(12) STANDARD PATENT (11) Application No. AU 2006201412 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

Title
Work machine having boundary tracking system

International Patent Classification(s)

G01S 1/68 (2006.01) G01C 15/04 (2006.01)

Application No: 2006201412 (22) Date of Filing:  2006.04.05
Priority Data

Number (32) Date (33) Country

11/139788 2005.05.31 us

Publication Date: 2006.12.14

Publication Journal Date:  2006.12.14
Accepted Journal Date: 2011.06.30

Applicant(s)
Caterpillar Inc.

Inventor(s)
Gudat, Adam J

Agent / Attorney

Freehills Patent & Trade Mark Attorneys, Level 43 101 Collins Street, Melbourne, VIC,
3000

Related Art
US 2513320
US 5168473
US 2005/0012499
US 6128574
US 6437726




05 Apr 2006

2006201412

10

Abstract

WORK MACHINE HAVING BOUNDARY TRACKING SYSTEM

The boundary tracking system (11) has a plurality of signal transmitting
devices (30) located to represent at least one boundary of a work site. The
boundary tracking system also has a receiving device (32) configured to receive
signals transmitted from one or more of the plurality of transmitting devices and
to generate an output based on the received signals. The boundary tracking
system also has a controller (34) configured to determine a location of at least
one of the plurality of transmitting devices based on the output from the receiving

device.
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Invention Title: Work machine having boundary tracking system

The following statement is a full description of this invention, including
the best method of performing it known to us:
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Description

WORK MACHINE HAVING BOUNDARY TRACKING SYSTEM

Technical Field

The invention relates to boundary tracking.

Background

Mining operations typically involve blasting and other techniques designed
to fragment a rock-mass. Blasting may be necessary to fragment the rock-mass
and loosen a resulting muck pile for efficient excavation. Prior to blasting, a
geological survey of the rock-mass may be conducted to determine boundaries
between high-grade ore, low-grade ore, and waste. However, blasting may cause
non-uniform movement of the rock-mass and, consequently, the boundaries
between the high-grade ore, low-grade-ore and waste may shift. These shifted
boundaries may reduce the accurate delineation between ore and waste regions
within the resulting muck pile. As a consequence, ore may cross a previously
determined boundary and move into a region designated as waste, where it may
be subsequently discarded. Also, dilution of the mined ore can occur when waste
material moves across a boundary into an ore region. The ore diluted with waste
material may be sent to a concentrator for further processing, which may reduce
the efficiency of the ore extraction process. If the movement of the rock-mass
following a blast can be accurately tracked, ore loss or dilution may be reduced,
increasing mining efficiency and profitability.

Devices and methods have been developed to monitor rock movement
caused by blasting. One such device is described in U.S. Patent Publication No.
2005/0012499 (“the ‘499 publication”), to La Rosa et al, published 20 January
2005. The *499 publication describes a blast movement monitor (BMM) that is
placed within a rock-mass. The BMM includes a transmitter for transmitting a
signal from the BMM to a detector. Multiple BMMs are placed within the rock-

mass and the positions of each BMM are determined before and after the blast.
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To detect the BMMS, an operator moves across the surface of the blasted rock-mass with a
handheld detector. The movement of the rock-mass and boundaries between the ore and waste
regions can be approximated by determining the positions of the BMMSs before and after the

blast.

Although the use of BMMs described in the ‘499 publication may reduce ore loss or
dilution resulting from rock movement following a blast, manual detection of the BMMs may be
labor intensive and inefficient as the operator manually moves across the rock-mass, detects the
BMMs, and plots BMM movement prior to the excavation process. Further inefficiencies may
be created as the work machine operator reads and interprets the plots during the excavation
process. Human error may be further increased as the operator may not be provided with an
indication of the relative position of the work machine or work took in relation to the BMMSs or

plot data.

At least a preferred form of the boundary tracking system of the present disclosure at

least partly solves one or more of the problems set forth above.

It is not admitted that any of the information in this specification is common general
knowledge, or that the person skilled in the art could be reasonably expected to have ascertained

or understood it, regarded it as relevant or combined it in anyway at the priority date.

Summary of the Invention

One aspect of the present disclosure is directed to a boundary tracking system for a work
site. The system includes a plurality of signal transmitting devices, a receiving device and a
controller. The plurality of signal transmitting devices is configured to originate signals to be
transmitted from underground locations to aboveground. The receiving device is configured to
bz located aboveground and to receive the signals originating from the plurality of signal
transmitting devices and to generate an output based on the received signals. The controller is
configured to determine the underground locations of the plurality of signal transmitting devices

based on the output from the receiving device.
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— Another aspect of the present disclosure 1s directed to a method of tracking a boundary.

-

@\ The method includes:

@]

L

- receiving signals from a plurality of signal transmitting devices located to represent at

% least one boundary of a work site, wherein the plurality of signal transmitting devices are
5 positioned at different underground locations and are configured to originate the signals that are

s transmitted from the different underground locations to aboveground,

q—

Lo

8 determining the underground locations of the plurality of signal transmitting devices

g based on the signals originating from the plurality of signal transmitting devices; and

-]

N

controlling at least one function of a machine based on the underground locations of the

10  plurality of signal transmitting devices.

As used herein, except where the context requires otherwise the term ‘comprise’ and
variations of the term, such as ‘comprising’, ‘comprises’ and ‘comprised’, are not intended to

exclude other additives, components, integers or steps.
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Erief Description of the Drawings

The figures illustrate various exemplary arrangements.

Fig. 1 is a diagrammatic illustration of the work machine showing the boundary

tracking system.
Fig. 2 is a schematic tllustration of the boundary tracking system.

Fig. 3 is a diagrammatic illustration of the work machine showing an alternative

embodiment of the boundary tracking system.

Fig. 4 is a diagrammatic illustration of the display unit showing the boundary

tracking system.

Detailed Description

Fig. 1 illustrates an exemplary work machine 10 that may include components operational as
part of a boundary tracking system 11, Work machine 10 may be fixed or mobile machine that
performs some type of operation associated with an industry such as mining, construction, farming,
transportation, or any other industry known in the art. For example, work machine 10 may be an
earth-moving machine such as an excavator, a shovel, a dozer, a loader, a backhoe, a motor grader,
or an other earth moving machine. Work machine 10 may include a frame 12, at least one work tool

14, and an operator station 16.

Frame 12 may include any structural unit that supports movement of work machine 10 and/or
work tool 14. Frame 12 may be, for example, a stationary base frame connecting a power source to a

traction device, a movable frame member of a linkage system, or any other frame known in the art.

Work tool 14 may include any device used in the performance of a task. For example, work
tool 14 may include a bucket, a blade, a shovel, a ripper, or any other suitable task-performing
device. Work tool 14 may be configured to pivot, rotate, slide, swing, or move relative to frame 12

in any other manner known in the art.

Operator station 16 may include one or more devices for controlling the operation of work
machine 10 and/or work tool 14. Operator station 16 may include a seat 18 and a display unit 20.
Display unit 20 may be connected to operation station 16, seat 18, or to any other appropriate

structure,
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Boundary tracking system 11 may include components to track and display
the location of boundaries. For example, boundary tracking system 11 may be
used to track the movement of ore bodies or to define an operating boundary for
work machine 10, such as, for example a path to lay underground piping. The
boundaries may be used for earth moving processes where delineations of earth
regions beneath a surface terrain 22 may be important. Boundary tracking system
11 may include a transmitting system 24, a receiving system 26 and display
system 28.

Transmitting system 24 may be configured to indicate at least one
boundary. For example transmitting system 24 may include a plurality of
transmitting devices 30 that may be used to define an ore region, foundation
outline, trench trajectory, or underground location. Transmitting devices 30 may
be disposable, and may or may not be retrieved after the earth moving process is
complete. Transmitting devices 30 may be designed to withstand a blast or
forces that may be associated with an earth moving process.

Transmitting device 30 may be configured to transmit signals. Specifically,
transmitting device 30 may operate in a frequency range from approximately 900
MHz to approximately 2.4 GHz, and may also include a receiving function.
Transmitting device 30 may be configured to operate in any suitable frequency
range and/or transmit a unique identification signal. The receiving function may
allow transmitting device 30 to be queried from a remote location. For example
transmitting devices 30 may be queried to initiate activation, wherein the
activation of transmitting device 30 from an inactive state to an active state may
conserve battery power during times when transmission is unnecessary.
Transmitting devices 30 may also be remotely de-activated to minimize the
potential interference of transmitting device 30 used in a past earth moving
process with a current earth moving process or for any other similar reason. The
query signal may provide data, energy, or communicate to transmitting device 30
any form of signal known in the art.

It is contemplated that a group of transmitting devices 30 may transmit a
signal different from another group of transmitting devices 30 to differentiate

between groups of transmitting devices 30. For example, the transmitting devices
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30 may include first and second groups, each of transmitting devices 30 of the
first group being configured to transmit a first signal, and each of transmitting
devices 30 of the second group being configured to transmit a second signal. A
group of transmitting devices 30 may include one or more transmitting devices
30. Transmitting devices 30 may be configured to transmit more than one
frequency for long-range and/or short-range communication.

Receiving system 26 may include a receiving device 32 configured to
receive signals transmitted from one or more of the plurality of transmitting
devices 30, and to generate an output based on the received signals. Receiving
device 32 may be located on work machine 10 or work too! 14. It is also
contemplated that receiving device 32 may include an antenna. In particular the
antenna may include a phased array antenna that may include a plurality of
antenna elements. The antenna may, alternatively, include a horn antenna or any
other suitable planar antenna.

Fig. 2 illustrates a controller 34 that may be configured to determine a
location of at least one of the plurality of transmitting devices 30 based on the’
output from receiving system 26. By selectively controlling which antenna
clement§ of the phased array antenna are active, and monitoring the transmitted
signals received by the antenna elements, controller 34 may determine the
location of at least one of the plurality of transmitting devices 30. The location
indicated by transmitting device 30 may or may not be the actual location of
transmitting device 30. In particular, the determined location of transmitting
device 30 may be representative of, predictive of or approximate within a
specified range of a boundary location.

Controller 34 may be configured to determine the location of at least one
boundary based on the location of at least one of the plurality of transmitting
devices 30. Specifically, controller 34 may be configured to store the location
information of at least one of the plurality of transmitting devices 30. Controller
34 may be configured to determine the location of at least one boundary based
upon curve-fitting, interpolation, or any method for determining a line based on a
plurality of data points known in the art. For example, the plurality of

transmitting devices may include first and second groups, each of the transmitting
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devices of the first group being configured to transmit a first signal, and each of
the transmitting devices of the second group being configured to transmit a
second signal. Controller 34 may be configured to determine a first boundary
location based on the locations of the first group of transmitting devices 30, and a
second boundary location based on the locations of the second group of
transmitting devices 30. It is also contemplated that boundary tracking system 11
may be associated with a guidance system 36 for work machine 10 or work tool
14.

Controller 34 méy be configured to display on display system 28, the
location of at least one of the plurality of transmitting devices 30. It is
contemplated that controller 34 may be configured to display the locations of
transmitting devices 30 in relation to work machine 10 or work tool 14. In
particular, controller 34 may be configured to display the location of at least one
boundary based on the location of at least one of the plurality of transmitting
devices 30. It 1s also contemplated that controller 34 may be configured to
display the locations of first and second boundaries based on the locations of a
first group of transmitting devices 30 and the locations of a second group of
transmitting devices 30, wherein the plurality of transmitting devices includes
first and second groups, each of the transmitting devices of the first group being
configured to transmit a first signal, and each of the transmitting devices of the
second group being configured to transmit a second signal.

Controller 34 may be embodied in a single microprocessor or multiple
microprocessors that include a means for monitoring or controlling the operation
of boundary tracking system 11. Numerous commercially available
microprocessors can be configured to perform the functions of controller. It
should be appreciated that controller 34 could readily be embodied in a general
work machine microprocessor capable of controlling numerous work machine
functions. Controller 34 may include a memory, a secondary storage device, a
processor, and any other components for running an application. Various other

circuits may be associated with controller 34, such as power supply circuitry,

~ signal conditioning circuitry, solenoid driver circuitry, and other types of suitable

circuitry.
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Display system 28 may include display unit 20 configured to display the
locations of transmitting devices 30 based upon output from controller 34.
Display system 28 may include indicator lights, a cathode-ray tube display, flat-
panel display, liquid-crystal display and any other visual, audio or other signal to
alert the operator. Display system 28 may display transmitting devices 30 in
relation to work machine 10 or work tool 14, for positioning of work machine 10
or work tool 14 during operation. Specifically, display system 28 may be
configured to display one or more boundaries represented by the locations of
transmitting devices 30. Display system 28 may be configured to display more
than one view of the excavation site, including desired and/or undesired
excavation regions separated by boundaries.

Fig. 3 illustrates an alternative embodiment of boundary tracking system 11
that may include a mobile receiving system 38. Mobile receiving system 38 may
include receiving device 32 located remotely from work machine 10 and be
configured to generate an output based on the received signals. For example,
receiving device 32 may be mobile and/or mounted on an alternate work machine
40. In such embodiments, receiving device 32 may be configured to send an
output to display unit 20 mounted on work machine 10.

Fig. 4 illustrates an exemplary display unit 20 displaying a two-dimensional
top view 42 and a two-dimensional side profile view 44 of a rock-mass
containing transmitting devices 30. Various regions of the rock-mass may be
color-coded, cross-hatched, or gray-scaled to indicate the location of work tool 14
relative to the desired excavation region. The desired excavation region may be a
first color, a less desirable excavation region may be a second color, and an
undesired excavation region may be a third color. It is also contemplated that any
number of boundaries may be displayed by display unit 20.

Display unit 20 may be updated on a continuous or periodic basis to allow
the operator to track the progress of excavation. For example, display unit 20
may be updated on a continuous basis when work machine 10 is mining an ore
body containing a large number of transmitting devices 30, mining ore of high
value, excavating along a boundary, or performing an earth moving operation

where specific regions of earth are defined. Alternatively, when work machine
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10 is mining a large ore body, or performing an earth moving operation requiring
broadly defined regions, display unit 20 may be updated on a periodic basis. The
periodic update may occur when transmitting device 30 is detected, a boundary is

crossed, or a different region is encountered.

Industrial Applicability

The disclosed boundary tracking system 11 may be applicable to any
situation where it may be desired to designate one or more earth-based
boundaries. For example boundary tracking system 11 may be used to determine
regions for excavation such as for ore mining, foundation digging, trench
digging, or during any other appropriate excavation process. The operation of
boundary tracking system 11 will now be described.

Initially, transmitting devices 30 may be distributed through the earth in
preparation for operation of work machine 10. For example, during an ore
mining operation, transmitting devices 30 may be placed along an ore body
boundary. A blast may be required to loosen the ore body to facilitate ore
removal. The blast may cause the ore boundary to move, and movement of the
ore body may move transmitting devices 30. Transmitting devices 30 may be
used to determine the final location of the ore body boundary, or track directions
or magnitudes of earth movement resulting from blasting.

Boundary t;acking system 11 may query transmitting devices 30 to activate
transmitting devices 30 at any time before, during or after the blast, and thereby
initiate the transmission signals. The transmission signals may be detected by
receiving system 26, and converted by controller 34 to an output representative of
the locations of transmitting devices 30. Display unit 20 may display
representative locations of transmitting devices 30. For example, display unit 20
may display regions of desired and undesired excavation regions, with or without
boundary lines. Display unit 20 may also display the position of work machine
10 and/or work tool 14 relative to the excavation regions.

Boundary tracking system 11 may, alternatively, include mobile receiving
system 38 configured to transmit information to work machine 10, Mobile

receiving system 38 may be handheld or, alternatively, may be mounted on
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alternate work machine 40, such as a small truck or other similar work machine.
Mobile receiving system 38 may be operated independent of work machine 10.
For example an operator may move mobile receiving system 38 over the earth or
rock-mass to detect the signals from transmitting devices 30. Mobile receiving
system 38 may output the location information from transmitting devices 30 to
display unit 20 of work machine 10.

Alternate work machine 40 may be able to receive the signals from the
transmitting devices 30 more efficiently than work machine 10. For example,
alternate work machine 40 may be configured to move faster, operate less
expensively, or require less maintenance than work machine 10. Following
detection of transmitting devices 30 by alternate work machine 40, the location
information may be transmitted to work machine 10 for display.

Mining operation efficiency may be improved as boundary tracking system
11 may automatically display the location of transmitting devices 30, regions of
carth for excavation, and/or other boundaries. The time required to survey and
mine an ore body may be reduced because boundary tracking system 11 may
require fewer manual steps to convert the transmitted signals from transmitting
devices 30 into a display. In addition, displaying work machine 10, work tool 14
or excavation areas on display unit 20 may improve operator interpretation of the
boundary and ore body locations and accurate positioning of work tool 14.
Improved operator interpretation and accurate positioning of the work tool may
allow the operator to avoid low-grade ore regions and focus on the excavation of
high-grade ore regions. For example, the operator may “blend” ore regions of
different grades to allow processing of consistent ore concentrations.

It will be apparent to those skilled in the art that various modifications and
variations can be made to the boundary tracking system of the present disclosure
without departing from the scope of the disclosure. Other embodiments will be
apparent to those skilled in the art from consideration of the specification and
practice of the boundary tracking system disclosed herein. It is intended that the
specification and examples be considered as exemplary only, with a true scope of

the disclosure being indicated by the following claims and their equivalents.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

l. A boundary tracking system for a work site, comprising:

a plurality of signal transmitting devices configured to originate signals to be transmitted

from underground locations to aboveground,

a receiving device configured to be located aboveground and to receive the signals
originating from the plurality of signal transmitting devices and to generate an output based on

the received signals; and

a controller configured to determine the underground locations of the plurality of signal

transmitting devices based on the output from the receiving device,

2. The boundary tracking system of claim 1, wherein the boundary tracking system

includes:

a display unit mounted on a work machine; and

a controller configured to display, on the display unit, the location of the at least one of

the plurality of transmitting devices.

3. The boundary tracking system of claim 1, wherein the work site is a mine.

4, The boundary tracking system of claim 2, wherein the controller is configured to:

determine a location of the at least one boundary based on the location of the at least one

of the plurality of signal transmitting devices; and

display the location of the at least one boundary.

5. The boundary tracking system of claim 1, wherein the plurality of signal transmitting
devices includes first and second groups, each of the signal transmitting devices of the first
group being configured to transmit a first signal, and each of the signal transmitting devices of

the second group being configured to transmit a second signal.
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6. A method of tracking a boundary, comprising:

receiving signals from a plurality of signal transmitting devices located to represent at
least one boundary of a work site, wherein the plurality of signal transmitting devices are
positioned at different underground locations and are configured to originate the signals that are

transmitted from the different underground locations to aboveground;

determining the underground locations of the plurality of signal transmitting devices

based on the signals originating from the plurality of signal transmitting devices; and

controlling at least one function of a machine based on the underground locations of the

plurality of signal transmitting devices.

7. The method of claim 6, wherein the work site is a mine.

8. The method of claim 6, wherein determining the underground locations of the plurality of
signal transmitting devices includes determining the location of the at least one of the plurality of
signal transmitting devices relative to at least one of a work tool and the work machine, and
wherein the method further includes generating a display representative of a location of the at
least one of the plurality of signal transmitting devices relative to at least one of the work tool

and the work machine.

9. The method of claim 6, wherein determining the location of the plurality of signal
transmitting devices includes determining a location of the at least one boundary, and wherein

the method further includes generating a display of the at least one boundary.

10.  The method of claim 6, wherein receiving the one or more signals includes receiving the

signals by a receiving device located on the machine.
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11. A boundary tracking system substantially as hereinbefore described with

reference to the accompanying drawings.

12. A method of tracking a boundary substantially as hereinbefore described

with reference to the accompanying drawings.

Dated: 5 April 2006

Freehills Patent & Trade Mark Attorneys
Patent Attorneys for the Applicant:
Caterpillar Inc.
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