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(57) Abrégée/Abstract:
A position tracking system for determining a position of a vehicle. The position tracking system invention includes at least two

position-enabled mesh nodes mounted to the vehicle and a mesh network operatively associated with the at least two position-
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enabled mesh nodes mounted to the vehicle. The mesh network Is configured to determine a position of the vehicle based on
sighals received from the at least two position-enabled mesh nodes mounted to the vehicle. The position tracking system also
Includes a display system, which Is operatively associated with the mesh network and which displays the position of the vehicle.
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ABSTRACT

A position tracking system for determining a position of a vehicle. The position tracking
system invention includes at least two position-enabled mesh nodes mounted to the vehicle and a
mesh network operatively associated with the at least two position-enabled mesh nodes mopnted
to the vehicle. The mesh network is configured to determine a position of the vehicle based on
signals received from the at least two position-enabled mesh nodes mounted to the vehicle. The
position tracking system also includes a display system, which 1s operatively associated with the

mesh network and which displays the position of the vehicle.
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POSITION TRACKING AND PROXIMITY WARNING SYSTEM

[0001] Technical Field

[0002] This invention relates to position tracking systems in general and more specifically

to a position tracking and proximity warning system for mining applications.

Background

[0003] The 802.11s network communication standard is a wireless, broadband
communication standard that addresses and rectifies certain limitations associated with earlier
802.11 standards (a, b, and g). A network system operating in accordance with 802.11s standard
is often referred to as a mesh network, as each node in the network is capable of communicating
with every other node in the network, either directly, or via one or more intermediate nodes.
Earlier 802.11 standards (i.e., a, b, and g) must break connectivity with one node prior to
negotiating and establishing a connection with a new node. Consequently, critical data and
control commands can be lost while a connection to a new node 1s established. The 802.11s
standard solves this issue by establishing a back-up connection prior to disconnecting. The
802.11s standard essentially maintains two simultaneous connections so that when the signal
strength or bandwidth through a specific connection degrades, the communication system
automatically switches to the back-up connection, drops the original connection, and establishes a
new back-up connection.

[0004] A second significant difference between the newer 802.11s standard and the older
standards is the manner in which data are transmitted to the back haul layer. Under the older
standards (a, b, and g), a wireless node communicates directly to an access point that is either
directly connected to the back haul layer (e.g., by a fiber optic link), or has line-of-sight to
another access point that is connected to the back haul layer. Thus, if the wireless node loses
line-of-sight contact with the access point, data cannot be transmitted and have the potential to be
lost. While wireless nodes operating in accordance with the 802.11s standard still have line-ot-

sight limitations, any 802.11s device or node can be used as a repeater to transmit data to the
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back haul layer. Devices operating in accordance with the 802.11s standard may also transmit on

up to three channels simultaneously to maximize the number of possible routes data can take to

the back haul.

Brief Summary of the Invention
{0005] The following summary 18 provided as a brief overview of the claimed
position tracking system and method for determining a position of a vehicle. The summary
shall not limat the invention i any respect, with a detailed and fully enabhing disclosure being
set forth in the Detailed Description of the Invention. Likewise, the invention shall not be
limited in any numerical parameters, specific equipment, operating condifions, environment
or other variables uniess otherwise stated heren.
[0006] Embodiments of a position tracking system for determining a position of a
vehicle may comprise at least two posttion-enabled mesh nodes mounted to the vehicle; a
mesh network operatively associated with the at least two position-enabled mesh nodes
mounted the vehicle, the mesh network being configured to determine a position of the
vehicle based on signals recerved from the at least two position-enabled mesh nodes mounted
to the vehicle; and a display system operafively associated with the mesh network, the display
system displaying the position of the vehicle.
[0007] Other embodiments may comprise a proximity warning system operatively
associated with the mesh network, the proximity warning system 1ssuing a warning signal
related to a separation between the vehicle and another object. The proximity warning system
may further comprise a display mdicator module, the display indicator module providing a
visual warning indication related to separation between the vehicle and another object.
[0008] In still other embodiments, the position tracking system may further comprise
a collision avoidance system operativelyv associated with the mesh network and the vehicle,
the collision avordance system automatically stopping movement of the vehicle 1f a collision
1s 1imminent between the vehicie and another obiect.
|0009] In vet other embodiments, the position tracking system may further comprise a
trajectory calculation system operatively associated with the mesh network, the trajectory
calculaton system determining a trajeciory of the vehicle based on a plurality of position

an

fixes for the vehicle over a ime interval,
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[G010] A method for providing a proximity warning may comprise collecting vehicle
position data from a first position-enabled mesh node mounted at a first location of a vehicle
and a second posttion-enabled mesh node mounted at a second location of the vehicle;
comparing the vehicle position data to object position data associated with at least one other
object; and activating an alarm if the vehicle posttion data and the object position data
indicate that the vehicle and the object are within a predetermined distance ol one another.
6011] In other embodiments, a method for avoiding a collision between a vehicle and
an object may comprise collecting vehicle position data from a first position-enabled mesh
node mounied at a first location of a vehicle and a second position-enablied mesh node
mounted at a second location of the vehicle; comparing the vehicle position data to object
posifion data associated with at least one other object; and stopping motion of the vehicle 1f
the vehicle position data and the object position data indicate that the vehicle and the object
are within a predetermined distance of one another.

[0012] [n still other embodiments, a method for avoiding a collision between a
vehicle and an object may comprise collecting vehicle position data from a first position-
enabled mesh node mounted at a first location of a vehicle and a second position-enabled
mesh node mounted at a second location of the vehicle; comparing the vehicle position data
to object position data associated with at least one other object; and steering the vehicle away
from the object if the vehicle position data and the object position data indicate that the
vehicle and the object are within a predetermined distance of one another.

[0013] In yet other embodiments, a method for predicting a future course of a vehicle
may comprise, at a first time, coliecting vehicle position data from a first position-enabled
mesh node mounted at a first location of a vehicle and a second position-enabled mesh node
mounted at a second location of the vehicle; at a second time after the first time, collecting
vehicle position data from the first position-enabled mesh node and the second position-
enabled mesh node; calculating a vehicle vector based on the vehicle position data collected
at the first time and at the second time; and predicting a path of the vehicle based on the

vehicle vector.
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Brief Description of the Figures

[0014] The accompanying figures, which are incorporated herein and form a part of
the specification, illustrate various embodiments of the present invention and together with
the description, serve to explain the imvention. In the figures:

[0015] FIG. 1 shows a position-enabled mesh node of the present mvention.

0016} FIG. 2 shows a mesh network operatively associated with position-enabled
mesh nodes installed on vehicles.

[0017] FIG. 3 shows an embodmment of the present invention wherein position-

enabled mesh nodes are mounted on a haulage truck.

[0018] FIG. 4 shows a proximity warming system of the present mvention.

[0019] FIG. 5 shows another view of the proximity warning system of the present
mmventton.

[0020} FIG. 6 shows a display system of the present invention.

[0021] FIG. 7 shows a method for providing a proximity warning.

[0022] FIG. 8 shows a method for avoiding a collision between a vehicle and an
object.

[0023] FIG. 9 shows another embodiment of a method for avoiding a collision

between a vehicle and an object.

0024] FI1G. 10 shows a method for predicting a future course of a vehicle.

Detailed Description of the Invention

[0025] A position tracking system 10 for determining a position 11 of a vehicle 12
according to one embodiment may comprise a plurality (i.¢., at least two) position-enabled mesh
nodes 14 mounted to the vehicle 12, Posttion-enabled mesh node 14 of'the present invention 18
illustrated in FIG. 1.

10026] As shown in FIG. 2, a mesh network 16 1s operatively associated with the plurahty
of position-enabled mesh nodes 14, In addition to the plurality of position-enabied mesh nodes
14, mesh network 16 may comprise signal 13 and access point 17. Signal 13 may comprise any
type of wireless or other signal as would be famihar to one of ordinary skill in the art. Mesh
network 16 communicates with the position-enabled mesh nodes 14 viasignal 13, Signal 13 may

comprise peer-to-peer communications between vehicles 12, between vehicle 12 and access pomnt
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17 or any combination thereof. Access point 17 may be connected to a local area network, or
LLAN, via connection line 19. Mesh network 16 1s also configured to determine the position 11 of
the vehicle 12 based on signal(s) 13 received from the plurality of position-enabled mesh nodes
14 mounted to the vehicle 12. A display system 18 operatively associated with the mesh network
16 displays the position 11 of the vehicle 12.

[0027] In one embodiment, each of the position-enabled mesh nodes 14 may comprise a
wireless position-enabled mesh node of the type available from Motorola, Inc., as a component of
its MeshNetworks Positioning System. When properly configured, the position tracking system
10 may be used to identify the positional locations of the position-enabled mesh nodes 14. Such
position-enabled mesh nodes 14 may be utilized to advantage in an environment 135, (e.g.,
mining, construction or industrial environment) to identify the position(s) 11 of various vehicles
12, such as haulage truck 112, shovels, or other equipment operating within the environment 15.
Optionally, the position tracking system 10 may also be provided with a proximity warning
system 20 and a collision avoidance system 22 in the manner described herein.

[6028] Briefly, the proximity warning system 20 may provide a warning to a vehicle
operator (e.g., a truck driver) if the vehicle 12 and another object converge to within a
predetermned distance 30 of one another m the environment 15. 'the object may comprise
immeoveable object 24 (e.g.. building, structure) or moveable object 25 (e.g., vehicle 12, person).
The vehicle operator may then take appropriate action to avoid a collision. The collision
avoidance system 22 may comprise an additional component of the position tracking system [0
and may be used with or without the proximity warning system 20. As will be described 1n
greater detail below, the colliston avotdance system 22 may be used to automatically shut-down
the vehicle 12 11 a collision m the environment 15 1s imminent. Alternatively, the collision
avoidance system 22 may be configured to steer the vehicle 12 appropriately m order to avoid a
collision in the environment 15,

[002Y] Continuing now with the description, the at least two position-enabled mesh nodes
14 should be mounted to two different positions on the vehicle 12, The provision of a plurahity of
nosition-enabled mesh nodes 14 to the venicle 12 will reduce postiion 11 data “drop outs” dueto
blind spots (¢.g., loss of line-of-sight communication between two nodes). In addition, providing
a plurality of position-enabled mesh nodes 14 1o the vehicle 12 will allow the proximity wamimng

system 20 and/or collision avoidance system 22 to determune the location of vartous
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“extremities” of the vehicle 12. The ability to determine the locations of vehicle extremities may
be particularly important in large vehicle 12, such as haulage truck 112, as well as vehicles 12
containing moveable elements, such as dump bed 130, shovel buckets, blades, etc., that are not
fixed with respect to a main chassis or frame of the vehicle 12.
[0030} [n one embodiment, position-enabled mesh nodes 14 are mounted to the vehicle
12 so that their respective antennae 16 correspond with the left front 26 and night front 28
corners of the vehicle 12. Consequently, the positions of these position-enabled mesh nodes 14
will correspond to the positions of the respective left and right corners 26, 28 ot the vehicle.
Similarly, position-enabled mesh nodes 14 may also be mounted to the vehicle 12 so that their
respective antennae 16 correspond with the left and right rear corners of the vehicle 12. Thus, the
positions of the left and right rear corners of the vehicle 12 may be determined by correlating the
positions of the antennae 16 of the position-enabled mesh nodes 14. It may also be desirable to
mount positioned-enabled mesh node 14 to the rear axle of the vehicle. So mounting position-
enabled mesh node 14 on the rear axle of the vehicle 12 may enhance the ability of the mesh
network 16 to receive accurate position 11 information from locations behind the vehicle 12 that
might otherwise be blocked by portions of the vehicle 12 positioned between the antenna 16 and
a receiving node of the mesh network 16.
[0031] Depending on the type of vehicle and its configuration, it may be desirable to
mount additional positioned-enabled mesh nodes 14 to the vehicle 12 so that all extremity
portions of the vehicle 12 may be monitored by the mesh network 16. For example, as shown in
FIG. 3, one or more position-enabled mesh nodes 14 may be mounted to the moveable dump bed
130 of haulage truck 112 to ensure that the location of the raised dump bed 130 can be
determined, thereby avoiding contact with overhead items or objects. Similarly, one or more
positioned-enabled mesh nodes 14 may be mounted to a shovel bucket and/or various locations of
the bucket arm to ensure that position information of such vehicle extremities can be determined.
Consequently, because the positions of all vehicle extremities can be determined, the proximity
warning system 20 and/or collision avoidance system 22 will be more effective in providing a
warning and/or taking affirmative action (e.g., machine stoppage or shut-down) in order to avoid
contact and/or prevent collisions in the environment 15.
[0032] The proximity warning system 20 may comprise a portion of the position tracking

system 10 and is operatively associated with the mesh network 16. The proximity warning
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system 20 collects from the mesh network 16 position 11 data (1.e., “fixes”) relating to the
vehicle 12 {and its extremities) and compares them to the posttion 11 associated with
immoveable object 24 and moveable object 25. If the vehicle 12 converges to within a
predetermined distance 30 of immoveable object 24 or moveable object 25, the proximity
warning system 20 may activate an alarm. In this regard it should be noted that the position 11
associated with objects may be fixed or constant (such as that associated with immoveable
objects 24, such as buildings and fixed pieces of equipment) and need not necessarily come from
the mesh network 16. Alternafively, the position 11 could be data associated with moveable
object 25 obtamned from the mesh network 16. In order for moveable object 25 to register
position 11, moveable object 25 should be equipped with position-enabled mesh node 14, such as
that shown in Fig. 1. The proximity wamning system 20 may be implemented as computer
software operating on a computer associated with the mesh network 16.

{0033] The proximity wamning system 20 may also compnise a display indicator module
32 for providing a visual or aural warning to the vehicle operator. In one embodmment, the
display indicator module 32 comprises red 34, yellow 36, and green 38 annunciator lamps to
provide a visual indication about whether any portion of the vehicle 12 1s within a predetermined
distance 30 of immoveable object 24 or moveable object 25. The display indicator module 32
may also be provided with an audible alarm 35, Predetermined distance 30 may comprise a
permitted distance 31, a caution distance 33 and an alarm distance 37. By way of example, as
shown m FIG. 4, the proximity warning system 20 may be programmed to 1lluminate the green
annunciator lamp 38 so long as the potentially interfering immoveable object 24 and/or moveable
object 25 remain more than permitted distance 31 (e.g., beyond 32 feet) away from vehicle 12.
As shown in FIG. 5, if the distance decreases to less than the permutted distance 31, the vehicle
12 may be considered to be within the caution distance 33 of immoveable object 24 or moveable
object 25, In that case, the proximity waming system 20 will lluminate the vellow annunciator
lamp 36. [f the distance between vehicle 12 and immoveabie object 24 or moveable object 23

further closes to within the alarm distance 37 {e.g., 16 feet or less), the proximity warning system

20 will illuminate the red annunciator lamp 34 and sound the audible alarm 35.
[0034] The position tracking system 10 may also be provided with a collision avoidance
system 22. The collision avoidance systemn 22 may also be implemented as a computer software

program running on a computer operatively associated with the mesh network 16. The collision
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avoidance system 22 collects data (1.e., “fixes”) for the position 11 of vehicle 12 obtamed from
the mesh network 16 and compares them to the position 11 associated with immoveable object
24 and/or moveable object 25, If 1t is determined that vehicle 12 1s on a collision course with
either immoveable object 24 or moveable object 25, the colhision avoidance system 22 wall take
appropriate action. As was the case for the proximity warning system 20, the position 11
associated with immoveable object 24 may be fixed or constant and need not necessarily be
obtained from the mesh network 16. Alternatively, the posttion 11 could be data associated with
moveable object 25 obtained from the mesh network 16. In order for moveable object 25 to
register position 11, moveable object 25 should be equipped with position-enabled mesh node 14,
such as that shown mn Fig. 1.

[0035] The collision avoidance system 22 may comprise an automatic vehicle shut-down
system to automatically (i.e., without operator intervention) shut-down or stop the vehicle 12 if
the distance between the vehicle 12 and immoveable object 24 or moveable object 25 closes to
within the alarm distance 37 (e.g., 16 feet). Alternatively, the collision avoidance system 22 may
also be configured to steer the vehicle 12 out of the way of immoveable object 24 or moveable
object 23.

{0036} Other embodiments of the mvention may be provided with a predictive path or
trajectory calculation system to map out or determine a predicted future course of the vehicle 12.
Briefly, the system utilizes a plurality of positions 11, or *“fixes,” over time to ascertain a vehicle
vector. The direction and magnttude of the vehicle vector may then be used to predict the path of
the vehicle 12 and 1ts future position. Subsequent posttion 11 data received from the position-
enabled mesh nodes 14 on the vehicle 12 may be used to update the vehacle vector, predicted path
and position 11. If a potential conflict 15 discovered, an appropriate warning may be issued such
as, for example, via the proximity warning system 20 or collision avoidance system 22.

[0037] [n addition to the display indicator module 32 that may be provided in vehicle 12
or in any other suitable location, various embodiments of the invention may comprise display
system 18 operatively associated with the mesh network 16 to provide a graphic display of
vehicie 12 and ifs respective position 11, The display system 18 of the position 11 of velucle 12
may he presented in graphic form showing an aerial view (e.g., a satellite 1mage) of the
environment 15, For example, i FI(G. 6, the display svstem 18 displays an aenal view of

environment 15, showing vehicles 12, 12a, 12b and 12¢ with their respective positions 11, 11a,
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i1b and 1lc. The display system 18 may allow a system operator to readily obtain a “birds eye”
view of the position(s) 11 of the vehicle(s) 12 and predicted paths, 1f so desired. Display system
18 may also be provided within vehicle 12 or in a central location or other suitable location as
would be familiar fo one of ordinary skill in the art after becoming familiar with the teachings
disclosed herem.

[0038] According to one embodiment of the invention shown 1n FIG. 7, a method 200 for

providing a proximity waming, may comprise collecting 210 vehicle position data from a first

position-enabled mesh node 14° mounted at a first location of the vehicle 12 (e.g., the left front
26 corner) and a second position-enabled mesh node 147 mounted at a second location of the
vehicle 12 (e.g., the right front 28 comer). Afler the position 11 data has been collected, the
method 200 may comprise comparing 220 the vehicle position 11 data to object position 11 data
associated with at least one other object, which may be moveable object 25 or immoveable object
24, for exampie. Then, the method 200 may comprise activating 230 an alarm if the vehicle
position 11 data and the object position 11 data indicate that the vehicle 12 and the object 24, 25
are within predetermined distance 30 of one another.

[0039] As explained above, the alarm may be a visual or aural alarm. Thus, another
embodiment of the method may comprise activating a green-colored annunciator 38 so long asa
distance separating the object 24, 25 and the vehicle 12 exceeds a first distance, which may be
permitted distance 31; activating a yellow-colored annunciator 36 when the distance separating
the object 24, 25 and the vehicle 12 1s less than the first distance but greater than a second
distance, which may be within caution distance 33; and activating a red-colored annunciator 34
when the distance separating the object 24, 25 and the vehicle 12 1s less than the second distance,
which may be alarm distance 37.

[0040] In another embodiment, the vehicle posttion 11 data may compnise raw data. The
method may further compnse correlating the raw position data with information relating to the
respective positions on the vehicle 12 of the first and second locations to produce the vehicle
nosifion 11 data.

0041 FI1G. 8 tllustrates method 300 for avoiding a collision between vehicle 12 and the
object, which may be either moveable object 25 or immoveable object 24. Method 300 may
comprise collecting 310 vehicle position 11 data from first posttion-enabled mesh node 14

mounted at the first location of vehicle 12 and second position-enabled mesh node 147 mounted
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at the second location of the vehicle 12. Method 300 may further comprise comparing 320 the
vehicle position 11 data to object position 11 data associated with at least one other object 24, 23.
Method 300 may comprise stopping 330 motion of the vehicle 12 i1f the vehicle position 11 data
and the object position 11 data indicate that the vehicle 12 and the object 24, 25 are within
predetermined distance 30 of one another.

[0042] In still another embodiment of the invention, FIG. 9 illustrates method 400 for
avolding a collision between vehicle 12 and object 24, 25. Method 400 may comprise collecting
410 vehicle position 11 data from first position-enabled mesh node 14° mounted at the first
iocation of wvehicle 12 and the second position-enabled mesh node 147 mounied at the second
location of the vehicle 12. Method 400 may further comprise comparing 420 the vehicle position
11 data to object position 11 data associated with at least one other object 24, 25, and steering
430 the vehicle 12 away from the object 24, 25 if the vehicle position 11 data and the object
positton 11 data indicate that the vehicle 12 and the object 24, 25 are within predetermined
distance 30 of one another.

[0043] An additional embodiment of the present invention 18 tHustrated in FI1G. 10.
Method 500 for predicting a future course of vehicle 12 may comprise, at a first time, collecting
510 vehicle position 11 data from first position-enabled mesh node 14’ mounted at the first
location of vehicle 12 and second position-enabled mesh node 147 mounted at the second
location of the vehicle 12. At a second time (which 1s after the first time), method 500 may
further comprise collecting 520 vehicle posttion 11 data from the first position-enabled mesh
node 14° and the second position-enabled mesh node 147, Method 500 may also comprise
calculating 530 a vehicle vector based on the vehicle position 11 data collected at the first time
and at the second time. Method 300 may further comprise predicting 540 a path of the vehicle 12
based on the vehicle vector.

1 0044] Any of the methods of the present invention may be implemented by computer
readable storage media tangibly embodying program instructions for performing the methods.

|6045] Having herein set forth various embodiments of the present invention, it is
anficipated that modifications will naturally occur to those of skill in the art after becoming
familiar with the present mvention. It Is anticipated that such suitable modifications will
nonetheless remain within the scope of the invention. The invention shall therefore be construed

in accordance with the followmg clamms.
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CLAIMS:

1. A position tracking system for determining a position of a vehicle within an
environment, comprising:

a plurality of position-enabled mesh nodes positioned within the environment;

at least two vehicle-mounted, position-enabled mesh nodes mounted to respective first
and second locations on the vehicle, at least one of the first and second locations
corresponding to an extremity of the vehicle, said at least two vehicle-mounted, position-
enabled mesh nodes exchanging radio signals with said plurality of position-enabled mesh
nodes positioned within the environment to form a mesh network, said at least two vehicle-
mounted, position-enabled mesh nodes and said plurality of position-enabled mesh nodes
positioned within the environment also exchanging radio signals to determine their relative
positions with respect to one another based only on the radio signals exchanged between the
position-enabled mesh nodes forming the mesh network, said position tracking system
determining the relative position of the vehicle, including the extremity of the vehicle, with
respect to said plurality of position-enabled mesh nodes positioned within the environment;
and

a display system operatively associated with said mesh network, said display system
displaying the position of the vehicle relative to said plurality of position-enabled mesh nodes

positioned within the environment.

2. The position tracking system of claim 1, further comprising:
a first antenna connected to a first one of said at least two vehicle-mounted, position-
enabled mesh nodes, said first antenna being mounted to the first location on the vehicle; and

a second antenna connected to a second one of said at least two vehicle-mounted,

position-enabled mesh nodes, said second antenna being mounted to the second location on

the vehicle.

3. The position tracking system of claim 2, wherein at least one of the plurality of
position-enabled mesh nodes in the environment is associated with an object in the

environment, said position tracking system further comprising a proximity warning system,

11
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said proximity warning system issuing warning signals based on a relative separation between

the object and either: a) the vehicle or b) the extremity of the vehicle.

4. The position tracking system of claim 3, wherein said proximity warning
system further comprises a display indicator module mounted within the vehicle, the display
indicator module providing a visual warning indication related to the relative separation

between the object and either: a) the vehicle or b) the extremity of the vehicle.

. The position tracking system of claim 1, further comprising a collision
avoidance system operatively associated with the mesh network and the vehicle, the collision
avoldance system automatically stopping movement of the vehicle if a collision is imminent

between the object and either: a) the vehicle or b) the extremity of the vehicle.

6. The position tracking system of claim 1, further comprising a trajectory
calculation system operatively associated with the mesh network, the trajectory calculation
system determining a trajectory of the vehicle based on a plurality of position fixes for the

vehicle over a time interval.

7. The position tracking system of claim 1, wherein said at least two vehicle-
mounted, position-enabled mesh nodes comprise first and second position-enabled mesh
nodes mounted to respective first and second locations on a main body portion of the vehicle,
and a third position-enabled mesh node mounted to a moveable element of the vehicle, said
first, second, and third position-enabled mesh nodes exchanging radio signals with said
plurality of position-enabled mesh nodes positioned within the environment to form the mesh
network, said first, second, and third position-enabled mesh nodes and said plurality of
position-enabled mesh nodes positioned within the environment also exchanging radio signals
to determine their relative positions with respect to one another based only on the radio
signals exchanged between the position-enabled mesh nodes forming the mesh network, said
position tracking system determining the relative position of the main body portion of the
vehicle, including the moveable element of the vehicle, with respect to said plurality of

position-enabled mesh nodes positioned within the environment.

12
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8. The position tracking system of claim 7, further comprising:

a first antenna connected to a first one of said at least two vehicle-mounted, position-
enabled mesh nodes, said first antenna being mounted to the first location on the main body
of the vehicle;

a second antenna connected to a second one of said at least two vehicle-mounted,
position-enabled mesh nodes, said second antenna being mounted to the second location on
the main body of the vehicle; and

a third antenna connected to a third one of said at least two vehicle-mounted, position-
enabled mesh nodes, said third antenna being mounted to the moveable element of the

vehicle.

9. A method, comprising:
operating a plurality of position-enabled mesh nodes provided within an environment
to form a mesh network, the plurality of position-enabled mesh nodes including:
a plurality of position-enabled mesh nodes positioned within the environment;
and
at least two vehicle-mounted, position-enabled mesh nodes mounted to
respective first and second locations on a vehicle operating within the environment, at
least one of the first and second locations corresponding to an extremity of the
vehicle;
exchanging radio signals between the plurality of position-enabled mesh nodes in the
environment and the at least two position-enabled mesh nodes on the vehicle to determine

their relative positions with respect to one another based only on the radio signals exchanged

between the position-enabled mesh nodes forming the mesh network; and
determining the relative position of the vehicle, including the extremity of the vehicle,

with respect to said plurality of position-enabled mesh nodes 1n the environment.

10.  The method of claim 9, wherein at least one of the plurality of position-

enabled mesh nodes in the environment is associated with an object in the environment, said
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method further comprising activating an alarm when the object is within a predetermined

distance of either: a) the vehicle or b) the extremity of the vehicle.

11.  The method of claim 10, wherein activating an alarm comprises activating a

visual alarm.

12.  The method of claim 11, wherein activating a visual alarm comprises:

activating a green-colored annunciator so long as a distance separating the object and
either: a) the vehicle or b) the extremity of the vehicle, exceeds a first distance;

activating a yellow-colored annunciator when the distance separating the object and
either: a) the vehicle or b) the extremity of the vehicle, is less than the first distance and

greater than a second distance; and
activating a red-colored annunciator when the distance separating the object and

either; a) the vehicle or b) the extremity of the vehicle, is less than the second distance.

13.  The method of claim 10, wherein activating an alarm comprises activating an

aqural alarm.

14.  The method of claim 10, further comprising stopping motion of the vehicle
when the object and either: a) the vehicle or b) the extremity of the vehicle, are within a

predetermined distance of one another.

15.  The method of claim 10, further comprising steering the vehicle away from the

object when the object and either: a) the vehicle or b) the extremity of the vehicle, are within

a predetermined distance of one another.
16.  The method of claim 9, further comprising displaying, on a display system, the

position of the vehicle relative to said plurality of position-enabled mesh nodes positioned

within the environment.

14
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17.  The method of claim 9, further comprising:

at a first time, exchanging radio signals between the plurality of position-enabled
mesh nodes 1n the environment and the at least two vehicle-mounted, position-enabled mesh
nodes on the vehicle to determine a first relative position of the vehicle with respect to at least
one of the plurality of position-enabled mesh nodes in the environment;

at a second time after the first time, exchanging radio signals between the plurality of
position-enabled mesh nodes in the environment and the at least two vehicle-mounted,
position-enabled mesh nodes on the vehicle to determine a second relative position of the
vehicle with respect to at least one of the plurality of position-enabled mesh nodes in the

environment;

calculating a vehicle vector based on the first and second relative positions; and

predicting a path of the vehicle based on the vehicle vector.
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