
may interact with the drive wheel 24 to drive the track 22, in which case the
drive/guide lug 48; is a drive lug. In other examples of implementation, a
drive/guide lug 48; may interact with the idler wheel 26 and/or the roller wheels
284-28; to guide the track 22 to maintain proper track alighment and prevent de-
tracking without being used to drive the track 22, in which case the drive/guide
lug 48, is a guide lug. In yet ather examples of implementation, a drive/guide lug
48, may both (i) interact with the drive wheel 24 to drive the track and (ji) interact
with the idler wheel 26 and/or the roller wheels 28,-28¢4 to guide the track 22 to
maintain proper track alignment and prevent de-tracking, in which case the

drive/guide lug 48; is both a drive lug and a guide lug.

In this embodiment, the drive/guide lugs 484-48y interact with the drive wheel 24
in order to cause the track 22 to be driven, and also interact with the idler wheel
26 and the roller wheels 284-285 in order to guide the track 22 as it is driven by
the drive wheel 24 to maintain proper track alignment and prevent de-tracking.
The drive/guide lugs 484-48y are thus used to both drive the track 22 and guide
the track 22 in this embodiment.

In this example of implementation, the drive/guide lugs 481-48y are arranged in a
single row disposed longitudinally along the inner side 45 of the track 22. The
drive/guide lugs 484-48y may be arranged in other manners in other examples of
implementation (e.g., in a plurality of rows that are spaced apart along the
widthwise direction of the track 22).

In this embodiment, each drive/guide lug 48, is an elastomeric drive/guide lug in
that it comprises elastomeric material 67. The elastomeric material 67 can be any
polymeric material with suitable elasticity. More particularly, in this embodiment,
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the elastomeric material 67 includes rubber. Various rubber compounds may be
used and, in some cases, different rubber compounds may be present in different
areas of the drive/guide lug 48.. In other embodiments, the elastomeric material
67 may include another elastomer in addition to or instead of rubber (e.g.,
polyurethane elastomer). The drive/guide lugs 484-48y may be provided on the
inner side 45 in various ways. For example, in this embodiment, the drive/guide
lugs 484-48y are provided on the inner side 45 by being molded with the carcass
36.

The ground-engaging outer side 47 comprises a ground-engaging outer surface
75 of the carcass 36 and a tread pattem 40 to enhance traction on the ground.
The tread pattern 40 comprises a plurality of traction projections 584-58t
projecting from the ground-engaging outer surface 75, spaced apart in the
longitudinal direction of the endless track 22 and engaging the ground to
enhance traction. The traction projections 58,-581 may be referred to as “tread

projections” or “traction lugs”.

The traction lugs 584-587 may have any suitable shape. In this embodiment, each
of the traction lugs 58.-581 has an elongated shape and is angled, i.e., defines
an oblique angle 6 (i.e., an angle that is not a right angle or a multiple of a right
angle), relative to the longitudinal direction of the track 22. The traction lugs 58;-
58r may have various other shapes in other examples (e.g., curved shapes,

shapes with straight parts and curved parts, etc.).

As shown in Figure 8, each traction lug 58; has a periphery 69 which includes a
front surface 804, a rear surface 80,, two side surfaces 814, 81, and a top
surface 86. The front surface 804 and the rear surface 80, are opposed to one
another in the longitudinal direction of the track 22. The two side faces 814, 81,
are opposed to one another in the widthwise direction of the track 22. In this
embodiment, the front surface 804, the rear surface 80;, and the side surfaces

814, 81, are substantially straight. The periphery 69 of the traction lug 58; may
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have any other shape in other embodiments {e.g., the front surface 804, the rear
surface 80,, and/or the side surfaces 814, 81, may be curved). The traction lug
58; has a front-to-rear dimension L, in the longitudinal direction of the track 22, a
side-to-side dimension Ly in the widthwise direction of the track 22, and a height

H in the thickness direction of the track 22.

In this embodiment, each fraction lug 58; is an elastomeric traction lug in that it
comprises elastomeric material 41. The elastomeric material 41 can be any
polymeric material with suitable elasticity. More particularly, in this embodiment,
the elastomeric material 41 includes rubber. Various rubber compounds may be
used and, in some cases, different rubber compounds may be present in different
areas of the traction lug 58;. In other embodiments, the elastomeric material 41
may include another elastomer in addition to or instead of rubber (e.g.,
polyurethane elastomer). The ftraction lugs 584-58r may be provided on the
ground-engaging outer side 27 in various ways. For example, in this
embodiment, the traction lugs 584-58+ are provided on the ground-engaging
outer side 27 by being molded with the carcass 36.

The carcass 36 has a thickness T¢, measured from its inner surface 32 to its
ground-engaging outer surface 31, which is relatively large in this embodiment.
For example, in some embodiments, the thickness T, of the carcass 36 may be
at least than 20 mm, in some cases at least 25 mm, in some cases at least 30
mm, in some cases at least 35 mm, and in some cases even more (e.g., 40 mm
or more). The thickness T, of the carcass 36 may have any other suitable value

in other embodiments.

The track 22 may be constructed in various other manners in other
embodiments. For example, in some embodiments, the track 22 may have
recesses or holes that interact with the drive wheel 24 in order to cause the track
22 to be driven (e.g., in which case the drive/guide lugs 48,-48y may be used
only to guide the track 22 without being used to drive the track 22, i.e., they may
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be “guide lugs” only), and/or the ground-engaging outer side 47 of the track 22

may comprise various patterns of traction lugs.

The drive wheel 24 is rotatable by power derived from the prime mover 14 to
drive the track 22. That is, power generated by the prime mover 14 and delivered
over the powertrain 15 of the agricultural vehicle 10 can rotate a final drive axle
56;, which causes rotation of the drive wheel 24, which in turn imparts motion to
the track 22.

With additional reference to Figure 7, in this embodiment, the drive wheel 24
comprises a drive sprocket comprising a plurality of drive members 524-525
spaced apart along a circular path to engage the drive/guide lugs 484-48y of the
track 22 in order to drive the track 22. The drive wheel 24 and the track 22 thus
implement a “positive drive” arrangement. More particularly, in this embodiment,
the drive wheel 24 comprises two side discs 504, 502 which are co-centric and
turn about a common axle 51 and between which the drive members 524-523
extend near respective peripheries of the side discs 504, 50,. In this example, the
drive members 524-52g are thus drive bars that extend between the side discs
504, 50,. The drive wheel 24 and the track 22 have respective dimensions
allowing interlocking of the drive bars 524-525 of the drive wheel 24 and the
drive/guide lugs 48:-48y of the track 22. Adjacent ones of the drive bars 524-52g
define an interior space 563 between them to receive one of the drive/guide lugs
484-48n. Adjacent ones of the drive/guide lugs 484-48y define an inter-lug space
39 between them to receive one of the drive bars 524-525. The drive/guide lugs
484-48y and the drive bars 52:-525 have a regular spacing that allows
interlocking of the drive/guide lugs 484-48y and the drive bars 521-525 over a
certain length of the drive wheel’s circumference.

The drive wheel 24 may be configured in various other ways in other
embodiments. For example, in other embodiments, the drive wheel 24 may not

have any side discs such as the side discs 504, 50,. As another example, in other
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embodiments, instead of being drive bars, the drive members 524-52g may be
drive teeth that are distributed circumferentially along the drive wheel 24 or any
other type of drive members. As another example, in embodiments where the
track 22 comprises recesses or holes, the drive wheel 24 may have teeth that
enter these recesses cor holes in order to drive the track 22. As yet another
example, in some embodiments, the drive wheel 24 may frictionally engage the
inner side 45 of the track 22 in order to frictionally drive the track 22 (i.e., the

drive wheel 24 and the track 22 may implement a “friction drive” arrangement).

The front idler wheel 26 and the roller wheels 284-28¢ are not driven by power
supplied by the prime mover 14, but are rather used to do at least one of
supporting part of the weight of the agricultural vehicle 10 on the ground via the
track 22, guiding the track 22 as it is driven by the drive wheel 24, and tensioning
the track 22. More particuiarly, in this embodiment, the front idler wheel 26 is a
leading idler wheel which maintains the track 22 in tension and helps to support
part of the weight of the agricultural vehicle 10 on the ground via the track 22.
The roller wheels 284-28¢ roll on a rolling path 33 of the inner side 45 of the track
22 along the bottom run 66 of the track 22 to apply the bottom run 66 on the
ground. In this case, as they are located between frontmost and rearmost ones of
the wheels of the track system 16;, the roller wheels 284-28¢ can be referred to as

“mid-rollers”.

With additional reference to Figure 9, in this embodiment, the agricultural vehicle
10 comprises a monitoring system 82 for monitoring the track systems 16;, 16; to
obtain information about the track systems 164, 16> which can be used for
various purposes, such as, for example, to communicate the information about
the track systems 164, 16; to a user (e.g., the operator) and/or to control the
agricultural vehicle 10 based on a state (e.g., a temperature and/or one or more
other physical characteristics) of one or more of the track systems 164, 16;. This
may be useful, for example, to gain knowledge about the tracks 22 of the track

systems 164, 16,, to help prevent rapid wear or other deterioration of the tracks
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22 (e.g., blowout of one or more of the traction lugs 58+-58¢), and/or to adapt the
speed of the agricultural vehicle 10 in order to protect the tracks 22 while
permitting the agricultural vehicle 10 to travel faster for short periods (e.g., when

fravelling on or crossing roads or other particular areas).

In this embodiment, the monitoring system 82 comprises a plurality of sensors
84,-84; for monitoring each track system 16, and a processing entity 88 for
performing certain actions based on input from the sensors 84+-84;. For example,
in various embodiments, actions performed by the processing entity 88 based on
input from the sensors 844-84; may include an action to convey information about
the track system 16;, an action to store information about the track system 16;,
and/or an action relating to the operation of the agricultural vehicle 10, such as,
for example, controlling the speed and/or another operaticnal aspect of the
agricultural vehicle 10 and/or providing information to the operator of the

agricultural vehicle 10.

Each sensor 84, is configured to sense a physical characteristic of the track
system 16; and to issue a sensor signal relating to the track system 16; and
derived based on the physical characteristic of the track system 16; that is
sensed. In this embodiment, the physical characteristic of the track system 16;
that is sensed by the sensor 84, is a temperature of the track system 16, The
sensor 84, is thus a temperature sensor. More particularly, in this embodiment,
the temperature of the track system 16; that is sensed by the temperature sensor
84, is a temperature of the track 22. The sensor signal issued by the sensor 84,

is thus indicative of the temperature of the track 22.

Monitoring of the temperature of the track 22 may be used by the processing
entity 88 to perform certain actions, such as to convey the temperature of the
track 22 to a user (e.g., the operator), to store the temperature of the track 22 in
memory (e.g., for future consultation), to limit and/or reduce the speed of the
agricultural vehicle 10 and/or notify the operator of the agricultural vehicle 10 if
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the temperature of the track 22 becomes high enough (e.g., in order to prevent
blowout or other accelerated wear of the track 22), and/or to allow the speed of
the agricultural vehicle 10 to be increased if the temperature of the track 22 drops

or remains low enough.

As shown in Figure 10, the temperature sensor 84, comprises a sensing device
85 to sense the temperature of the track 22. The sensing device 85 may be
implemented in any suitable way. For example, in various embodiments, the
sensing device 85 may comprise a thermocouple, a thermistor, a resistance
temperature detector, an infrared sensor, or any other type of sensing device

capable of sensing temperature.

In this embodiment, the temperature sensor 84, is part of the track 22. More
specifically, in this embodiment, the temperature sensor 84, is embedded within
the elastomeric material of the track 22. This may allow the temperature to be
measured inside the track 22 where it is likely to be greater than on a periphery
of the track 22. For instance, the temperature sensor 84, may be located to
sense the temperature at a high heat area within the track 22, such as at or near

a hottest area within the track 22, which is an area expected to be hottest in use.

More specifically, in this embodiment, the temperature sensor 84, is disposed
within the elastomeric material 41 of a traction lug 58;. This allows sensing the
temperature at an internal (e.g., an inmost) area of the traction lug 58; which is
susceptible to generating high heat that could lead to blowout of the traction lug
58,.

In this example, as shown in Figure 11, respective ones of the temperature
sensors 844-84, are disposed in the elastomeric material 41 of respective ones of
the traction lugs 58:-58y. As such, the temperature of the track 22 may be
assessed by the processing entity 88 based on temperature readings at one or

more of the respective ones of the traction lugs 584-581 (e.g., the temperature of
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the track 22 may be deemed to be a maximal one or an average of the
temperature readings at one or more of the respective ones of the traction lugs
584-581). Although it is possible to have a sensor 84, within each traction lug 58;,
this may not be the case in some embodiments. For example, in this
embodiment, data collected by three or four of the sensors 84+-84; provided
within respective ones of the traction lugs 584-581 may enable assessment of the
temperature of the track 22. In other cases, the track 22 may include only a
single temperature sensor 84, (e.g., in only a single one of the traction lugs 58;-
58+).

In some examples of implementation, as shown in Figure 11A, the sensing
device 85 of the temperature sensor 84, may be located at a hottest point 95 of a
traction lug 58; to measure the temperature at that hottest point 95. For instance,
the hottest point 95 of the traction lug 58; may be an inmost point of the traction
lug 58; that is farthest away from the periphery 69 of the traction lug 58; (e.qg., at
half the height H and half the side-to-side dimension Lw of the traction lug 58;).

In other examples of implementation, as shown in Figure 11B, the sensing device
85 of the temperature sensor 84, may be located at a reference point 97 spaced
apart from the hottest point 95 of the traction lug 58; to measure the temperature
at that reference point 97. The temperature at the reference point 97 of the
traction lug 58; is correlated to the temperature at the hottest point 95 of the

traction lug 58, based on a temperature model for the traction lug 58,.

For instance, in some embodiments, the temperature model may define a
temperature difference between the hottest point 95 and the reference point 97.
To that end, the temperature model may use one or more inputs (besides the
temperature at the reference point 97) to obtain the temperature at the hottest
point 96 based on the temperature at the reference point 97. This may include,
for example, a spacing Sp between the reference point 97 and the hottest point

95 of the fraction lug 58, material properties (e.g., thermal conductivity) of
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elastomeric material of the track 22 (e.g., the elastomeric material 41 of the
traction lug 58;, the elastomeric material 38 of the carcass 36), design
parameters of the traction lug 58; (e.g., dimensions such as height, width and
length, heat transfer coefficient, etc.), environmental conditions (e.g., ambient
temperature), a condition of the traction lug 58; (e.g., a wear condition of the
traction lug 58;). Thus, the temperature model may use these one or more inputs
to determine the temperature at the hottest point 95. For instance, in a specific
example of implementation, the temperature model may associate a given value
of the spacing Se between the reference point 97 and the hottest point 95 with a
particular temperature difference between the hottest point 95 and the reference
point 97 such that the temperature model can obtain the temperature at the
hottest point 95 by adding the temperature difference to the temperature at the

reference point 97.

The temperature model may be implemented in various ways. For instance, in
some embodiments, the temperature model may be established by calibrating
the temperature sensor 84, accordingly. That is, the temperature model may be
established by causing the temperature sensor 84, to record a temperature
reading that corresponds substantially to the temperature at the hottest point 95.
For instance, according to a simplified example, if it has been observed that a
given spacing Sp between the reference point 97 and the hottest paint 95 results
in a given temperature difference between the hottest point 95 and the reference
point 97, then the temperature sensor 84y, which is located at the reference point
97, may be calibrated such as to offset its temperature readings by the given
temperature difference between the hottest point 85 and the reference point 97.
For example, assuming that testing shows that a given spacing Sp (e.g., 1 inch)
between the hottest point 95 and the reference point 97 results in a temperature
difference of 20°C between the hottest point 95 and the reference point 97, then
the temperature sensor 84, could be calibrated to record a temperature of 20°C
higher than the temperature at the reference point 97 (i.e., record a temperature

20°C higher than what the temperature at the reference point 97 is in reality).
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In other examples, the calibration of the temperature sensor 84, may be more
complex than a “fixed” offset of the temperature recorded by the temperature
sensor 84, (i.e., a constant offset). For instance, in some embodiments, the
calibration of the temperature sensor 84 may be implemented via a calibration
curve (e.g., a function) which serves to calibrate (i.e., compensate) the
temperature recorded at the reference point 97 by the temperature sensor 84,
For example, the calibration curve implemented by the temperature sensor 84,
may be a result of testing and plotting of various heating cycles experienced by
the temperature sensor 84, while it is located at the reference point 97 compared
to an actual temperature recorded at the hottest point 95. Thus the calibration
curve may take into account one or more factors such as those listed above
(e.g., the spacing Sp between the hottest point 95 and the reference point 97,
material properties of elastomeric material of the track 22, design parameters of
the traction lug 58;)

In some embodiments, the temperature model may be established at the
processing entity 88 of the monitoring system 82. For instance, in some
embadiments, the temperature model may be implemented as a function that is
executed at the processing entity 88. The function implemented by the
temperature model may be any type of function having as a variable one or more
of the inputs listed above (e.g., the spacing Sp between the hottest point 95 and
the reference point 97, the material properties of elastomeric material of the track
22, design parameters of the traction projection 58;, environmental conditions).
For example, the function of the temperature model implemented at the
processing entity 88 may be of the type F(T,) = A * T, + B, where an output of
the function F(T,) is the calculated temperature at the hottest point 95, Ty, is the
temperature recorded at the reference point 97, A is a factor of proportionality
and B is a temperature offset (e.g., +30°C). The factor of proportionality A may
be determined by any of a number of inputs such as those discussed above,
including the spacing Sp between the hottest point 95 and the reference point 97,
the material properties of the elastomeric material of the track 22 (e.g.,
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elastomeric material 41 of the traction projection 58; and/or the elastomeric
material 38 of the carcass 36), design parameters of the traction projection 58;

and/or environmental conditions (e.g., ambient temperature).

As discussed above, the reference point 97 is spaced apart from the hottest point
95 by the spacing Se. In embodiments in which the height H of the traction lug 58
is relatively high, the spacing Sr may be significant. For instance, in some cases,
a ratio of the spacing Sp over the height H of the traction lug 58; may be at least
0.3, in some cases at least 0.4, in some cases at least 0.5, in some cases at
least 0.6, in some cases at least 0.7, and in some cases even more. In
embodiments in which the height H of the traction lug 58; is relatively low, the
spacing Sp may not be as significant. For instance, in some cases, the ratio of
the spacing Sp over the height H of the traction lug 58, may be no more than 0.3,
in some cases no more than 0.2, in some cases no more than 0.1, and in some

cases even less.

The temperature sensor 84, may be provided and retained within the elastomeric
material 41 of the traction lug 58; in various ways. For instance, in this
embodiment, the temperature sensor 84, is placed in a mold used for molding of
the track 22 (including the carcass 36, the drive/guide lugs 48:-48y and the
traction lugs 584-587) and the elastomeric material 41 is molded over the
temperature sensor 84,. For example, this may involve disposing a first layer of
elastomeric material (e.g., destined to form part of the elastomeric material 38 of
the carcass 36 or the elastomeric material 41 of the traction lugs 584-581) within
a mold, positioning the sensor 84, on the first layer of elastomeric material, and
disposing a second layer of elastomeric material (e.g., destined to form part of
the elastomeric material 41 of the traction lugs 584-587) on top of the first layer of
elastomeric material such as to effectively sandwich the sensor 84, between the

first and second layers of elastomeric material.
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In some embodiments, an adhesive may be used to help retention of the sensor
84, in elastomeric material (e.g., in the elastomeric material 41 of the traction
projection 58, and/or in the elastomeric material 38 of the carcass 36). For
example, the adhesive may be a metal-to-elastomer adhesive such as

Chemlok™ or any other suitable metal-to-elastomer adhesive.

In some cases, the temperature sensor 84, may be inserted into the elastomeric
material 41 of the traction lug 58; after molding of the elastomeric material 41 of
the traction lug 58;. For example, in a post-molding operation, the traction lug 58;
may be opened {e.g., via drilling a hole or making an incision) and the
temperature sensor 84y inserted into the elastomeric material 41 of the traction
lug 58;. The traction lug 58 may be sealed thereafter. In such cases, the
temperature sensor 84, may be retained in the traction lug 58; by overmolding
(i.e., molding a layer of elastomeric material on top of an already molded layer of
elastomeric material), by friction (e.g., a press-fit), by an adhesive, or by a
fastener.

As shown in Figures 12 and 13, in this embodiment, the temperature sensor 84,
is enclosed within a housing 96. The housing 96 is configured to protect the
temperature sensor 84, by preventing the intrusion of particles that may be
damaging to the temperature sensor 84,. For example, the housing 96 may be
rated IP67 or IP68 according to the IP Code which classifies and rates the
degree of protection provided against intrusion, dust, accidental contact, and
water by mechanical casings and electrical enclosures. In this embodiment, the
housing 96 comprises two halves which are secured to one another via fasteners
98, and an opening 100 for allowing the sensing device 85 of the temperature
sensor 84, to make a temperature reading. A periphery of the opening 100 may
be provided with a sealing element for preventing the intrusion of particles into
the housing 96. The housing 96 may be configured differently in other

embaodiments.
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The housing 86 comprises a material 89 which imparts strength and protective
qualities to the housing 96. For instance, the protective material 89 may be a
heat resistant material such that the housing 96 is not damaged when subjected
to high heat. Moreover, the protective material 89 imparts sufficient strength to
the housing 96 for the housing 96 to withstand deformation of the elastomeric
material 41 surrounding it. In this example of implementation, the protective
material 89 comprises a thermoplastic polymer (e.g., acrylonitrile butadiene
styrene (ABS) or a polycarbonate). The protective material 89 may comprise any
other suitable material in other embodiments.

The temperature sensor 84, comprises an interface 105 comprising a transmitter
90 for issuing the sensor signal indicative of the temperature of the track 22. In
this embodiment, the transmitter 90 is configured for transmitting the sensor
signal indicative of the temperature of the track 22 to the processing entity 88,
which comprises a receiver 104 to receive the sensor signal from the

temperature sensor 84.

The transmitter 90 of the temperature sensor 84y and the receiver 104 of the
processing entity 88 may be connected in any suitable way. In this embodiment,
the temperature sensor 84y and the processing entity 88 are connected
wirelessly. Thus, in this embodiment, the transmitter 90 of the temperature
sensor 84y is a wireless transmitter that can wirelessly transmit the sensor signal
and the receiver 104 of the processing entity 88 is a wireless receiver that can

wirelessly receive the sensor signal.

The sensor 84, may be disposed such that the sensor signal issued by the
sensor 844 has a signal strength sufficient to overcome a thickness of
elastomeric material of the track 22 along a path of the sensor signal. More
particularly, in this embodiment, the transmitter 90 of the sensor 84, is spaced
from the sensing device 85 of the sensor 84, and located beneath less
elastomeric material than the sensing device 85.
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For instance, in this embodiment, as shown in Figure 11B, a thickness Tgq of
elastomeric material of the track 22 between the transmitter 80 and the periphery
69 of the traction lug 58; is less than a thickness Tg: of elastomeric material of the
track 22 between the sensing device 85 and the periphery 69 of the traction lug
58;,. For example, in some cases, a ratio Teq/Tez of the thickness Tgi of
elastomeric material of the track 22 between the transmitter 90 and the periphery
69 of the traction lug 58, over the thickness Tg, of elastomeric material of the
track 22 between the sensing device 85 and the periphery 69 of the traction lug
58, may be no more than 0.5, in some cases no more than 0.4, in some cases no
more than 0.3, in some cases no more than 0.2, in some cases no more than
0.1, and in some cases even less. This ratio may have any other suitable value in

other embodiments.

Moreover, in this embodiment, a thickness of elastomeric material of the track 22
between the transmitter 90 and the ground-engaging outer surface 31 of the
carcass 36 may be less than the thickness Tg; of elastomeric material of the
track 22 between the sensing device 85 and the periphery 69 of the traction lug
58,. For instance, in some cases, a ratio of the thickness of elastomeric material
of the track 22 between the transmitter 90 and the ground-engaging outer
surface 31 of the carcass 36 over the thickness Tg; of elastomeric material of the
track 22 between the sensing device 85 and the periphery 69 of the traction lug
58; may be no more than 0.4, in some cases no more than 0.3, in some cases no
more than 0.2, in some cases no more than 0.1, and in some cases even less.
This ratio may have any other suitable value in other embodiments. In some
embodiments, the transmitter 80 may be positioned such that the traction lug 58;
does nat overlap the transmitter 90 (i.e., such that the transmitter 90 has a
different longitudinal and widthwise position in the track 22 than the traction lug
58,).
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The sensor signal indicative of the temperature of the track 22 may be issued by
the temperature sensor 84, in any suitable manner.

For example, in this embodiment, as shown in Figure 16, the processing entity 88
is configured to issue an interrogation signal directed to the temperature sensor
84,, which is configured to issue the sensor signal indicative of the temperature
of the track 22 to the processing entity 88 in response to the interrogation signal.
Thus, in this embodiment, the processing entity 88 comprises a transmitter 106
to transmit the interrogation signal to the temperature sensor 84,, the interface
105 of which comprises a receiver 92 to receive the interrogation signal. In this
case, the transmitter 106 of the processing entity 88 is a wireless transmitter to
wirelessly transmit the interrogation signal and the receiver 92 of the interface
105 of temperature sensor 84, is a wireless receiver to wirelessly receive the
interrogation signal. In some examples of implementation, the transmitter 90 and
the receiver 92 of the temperature sensor 84, may be implemented by a
transceiver and/or the transmitter 106 and the receiver 104 of the processing

entity 88 may be implemented by a transceiver.

More particularly, in this emboediment, the temperature sensor 84, and the
processing entity 88 implement radio-frequency identification (RFID) technology
to communicate, including to wirelessly transmit the sensor signal indicative of
the temperature of the track 22 from the temperature sensor 84, to the
processing entity 88. In this case, the transmitter 90 and the receiver 92 of the
temperature sensor 84, implement an RFID element (e.g., an RFID tag) and the
transmitter 106 and the receiver 104 of the processing entity 88 implement an
RFID element (e.g., an RFID reader).

The RFID element implemented by the transmitter 90 and the receiver 92 of the
temperature sensor 84, may be a passive RFID tag that is powered by the

interrogation signal of the RFID element implemented by the transmitter 106 and
the receiver 104 of the processing entity 88, which may be an active RFID
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reader. That is, the RFID tag implemented by the transmitter 90 and the receiver
92 of the temperature sensor 84y is electromagnetically powered by the
interrogation signal of the RFID reader implemented by the transmitter 106 and
the receiver 104 of the processing entity 88. The power generated through this
interaction may then be used by the RFID tag to issue the sensor signal
indicative of the temperature of the track 22.

In this example of implementation, the RFID tag implemented by the transmitter
90 and the receiver 92 of the temperature sensor 84, enables the sensing device
85 of the temperature sensor 84, to record a temperature reading. More
specifically, when the RFID tag is powered by the interrogation signal of the RFID
reader, at least part of the power is routed to the sensing device 85 in order for
the sensing device 85 to record a temperature reading. The transmitter 90 then
issues the sensor signal indicative of the temperature of the track 22 (as
recorded by the sensing device 85) to the RFID reader implemented by the
transmitter 106 and the receiver 104 of the processing entity 88.

The RFID tag implemented by the transmitter 90 and the receiver 92 of the
temperature sensor 84, and the RFID reader implemented by the transmitter 106
and the receiver 104 of the processing entity 88 may be off-the-shelf
components. For example, an RFID tag integrating a sensing device 85 for
recording temperature readings is manufactured by Farsens (e.g., the Fenix
passive RFID sensor tag). Such RFID tags are compatible with commonly

available RFID readers.

In other embodiments, the temperature sensor 84, may be configured to issue
the input signal indicative of the temperature of the track 22 to the processing
entity 88 autonomously (i.e., without receiving any interrogation signal). For
instance, in some embodiments, the transmitter 94 of the temperature sensor 84,

may issue the input signal indicative of the temperature of the track 22 to the
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processing entity 88 repeatedly (e.g., periodically or at some other predetermined

instants).

For instance, in other embodiments, the RFID element implemented by the
transmitter 80 and the receiver 92 of the temperature sensor 844 may be an

active RFID tag or a battery-assisted passive (BAP) RFID tag.

For example, an active RFID tag implemented by the transmitter 90 and the
receiver 92 of the temperature sensar 84, has its own power source (e.g., a
battery) to enable the entire functionality of the active RFID tag. That is, the
active RFID tag’s power source enables the sensing device 85 to record a
temperature reading and also enables the transmitter 94 {o issue the input signal
indicative of the temperature of the track 22 to the RFID reader (i.e., the
processing entity 88). Thus, in this case, the active RFID tag can implement its
functions independently of the RFID reader. In such a case, the power source
(i.e., the battery) of the active RFID tag may be configured to provide power to
the RFID tag for an amount of time at least as great, and in some cases greater,
than a lifetime of the track 22 (i.e., a span of time that the track 22 is expected to
last). For example, the battery of the active RFID tag may have a 10-year battery
life which may be sufficient to outlast the lifetime of the track 22 which, under

moderate use, may be approximately 3 to 5 years, for example.

Conversely, a BAP RFID tag's power source {(e¢.g., a battery) only enables part of
the BAP RFID tag’s functions. For instance, the power source may enable the
sensing device 85 to record a temperature reading. However the BAP RFID tag
is dependent on the interrogation signal of the RFID reader (i.e., the processing
entity 88) to power the transmitter 94 to issue the input signal indicative of the
temperature of the track 22 to the processing entity 88.

The processing entity 88 is configured to perform one or more actions based on

the sensor signal from the sensor 84, and possibly other input and/or information.
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For example, in some embodiments, the processing entity 88 may issue an
output signal relating to the operation of the agricultural vehicle 10 derived from
the sensor signal from the sensor 84,. For instance, in some embodiments, as
shown in Figure 27, the output signal issued by the processing entity 88 may be
directed to the powertrain 15 of the agricultural vehicle 10 to control the operation
of the agricultural vehicle 10 based aon the temperature of the track 22. In other
embodiments, the output signal issued by the processing entity 88 may be
directed to a communication device (e.g., comprising a display) for outputting
information regarding the operation of the agriculfural vehicle 10 to the operator
of the agricultural vehicle 10. As another example, in some embodiments, the
processing entity 88 may issue an output signhal conveying information about the
track system 16;, such as the temperature of the track 22. As another example in
some embodiments, the processing entity 88 may store information about the
track system 16, in memory (e.g., for future reference), such as the temperature

of the track 22 at a given moment (e.g., date and time).

To that end, as shown in Figure 14, in this embodiment, the processing entity 88
comprises an interface 102, a processing portion 108, and a memory portion
110, which are implemented by suitable hardware and/or software.

The interface 102 comprises one or more inputs and outputs allowing the
processing entity 88 to receive input signals from and send output signals to
other components to which the processing entity 88 is connected (i.e., directly or
indirectly connected). For example, in this embodiment, an input of the interface
102 is implemented by the wireless receiver 104 to receive the sensor signal
from the temperature sensor 84,. An output of the interface 102 is implemented
by a transmitter 112 to transmit the output signal relating to the operation of the
agricultural vehicle 10. In this case, another output of the interface 102 is
implemented by the wireless transmitter 106 to transmit the interrogation signal

to the temperature sensor 84,.
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The processing portion 108 comprises one or more processors for performing
processing operations that implement functionality of the processing entity 88. A
processor of the processing portion 108 may be a general-purpose processor
executing program code stored in the memory portion 110. Alternatively, a
processor of the processing portion 108 may be a specific-purpose processor
comprising one or more preprogrammed hardware or firmware elements (e.qg.,
application-specific  integrated circuits (ASICs), electrically erasable

programmable read-only memories (EEPRQOMSs), etc.) or other related elements.

The memory portion 110 comprises one or more memories for storing program
code executed by the processing portion 108 and/or data used during operation
of the processing portion 108. A memory of the memory portion 110 may be a
semiconductor medium (including, e.g., a solid-state memory), a magnetic
storage medium, an optical storage medium, and/or any other suitable type of
memory. A memory of the memory portion 110 may be read-only memory (ROM)

and/or random-access memory (RAM), for example.

In some embodiments, two or more elements of the processing entity 88 may be
implemented by devices that are physically distinct from one another and may be
connected to one another via a bus (e.g., one or more electrical conductors or
any other suitable bus) or via a communication link which may be wired, wireless,
or both. In other embodiments, two or more elements of the processing entity 88

may be implemented by a single integrated device.

The processing entity 88 may be implemented in any other suitable way in other

embodiments.

In some embodiments, at least part of the temperature sensor 84, and/or at least
part of the processing entity 88 may be disposed relative to one another and/or

the track 22 so as to facilitate communication between them.
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For instance, in some embodiments, at least part of the temperatuyre sensor 84,
and/or at least part of the processing entity 88 may be oriented so as to provide
more time for them to communicate with one another as the track 22 moves
around the track-engaging assembly 21 and/or to reduce or minimize potential
interference with one or more components of the track system 16; (e.g., metaliic
components such as the reinforcing cables 374-37y or a layer of fabric 43 of the
track 22). For example, an orientation of the interface 105 of the temperature
sensor 84y and/or an orientation of the interface 102 of the processing entity 88
may be arranged as such. That is, the interface 105 of the temperature sensor
84, and/or the interface 102 of the processing entity 88 may be oriented to not be
in alignment with reinforcing cables 37,-37y and/or fabric elements of a layer of
fabric 43.

For instance, as shown'in Figures 34 and 35, a portion 150 of the temperature
sensor 84, that comprises the interface 105 of the temperature sensor 84, may
have a longitudinal axis 151 that is oriented transversally to the widthwise
direction of the track 22 and/or transversally to the longitudinal direction of the
track 22 and/or a portion 152 of the processing entity 88 that comprises the
interface 102 of the processing entity 88 (e.g., an antenna such as an RFID
antenna) may have a longitudinal axis 153 that is oriented transversally to the
widthwise direction of the track 22 andfor transversally to the longitudinal
direction of the track 22. For example, an angle B between the longitudinal axis
151 of the portion 150 of the temperature sensor 84, and an axis Wa extending
along the widthwise direction of the track 22 may be at least 15°, in some cases
at least 30°, in some cases at least 45°, and in some cases even more.
Moreover, an angle w between the longitudinal axis 153 of the portion 152 of the
processing entity 88 and the axis Wx extending along the widthwise direction of
the track 22 may be at least 15°, in some cases at least 30°, in some cases at
least 45°, and in some cases even more. For example, in some embodiments,
the longitudinal axis 151 of the portion 150 of the temperature sensor 84, may be
parallel to the longitudinal axis 153 of the portion 152 of the processing entity 88.
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The output signal relating to the operation of the agricuitural vehicle 10 that may
be issued by the processing entity 88 in some embodiments may be used in

various ways.

For example, with additional reference to Figure 27, in some embodiments, the
output signal issued by the processing entity 88 may be directed to the
powertrain 15 of the agricultural vehicle 10 to control the operation of the vehicle
based on the temperature of the track 22. For instance, the output signal issued
by the processing entity 88 may be directed to the powertrain 15 of the
agricultural vehicle 10 to control the speed of the agricultural vehicle 10, such as
by limiting and/or reducing the speed of the vehicle 10 or by allowing the speed

of the vehicle 10 to be increased, based on the temperature of the track 22.

In some embodiments, as shown in Figure 17, the output signal issued by the
processing entity 88 may be directed to a powertrain controlier 114 of the
powertrain 15. The powertrain controller 114 is configured for controlling

operation of the powertrain 15.

More particularly, in this embodiment, the powertrain controller 114 is an
electronic controller that comprises suitable hardware and/or software (e.g.,
firmware) configured to implement its functionality. With additional reference to
Figure 18, the powertrain controller 114 comprises an interface 116, a processing

portion 118 and a memory portion 120.

The interface 116 allows the powertrain controller 114 to receive inputs from and
release outputs to other components of the agricultural vehicle 10 to which the
powertrain controiler 114 is connected (i.e., directly or indirectly connected to),
including, in this embodiment, the prime mover 14, the transmission 62, the
accelerator 72 and/or other components of the user interface 70, and one or

more sensors (e.g., a throttle position sensor; a prime mover speed sensor, i.e.,
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a sensor sensing a speed of the prime mover 14; a vehicle speed sensor, i.e., a
sensor sensing a speed of the agricuitural vehicle 10 on the ground; a prime
mover temperature sensor; an outside environment temperature sensor; etc.). In
this example, the interface 116 of the powertrain controiler 114 allows the

powertrain controller 114 to receive the output signal of the processing entity 88.

The processing portion 118 comprises one or more processors for performing
processing operations that implement functionality of the powertrain controlier
114. A processor of the processing portion 118 may be a general-purpose
processor executing program code stored in the memaory portion 120.
Alternatively, a processor of the processing portion 118 may be a specific-
purpose processor comprising one or more preprogrammed hardware or
firmware elements (e.qg., application-specific integrated circuits (ASICs),
electrically erasable programmable read-only memories (EEPROMSs), etc.) or

other related elements.

The memory portion 120 comprises one or more memories for storing program
code executed by the processing portion 118 and/or data used during operation
of the processing portion 118. A memory of the memory portion 120 may be a
semiconductor memory (e.g., read-only memory (ROM) and/or random-access
memory (RAM)), a magnetic storage medium, an optical storage medium, and/or

any other suitable type of memory.

More particularly, in this embodiment, as shown in Figure 19, the powertrain
controller 114 comprises a prime mover controller 122 and a transmission
controller 124. For instance, in this embodiment in which the prime mover 14 is
an internal combustion engine and the transmission 62 is an automatic
transmission, the prime mover controller 122 may be an engine control unit
(ECU) and the transmission controller 124 may be a transmission control unit
(TCU). Such ECUs and TCUs are well understood by those skilled in the art. In
some cases, the powertrain controller 114 may be a distributed controller in
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which the prime mover controller 122 and the transmission controller 124 are
physically distinct from one another and may be connected to one another via a
bus (e.g., a controller-area network (CAN) bus or other suitable bus). In other
cases, the prime mover controller 122 and the transmission controller 124 may
be functional entities of a single physical control module (e.g., a powertrain
control module (PCM)).

The prime mover controlier 122 is configured to control operation of the prime
mover 14. Specifically, the prime mover controller 122 is configured to control

one or more prime mover characteristics.

For example, in this embodiment, one prime mover characteristic controlled by
the prime mover controller 122 is a power output of the prime mover 14, The
power output of the prime mover 14 refers to the power currently generated by
the prime mover 14. It can be evaluated as a torque produced by the prime
mover 14 multiplied by a speed (i.e., a rotational speed) of the prime mover 14

(e.g., revolutions per minute {RPM})) at a given instant.

The prime mover controller 122 controls the power output of the prime mover 14
based on inputs from various entities, such as: the accelerator 72 and/or one or
more other components of the user interface 70; one or more sensors (e.g., a
throttle position sensor, an air-fuel ratio sensor, a prime mover speed sensor, a
vehicle speed sensor, a temperature sensor, a pressure sensor, etc.); one or
more other controllers (e.g., the transmission controller 124); and/or other
entities. In this example, the prime mover controller 122 may control the power
output of the prime mover 14 based on the output signal issued by the

processing entity 88.

To control prime mover characteristics such as the power output of the prime
mover 14 and the temperature of the prime mover 14, in this embodiment, the

prime mover controller 122 comprises a program stored in the memory portion
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120 and executed by the processing portion 118. For example, the program may
determine the power output of the prime mover 14 by performing computations
based on inputs from a throttle position sensor, an air-fuel ratio sensor, a prime
mover speed sensor, the accelerator 72, and/or the transmission controller 124.
In this example, the program may determine the power output of the prime mover
14 based on the output signal issued by the processing entity 88. In some cases,
certain operations of the program may refer to reference data stored in the
memory portion 120. This reference data comprises data representative of one or
more maps, tables, curves or other sets of reference values that are used during
execution of the program of the prime mover controller 122. For instance, the
reference data may associate different values of certain parameters of the prime
mover 14 (e.q., the speed, temperature, air-fuel ratio, pressure, etc. of the prime
mover 14) to corresponding values of fuel injection, ignition timing, valve timing,
and/or other parameters of the prime mover 14 (e.g., a fuel map, an injection
map, a boost map, and/or other performance map). Such programs and
reference data are well-understood by those skilled in the art and will therefore

not be discussed in further detail.

The transmission controller 124 is configured to control operation of the
transmission 62. Specifically, the transmission controller 124 is configured to
control one or more transmission characteristics. For exampie, in this
embodiment, the transmission controller 124 controls a transmission state of the
transmission 62. The transmission state of the transmission 62 can be defined in
terms of (i) a transmission ratio of the transmission 62, which is the ratio that the
transmission 62 currently applies between its input and its output, and/or (ii) an
output direction of the transmission 62, which refers to a direction of motion (i.e.,
forward or reverse) of the output of the transmission 62 that allows the
agricultural vehicle 10 to advance or back up. At a given instant, the transmission
state of the transmission 62 is one of a set of available transmission states. The
set of available transmission states can comprise a number of available

transmission ratios that can be applied by the transmission 62. This number may
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be a finite number (e.g., two, three, four or any other finite number) of available
transmission ratios, or an infinite number of available transmission ratios {(e.g., in

embodiments where the transmission 20 comprises a CVT).

The transmission controller 124 controls the transmission state of the
transmission 62 based on inputs from various entities, such as: the accelerator
72 and/or one or more other components (e.g., a gear shift stick or pedal) of the
user interface 70; one or more sensors (e.g., a throttle position sensor, a shift
lever sensor, a prime mover speed sensor, a vehicle speed sensor, a
temperature sensor, etc.); one or more other controllers (e.g., the prime mover
controller 122); and/or other entities. In this example, the transmission controller
124 may control the transmission state of the transmission 62 based on the

output signal issued by the processing entity 88.

To control the state of the transmission 62, in this embodiment, the transmission
controller 124 comprises a program stored in the memory portion 120 and
executed by the processing portion 118. For example, the program may
determine when and how to shift between different transmission ratios of the
transmission 62 by performing certain computations based on inputs from a
throttle position sensor, a prime mover speed sensor, a vehicle speed sensor,
the accelerator 72 and/or other components of the user interface 70, and/or the
prime mover controller 122. In this example, the program may determine the
power output of the prime mover 14 based on the output signal issued by the
processing entity 88. In some cases, certain operations of the program may refer
to reference data stored in the memory portion 120. This reference data
comprises data representative of one or more maps, tables, curves or other sets
of reference values that are used during execution of the program of the
transmission controller 124. For instance, the reference data may associate
different values of the speed of the prime mover 14 and of the speed of the

agricuttural vehicle 10 to corresponding transmission ratios of the transmission
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62. Such programs are well-understood by those skilled in the art and will
therefore not be discussed in further detail.

In this embodiment, the powertrain controller 114 confrols the speed of the
agricultural vehicle 10 at least in part based on the temperature of the track 22.
That is, the powertrain controller 114 controls the speed of the agricultural
vehicle 10 at least in part based on the output signal issued by the processing
entity 88 to the powertrain controller 114,

More specifically, in this embodiment, the powertrain controller 114 is operable to
limit the speed of the agricultural vehiclie 10 at least in part based on the
temperature of the track 22. For instance, in response to the output signal issued
by the processing entity 88, the powertrain controller 114 may control the prime
mover 14 and/or the transmission 12 to limit the speed of the agricultural vehicle
10 in order to regulate the temperature of the track 22. For example, when the
sensor signal indicates that the temperature of the track 22 is close to a threshold
temperature at which continued operation or further increase of the temperature
of the track 22 may damage or otherwise cause deterioration of the track 22, the
output signal issued by the processing entity 88 may cause the powertrain
controller 114 to limit the speed of the agricultural vehicle 10 to a certain speed
by limiting the power output of the prime mover 14 through the prime mover
controller 122 and/or by controliing the transmission state of the transmission 12
through the transmission controller 124. The threshold temperature may have
any suitable value and may vary according to the construction of the track 22.
For example, in some cases, the threshold temperature may be at least 130°C, in
some cases at least 140°C, in some cases at least 150°C, in some cases at least
160°C, in some cases at least 170°C, in some cases at least 180°C and in some
cases even greater than 180°C (e.g., 190°C).

In some embodiments, the powertrain controller 114 may be operable to reduce
the speed of the agricultural vehicle 10 at least in part based on the temperature
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of the frack 22. For instance, in response to the output signal issued by the
processing entity 88, the powertrain controller 114 may control the prime mover
14 and/or the transmission 12 to reduce the speed of the agricultural vehicle 10
in order to regulate the temperature of the track 22. For example, when the
sensor signal indicates that the temperature of the track 22 is close to or higher
than the threshold temperature of the track 22, the output signal issued by the
processing entity 88 may cause the powertrain controller 114 to reduce the
speed of the agricultural vehicle 10 to a certain lower speed by reducing the
power output of the prime mover 14 through the prime mover controller 122
and/or by modifying the transmission state of the transmission 12 through the
transmission controller 124 (e.g., reducing a transmission ratio thereof). The
lower speed at which the agricultural vehicle 10 is reduced may have any
suitable value and may depend on the temperature of the track 22. For instance,
if the temperature is higher than the threshold temperature of the track 22, the
reduction in speed may be more significant (i.e., the speed may be reduced to a
significantly lower value) than if the temperature of the track 22 is close to but not
above the threshold temperature of the track 22. In some cases, the temperature
of the track 22 at which the powertrain controller 114 causes a reduction in the
speed of the agricultural vehicle 10 may be at least 130°C, in some cases at
least 140°C, in some cases at least 150°C, in some cases at least 160°C, in
some cases at least 170°C, in some cases at least 180°C and in some cases
even greater than 180°C (e.g., 190°C).

Moreover, in some embodiments, the powertrain controller 114 may be operable
to determine whether to allow the speed of the agricultural vehicle 10 to be
increased at least in part based on the temperature of the track 22. For instance,
when the operator of the agricultural vehicle 10 acts upon the accelerator 72 in
order to increase the speed of the agricultural vehicle 10, the powertrain
controller 114 may determine whether or not to allow the speed of the agricultural
vehicle 10 to be increased based on the output signal of the processing entity 88.

For example, when the sensor signal indicates that the temperature of the track
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22 is close to or higher than the threshold temperature of the track 22, the output
signal issued by the processing entity 88 may cause the powertrain controller
114 to not allow (i.e., to prevent) the speed of the agricultural vehicle 10 to be
increased in accordance to the operator input at the accelerator 72. Conversely,
when the sensor signal indicates that the temperature of the track 22 is lower
than the threshold temperature of the track 22 and does not pose a risk of
deterioration of the track 22, the output signal issued by the processing entity 88
may cause the powertrain controller 114 to allow the speed of the agricultural
vehicle 10 to be increased in accordance to the operator input at the accelerator
72. For example, in some cases, the temperature of the track 22 at which the
powertrain controller 114 may determine to allow the speed of the track 22 to be
increased may be up to 110°C, in some cases up to 120°C, in some cases up to
130°C, in some cases up to 140°C, in some cases up to 150°C and in some
cases even more than 150°C (e.g., 155°C). In some cases, the temperature of
the track 22 above which the powertrain controller 114 may determine not to
allow the speed of the track 22 to be increased may be between 130°C to 190°C,
in some cases between 140°C to 180°C, in some cases between 150°C to 170°C

and in some cases between 155°C to 165°C.

In this embodiment, the output signal of the processing entity 88 is determined
through a control loop feedback mechanism. For instance, in this embodiment,
the processing entity 88 implements a proportional-integral-derivative (PID)
controller to determine the output signal. For example, the PID controller may
cause the output signal directed to the powertrain controller 114 fo adjust the
speed of the agricultural vehicle 10 based on iterative readings of the
temperature of the track 22 fo obtain a desired temperature of the track 22 (e.g.,
a temperature below the threshold temperature of the track 22). More
specifically, in some embodiments, the PID controller causes the output signal to
adjust the speed of the agricultural vehicle 10 by iteratively minimizing an error
between the iterative readings of the temperature of the track 22 and the desired

temperature of the track 22. To that end, the PID controller may be tuned to have
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an overdamped response (i.e., a response characterized by an exponential
decay towards a set point value (e.g., the desired temperature of the track 22)
without oscillation) such as to prevent or reduce overshoot of the temperature of
the track 22. This may be useful to prevent the temperature of the track 22 from
reaching or exceeding the threshold temperature of the track 22 above which the
track 22 is susceptible to damage or deterioration. Such PID processes are

generally known and thus will not be further discussed here.

In a variant, in some embodiments, the monitoring system 82 of the agricultural
vehicle 10 may implement an option to selectively enable and disable control of
the powertrain 15 based on the output signal of the processing entity 88. For
instance, the agricultural vehicle 10 may implement a “manual override” option
that can be activated by a user, such as the operator of the agricultural vehicle
10, to selectively enable and disable control of the powertrain 15 based on the
output signal of the processing entity 88. Such a manual override may be useful
when greater speeds are necessary (e.g., for safety reasons) but the output

signal of the processing entity 88 might otherwise prevent attaining such speeds.

To that end, the monitoring system 82 may comprise a control element 126 (e.g.,
a button, a switch, etc.) that is configured to send a command 128 to enable or
disable control of the powertrain 15 of the agricultural vehicle 10 based on the
output signal of the processing entity 88 in response to being acted upon by the
user. For example, in some embodiments, as shown in Figure 28, the control
element 126 may be part of the user interface 70 of the agricultural vehicle 10
such as to be within reach of the operator when he/she is seated in the operator
cabin 20. In other embodiments, the control element 126 may be located
elsewhere (e.g., on a remote control). For example, as shown in Figure 29, in
some embodiments, the control element 126 may be located on a remote control
127. This may allow the user to remotely send the command 128 toc enable or
disable control of the powertrain 15 of the agricultural vehicle 10 based on the

output signal of the processing entity 88. In such an embodiment, the command
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128 is conveyed wirelessly over a wireless communication link. The wireless
communication link may be established in any suitable way. For instance, the
wireless communication link may be established via a transmitter/receiver
arrangement, where the remote control 127 comprises a transmitter for sending
the command 128 and where an element operable to receive the command 128

(e.g., the processing entity 88 or the powertrain 15) comprises the receiver.

The command 128 generated by the control element 126 may be directed to
different entities in different cases. For example, in some cases, as shown in
Figure 20, the command 128 may be transmitted to the processing entity 88. In
such cases, the command 128 is configured to prevent the processing entity 88
from sending its output signal to the powertrain controller 114, In other cases, as
shown in Figure 21, the command 128 generated by the control element 126
may be transmitted to the powertrain controller 114. In such cases, the command
128 is configured to cause the powertrain controller 114 to ignore the output

signal of the processing entity 88.

While in the embodiment considered above, the command 128 is generated by
the control element 126 in response to the control element 126 being acted upon
by the user, in some embodiments, a similar command to enable or disable
control of the powertrain 15 of the agricultural vehicle 10 based on the output
signal of the processing entity 88 may be generated automatically. As such, the
monitoring system 82 may be subject to an “automatic override” function which

overrides some or all the functions of the monitoring system 82.

For instance, in some embodiments, the powertrain controlier 114 may be
configured to ignore the output signal of the processing entity 88 when the output
signal is deemed to be erroneous ar otherwise flawed. That is, the powertrain
controller 114 may be configured to determine when the output signal of the
processing entity 88 is erroneous and to either accept or ignore the output signal
of the processing entity 88 based on its determination on whether the output
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signal of the processing entity 88 is erroneous or not. More specifically, as an
example of implementation, the powertrain controller 114 may store in its
memory portion 120 a range of input values that are expected to be received in
the output signal of the processing entity 88. Any input value that is outside of the
expected range of input values can thus be deemed to be “erroneous”. For
example, if the output signal of the processing entity 88 contains the temperature
recorded by the sensor 84,, but that this temperature is outside of a range of
expected temperatures stored in the memory portion 120 of the powertrain
controller 114, then the processing portion 118 of the powertrain controller 114
may compare the temperature communicated by the output signal to the range of
expected temperatures, determine that it is outside of the range of expected
temperatures, and choose to ignore the output signal of the processing entity 88
based on the determination that the temperature is outside of the range of
expected temperatures. This may be useful for example to ignore faulty readings
made by the temperature sensor 84, which may be caused by various factors
(e.g., damage to the sensor 84,, uncalibrated sensor 84,, faulty processing entity

88, or other anomaly).

Moreover, in some embodiments, the processing entity 88 itself may be
configured to enable or disable sending of its output signal in order to enable or
disable control of the powertrain 15 of the agricultural vehicle 10 based on the
output signal. For example, in some embodiments, the processing entity 88 may
be configured to determine when its output signal is erroneous and to either send
or not send the output signal based on its determination on whether the output
signal is erroneous or not. More specifically, as an example of implementation,
the processing entity 88 may store in its memory portion 110 a range of input
values that are expected to be found in the output signal. Any input value that is
outside of the expected range of input values can thus be deemed to be
‘erroneous”. For example, if the output signal of the processing entity 88 contains
a given parameter (e.g., a speed of the agricultural vehicle 10) related to
operation of the agricultural vehicle 10 that was derived by the processing portion
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108 of the processing entity 88 based on the input signal from the temperature
sensor 84,, the processing portion 108 may compare the given parameter to an
expected range of values of the given parameter stored in the memory portion
110 of the processing entity 88. If the processing portion 108 determines that the
value of the given parameter is outside of the expected range of values of the
given parameter, the processing entity 88 may cancel sending its output signal to

the powertrain controller 114 or other entity of the agricultural vehicle 10.

In other examples, the processing entity 88 may disable generating its output
signal based on the input signal received from the temperature sensor 84,. For
example, if the input signal received from the temperature sensor 84, indicates a
temperature that is outside of a range of expected temperatures stored in the
memory portion 110 of the processing entity 88, the processing entity 88 may
ignore the input signal received from the temperature sensor 84, and disable
generation of its output signal. In some cases, the processing entity 88 may still
generate its output signal in order to communicate that there is a problem with

the monitoring system 82 causing faulty readings.

In other embodiments, with additional reference to Figure 22, the output signal
issued by the processing entity 88 may be directed to an output communication
device 130 for communicating information regarding the operation of the
agricultural vehicle 10 to a user, such as the operator of the agricultural vehicle
10.

The communication device 130 may be implemented in various ways in various

embodiments.
For example, with additional reference to Figure 23, in some embodiments, the
communication device 130 may be part of the user interface 70 of the operator

cabin 20 in order to convey information to the operator. For instance, the
communication device 130 may comprise a display 132 that is part of the user
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interface 70 of the operator cabin 20. The information regarding the operation of
the agricultural vehicle 10 may thus be outputted as visual information on the
display 132.

In some embodiments, the display 132 may comprise visual information that is
continually provided. For instance, the display 132 may comprise a parameter
reading 134 for indicating a physical quantity related to the operation of the
agricultural vehicle 10. The parameter reading 134 is continually provided in that
it is repeatedly updated to reflect a new parameter reading. In this example, the
parameter reading 134 is a temperature reading 134 which indicates a
temperature of the track 22. The temperature reading 134 may alternatively or
additionally indicate a temperature of respective ones of the traction lugs 584-58r.

Moreover, in some embodiments, the display 132 may be operable to display a
speed limit reading 136 comprising an indication of a limit of the speed of the
agricultural vehicle 10. For example, the speed limit reading 136 may correspond
to the speed at which the powertrain controller 114 may limit the agricultural
vehicle 10 based on the temperature of the track 22 as described above. In
addition, in some embodiments, the display 132 may be operable to display a
recommended speed variation 138 corresponding to a speed of the agricultural
vehicle 10 at which the agricultural vehicle 10 may be operated without elevating

the temperature of the track 22 to levels that are detrimental to the track 22.

Furthermore, in some embodiments, the display 132 may be operable to display
a notification 140 to notify the operator of information regarding the operation of
the agricultural vehicle 10. For instance, in this embodiment, the notification 140
is configured to notify the operator when the temperature of the track 22 has
reached or is reaching levels that are detrimental to the track 22. In some
embodiments, the display 132 may also be operable to display textual
information to inform the operator that the temperature of the track 22 is

elevated. For example, the textual information may read drable to display textual
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information to inform the operator of information regarding the operation of the
agricultural vehicle 122 or it may simply read “OK” to indicate that the
temperature of the track 22 is at an acceptable level.

In some embodiments, the display 132 may also convey graphical information
142 for notifying the operator of the status of the temperature of the track 22. For
instance, the graphical information 142 may include a color coded indicator with
different colors afttributed different meanings. For instance, the graphical
information 142 may be capable of displaying a green color, an orange color and
a red color, each of which is indicative of the temperature of the track 22. In this
case, the green color indicates that the temperature of the track 22 is at an
acceptable level, the orange color indicates that the temperature of the track 22
is reaching elevated levels and the red color indicates that the temperature of the

track 22 has reached a level that is detrimental to the track 22.

In addition or alternatively to providing visual information, in some embodiments,
the communication device 130 may be operable to provide audible information to
the operator of the agricultural vehicle 10. For instance, with additional reference
to Figure 24, in some embodiments, the communication device 130 may
comprise a speaker 144 for emitting sound (e.g., an alarm, an utterance, etc.)
indicative of information regarding the operation of the agricultural vehicle 10. For
example, the speaker 144 may sound an alarm indicative of the temperature of

the track 22 is elevated to levels that are detrimental to the track 22.

As another example, in some embodiments, as shown in Figure 36, the
communication device 130 may be a personal communication device (e.g., a
smartphone, a computer, etc.) or other device that is usable by a user (e.g., the
operator) and distinct from and not built into the user interface 70 of the operator
cabin 20 of the vehicle 10. This may be useful, for instance, in situations where

the vehicle 10 was not originally manufactured with the track system 16; and/or is
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not readily modifiable to allow interaction between the monitoring system 82 and
the user interface 70 and/or other original components of the vehicle 10.

The communication device 130 may interact with the monitoring system 82 over
a communication link 135, which may be wireless, wired, or partly wireless and
partly wired (e.g., Bluetooth or other short-range or near-field wireless
connection, WiFi or other wireless LAN, WIMAX or other wireless WAN, cellular,
Universal Serial Bus (USB), etc.). For example, in some embodiments, the
communication device 130 may be:

- a smartphone or other wireless phone; a tablet computer; a head-mounted
display, smartwatch or other wearable device; or any other communication
device carried, worn or otherwise associated with the user (e.g., the
operator);

- a server or other computing entity (e.g., implementing a website)
associated with: the user (e.g., the operator); an organization associated
with the user (e.g., the operator); a manufacturer of the track 22, the track
system 16;, and/or of the vehicle 10; a retailer, distributor, or other vendor
of the track 22, the track system 16;, and/or of the vehicle 10; or any other
party who may have an interest in the track 22, the track system 186;,
and/or of the vehicle 10;

- etc.

In some cases, such as where the communication device 130 is a smartphone,
tablet, head-mounted display, smartwatch, or other communication device
carried or worn by the user (e.g., the operator), communication between the
communication device 130 and the monitoring system 82 may be direct, i.e.,
without any intermediate device. For instance, in some embodiments, this can be
achieved by pairing (e.g., Bluetooth pairing) the communication device 130 and

the monitoring system 82.
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In other cases, such as where the communication device 130 is remote from the
monitoring system 82, communication between the communication device 130
and the monitoring system 82 may be indirect, e.g., through one or more
networks and/or one or mare additional communication devices. For example, in
some embodiments, the monitoring system 82 may communicate (e.g., via the
transmitter 112 and/or the receiver 104 of the processing entity 88 or the
transmitter 90 and/or the receiver 92 of the sensor 84,) with a WiFi hotspot or
cellular base station, which may provide access to a service provider and
ultimately the Internet or another network, thereby allowing the monitoring
system 82 and the communication device 130 to communicate. As another
example, in some embodiments, communication between the communication
device 130 and the monitoring system 82 may take place through a smartphone,
tablet, head-mounted display, smartwatch, or other communication device which
is carried or worn by the user of the communication device 130 and which itself

may have established communication with a WiFi hotspot or cellular base station.

For example: in some embodiments, the communication device 130 may be a
smartphone or other mobile phone, a tablet, a smart watch, head-mounted
display or other wearable device, or any other communication device that may be
carried by the user, and the communication link 135 may be a short-range
wireless link (e.g., Bluetooth) or a wired link (e.g., USB); in other embodiments,
the communication device 130 may be a server or other computing entity or a
smariphone or other mobile phone, a tablet, a smart watch, head-mounted
display or other wearable device, or any other communication device that may be
carried by the user and the communication Iink 135 may be implemented by a
data network such as the Internet over a wired connection and/or a wireless
connection (e.g., WiFi, WiMAX, cellular, etc.); and, in other embodiments, the
communication device 130 may be a server or other computing entity and the
communication link 135 may be implemented over a wireless connection using,
for instance, dedicated short-range communication (DSRC), |EEE 802.11,
Bluetooth and CALM (Communications Access for Land Mobiles), RFID, etc.
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In some embodiments, an application (*app”, i.e., software) may be installed on
the communication device 130 to interact with the monitoring system 82 of the
vehicle 10, For example, in some embodiments, such as where the
communication device 130 is a smartphone, a tablet, a computer, etc., the user
(e.g., the operator) may download the app from a repository (e.g., Apple’'s App
Store, iTunes, Google Play, Android Market, etc.) or any other website onto the
communication device 130. Upon activation of the app on the communication
device 130, the user may access certain features relating to the monitoring
system 82 of the vehicle 10 locally on the communication device 130. In addition,
a data connection can be established over the Internet with a server of which
executes a complementary server-side application interacting with the app on the

communication device 130.

For example, in some embodiments, the communication device 130 may be a
smartphone of the operator of the vehicle 10, onto which an app to interact with
the monitoring system 82 of the vehicle 10 has been installed (e.g., downloaded).

Describe examples of what can be done here in that case, based on what was
described earlier for the communication device that is part of the user interface of

the vehicle (e.g., info/natification, visual, audible, etc.)

In various embodiments, as shown in Figures 37 to 39, the communication
device 130 (e.g., whether part of the user interface 70 of the operator cabin 20,
or a personal communication device such as a smartphone, tablet, computer,
etc.) may comprise a user interface 137 and a processing entity 139, The user
interface 137 may comprise a display 141, a speaker 143, and/or any other
output device, such as the display 132 of the operator cabin 20, a display of a
smartphone, etc.. The processing entity 139 comprises an interface 145, a
processing portion 147, and a memory portion 149, which are implemented by

suitable hardware and/or software.
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The interface 145 comprises one or more inputs and outputs allowing the
processing entity 139 to receive input signals from and send ocutput signals to
other components to which the processing entity 139 is connected (i.e., directly
or indirectly connected). For example, in this embodiment, an input of the
interface 145 is implemented by a wireless receiver to receive a signal from the
monitoring system 82. An output of the interface 145 is implemented by a

transmitter.

The processing portion 147 comprises one or more processors for performing
processing operations that implement functionality of the processing entity 139. A
processor of the processing portion 147 may be a general-purpose processor
executing program code stored in the memory portion 149. Alternatively, a
processor of the processing portion 147 may be a specific-purpose processor
comprising one or more preprogrammed hardware or firmware elements (e.q.,
application-specific  integrated circuits  (ASICs), electrically erasable

programmable read-only memories (EEPROMSs), etc.) or other related elements.

The memory portion 149 comprises one or more memories for storing program
code executed by the processing portion 147 and/or data used during operation
of the processing portion 147. A memory of the memory portion 149 may be a
semiconductor medium (including, e.g., a solid-state memory), a magnetic
storage medium, an optical storage medium, and/or any other suitable type of
memory. A memory of the memory portion 149 may be read-only memory (ROM)

and/or random-access memory (RAM), for example.
In some embodiments, two or more elements of the processing entity 139 may
be implemented by devices that are physically distinct from one another and may

be connected to one another via a bus (e.g., one or mare electrical conductors or

any other suitable bus) or via a communication link which may be wired. In other
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embodiments, two or more elements of the processing entity 139 may be

implemented by a single integrated device.

The processing entity 139 may be implemented in any other suitable way in other

embodiments.

Although the output signal issued by the processing entity 88 was described in
embodiments considered above as being directed to the powertrain 15 of the
agricuitural vehicle 10 or the communication device 130, in some embodiments,
both of these actions can be perfo>rmed by the processing entity 88. That is, an
output signal may be issued by the processing entity 88 and directed to the
powertrain 15 of the agricultural vehicle 10 to control the powertrain 15 of the
vehicle 10 and another output signal may be issued by the processing entity 88
and directed to the communication device 130 for communicating information
regarding the operation of the vehicle 10 to a user such as the operator of the

vehicle 10.

Figures 32A to 32C are graphs representing different examples of operation of
an agricultural vehicle roading for two hours with a 45,000 Ibs load. For instance,
Figure 32A shows an example where the agricultural vehicle is driven at full
speed (e.g., 25 mph or 40 km/h) with disregard for a threshold temperature of a
track of the vehicle. As shown, in such a case, the threshold temperature of the
track is exceeded before even one hour of travel. This can result in blowout of

traction projections of the track or other damage and/or deterioration of the track.

Figure 32B shows an example where the agricultural vehicle is driven more
conservatively by managing the speed of the agricultural in accordance to the
load of the vehicle. More specifically, in this example, the speed of the
agricultural vehicle is maintained at 17 mph (i.e., 27 km/h) such that the
temperature of the track does not exceed its threshold temperature. As shown, in

such a case, contrary to the example of Figure 32A, damage and/or deterioration
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of the track is avoided. However, the average speed of the agricultural vehicle
(i.e., 17 mph) is relatively low.

Figure 32C shows an example where the speed of the agricultural vehicle 10 is
managed by the monitoring system 82 as described above. As shown, in this
case, the speed of the agricultural vehicle 10 is controlled to have an average of
21 mph (i.e., 34 km/h) while preventing the temperature of the track 22 from
exceeding its threshold temperature. Thus, in this case, contrary to the example
of Figure 32A, damage and/or deterioration of the track 22 is avoided. Moreover,
the average speed of the agricultural vehicle 10 is increased relative to the

example of Figure 32B.

Figures 33A to 33C are graphs representing different examples of operation of
an agricultural vehicle carrying a 45,000 lbs load in the context of a work day.
More particularly, in this example, the agricultural vehicle departs from a farm at
6:00 AM and roads for 20 miles to a first field where it plants 250 acres. The
agricultural vehicle then roads another 20 miles to a second field where it plants
another 250 acres. Finally, the agricultural vehicle roads 40 miles back to the

farm from which it departed originally.

In the example of Figure 33A, the agricultural vehicle is driven at full speed when
roading with disregard for the threshold temperature of the track of the vehicle.
The agricultural vehicle slows down to approximately 8 mph (i.e., 13 km/h) when
planting the field. As shown, the threshold temperature of the track is exceeded
when the agricultural vehicle is roading but the track cools down when the
agricultural vehicle is planting. However, when roading for 40 miles back to the
farm, the temperature of the track exceeds its threshold temperature significantly.
In such a case, the agricultural vehicle arrives at the farm at around 9:15 PM.
However, the tracks of the agricultural vehicle may show signs of bulging and

would likely require replacement after the planting season. Moreover, the
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agricultural vehicle would have to decrease its speed for the next few days to

prevent further damage and/or deterioration of the track.

In the example of Figure 33B, the speed agricultural vehicle while roading is
managed in accordance to the load carried by the agricultural vehicle. More
particularly, in this example, the speed of the agricultural vehicle is maintained at
an average of 17.1 mph when roading. As shown, this results in the temperature
of the track not exceeding its threshold temperature. In such a case, damage
and/or deterioration of the track is avoided. However, the agricultural vehicle

arrives at the farm at around 10:40 PM.

In the example of Figure 33C, shows an example where the speed of the
agricultural vehicle 10 is managed by the monitoring system 82 as described
above. In this example, the speed of the agricultural vehicle 10 is maximized
while the track 22 is cooler and reduced and/or limited to prevent the temperature
of the track 22 from exceeding its threshold temperature. In such a case, the
agricultural vehicle 10 arrives at the farm around 9:40 PM. Thus, contrary to the
example of Figure 33A, damage and/or deterioration of the track 22 is avoided.
Moreover, the work day of the operator of the agricultural vehicle 10 ends one
hour earlier than in the example of Figure 33B, thus saving non-productive time

of the agricultural vehicle 10 (i.e., time spent travelling).

Although in the example of Figure 33C, the agricultural vehicle 10 carries a
45,000 Ibs load, the load may be greater in other examples. As will be
appreciated, a greater load generally translates to more heat generation in the
track 22. Consequently, if a constant speed of the vehicle were chosen in
accordance to the load carried by the vehicle (as in the examples of Figures 32B
and 33B), a greater load would translate to an even lower constant speed of the
vehicle. Thus, a greater load carried by the agricuitural vehicle 10 transiates to
additional time saved by managing the speed of the agricultural vehicle 10 via
the monitoring system 82 as described above.
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The monitoring system 82 may be implemented in any other suitable way in other

embodiments.

For example, in other embodiments, in addition to or instead of being disposed
within the elastomeric material 41 of one or more of the traction lugs 58+-58y, the
temperature sensor 84, may be disposed elsewhere on the track 22. For
instance, in some embodiments, as shown in Figure 25, the temperature sensor
84, may be disposed in the elastomeric material 67 or one or more of the
drive/guide lugs 48:-48y. This may be useful to prevent rapid wear or other
deterioration (e.g., blowout) of one or more of the drive/guide lugs 48:-48y. In
such embodiments, the sensor 84, may be disposed near the inner surface 32 of
the carcass 36 as this may be a region of the drive/guide lugs 484-48y that is

expected to be hottest in use (i.e., having a most elevated temperature).

In other embodiments, as shown in Figures 11B and 26, the temperature sensor
84, may be disposed in the elastomeric material 38 of the carcass 36. This may
be useful to shield the sensing device 85 from the elevated heat that is generated
at the traction lugs 58+-581 and/or to prevent or otherwise minimize a risk of
delamination of the traction lugs 584-58+1 at an interface between the traction lugs
584-581 and the carcass 36. Moreover, as shown in Figure 11B, in some
embodiments, when the temperature sensor 84, is disposed in the elastomeric
material 38 of the carcass 36, the sensing device 85 of the temperature sensor
84, may be located closer to the ground-engaging outer surface 31 of the
carcass 36 than to the inner surface 32 of the carcass 36. In such embodiments,
the thickness of the elastomeric material 38 of the carcass 36 between the
sensing device 85 and the ground-engaging outer surface 32 of the carcass 36
may be relatively small. For instance, in some cases, a ratio of the distance
between the sensing device 85 and the ground-engaging cuter surface 32 of the

carcass 36 over the thickness T¢ of the carcass 36 may be no more than 0.3, in
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some cases no more than 0.2, in some cases no more than 0.1, and in some

cases even less,

In other embodiments, the temperature sensor 84, may be external to the track
22 and in some cases external to the track system 16;. For example, in some
embodiments, the temperature sensor 84, may be an infrared sensor configured
to measure infrared light radiating from the track 22 in order to sense the
temperature of the track 22. For instance, in some examples of implementation,
the infrared sensor 84, may be installed on the track-engaging assembly 21 or on
the frame 12 or another part of the agricultural vehicle 10 adjacent to the track
system 16; such that it is able to measure the infrared light, and thus heat energy,
emitted by the track 22.

In other embaodiments, instead of the temperature of the track 22, the
temperature of the track system 16; sensed by the temperature sensor 84, may
be a temperature of another component of the track system 16,. For instance, in
some embodiments, the temperature sensor 84, may be disposed to sense a
temperature of a given one of the roller wheels 28:-28;. For example, the
temperature sensor 84, may be embedded in a covering (e.g., an elastomeric
covering) of a roller wheel 28; that contacts the inner side 45 of the track 22. This
may be useful in cases where the covering of the roller wheels 284-285 wears out
more rapidly at certain temperatures. In other embodiments, the temperature
sensor 84, may be disposed in the drive wheel 24 (e.g., in the drive members
524-52g) to sense a temperature of the drive wheel 24. This may be useful to
detect elevated temperature levels at the drive wheel 24 in embodiments where
the drive wheel 24 frictionally engages the track 22.

In some embodiments, the track system 16; may comprise a plurality of
temperature sensors such as the temperature sensor 84, to sense the

temperature of different components of the track system 16,. For example, in

some embodiments, while the track 22 may have an associated temperature
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sensor 84, implemented as described above, one or more of the roller wheels
284-28s may also have an associated temperature sensor 84, (e.g., embedded in
its elastomeric covering). In such embodiments, the processing entity 88 may
receive a sensor signal from each temperature sensor 84; of the track system 16;
and determine a corresponding output signal related to the operation of the
agricultural vehicle 10 based on the sensor signals from the temperature sensors
844845 and possibly other input and/or information. The processing entity 88
may be operable to identify a source of the sensor signal based on an identifier
associated with each temperature sensor 84, (e.g., a manufacturer's
identification number) such that the processing entity 88 is aware from which

temperature sensor 84, a sensor signal is being received.

In such embodiments, the output signal of the processing entity 88 may be
determined in various ways. For instance, in some cases, the output signal may
be determined by the processing entity 88 based on a temperature of a
component of the track system 16; that is closest to its corresponding threshold
temperature. For example, if a difference between the temperature of the track
22 and the threshold temperature of the track 22 is smaller than a difference
between the temperature of the roller wheel 28; and the threshold temperature of
the roller wheel 28; (i.e., if the track 22 is closer to its corresponding threshold
temperature than the roller wheel 28;), then the processing entity 88 may
determine its output signal based solely on the temperature of the track 22. The
output signal may then be directed to the powertrain 15 of the agricultural vehicle
10 to control the operation of the agricultural vehicle 10 based on the
temperature of the track 22 and/or it may be directed to an output device for
outputting information to the operator of the agricultural vehicle 10. As described
above, the output signal issued by the processing entity 88 may be directed to
the powertrain 15 to control the speed of the agricultural vehicle 10 (e.g., via the

powertrain controller 114).
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In other cases, the output signal may be determined by the processing entity 88
based on the temperature of each component of the track system 16; whose
temperature is sensed by a temperature sensor 84,. For example, this may be
the case when the output signal is directed to the communication device 130. In
such a case, the temperature of each component of the track system 16; whose
temperature is sensed by a temperature sensor 84, may be outputted to the
operator of the agricultural vehicle 10. This may allow the operator to adjust the
speed of the agricultural vehicle 10 accordingly in order to avoid reaching or
exceeding the threshold temperature of a given component of the track system
16;.

Instead of being configured to sense temperature, in other embodiments, the
sensor 84, may be any other suitable type of sensor to sense another physical

characteristic of the track system 16;.
For example, in some embodiments, the sensor 84, may be a pressure sensor
(e.g., a pressure transducer) to sense a pressure within the track 22, such as

within one or more of the traction lugs 584-587.

As another example, the sensor 84, may be a strain sensor to sense a strain

within the track 22, such as within one or more of the traction lugs 584-58y.
As another example, the sensor 84, may be a position sensor to sense a position
(e.g., a geo-location) of the track 22 or track system 16, For example, the

position sensor may be part of a global positioning system (GPS).

As another example, the sensor 84, may be an accelerometer for sensing an
acceleration of the track 22.

As yet another example, the sensor 84, may be a tread wear sensor for sensing

the height H of the traction lugs 584-58+. Such tread wear sensors are known and
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thus will not described further here.

In some embodiments, the monitoring system 82 may comprise sensors of
various types. For instance, the sensors 844-843 of the monitoring system 82
may include various types of sensors including those mentioned above (e.g.,

pressure sensors, strain sensors, position sensors, etc.).

The monitoring system 82 may be configured to provide other information and/or

inputs depending on the types of sensors that are used in the track system 16;.

For instance, in embodiments where the sensor 84, is a pressure sensor, the
monitoring system 82 may be configured to determine characteristics related to
the ground on which the track system 16; travels (e.g., a compactness of the
ground). More specifically, the pressure sensor 84, of the monitoring system 82
may send as an input signal to the processing entity 88 the pressure recorded by
the pressure sensor 84, as the track system 16; travels on the ground. This may
allow the processing entity 88 to calculate a trend of the pressure experienced at
the pressure sensor 84, as the track 22 is driven by the track-engaging assembly
21 of the track system 16,. As a peak pressure is expected to be recorded when
the pressure sensor 84, is disposed between any of the drive wheel 24, the front
idler wheel 26 and the roller wheels 284-28; and the ground, the pressure
recorded at these points can be determinative of characteristics related to the
ground on which the track system 16; travels. For example, when the peak
pressure is recorded as being particularly elevated, the processing entity 88 of
the monitoring system 82 may determine that the ground is hard (e.g., a compact
soil, a paved road), whereas when the pressure is recorded as being particularly
low, the processing entity 88 of the monitoring system 82 may determine that the
ground is soft (e.g., loose soil). For instance, the memory portion 110 of the
processing entity 88 may store a range of values of pressures that can be
expected to be recorded and an associated characteristic of the ground (e.g.,

hard, soft, etc.). In such embodiments, the output signal of the processing entity
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88 may thus be received by the powertrain 15, the powertrain controller 114 or
the communication device 130 and used to control the operation of the
agricultural vehicle 10 based on the recorded pressure and/or outputting
information regarding the operation of the agricultural vehicle 10 to the operator

of the agricultural vehicle 10.

Moreover, in some embodiments where the sensor 84 is a pressure sensor, the
monitoring system 82 may be configured to determine a load distribution of the
vehicle 10 and, optionally, propose an improved load distribution of the vehicle
10. For instance, in some embodiments, based on the pressure values recorded
by the pressure sensor 84,, the processing entity 88 of the monitoring system 82
may be configured to determine a load distribution on the track system 16;. For
example, if the pressure readings from the pressure sensor 84, indicate a
significantly higher pressure when the pressure sensor 84, records the pressure
at a front portion of the track system 16; (e.q., when the pressure sensor 84, is
disposed between the front idler wheel 26 and the ground) than when the
pressure sensor 84, records the pressure at a rear portion of the track system 16;
(e.g., when the pressure sensor 84, is disposed between the drive wheel 24 and
the ground), then the processing entity 88 may determine that the track system
16; is unevenly loaded. The pressure difference may be considered significant for
example if the difference is greater than a certain percentage (e.g., 10%, 20%,
30%, 40%, etc.). In such embodiments, the output signal of the processing entity
88 may signal to the powertrain 15, to the powertrain controller 114 or to the
communication device 130 that the track system 16; is unevenly loaded.
Moreover, in some embodiments, the processing entity 88 may be configured to
derive an improved load distribution of the vehicle 10. For instance, in some
embodiments, based at least in part on its determination of whether or not the
track system 16; is unevenly loaded, the processing entity 88 may derive a load
distribution adjustment that can be implemented to the vehicle 10 and/or track
system 16; to correct or otherwise minimize the unevenly loaded condition of the
track system 16;. In some cases, the processing entity 88 may derive the load

64

CA 3042780 2019-05-08



WO 2017/000068 PCT/CA2016/050760

distribution adjustment based in part on additional inputs such as the type of
vehicle 10 and/or its use. For example, the processing entity 88 may derive a
weight that can be applied at a front or rear of the vehicle 10 and/or track system
16; to improve the load distribution of the track system 16;. This derived
information may be contained in the output signal of the processing entity 88 to
the communication device 130 or other entity of the vehicle 10. For example, the
display 132 of the communication device 130 may display this information for the
user to consider implementing the load distribution adjustment suggested by the
processing entity 88. As a specific example of implementation, the information
displayed by the display 132 of the communication device 130 may suggest
adding or removing a certain amount of weight forwardly or rearwardly of a given
point of the track system 16; (e.g., forwardly or rearwardly of a midpoint of the
length of the track system 16;).

In some embodiments, based on the determination of whether the track system
16; is unevenly loaded, the monitoring system 82 may be configured to issue a
natification to the user of the vehicle 10. For instance, the notification 140
displayed on the display 132 may relate to a loading condition of the track system
16; such as to make the user of the vehicle 10 aware of the loading condition of
the track system 16;. For example, the notification 140 may convey that the track
system 16; and/or vehicle 10 is overly loaded (e.qg., a load carried by the vehicle
10 is too big), unevenly loaded, or that the load distribution of the track system

16; and/or vehicle 10 is adequate.

Furthermore, in some embodiments, the plurality of sensors 84,-845 of the
monitoring system 82 may include different types of sensors (e.g., temperature
sensars, pressure sensors, strain sensors, etc.) such that the processing entity
88 of the monitoring system 82 is actionable on more than one type of parameter
regarding the track 22 or other component of the track system 16; (e.g., the roller
wheels 284-28¢). Using more than one variety of sensor may allow the monitoring
system 82 to detect situations that may be more difficult to detect with a single
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type of sensor (e.g., solely temperature sensors). For instance, in some
embodiments, the plurality of sensors 844-84s may include at least one pressure
sensor and at least one temperature sensor. In one example of implementation,
the pressure recorded by the pressure sensor 84, in combination with the
temperature recorded by the temperature sensor 84 may ailow the processing
entity 88 of the monitoring system 82 to determine that the track 22 is misaligned.
For example, the pressure sensor 84, and the temperature sensor 84, may he
positioned in a drive/guide lug 48; and thus the input signals from the pressure
sensor 84, and the temperature senscr 84, convey to the processing entity 84x
the pressure and the temperature recorded at the drive/guide lug 48, If the
recorded pressure and temperature are higher than a threshold value of each of
the pressure and temperature, then the processing entity 88 may determine that
the track 22 is misaligned. Similarly, the pressure and temperature sensors may
be provided in the roller wheels 284-28¢ to determine if the track 22 is misaligned.
Thus the notification 140 issued to the user may relate to the alignment of the
track 22.

In other embodiments, the sensor 84, and the processing entity 88 may be
connected by a wire (e.g., the sensor 84, and the processing entity 88 may be
separate devices connected by a cable or other wire or may be components of a

common device connected by a wire within the common device).

In some embodiments, the sensor 84, and the processing entity 88 may be
integrated together into the track 22. As such, in these embodiments, the track
22 can communicate directly with the powertrain 15 or user interface of the

agricuitural vehicle 10 and/or with the communication device 130.
Although in embodiments considered above the monitoring system 82 is used to
monitor the track system 16; during the operation of the vehicle 10, in other

embodiments, the monitoring system 82 may be used for monitoring the track

system 16; or a component thereof such as the track 22 outside of the operation

66

CA 3042780 2019-05-08



WO 2017/000068 PCT/CA2016/050760

of the vehicle 10.

For instance, in some embodiments, the monitoring system 82 may be used fo
assess a use of the track system 16;. That is, the monitoring system 82 may be
configured to assess parameters that relate to a usage of the track system 16;.
This may be useful to obtain general information regarding the use of the track
system 16; such as, for example, a level of usage of the track system 16; (i.e., its
progress in its overall life cycle) and/or conditions under which the track system

16; has been used.

In accordance with an example of implementation, the monitoring system 82 may
assess an amount of time (e.g., hours) in which the track system 16; has been in
use. For instance, information provided by the sensor 84, may be used to gauge
when the track 22 is in driving contact with the ground. For example, in cases
where the sensor 84, is a temperature sensor, the monitoring system 82 may
determine that the track 22 is in driving contact with the ground when the
temperature recorded by the temperature sensor 84, is greater than a certain
value. By calculating the amount of time that the temperature sensed by the
temperature sensor 84, is greater than the certain value, the monitoring system
82 may thus calculate the amount of time that the track 22 or track system 16;

has been in use.

Additionally or alternatively, the monitoring system 82 may assess a usage
condition associated with the track system 16,. For instance, this may include the
temperatures at which the track 22 has operated over a period of time. For
example, the monitoring system 82 may be configured to assess a temperature
trend over time during use of the track system 16;. This may allow the user or any
other person to assess, for example, whether the track system 16, or track 22 has
been operated at an elevated temperature for extended amounts of time or
whether the track system 16; or track 22 has been operated at an adequate

temperature most of the time during its use.
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Additionally or alternatively, the monitoring system 82 system may assess a
geographical location at which the track system 16; has been used. This may be
a general geographical location (e.g., a city, a province/state, a country, etc.)
and/or a more precise geographical location (e.g., an agricultural field, a road,
etc.). The assessment of the geographical location may be useful in various
ways. For example, it may be useful for warranty considerations, such as in
cases where a warranty covers use of the track system 16; in certain territories
(e.g., a province/state), or in certain terrains (e.g., agricultural fields) but only a
limited amount of use on other terrains (e.g., paved rogds). The assessment of
the geographical location by the monitoring system 82 may thus allow to gauge
whether the track system 16; meets certain conditions of the warranty, such as,
for example, limited travel over paved roads. As another example, this may be
useful to keep a travel log of the vehicle 10 to which the track system 16; is
mounted and enable the user to gauge the efficiency of the vehicle’'s

displacements and adjust its travelling patterns accordingly.

Additionally or alternatively, the monitoring system 82 system may be configured
to predict an end-of-life of the track 22. For instance, in some embodiments, the
sensors 844-84s of the monitoring system 82 may include at least one
accelerometer and at least one tread wear sensor which provides the processing
entity 88 with an amount of cycles (e.g., rotations) of the track 22 (provided by
the accelerometer) and the height H of the traction lug 58; to which the tread
wear sensor is installed (provided by the tread wear sensor). Thus, the
processing entity 88 may derive, based on data collected by the accelerometer
and the tread wear sensor, an estimated an amount of time in which the track 22
may need to be replaced and/or repaired. For example, the processing entity 88
may establish a pattern of use of the track 22 during certain time periods (e.g.,
during a week, during a month, during a season) based on a previous year's use
of the track 22. Based on the pattern of use of the track 22, the processing entity
88 may thus derive the estimated amount of in which the track22 may need to be
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replaced and/or repaired,

Each track system 16; of the agricultural vehicle 10, including its track 22, may be
configured in various other ways in other embodiments.

For example, each track system 16; may comprise different and/or additional
components in other embodiments. For example, in some embodiments, the
track system 16; may comprise a front drive wheel (e.g., the idler wheel 26 may
be replaced by a drive wheel) instead of or in addition to the drive wheel 24. As
another example, in some embodiments, the track system 16; may comprise
more or less roller wheels such as the roller wheels 284-285. As yet another
example, rather than have a generally linear configuration as in this embodiment,
in other embodiments, the track system 16; may have various other
configurations (e.g., a generally triangular configuration with the axis of rotation
of the drive wheel 24 located between the axes of rotations of leading and trailing

idler wheels).

In some embodiments, the work implement 18 that is drawn by the agricultural
vehicle 10 may implement the improvements disclosed herein. For instance, with
additional reference to Figure 40, the work implement 18 may comprise a trailed
vehicle 810 comprising a frame 612, a body 613 (e.g., a container) and track
systems 6164, 616,. In this example, the trailed vehicle 610 is a harvest cart. In
other examples, the trailed vehicle 610 may be a fertilizer cart, a sprayer, a
planter or any other suitable type of trailed vehicle. Each track system 616; of the
trailed vehicle 610 comprises front (i.e., leading) idler wheels 6234, 623, at a first
longitudinal end portion of the track system 616, rear (i.e., trailing) idler wheels
626+, 626, at a second longitudinal end portion of the track system 616; opposite
the first longitudinal end portion, and a plurality of roller wheels 6284-6284
intermediate the front idler wheels 6234, 623, and the rear idler wheels 6261,
626,. The track system 616; further comprises a track 622 disposed around the
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wheels 626,, 626,, 626+, 626, 6284-628,4. The track system 616; may implement
the monitoring system 82 as described above. Additionally or alternatively, the
track 622 may be configured in a manner similar to the track 22 as described
above.

In this example, the trailed vehicle 610 is not motorized in that it does not
comprise a prime mover for driving the track systems 6164, 616;. Rather, the
trailed vehicle 610 is displaced by the agricultural vehicle 10 to which the trailed
vehicle 610 is attached. However, in some examples, the trailed vehicle 610 may
be motorized. That is, the tfrailed vehicle 610 may comprise a prime mover for
driving a drive wheel of each track system 616, For example, instead of
comprising rear idler wheels 626+, 626, the track system 616; may comprise a

drive wheel for driving the track 622.

While in embodiments considered above the off-road vehicle 10 is an agricultural
vehicle, in other embodiments, the vehicle 10 may be an industrial vehicle such
as a construction vehicle (e.g., a loader, a bulldozer, an excavator, etc.) for
performing construction work or a forestry vehicle (e.g., a feller-buncher, a tree
chipper, a knuckleboom loader, etc.) for performing forestry work, a military
vehicle (e.g., a combat engineering vehicle (CEV), etc.) for performing military
work, an all-terrain vehicle (ATV), a snowmobile, or any other vehicle operable
off paved roads. Although operable off paved roads, the vehicle 10 may also be
operable on paved roads in some cases. Also, while in the embodiment
considered above the vehicle 10 is driven by a human operator in the vehicle 10,
in other embodiments, the vehicle 10 may be an unmanned ground vehicle (e.g.,
a teleoperated or autonomous unmanned ground vehicle).

In some examples of implementation, any feature of any embodiment described
herein may be used in combination with any feature of any other embodiment

described herein.

70

CA 3042780 2019-05-08



WO 2017/000068 PCT/CA2016/050760

Certain additional elements that may be needed for aperation of some
embodiments have not been described or illustrated as they are assumed to be
within the purview of those of ordinary skill in the art. Moreover, certain
embodiments may be free of, may lack and/or may function without any element
that is not specifically disclosed herein.

In case of any discrepancy, inconsistency, or other difference between terms
used herein and terms used in any document referenced or incorporated by
reference herein, meanings of the terms used herein are to prevail and be used.

Although various embodiments and examples have been presented, this was for
the purpose of describing, but not limiting, the invention. Various modifications

and enhancements will become apparent to those of ordinary skill in the art and

are within the scope of the invention, which is defined by the appended claims.
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CLAIMS

1. A system for use in respect of a vehicle comprising a track, the track
comprising a ground-engaging outer surface and an inner surface opposite to the
ground-engaging outer surface and being mounted around a track-engaging
assembly configured to move the track around the track-engaging assembly, the
track-engaging assembly comprising a plurality of wheels for engaging the track,
the track being elastomeric to flex around the track-engaging assembly, the system
comprising:

- a sensor configured to sense a characteristic of the ground, the

sensor being part of at least one of the track and the track-engaging

assembly; and

- a processing apparatus configured to issue a signal related to the

ground based on the characteristic of the ground.

2. The system of claim 1, wherein the signal relating to the ground is directed to

a powertrain of the vehicle to control the powertrain of the vehicle.

3. The system of claim 2, wherein the signal relating to the ground is directed to

the powertrain of the vehicle to control a speed of the vehicle.

4. The system of claim 3, wherein the signal relating to the ground is directed to

the powertrain of the vehicle to limit the speed of the vehicle.

5. The system of claim 3, wherein the signal relating to the ground is directed to

the powertrain of the vehicle to reduce the speed of the vehicle.

6. The system of claim 2, wherein the signal relating to the ground is directed to

a prime mover of the powertrain of the vehicle to control the prime mover.
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7. The system of claim 1, wherein the signal based on the characteristic of the
ground is directed to a communication device for communicating information

related to the characteristic of the ground to a user of a communication device.

8. The system of claim 7, wherein the communication device comprises a display

for displaying the information related to the characteristic of the ground.

9. The system of claim 8, wherein the information related to the characteristic of

the ground includes an indication of the characteristic of the ground.

10.The system of claim 8, wherein the information related to the characteristic of

the ground comprises a naotification based on the characteristic of the ground.

11.The system of claim 8, wherein the communication device is part of a user

interface of an operator cabin of the vehicle.

12.The system of claim 1, wherein the processing apparatus is configured to issue
the signal based on the characteristic of the ground based on comparison of

the characteristic of the ground to reference data.

13.The system of claim 12, wherein the processing apparatus is configured to
issue the signal based on the characteristic of the ground when the

characteristic of the ground reaches at least a reference value.

14.The system of claim 1, wherein the sensor and the processing apparatus are

connected via a wireless link.

15.The system of claim 1, wherein the track comprises a plurality of projections
projecting from a given one of the ground-engaging outer surface and the inner
surface, and at least part of the sensor is located in a given one of the

projections.
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16.The system of claim 15, wherein the projections include traction projections
projecting from the ground-engaging outer surface and wheel-contacting
projections projecting from the inner surface; and the given one of the

projections is a given one of the traction projections.

17.The system of claim 1, wherein the sensor is a first sensor and the system
comprises a second sensor configured to sense the characteristic of the

ground.

18.The system of claim 17, wherein each of the first sensor and the second sensor

is part of the track.

19.The system of claim 18, wherein: the track comprises a plurality of projections
projecting from a given one of the ground-engaging outer surface and the inner
surface; at least part of the first sensor is located in a first one of the projections;
and at least part of the second sensor is located in a second one of the

projections.

20.The system of claim 19, wherein: the projections include traction projections
projecting from the ground-engaging outer surface and wheel-contacting
projections projecting from the inner surface; the first one of the projections is
a first one of the traction projections; and the second one of the projections is

a second one of the traction projections.

21.The system of claim 1, wherein the characteristic of the ground is a

compactness of the ground.

22.The system of claim 1, wherein the sensor comprises a sensing device and a
transmitter that is spaced from the sensing device and located beneath less

elastomeric material of the track than the sensing device.
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23.The system of claim 22, wherein: the track comprises a plurality of projections
projecting from a given one of the ground-engaging outer surface and the inner
surface; at least part of the sensing device and the transmitter is located in a
given one of the projections; and a thickness of elastomeric material of the track
between the transmitter and a periphery of the projection is less than a
thickness of elastomeric material of the track between the sensing device and

the periphery of the projection.

24 _The system of claim 23, wherein a ratio of the thickness of elastomeric material
of the track between the transmitter and the periphery of the projection over the
thickness of elastomeric material of the track between the sensing device and

the periphery of the projection is no more than 0.5.

25.The system of claim 1, wherein the sensor is responsive to an interrogation

signal.

26.The system of claim 25, wherein the sensor comprises radio-frequency

identification (RFID) technology.
27.A vehicle comprising the system of claim 1.

28.A track system for a vehicle, the track system comprising:

a track comprising a ground-engaging outer surface and an inner surface
opposite to the ground-engaging outer surface;

a track-engaging assembly to move the track around the track-engaging
assembly, the track-engaging assembly comprising a plurality of wheels for
engaging the track, the track being elastomeric to flex around the track-
engaging assembly; and

a sensor configured to sense a characteristic of the ground.

29. The track system of claim 28, wherein: the track comprises a plurality of

projections projecting from a given one of the ground-engaging outer surface and
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the inner surface; and at least part of the sensor is located in a given one of the

projections.

30. The track system of claim 29, wherein: the projections include traction
projections projecting from the ground-engaging outer surface and wheel-
contacting projections projecting from the inner surface; and the given one of the

projections is a given one of the traction projections.

31. The track system of claim 28, wherein the sensor comprises a wireless
transmitter configured to wirelessly communicate with a processing apparatus

external to the track.

32. The track system of claim 28, wherein the sensor is a first sensor and the
track system comprises a second sensor configured to sense the characteristic of

the ground.

33. The track system of claim 32, wherein: the track comprises a plurality of
projections projecting from a given one of the ground-engaging outer surface and
the inner surface; at least part of the first sensor is located in a first one of the
projections; and at least part of the second sensor is located in a second one of

the projections.

34. The track system of claim 33, wherein: the projections include traction
projections projecting from the ground-engaging outer surface and wheel-
contacting projections projecting from the inner surface; the first one of the
projections is a first one of the traction projections; and the second one of the

projections is a second one of the traction projections.

35. The track system of claim 32, wherein the sensor is configured to interact
with a processing apparatus configured to issue a signal relating to the ground

based on the characteristic of the ground.
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36. The track system of claim 35, wherein the signal relating to the ground is

directed to a powertrain of the vehicle to control the powertrain of the vehicle.

37. The track system of claim 36, wherein the signal relating to the ground is

directed to the powertrain of the vehicle to control a speed of the vehicle.

38.  The track system of claim 37, wherein the signal relating to the ground is

directed to the powertrain of the vehicle to limit the speed of the vehicle.

39. The track system of claim 37, wherein the signal relating to the ground is

directed to the powertrain of the vehicle to reduce the speed of the vehicle.

40. The track system of claim 36, wherein the signal relating to the ground is
directed to a prime mover of the powertrain of the vehicle to control the prime

mover.

41. The track system of claim 35, wherein the signal relating to the ground is
directed to a communication device for communicating information related to the

characteristic of the ground to a user of the communication device.

42. The track system of claim 41, wherein the communication device comprises

a display for displaying the information related to the characteristic of the ground.

43. The track system of claim 41, wherein the information related to the

characteristic of the track includes an indication of the characteristic of the ground.

44. The track system of claim 41, wherein the information related to the
characteristic of the track comprises a notification based on the characteristic of

the ground.

45.  The track system of claim 44, wherein the notification notifies of potential

damage to the track.
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46. The track system of claim 45, wherein the potential damage to the track is

potential blowout of the track.

47. The track system of claim 46, wherein the communication device is part of

a user interface of an operator cabin of the vehicle.

48. The track system of claim 35, wherein the signal relating to the ground is

directed to a powertrain of the vehicle to control the speed of the vehicle.

49. The track system of claim 35, wherein the signal relating to the ground is
directed to a prime mover of the powertrain of the vehicle to control the prime

mover.

50. The track system of claim 35, wherein the processing apparatus is
configured to issue the signal relating to the ground based on comparison of the

characteristic of the ground to reference data.

51. The track system of claim 50, wherein the processing apparatus is
configured to issue the signal relating to the ground when the characteristic of the

ground at least reaches a reference value.

52.  The track system of claim 28, wherein the sensor is configured to interact

with the processing apparatus via a wireless link.

53.The track system of claim 28, wherein the characteristic of the ground is a

compactness of the ground.

54.The track system of claim 28, wherein the sensor comprises a sensing device
and a transmitter that is spaced from the sensing device and located beneath

less elastomeric material of the track than the sensing device.

55.The track system of claim 54, wherein: the track comprises a plurality of
projections projecting from a given one of the ground-engaging outer surface

and the inner surface; at least part of the sensing device and the transmitter is
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located in a given one of the projections; and a thickness of elastomeric
material of the track between the transmitter and a periphery of the projection
is less than a thickness of elastomeric material of the track between the sensing

device and the periphery of the projection.

56.The track system of claim 55, wherein a ratio of the thickness of elastomeric
material of the track between the transmitter and the periphery of the projection
over the thickness of elastomeric material of the track between the sensing

device and the periphery of the projection is no more than 0.5.

57.The track system of claim 28, wherein the sensor is responsive to an

interrogation signal.

58.The track system of claim 57, wherein the sensor comprises radio-frequency

identification (RFID) technology.

59. A vehicle comprising the track system of claim 28.

60. A track for a vehicle, the track being mountable around a track-engaging
assembly configured to move the track around the track-engaging assembly, the
track-engaging assembly comprising a plurality of wheels for engaging the track,
the track being elastomeric to flex around the track-engaging assembly, the track
comprising:

a ground-engaging outer surface;

an inner surface opposite to the ground-engaging outer surface; and

a sensor configured to sense a characteristic of the ground.

61. The track of claim 60, wherein the sensor is configured to cause a
processing apparatus to perform an operation relating to the vehicle based on the

characteristic of the ground.
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62. The track of claim 60, wherein: the track comprises a plurality of projections
projecting from a given one of the ground-engaging outer surface and the inner

surface; and at least part of the sensor is located in a given one of the projections.

63. The track of claim 62 wherein: the projections include traction projections
projecting from the ground-engaging outer surface and wheel-contacting
projections projecting from the inner surface; and the given one of the projections

is a given one of the traction projections.

64. The track of claim 60, wherein the sensor comprises a wireless transmitter
configured to wirelessly communicate with a processing apparatus external to the

track.

65. The track of claim 60, wherein the sensor is a first sensor and the track

comprises a second sensor configured to sense the characteristic of the ground.

66. The track of claim 65, wherein the sensor is a first sensor, the characteristic
of the ground is a first characteristic of the ground, and the track comprises a
second sensor configured to sense a second characteristic of the ground different

from the first characteristic of the ground.

67. The track of claim 65, wherein: the track comprises a plurality of projections
projecting from a given one of the ground-engaging outer surface and the inner
surface; at least part of the first sensor is located in a first one of the projections;

and at least part of the second sensor is located in a second one of the projections.

68. The track of claim 67, wherein: the projections include traction projections
projecting from the ground-engaging outer surface and wheel-contacting
projections projecting from the inner surface; the first one of the projections is a
first one of the traction projections; and the second one of the projections is a

second one of the traction projections.
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69. The track of claim 60, wherein the sensor is configured to interact with a
processing apparatus configured to issue a signal relating to the ground based on

the characteristic of the ground.

70.  The track of claim 69, wherein the signal relating to the ground is directed

to a powertrain of the vehicle to control the powertrain of the vehicle.

71.  The track of claim 70, wherein the signal relating to the ground is directed

to the powertrain of the vehicle to control a speed of the vehicle.

72.  The track of claim 71, wherein the signal relating to the ground is directed

to the powertrain of the vehicle to limit the speed of the vehicle.

73. The track of claim 72, wherein the signal relating to the ground is directed

to the powertrain of the vehicle to reduce the speed of the vehicle.

74.  The track of claim 70, wherein the signal relating to the ground is directed

to a prime mover of the powertrain of the vehicle to control the prime mover.

75.  The track of claim 70, wherein the signal relating to the ground is directed
to a communication device for communicating information related to the

characteristic of the ground to a user of the communication device.

76. The track of claim 75, wherein the communication device comprises a

display for displaying the information related to the characteristic of the ground.

77. The track of claim 75, wherein the information related to the characteristic

of the ground includes an indication of the characteristic of the ground.

78. The track of claim 75, wherein the information related to the characteristic

of the ground comprises a notification based on the characteristic of the ground.
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79.  The track of claim 78, wherein the notification notifies of potential damage

to the track.

80. The track of claim 79, wherein the potential damage to the track is potential

blowout of the track.

81.  The track of claim 75, wherein the communication device is part of a user

interface of an operator cabin of the vehicle.

82. The track of claim 69, wherein the signal relating to the ground relates to a

speed of the vehicle.

83. The track of claim 82, wherein the signal relating to the ground relates to a

reduction of the speed of the vehicle.

84. The track of claim 82, wherein the signal relating to the ground relates to a

limit on the speed of the vehicle.

85.  The track of claim 82, wherein the signal relating to the ground is directed

to a powertrain of the vehicle to control the speed of the vehicle.

86. The track of claim 85, wherein the signal relating to the ground is directed

to a prime mover of the powertrain of the vehicle to control the prime mover.

87. The track of claim 82, wherein the processing apparatus is configured to
issue the signal relating to the ground based on comparison of the characteristic

of the ground to reference data.

88. The track of claim 87, wherein the processing apparatus is configured to
issue the signal relating to the ground when the characteristic of the ground at least

reaches a reference value.
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89. The track of claim 69, wherein the sensor is configured to interact with the

processing apparatus via a wireless link.

90. The track of claim60, wherein the characteristic of the ground is a compactness

of the ground.

91.The track of claim 60, wherein the sensor comprises a sensing device and a
transmitter that is spaced from the sensing device and located beneath less

elastomeric material of the track than the sensing device.

92.The track of claim 91, wherein: the track comprises a plurality of projections
projecting from a given one of the ground-engaging outer surface and the inner
surface; at least part of the sensing device and the transmitter is located in a
given one of the projections; and a thickness of elastomeric material of the track
between the transmitter and a periphery of the projection is less than a
thickness of elastomeric material of the track between the sensing device and

the periphery of the projection.

93.The track of claim 92, wherein a ratio of the thickness of elastomeric material
of the track between the transmitter and the periphery of the projection over the
thickness of elastomeric material of the track between the sensing device and

the periphery of the projection is no more than 0.5.

94.The track of claim 60, wherein the sensor is responsive to an interrogation

signal.

95.The track of claim 94, wherein the sensor comprises radio-frequency

identification (RFID) technology.

96. A vehicle comprising the track of claim 60.

97. A computer-readable storage medium storing a program executable by a
processing apparatus for use in respect of a vehicle comprising a track, the track

comprising a ground-engaging outer surface and an inner surface opposite to the
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ground-engaging outer surface and being mounted around a track-engaging
assembly configured to move the track around the track-engaging assembly, the
track-engaging assembly comprising a plurality of wheels for engaging the track,
the track being elastomeric to flex around the track-engaging assembly, the vehicle
comprising a sensor configured to sense a characteristic of the ground, the sensor
being part of at least one of the track and the track-engaging assembly, the
program comprising instructions executable by the processing apparatus to cause
the processing apparatus to:

- receive data derived from the sensor; and

- issue a signal relating to the ground based on the characteristic of the

ground.

98. The computer-readable storage medium of claim 97, wherein the signal
relating to the ground is directed to a powertrain of the vehicle to control the

powertrain of the vehicle.

99. The computer-readable storage medium of claim 98, wherein the signal
relating to the ground is directed to the powertrain of the vehicle to control a speed

of the vehicle.

100. The computer-readable storage medium of claim 99, wherein the signal
relating to the ground is directed to the powertrain of the vehicle to limit the speed

of the vehicle.

101. The computer-readable storage medium of claim 100, wherein the signal
relating to the ground is directed to the powertrain of the vehicle to reduce the

speed of the vehicle.

102. The computer-readable storage medium of claim 100, wherein the signal
relating to the ground is directed to a prime mover of the powertrain of the vehicle

to control the prime mover.
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103. The computer-readable storage medium of claim 97, wherein the signal
relating to the ground is directed to a communication device for communicating
information related to the characteristic of the ground to a user of the

communication device.

104. The computer-readable storage medium of claim 103, wherein the
communication device comprises a display for displaying the information related

to the characteristic of the ground.

105. The computer-readable storage medium of claim 103, wherein the
information related to the characteristic of the track includes an indication of the

characteristic of the ground.

106. The computer-readable storage medium of claim 103, wherein the
information related to the characteristic of the ground comprises a notification

based on the characteristic of the ground.

107. The computer-readable storage medium of claim 106, wherein the

notification notifies of potential damage to the track.

108. The computer-readable storage medium of claim 107, wherein the potential

damage to the track is potential blowout of the track.

109. The computer-readable storage medium of claim 103, wherein the

communication device is part of a user interface of an operator cabin of the vehicle.

110. The computer-readable storage medium of claim 97, wherein the signal

relating to the ground relates to a speed of the vehicle.

111. The computer-readable storage medium of claim 110, wherein the signal

relating to the ground relates to a reduction of the speed of the vehicle.
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112. The computer-readable storage medium of claim 110, wherein the signal

relating to the ground relates to a limit on the speed of the vehicle.

113. The computer-readable storage medium of claim 110, wherein the signal
relating to the ground is directed to a powertrain of the vehicle to control the speed

of the vehicle.

114. The computer-readable storage medium of claim 113, wherein the signal
relating to the ground is directed to a prime mover of the powertrain of the vehicle

to control the prime mover.

115. The computer-readable storage medium of claim 97, wherein the
processing apparatus is configured to issue the signal relating to the ground based

on comparison of the characteristic of the ground to reference data.

116. The computer-readable storage medium of claim 115, wherein the
processing apparatus is configured to issue the signal relating to the ground when

the characteristic of the ground reaches at least a reference value.

117. The computer-readable storage medium of claim 97, wherein the sensor

and the processing apparatus are connected via a wireless link.

118. The computer-readable storage medium of claim 97, wherein the track
comprises a plurality of projections projecting from a given one of the ground-
engaging outer surface and the inner surface, and at least part of the sensor is

located in a given one of the projections.
119. The computer-readable storage medium of claim 97, wherein the
projections include traction projections projecting from the ground-engaging outer

surface and wheel-contacting projections projecting from the inner surface; and

the given one of the projections is a given one of the traction projections.
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120. The computer-readable storage medium of claim 97, wherein the sensor is
a first sensor and the vehicle comprises a second sensor configured to sense the

characteristic of the ground.

121. The computer-readable storage medium of claim 120, wherein the first

sensor and the second sensor are part of the track.

122. The computer-readable storage medium of claim 121, wherein: the track
comprises a plurality of projections projecting from a given one of the ground-
engaging outer surface and the inner surface; at least part of the first sensor is
located in a first one of the projections; and at least part of the second sensor is

located in a second one of the projections.

123. The computer-readable storage medium of claim 122, wherein: the
projections include traction projections projecting from the ground-engaging outer
surface and wheel-contacting projections projecting from the inner surface; the first
one of the projections is a first one of the traction projections; and the second one

of the projections is a second one of the traction projections.

124. The computer-readable storage medium of claim 97, wherein the

characteristic of the ground is a compactness of the ground.

125. The computer-readable storage medium of claim 97, wherein the sensor
comprises a sensing device and a transmitter that is spaced from the sensing
device and located beneath less elastomeric material of the track than the

sensing device.

126. The computer-readable storage medium of claim 125, wherein: the track
comprises a plurality of projections projecting from a given one of the ground-
engaging outer surface and the inner surface; at least part of the sensing device
and the transmitter is located in a given one of the projections; and a thickness

of elastomeric material of the track between the transmitter and a periphery of
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the projection is less than a thickness of elastomeric material of the track

between the sensing device and the periphery of the projection.

127. The computer-readable storage medium of claim 97, wherein a ratio of the
thickness of elastomeric material of the track between the transmitter and the
periphery of the projection over the thickness of elastomeric material of the
track between the sensing device and the periphery of the projection is no more
than 0.5.

128. The computer-readable storage medium of claim 97, wherein the sensor is

responsive to an interrogation signal.

129. The computer-readable storage medium of claim 128, wherein the sensor

comprises radio-frequency identification (RFID) technology.

130. A vehicle comprising the computer-readable storage medium of claim 97.

131. A method for use in respect of a vehicle comprising a track, the track
comprising a ground-engaging outer surface and an inner surface opposite to the
ground-engaging outer surface and being mounted around a track-engaging
assembly configured to move the track around the track-engaging assembly, the
track-engaging assembly comprising a plurality of wheels for engaging the track,
the track being elastomeric to flex around the track-engaging assembly, the
method comprising:

- using a sensor to sense a characteristic of the ground, the sensor being part

of at least one of the track and the track-engaging assembly; and
- using a processing apparatus to issue a signal relating to the ground based

on the characteristic of the ground.

132. The method of claim 131, wherein the signal relating to the ground is

directed to a powertrain of the vehicle to control the powertrain of the vehicle.
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133. The method of claim 132, wherein the signal relating to the ground is

directed to the powertrain of the vehicle to control a speed of the vehicle.

134. The method of claim 133, wherein the signal relating to the ground is

directed to the powertrain of the vehicle to limit the speed of the vehicle.

135. The method of claim 133, wherein the signal relating to the ground is

directed to the powertrain of the vehicle to reduce the speed of the vehicle.

136. The method of claim 132, wherein the signal relating to the ground is
directed to a prime mover of the powertrain of the vehicle to control the prime

mover.

137. The system of claim 131, wherein the signal relating to the ground is
directed to a communication device for communicating information related to the

characteristic of the track to a user of the communication device.

138. The method of claim 137, wherein the communication device comprises a

display for displaying the information related to the characteristic of the track.

139. The method of claim 137, wherein the information related to the temperature

of the track includes an indication of the characteristic of the track.

140. The method of claim 137, wherein the information related to the
characteristic of the track comprises a notification based on the characteristic of
the track.

141. The method of claim 140, wherein the notification notifies of potential

damage to the track.

142. The method of claim 141, wherein the potential damage to the track is

potential blowout of the track.
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143. The method of claim 137, wherein the communication device is part of a

user interface of an operator cabin of the vehicle.

144. The method of claim 131, wherein the signal relating to the ground relates

to a speed of the vehicle.

145. The method of claim 144, wherein the signal relating to the ground relates

to a reduction of the speed of the vehicle.

146. The method of claim 144, wherein the signal relating to the ground relates

to a limit on the speed of the vehicle.

147. The method of claim 144, wherein the signal relating to the ground is

directed to a powertrain of the vehicle to control the speed of the vehicle.

148. The method of claim 147, wherein the signal relating to the ground is
directed to a prime mover of the powertrain of the vehicle to control the prime

mover.

149. The method of claim 131, wherein the processing apparatus is configured
to issue the signal relating to the ground based on comparison of the characteristic

of the ground to reference data.

150. The method of claim 149, wherein the processing apparatus is configured
to issue the signal relating to the ground when the characteristic of the ground

reaches at least a reference value.

151. The method of claim 131, wherein the sensor and the processing apparatus

are connected via a wireless link.

152. The method of claim 131, wherein the track comprises a plurality of

projections projecting from a given one of the ground-engaging outer surface and
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the inner surface, and at least part of the sensor is located in a given one of the

projections.

153. The method of claim 152, wherein the projections include traction
projections projecting from the ground-engaging outer surface and wheel-
contacting projections projecting from the inner surface; and the given one of the

projections is a given one of the traction projections.

154. The method of claim 131, wherein the sensor is a first sensor and the
method comprises using a second sensor configured to sense the characteristic
of the ground and part of the at least one of the track and the track-engaging

assembly.

155. The method of claim 154, wherein the first sensor and the second sensor

are part of the track.

156. The method of claim 155, wherein: the track comprises a plurality of
projections projecting from a given one of the ground-engaging outer surface and
the inner surface; at least part of the first temperature sensor is located in a first
one of the projections; and at least part of the second temperature sensor is

located in a second one of the projections.

157. The method of claim 156, wherein: the projections include traction
projections projecting from the ground-engaging outer surface and wheel-
contacting projections projecting from the inner surface; the first one of the
projections is a first one of the traction projections; and the second one of the

projections is a second one of the traction projections.

158. The method of claim 131, wherein the characteristic of the ground is a

compactness of the ground.
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159. The method of claim 131, wherein the sensor comprises a sensing device
and a transmitter that is spaced from the sensing device and located beneath

less elastomeric material of the track than the sensing device.

160. The method of claim 159, wherein: the track comprises a plurality of
projections projecting from a given one of the ground-engaging outer surface
and the inner surface; at least part of the sensing device and the transmitter is
located in a given one of the projections; and a thickness of elastomeric
material of the track between the transmitter and a periphery of the projection
is less than a thickness of elastomeric material of the track between the sensing

device and the periphery of the projection.

161. The method of claim 131, wherein a ratio of the thickness of elastomeric
material of the track between the transmitter and the periphery of the projection
over the thickness of elastomeric material of the track between the sensing

device and the periphery of the projection is no more than 0.5.

162. The method of claim 131, wherein the sensor is responsive to an

interrogation signal.

163. The method of claim 162, wherein the sensor comprises radio-frequency

identification (RFID) technology.

164. A vehicle configured to perform the method of claim 131.
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