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(57) Abstract: A control system (30) for use at a dump loca-
tion (16) having a plurality of dump sites (36) is disclosed.
The control system (30) may have a control module (20) as-
sociated with a mobile machine (12b) and a worksite con-
troller (28). The worksite controller (28) may be configured
to receive a signal from the control module (20) indicative
of the mobile machine (12b) crossing a boundary at a dump
location (16), and assign a travel route (18) for the mobile
machine (12b) based on the signal. The travel route (18)
may include a travel segment on a common entrance row, a
first single-use path from the common entrance row to a par-
ticular one of the plurality of dump sites (36), a second
single-use path from the particular one of the plurality of
dump sites (36) to a common exit row, and a travel segment
on the common exit row. The worksite controller (28) may
be further configured to communicate the travel route (18)
to the control module (20) as the mobile machine (12b)
moves toward the dump location (16).



WO 2012/074657 A1 WK 00N 0 A U

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




WO 2012/074657 PCT/US2011/058875

10

15

20

25

-1-

Description

MACHINE CONTROL SYSTEM HAVING AUTONOMOUS DUMP
UEUING

Technical Field

The present disclosure relates generally to an autonomous
machine control system, and more particularly, to a system for autonomously
queuing dumping of mobile machines and for controlling the mobile machines

during the dumping based on the queuing.

Background

Mobile machines such as haul trucks, scrapers, wheel loaders, and
other types of heavy equipment are often used to haul material from a load
location at which the material is loaded into the machines, to a dump location at
which the material is discarded from the machines into separate piles. In order to
maintain productivity and efficiency at a worksite while accomplishing
predetermined site goals, travel of the machines at the dump location and
positioning of the discard piles should be carefully managed. The need to
properly manage the machines at the dump location can become even more
important when the machines are autonomously controlled.

One attempt at managing operations of mobile machines at a
dump site is described in U.S. Patent No. 5,931,875 (the *875 patent) issued to
Kemner et al. on 3 August 1999. In particular the *875 patent describes an
autonomous vehicle system having a resource manager located at a dump site,
and a queue manager located on each of multiple dump trucks. The resource
manager is configured to manage each of the dump trucks and acts like a foreman
assigning tasks to the trucks and tracking their progress as they perform the tasks.
The vehicle control system permits autonomous operation of each truck under the

control of its queue manager.
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When a truck of the *875 patent approaches the dump site, the
queue manager sends a queue position request signal to the resource manager. In
response to this signal, the resource manager sends a queue position signal back
to the queue manager and establishes a queue for entry into the dump site. The
truck is then stopped at the queue in a location corresponding to the assigned
queue position. The resource manager determines a dump point for the truck that
is incrementally offset from a previous dump point, and then determines a route
to the dump point. Both the dump point and the route are communicated by the
resource manager to the queue manager of the truck. The resource manager then
determines when the dump point and a row at the dump site leading to the dump
point are available to receive the truck, based on a prior truck being finished
dumping and having left the dump row. The resource manager then sends a
depart queue position signal to the queue manager. The queue manager sends a
leave queue position signal, directs the truck to move to the dump point, and
sends an arrive signal to the resource manager after arrival at the dump point and
initiation of dumping. After completion of dumping at the dump point, the queue
manager sends a dump complete signal to the resource manager, which sends
back a depart dump point signal. The queue manager then sends a leave dump
point signal to the resource manager and directs the truck to leave the dump
point. When the truck leaves the corresponding dump row, the queue manger
sends a leave dump row signal to the resource manager. When the truck leaves
the dump site, the queue manager sends the resource manager a leave dump site
signal. Upon receiving the leave dump site signal, the resource manager
determines a future dump point for the next truck in the queue.

Although the system of the *875 patent may help manage trucks in
conjunction with a dump site, the system may be less than optimal. That is, the
system of the *875 patent may have reduced productivity because of limited
simultaneous use of the dump site by multiple trucks. In addition, the system
may require the trucks that use the dump site to stop and wait for
communications of instructions at many different locations. The time spent

communicating instructions back and forth between the queue manager and the
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resource manager could result in disjointed movement of the trucks that further
reduces productivity.
The disclosed control system is directed to overcoming one or

more of the problems set forth above and/or other problems of the prior art.

Summary of the Invention

In one aspect, the present disclosure is directed to a control system
for use at a dump location having a plurality of dump sites. The control system
may include a control module associated with a mobile machine, and a worksite
controller in communication with the control module. The worksite controller
may be configured to receive a signal from the control module indicative of the
mobile machine crossing a boundary at the dump location, and generate a travel
route for the mobile machine based on the signal. The travel route may include a
travel segment on a common entrance row, a first single-use path from the
common entrance row to a particular one of the plurality of dump sites, a second
single-use path from the particular one of the plurality of dump sites to a common
exit row, and a travel segment on the common exit row. The worksite controller
may be further configured to communicate the travel route to the control module
as the mobile machine moves toward the dump location.

In another aspect, the present disclosure is directed to a computer
readable medium having computer executable instructions for performing a
method of autonomous dump queuing. The method may include receiving an
indication of a mobile machine crossing a boundary at a dump location, and
assigning a travel route to the mobile machine based on the indication. The travel
route may include a travel segment on a common entrance row, a first single-use
path from the common entrance row to a particular dump site of a plurality of
dump sites at the dump location, a second single-use path from the particular
dump site to a common exit row, and a travel segment on the common exit row.
The method may also include communicating the travel route to the mobile

machine as the mobile machine moves toward the dump location.
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Brief Description of the Drawings

Fig. 1 is a pictorial illustration of an exemplary disclosed worksite;
Fig. 2 is a pictorial illustration of an exemplary disclosed control
system that may be used at the worksite of Fig. 1; and

Fig. 3 is a pictorial illustration of a portion of the worksite of Fig.

Detailed Description

Fig. 1 illustrates an exemplary worksite 10 having multiple,
simultaneously-operable machines 12 performing a variety of predetermined
tasks. Worksite 10 may include, for example, a mine site, a landfill, a quarry, a
construction site, or any other type of worksite known in the art. The
predetermined tasks may be associated with altering the current geography at
worksite 10 and include a clearing operation, a leveling operation, a hauling
operation, a digging operation, a loading operation, or any other type of operation
that functions to alter the current geography at worksite 10.

Worksite 10 may include multiple locations designated for
particular purposes. For example, a first location 14 may be designated as a load
location at which a mobile loading machine 12a or other resource operates to fill
multiple mobile haul machines 12b with material. For the purposes of this
disclosure, a resource may be defined as a worksite asset shared by multiple
machines for the completion of an assigned task. A second location 16 may be
designated as a dump location at which machines 12b discard their payloads.
Machines 12b may follow a travel path 18 that generally extends between load
and dump locations 14, 16. One or more other mobile dozing or grading
machines 12¢ at worksite 10 may be tasked with clearing or leveling load
location 14, dump location 16, and/or travel path 18 such that travel by other
machines 12 at these locations may be possible. As machines 12 operate at
worksite 10, the shapes, dimensions, and general positions of load location 14,
dump location 16, and travel path 18 may change. Machines 12 may be self-

directed machines configured to autonomously traverse the changing terrain of
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worksite 10, manned machines configured to traverse worksite 10 under the
control of an operator, or hybrid machines configured to perform some functions
autonomously and other functions under the control of an operator. In the
disclosed embodiment, at least some of machines 12 at worksite 10 are
autonomously controlled.

As shown in Fig. 2, each machine 12 may be equipped with a
control module 20 that facilitates or enhances autonomous and/or human control
of machine 12. Control module 20 may include, among other things, a locating
device 22, a communicating device 24, and an onboard controller (OC) 26
connected to locating device 22 and communicating device 24. When intended
for use with a manually operated machine 12, control module 20 may also
include one or more operator interface devices 27. Operator interface devices 27
may include, for example, an input device such as a joystick, keyboard, steering
wheel, pedal, lever, button, switch, etc. Alternatively or additionally, operator
interface devices 27 may include a display device such as a monitor, if desired.

Locating device 22 may be configured to determine a position of
machine 12 and generate a signal indicative thereof. Locating device 22 could
embody, for example, a Global Positioning System (GPS) device, an Inertial
Reference Unit (IRU), a local tracking system, or any other known locating
device that receives or determines positional information associated with machine
12. Locating device 22 may be configured to convey a signal indicative of the
received or determined positional information to OC 26 for processing. It is
contemplated that the location signal may also be directed to one or more of
interface devices 27 (e.g., to the monitor) for display of machine location in an
electronic representation of worksite 10, if desired.

Communicating device 24 may include hardware and/or software
that enables sending and receiving of data messages between OC 26 and an
offboard worksite controller (OWC) 28. OWC 28, together with each control
module 20 of machines 12, may embody a control system 30. The data messages
associated with control system 30 may be sent and received via a direct data link

and/or a wireless communication link, as desired. The direct data link may
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include an Ethernet connection, a connected area network (CAN), or another data
link known in the art. The wireless communications may include satellite,
cellular, infrared, and any other type of wireless communications that enable
communications device 24 to exchange information between OWC 28 and the
components of control module 20.

Based on information from locating device 22 and instructions
from OWC 28, each OC 26 may be configured to help regulate movements
and/or operations of its associated machine 12 (e.g., direct movement of
associated traction devices, work tools, and/or actuators; and operations of
associated engines and/or transmissions). OC 26 may be configured to
autonomously control these movements and operations or, alternatively, provide
instructions to a human operator of machine 12 regarding recommended control.
OC 26 may also be configured to send operational information associated with
components of machine 12 offboard to OWC 28 via communicating device 24, if
desired. This information may include, for example, the coordinates of machine
12, a traction device speed and/or orientation, tool and/or actuator positions,
status information (e.g., temperatures, velocities, pressures, gear ratios, etc.), and
other information known in the art.

OC 26 may embody a single or multiple microprocessors, field
programmable gate arrays (FPGAs), digital signal processors (DSPs), etc., that
include a means for controlling operations of machine 12 in response to operator
requests, built-in constraints, sensed operational parameters, and/or
communicated instructions from OWC 28. Numerous commercially available
microprocessors can be configured to perform the functions of these components.
Various known circuits may be associated with these components, including
power supply circuitry, signal-conditioning circuitry, actuator driver circuitry
(i.e., circuitry powering solenoids, motors, or piezo actuators), and
communication circuitry.

OWC 28 may include any means for monitoring, recording,
storing, indexing, processing, and/or communicating various operational aspects

of work worksite 10 and machine 12. These means may include components



WO 2012/074657 PCT/US2011/058875

10

15

20

25

30

-7-

such as, for example, a memory, one or more data storage devices, a central
processing unit, or any other components that may be used to run an application.
Furthermore, although aspects of the present disclosure may be described
generally as being stored in memory, one skilled in the art will appreciate that
these aspects can be stored on or read from different types of computer program
products or computer-readable media such as computer chips and secondary
storage devices, including hard disks, floppy disks, optical media, CD-ROM, or
other forms of RAM or ROM.

OWC 28 may be configured to execute instructions stored on
computer readable medium to perform methods of travel path planning for
machines 12 at worksite 10. That is, as described above, the operation of
machines 12 may cause changes to the geography of worksite 10 and, in order for
machines 12, particularly those machines that are autonomously controlled, to
adapt to the changing geography, travel path plans for machines 12 should also
change to keep up with the changes in terrain. OWC 28 may execute instructions
to perform a method of planning that generates travel paths 18 for machines 12,
and communicates these travel paths 18 to the different control modules 20 for
individual implementation.

The disclosed method of travel path planning may be associated
with operation of machines 12b at dump location 16. As can be seen in Fig. 3,
travel path 18 may be physically separated into a first lane 32 that allows
machines 12b to enter dump location 16, and a second lane 34 that allows
machines 12b to leave dump location 16 and travel towards load location 14
(referring to Fig. 1). OWC 28 may execute instructions to selectively divide an
electronic representation of dump location 16 into a plurality of dump sites 36
and a plurality of travel paths that connect first and second lanes 32, 34 to dump
sites 36. As will be explained in more detail below, OWC 28 may then manage
movement of each machine 12b along a particular travel path from first lane 32 to
one of dump sites 36 and from the dump site 36 to second lane 34, after discard

of material at the dump site 36.



WO 2012/074657 PCT/US2011/058875

10

15

20

25

30

-8-

The division of dump location 16 into the plurality of dump sites
36 by OWC 28 may be based on site characteristics, machine characteristics, and
goals defined by a user of control system 30. The site characteristics considered
by OWC 28 may include, among other things, a traversable area at dump location
16, a contour of dump location 16, and a composition of material to be discarded
at dump location 16. For example, OWC 28 may consider what shape a
predetermined volume of a certain material having a defined amount of moisture
may take when deposited at a particular location having a known slope. The
machine characteristics considered by OWC 28 may include, among other things,
a payload capacity of machines 12b, a size of machines 12b, a turning radius of
machines 12b, and output capacities (torque, tractive, etc.) of machines 12b. For
example, OWC 28 may consider the weight and/or volume of material that may
be deposited at any one time by machines 12b, an extrusion shape that the
material may take when discharged from machines 12b, a required spacing
between material deposits, and what areas of dump location 16 may be accessible
by fully loaded machines 12b. The user-defined goals considered by OWC 28
may include, among other things, a desired depth of material to be deposited at
dump location 16 and/or a resulting contour of dump location 16. Based on this
information and utilizing one or more algorithms and/or maps stored in memory,
OWC 28 may be configured to determine a number, size, and location of each
individual dump site 36 at dump location 16 such that a sufficient amount of
material may be discarded at accessible and required locations by machines 12b
to achieve the user-defined depth and/or contour goals. In the disclosed
embodiment of Fig. 3, dump sites 36 are arranged into dump rows 38 that are
generally transverse to first and second lanes 32, 34. It is contemplated that
dump rows 38 may be straight or curved, as desired.

OWC 28 may generate virtual travel rows in the electronic
representation of dump location 16 corresponding with dump rows 38.
Specifically, OWC 28 may generate a common entrance row 40 and a common
exit row 42. Entrance row 40 may extend from first lane 32 in a direction

generally parallel with dump rows 38 and have a length about the same as dump
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rows 38. Exit row 42 may be located to a side of entrance row 40 opposite dump
rows 38, extend generally parallel with entrance row 40, and have a length about
the same as entrance row 40. Exit row 42 may be located apart from entrance
row 40 by a space 44 that allows a machine 12b traveling on entrance row 40 to
move into space 44 for a 3-point turn 46, before backing into an assigned dump
site 36. During dumping at dump location 16, after all dump sites 36 of a
particular dump row 38 are completely filled with material, exit row 42 may
become entrance row 40 and a new exit row 42 closer toward load location 14
(referring to Fig. 1) may be defined in preparation for dumping on a new dump
row 38.

OWC 28 may generate virtual single-use travel paths in the
electronic representation of dump location 16 that connect entrance and exit rows
40, 42 to individual dump sites 36. In particular, OWC 28 may generate an
entrance single-use path 48 and an exit single use path 50 associated with each
dump site 36. Each path 48 may extend from entrance row 40 to a particular
dump site 36, while each path 50 may extend from a particular dump site 36 to
exit row 42. In the disclosed embodiment, a portion of path 50 (i.e., the portion
lying between entrance row 40 and dump sites 36) overlaps with path 48. It is
contemplated, however, that completely separate single-use paths may be
utilized, if desired. It should be noted that, although paths 48 and 50 have been
described as being intended for a single-use, it is contemplated that paths 48, 50
may alternatively be utilized as many times as desired for access to a single dump
site 36. OWC 28 may determine the shapes, locations, dimensions, and/or
curvatures of paths 48 and 50 based on a size of and spacing between dump sites
36 and based on characteristics of machines 12b.

OWC 28 may be triggered to divide dump location 16 into dump
sites 36 and the different travel paths to and from dump sites 36 based on any
number of different site- and user-related input. For example, when machines
12¢ (referring to Fig. 1) change (i.c., increase, decrease, or reshape) an accessible
areca of dump location 16, OWC 28 may be triggered to divide or redivide dump

location 16 based on the new size or shape to accomplish the user-defined goals.
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Similarly, based on a comparison of expected dumping progress (e.g., expected
shape, spacing, and/or size of loads dumped by machines 12b) to an actual shape,
spacing, and/or size of dumped loads, OWC 28 may be triggered to update
characteristics of dump sites 36, entrance row 40, exit row 42, paths 48, and paths
50 to help ensure accomplishment of the user-defined goals. Likewise, when the
user-defined goals of material depth and/or contour change, OWC 28 may be
triggered to divide or redivide dump location 16.

After dividing dump location 16 into dump sites 36, dump rows
38, entrance row 40, exit row 42, and paths 48 and 50, OWC 28 may execute
instructions to regulate the movements of machines 12b relative to different
routes that include these rows and travel paths. In the case of autonomously
controlled machines 12, control modules 20 of the corresponding machines 12
may be instructed by OCW 28 to direct operations of machines 12 relative to the
different rows and travel paths. In the case of manually controlled machines 12,
control modules 20 of the corresponding machines 12 may cause routes of the
different rows and travel paths to be displayed on the electronic terrain map
provided on one of interface devices 27 (e.g., on the monitor of control module
20), with associated instructions for the machine operator. The electronic terrain
map may be a compilation of data stored in the memory of OCW 28 and
periodically updated with the changes made to dump location 16 and/or the
locations of machines 12 provided by corresponding locating devices 22.

Control over the movement of machines 12b at dump location 16
may commence based on a proximity of machines 12b to dump location 16
and/or to dump sites 36. For example, as machines 12b are traveling towards
dump sites 36, machines 12b will eventually cross a virtual boundary 52
associated with dump location 16. The precise location of virtual boundary 52
may be set by the user of control system 30 and be associated with an amount of
time required for OCW 28 to determine and assign a specific travel route within
dump location 16 to a particular machine 12b before that particular machine 12b
is required to deviate from a current heading to follow the specified travel route.

In the disclosed embodiment, virtual boundary 52 may correspond with the
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location where lanes 32 and 34 diverge at dump location 16. The location of
machine 12b may be tracked by OCW 28 based on signals received from the
corresponding control module 20, and compared with the location of virtual
boundary 52 as stored in the electronic representation of dump location 16.

Once OCW 28 determines that a particular machine 12b has
crossed virtual boundary 52, OCW 28 may determine, assign, and communicate
the assigned travel route to that machine 12b. In the disclosed embodiment, no
communication requesting assignment of the travel route may be required by
machine 12b and machine 12b may also not be required to stop to receive the
assignment. In other words, assignment of the travel route may be automatically
triggered based simply on the tracked position of machine 12b, and the
assignment may be communicated to machine 12b on the fly without causing any
disruption in the operation of machine 12b. The particular travel route assigned
to a specific machine 12b may include designation of a unique one of dump sites
36, a segment of entrance row 40 associated with dump row 38 of the assigned
dump site 36, a segment of exit row 42 associated with dump row 38, the
entrance single-use path 48 leading from the entrance row segment to the
assigned dump site 36, and the exit single-use path 50 leaving the assigned dump
site 36 to the exit row segment.

OCW 28 may track the progress of machine 12 along its assigned
route at dump location 16. Specifically, after being assigned a particular travel
route to and from a specific dump site 36, machine 12b may be autonomously or
manually controlled to follow the route while at the same time providing location
information regarding its whereabouts to OCW 28. When OCW 28 detects
movement of machine 12b away from the assigned dump site 36 along path 50,
OCW 28 may conclude that dumping is complete and mark the assigned dump
site 36 in the electronic representation of dump location 16 as no longer available
for future dumping (shown as shaded dump sites in Fig. 3).

Although assigned a unique travel route at dump location 16, a
particular machine 12b, in some situations, may not have permission to complete

travel along the entire route. That is, the layout of dump location 16 may be
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designed for simultaneous use by multiple machines 12b and, accordingly, it may
be possible for one travel route to overlap at some point with another travel route.
The overlapping may occur, for example, at entrance and exit rows 40, 42.
Accordingly, during the tracking of progress made be different machines 12b
along their assigned travel routes, OCW 28 may be configured to determine a
potential for collision at an intersection of entrance and/or exit rows 40, 42.
When such a potential exists, OCW 28 may give permission to a particular
machine 12b for travel along its route only up to a specified point, for example up
to an intersection with entrance and/or exit rows 40, 42. If a particular machine
12b reaches the specified point before additional permissions are provided by
OCW 28, that machine 12b may be required to stop and wait for the additional
permissions before entering the intersection. Once the potential for collision no
longer exists (e.g., once another machine 12b has passed by the intersection on
entrance or exit rows 40, 42), OCW 28 may provide permission for the particular
machine 12b to continue travel along its assigned route up to another point of
potential collision. If no potential collisions exist, machine 12b may follow its
entire travel route and head back to load location 14 without further

communications with OCW 28 (i.e., other than to provide its position).

Industrial Applicability

The disclosed control system may be applicable to a multi-
machine operation where the machines repetitively traverse portions of a
common travel path. Although applicable to any type of machine, the disclosed
control system may be particularly applicable to autonomously controlled
machines where the machines are autonomously controlled to follow the travel
path. The disclosed system may generate and assign a unique route to each
machine for travel along paths to a particuluar dump site based on site
characteristics, machine characteristics, and user-defined goals. The disclosed
system may provide instructions for controlling each machine along its assigned
route, and communicate the instructions on the fly based on tracked machine

position.
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Because control system 30 may assign and communicate travel
route and control instructions on the fly, machine travel may be continuous and
efficient. That is, the machines may not be required to stop, request a route, wait
for instructions back regarding the route, or confirm completion of each portion
of the route. Further, unless a potential collision situation exits, the machines
may be permitted to follow the entire route without further delays or
communications. In addition to improving an efficiency of machine operations,
the number of required communications may be reduced.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the disclosed system. Other
embodiments will be apparent to those skilled in the art from consideration of the
specification and practice of the disclosed system. It is intended that the
specification and examples be considered as exemplary only, with a true scope

being indicated by the following claims and their equivalents.
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Claims

1. A control system (30) for use at a dump location (16) having a
plurality of dump sites (36), the control system (30) comprising:
a control module (20) associated with a mobile machine (12b);
and
a worksite controller (28) in communication with the control
module (20), the worksite controller (28) being configured to:
receive a signal from the control module (20) indicative of
the mobile machine (12b) crossing a boundary at the dump location (16);
assign a travel route (18) for the mobile machine (12b)
based on the signal, the travel route (18) including a travel segment on a common
entrance row (40), a first single-use path (48) from the common entrance row
(40) to a particular one of the plurality of dump sites (36), a second single-use
path (50) from the particular one of the plurality of dump sites (36) to a common
exit row (42), and a travel segment on the common exit row (42); and
communicate the travel route (18) to the control module

(20) as the mobile machine (12b) moves toward the dump location (16).

2. The control system of claim 1, wherein the worksite controller
(28) is configured to receive the signal, assign the travel route (18), and
communicate the travel route (18) without disrupting movement of the mobile

machine (12b) toward the dump location (16).

3. The control system (30) of claim 1, wherein the worksite
controller (28) is further configured to:

make a determination of an amount of the travel route (18) that the
mobile machine (12b) is permitted to travel; and

communicate a permission to the control module (20)

corresponding to the determination.
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4. The control system (30) of claim 3, wherein the amount of the

travel route (18) that the mobile machine (12b) is permitted to travel is based on a

location of other mobile machines (12b) at the dump location (16).

5. The control system (30) of claim 4, wherein the amount of the
travel route (18) that the mobile machine (12b) is permitted to travel corresponds

with intersections at the dump location (16).

6. The control system (30) of claim 1, wherein the worksite
controller (28) is further configured to:

receive at least one characteristic of the dump location (16); and

determine a number and positions at the dump location (16) of the

plurality of dump sites (36) based on the at least one characteristic.

7. The control system (30) of claim 6, wherein the at least one
characteristic includes at least one of a size and a shape of an area available for

dumping.

8. The control system (30) of claim 7, wherein at least one of the
number and positions at the dump location (16) of the plurality of dump sites (36)
are determined based further on at least one of a characteristic of material moved

by the mobile machine (12b) and a characteristic of the mobile machine (12b).

9. The control system (30) of claim 8, wherein:

the characteristic of material includes at least one of a composition
and a dump shape; and

the characteristic of the mobile machine (12b) includes at least one

of a size and a turning radius.

10. The control system (30) of claim 9, wherein the worksite
controller (28) is configured to determine the dump shape based on a contour of

the dump location (16) at each of the plurality of dump sites (36).
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