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Description

BLEND CONTROL TRUCK ASSIGNMENT MONITORING SYSTEM AND
METHOD

Technical Field

The present disclosure relates generally to a site management
system and, more particularly, to a system and method for controlling cumulative

material blends at processors at a site, such as a mine site.

In various indusiries, systems and methods are used to pick up
obiects or materials at one location and deliver them to one of various other
locations. For example, shipping and package delivery operations often
incorporate sophisticated systems and methods for picking up and dropping off
packages. Aunother example includes the mining industry, which includes the
transportation of ore from various material sources to one or more locations, such
as processors, at a site. Additionally, processed ore may need to be transported to
a different site or location for additional processing or mixing. The need for the
material to be mixed prior to processing or further transportation can create
greater inefficiencies within the mine site. As should be appreciated, material
transport is one of the most important aspects in the mining industry and can
represent 50-60% of costs associated with mining operations.

Even a slight reduction in costs associated with material transport
may result in significant savings. As such, various systems have been
implemented for controlling, or dispatching, machines at the mine site to
optimize material transport and mixing to further reduce costs. The essence of
these systerns is to determine, every time a machine leaves a site or location in
the mine, where the optimal place is for that machine to go. Determining the
optimal place for the rnachine to go involves optimizing one or more objectives,

such as, for example, minimizing the wait time of machines at processors,
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maximizing the overall production of the mining operation, providing the optimal

material blend to the processor, or minimizing hauling distances.

Twao ditferent approaches have been implemented for machine
dispatching systems. A first approach involves the use of a single-stage system,
while a second approach involves the use of a multi-stage system. According to
the single-stage system, machines are dispatched according to one of several
criteria;, however, production targets or counstraints are generally not considered.
According to the multi-stage system, dispatching problems can be divided into
multiple stages, including an upper stage for production targets for each loader
and a lower stage for assigning machines to loaders to minimize deviation from
production targets. Neither of these systems was able to improve efficiency for
dispatching purposes until multi-stage systems were able to adapt guidelines
based on current mine environments in the upper stage, and make adjustments in
the lower stage depending upon environment changes in the upper stage.

While optimizing dispatching assignments to machines may be
beneficial at a mine site, some materials, such as coal, may need further
processing. One process frequently necessary for coal, 1s blending to achieve
desired quality attributes before being transported from the mine site. The quality
attributes may differ between mine sites and may require materials located at
various locations throughout the mine site to achieve a desired blend of materials.
The desired blend may need to be achieved prior to shipping the coal to a power
plant or other destination. I the coal is not properly blended, for example, power
plants may be left using coal that does not match the design parameters of the
tacility, which may reduce efficiency of the power plant and significantly
increase the fuel costs by requiring more coal to be burned than would be
necessary if using the proper blended material.

Some of the transporting 1ssues were addressed by a system
disclosed in U.S. Patent No. 6,741,921 to Cohen et al, but this system does not
allow for acquisition of real-time complete mine data to be acquired at the
machine hauler and loader level to ensure an optimized material blend to

destination system at a mine site. Previous systems have relied on the blend data
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obtained solely at the crusher of a mine site, where the material is deposited. As

should be appreciated, there 1s a continuing need to improve monitoring and
controlling of equipment used in mining operations to allow for optimal blending
to destination operation of materials, while maintaining efficient use of the

machines located within a mine site environment.

Summary of the Invention

In one aspect, a site management system for tracking material
movement in an environment includes a plurality of material sources, one or
more processors, and a plurality of machines. Each of the machines operates
according to operating instructions to capture material from one material source
and deliver the material at or near at least one processor. The site management
system also includes an environment monitoring system having a controller
configured to monitor movement of the machines, track a cumulative material
blend at each of the processors based on the movement of the machines, and
modify the operating instructions to maintain the cumulative material blend
within a target blend range.

In another aspect, a non-transient computer-readable medium
including progran instructions for tracking material movement in an environment
using a site management system is provided. The computer-readable medium
turther includes program instructions for obtaining real-tiroe environmental
information, including: machine location information, machine load information,
material source information at a plurality of material sources, and material
specification information at one or more processors. The computer-readable
medium also includes program instructions for obtaining information about an
optimal material blend for the processors based on anticipated future information
at the processors, future environmental information, and the real-time
environmental information, and determining, based on the real-time
environmental information and the optimal material blend, modified operating
instructions for machines to attain the optimal material blend at the processors.

In yet another aspect, a method for tracking material movement in

an environment using a site management system is provided. The method
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includes a first step of obtaining real-time environmental information, including:

machine location information, machine load information, matenal source
information at a plurality of material sources, and material specification
information at one or more processors. The method includes a second step of
obtaining information about an optimal material blend at each of the processors,
including: anticipated future information at each of the processors, future
environmental information, and the real-time environmental information. The
method includes a third step of determining, based on the real-time
environmental information and the optimal material blend, modified operating
instructions for machines to attain the optimal material blend at each of the
ProCessors.

Other features and aspects will be apparent from the following

description and accompanying drawings.

Brief Description of the Drawings

FIG. 1 15 an exemplary material flow diagram for an environment,
such as a mine site, and a site management system for tracking material from
material sources to processors at the mine site, according to an exemplary
embodiment of the present disclosure;

FIG. 2 is a block diagram of an environment monitoring system,
according to an aspect of the present disclosure; and

FIG. 3 is a flow diagram of an exemplary method for tracking
materials using the site management system and environment monitoring system

of the previous FIGS.

Detailed Description

Reference will now be made in detail to embodiments of the
invention, examples of which are tllustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

An exemplary environment for which the present disclosure ts

applicable is shown generally at 10 in FIG. 1. Although the present disclosure
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may be applicable to a variety of different environments 10, the exemplary

system and method will be described within the context of a mine site 20, In
particular, FIG. 1 depicts a Sankey diagram used for tllustrating workflow at an
exemplary embodiment of a mine site 20, including various material
transportation routes. For example, FIG. 1 depicts various operational scenarios
tor transporting material at the mine site 20 from a plurality of material sources
104 (e.g., mining blocks, stockpiles, intermediate stockpiles) to one or more
processors 106 {(e.g., stockpiles, hauler beds, crushers, dumps). In some
emnbodiments, processors 106 can act as intermediate material sources before the
material is transported to a final processor 106, such as a crusher, or another
location at the mine site 20. FIG. 1 includes all necessary unique identifier
information for operational scenarios (e.g., source cardinality, source type, loader
type, haulage type, and processor type) and illustrates many potential operational
scenarios, including two blends at two different processors, one at a crusher, and
one at a run-of-mine (ROM) stockpile, all of which may be referred to herein as
processors 106,

In addition to the plurality of material sources 104 and the
processors 106, the mine site 20 may include a plurality of rmnachines 110 and
lpaders 120, which may include wheel loaders, haulers, hydraulic excavators
(HEX), and the like. The machines 110 typically operate according to operating
instructions to capture material from one material source 104 and deliver the
material at or near at least one processor 106. Each of the processors 106 may
receive material via upstream machines 110 from any upstream material source
104, allowing for a blend, or cumulative blend, to exist at each of the processors
106. Tt should also be noted that the present disclosure incorporates the use of a
wheel loader or “load-haul-hump” (LHD) loaders. These loaders 120 can operate
similar to both traditional loaders 120 by supplyving a load to a hauling machine
110, or alternatively, loading and then transporting the {oad throughout the mine
site 20 independent from the hauling machines 110, Unlike conventional
methods for blending, the blending strategy of the present disclosure can use

LHD loaders 120 for operations without the need tor additional hauling machines
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110 to haul material, as well as, the ability to apply blends across multiple

processors 106 (e.g. dual side crusher dumping), including stockpiles. In some
exemplary embodiments, the mine site 20 will still include at least one hauling
machine 110 and at least one loader 120.

5 According to the exemplary embodiment, crushers, stockpiles, and
dumps can all be modeled as processors 106, The processors 106, in combination
with the recording and monitoring of work cycles of the machines 110, allow for
tracking of all incoming material to a processor 106, wherein the blend of
material, or cumulative blend of ruaterial, is an aggregate of all the incoming

10 material. A desired cumulative blend can be described using a collection of
constraints {e.g. minumum and maximum thresholds) tor rates, grades, and
materials.

A site management system 30 for tracking material moverent at
the mine site 20 and tracking or mounitoring the cumulative material blends at

1S each processor 106 includes the material sources 104, the processors 106, and the
machines 110, The site management system 30 also includes an environment
monitoring system 40 having a controller 42, which is configured to monitor
movement of the machines 110, track a cumulative material blend at each
processor, and modify operating instructions, for the machines 110, to maintain

20 the cumulative material blend within a target blend rage. The environment
monitoring system 40 may include a non-transient computer-readable medium 44
including program instructions for tracking material movement, as described
herein.

Turning now to FIG. 2, the one or more blending to destination

25 gystem(s) 30, according to the present disclosure, may generally include at least
one machine 110, at least one processor 106, and an environment monitoring
system 40. In some embodiments, the system may also require at least one loader
120. The term “loader” 1s used broadly to encompass any piece of equipment that
delivers a material load to a machine 110, In one exemplary embodiment, one or

30 more machines 110 can include a loader 120. A machine 110 with a loader 120,

such as an LHD wheel loader, can be used to deliver a material load to another



WO 2019/022945 PCT/US2018/041187

1

2

5

0

-7-
machine 110 (e.g. Hauler), processor 106, or other location at the mine site 20.

Machines 110 can transport ore or other materials from material sources 104 to
processors 106, or alternatively, from processor 106 to another processor 106
depending upon the operational scenario. Processors 106 may include processing
machines 232, such as a crusher, to receive ore or other loads from

machines 110 for processing. The processors 106 can each include a monitoring
systems 234 to monitor material biend. The processor monitoring system 234 can
monitor information about a processing machine 232, such as the current level of
ore for processing. Monitoring systern 234 may also include static information,
such as the total capacity or processing rate of the machine. Monitoring

system 234 may also include wireless communication capabilities.

Similarly, Joaders can also have a monttoring system 222 to track
and record historical and present information regarding the material time and
quantity obtained at a material source 104. The environment monitoring system
40 can communicate with the other various monitoring systerns within an
environment 10, including the machine on-board computers 202, loader
monitoring system 222, and processor monitoring systems 234. These monitoring
systems can each comprise their own processing means, interfaces, memory and
communications bus. Additionally, these monitoring systemss can include one or
more sensors to help capture various data, including but not limited to material
load data, machine speed, and machine, machine health data, and other additional
data as required by the user.

it should be understood that processors 106 consistent with the
present disclosure may include one or more processing machines 232
Processing machines 232 can may include crusher machines that further blend or
process the ore or materials dumped at a processor 106, Machines 110 can be
dispatched to and from material sources 104 and/or processors 106 via the
environment monitoring system 40. For example, after a machine 110 delivers
its load to a processor 106, environment monitoring system 40 may direct

machine 110 to a specific material source 110, processor 106, or machine 110,
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Furthermore, a machine 110 may include an on-board computer

202. The on-board computer 202 may include an 1onterface 527, such as a display
or graphical user interface (GUI) element, to provide information to a machine
operator or to the environment monitoring system 40, Further, the on-board
5  computer 202 may include interactive elements, such as a keypad, to recetve

information from the machine operator. The on-beard computer 202 may also be
equipped with sensors 54, such as a posttion sensing system, and wireless
comimunication capabilities to communicate to the environment monitoring
system 40, as well as other on-board computers 202 of other machines 110, The

10 position sensing system may include a Global Positioning System (GPS), a laser
positioning system, an inertial navigation unit, or any suitable system or
combination thereof. Further, on-board computer 202 may also be equipped with
a vital sign monitor sensor. The vital sign monitor may monitor travel time,
detect potential mechanical failures, quantify the load of the truck, or obtain other

1S information about the truck and its operation.

As shown in FIG. 2, the environment monitoring system 40 can
include at least one controller 42. The controlier 42 may include a single
coruputer-processing device 43 {e.g., a central processing unit, graphics
processing unit, or other computational device), or may include a plurality of

20 computer processing devices. In some exemplary embodiments, all processing
can be performed by the controller 42, Additionally, processing may also, or
alternatively, be performed by remote processing devices accessible and useable
{etther in a shared or dedicated manuner) by the system 30

Through a communications bus 44 the controller 42 is in data

25 communication with a one or more machine-readable storage (memory) devices
that store instructions and/or data for controlling operation of the environment
monitoring system 40. In this instance, the environment monitoring system 40
can include a system memory 46 {e.g. a BIOS), volatile memory 48 (¢.g., random
access memory, such as one or more DRAM modules), and non-volatile memory

30 50{eg., one or more hard disk or solid state drives).
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The environment monitoring system 40 also includes one or more

interfaces, indicated generally by 52, via which the environment monitoring
system 40 interfaces with various devices, networks, and/or users. In some
embodiments, the interface 52 can include a graphical interface or visual display
5  to communicate data or instructions to a user. The display S2 can present data,
such as the real-time environmental information, optimized blend input data, and
operational instructions. The predictions or information provided to a user can
allow for both automated responses by the machines 110, as well as, manual
respounses and manual inputs imnplemented by a user to alter or improve the

10 cumulative material blend. Some of these manual inputs can include providing
information regarding material specifications from the source, vehicle
information, as well as, operating instructions, which may include instructions to
maintain or achieve the cumulative material blend at a processor 106, These
manual inputs can include communications throughout the mine site 20 for

1S corrective operations or maintaining current operations. Similarly, a user could
determive based on information that may not be obtained by the environment
monitoring system 40 to manually change the systems 30 operating instructions.

Generally speaking, other devices may be physically integrated
with the environment monitoring system 40, or may be physically separate.

20 Where a device is physically separate from the environment monitoring system
40, connection between a device, such as a machine 110 or processor 106, and
the environment monitoring system 40 may be via wired or wireless hardware
and communication protocols, and may be a direct or an indirect (e.g. networked)
connection.

25 Wired connection with other devices/networks may be by any
appropriate standard or proprietary hardware and connectivity protocols. For
example, the environment mounitoring system 40 may be configured for wired
connection with other devices/communications networks by one or more of
USB; FireWire; eSATA; Thunderbolt; Ethernet; OS/2; Parallel; Serial; HDMI;

36 BVE VGA; SCSI AudioPort. Other wired connections are, of course, possible.
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Wireless connection with other devices/networks may similarly be

by any appropriate standard or proprietary hardware and communications
protocols. For example, the environment monitoring system 40 may be
configured for wireless connection with other devices/communications networks
using one or more of: infrared; Bluetooth;, Wi-Fi; near field communications
(NFC), Global System for Mobile Communications (GSM), Enhanced Data GSM
Environment (EDGE), long term evolution (LTE), wideband code division
multiple access (W-CDMA), code division multiple access (CDMA). Other
wireless connections are, of course, possible.

Generally speaking, the devices to which the environment
monitoring system 40 connects, whether by wired or wireless means, allow data
to be input tnto/recetved by the environment monitoring system 40 for processing
by the controller 42, and data to be output by the environment monitoring system
40 of the system 30. Example devices are described below, however it will be
appreciated that not all computer-processing systems will include all mentioned
devices, and that additional and alternative devices to those mentioned may well
be used, including to on-board computers 202 found on other devices of the
system 30.

The environment monitoring system 40 can further include a
predictive model 250, configuration database 260, a pre-fetched assignment
database 270, a mine image database 280, and material blending database 290
Configuration database 260 can include current system settings, such as choice of
optimization criterion, specifications of biending requirements, and other solution
parameters. Pre-fetched assignment database 270 can include updated truck
dispatch assignments, before the dispatch assignments are provided to
machines 110. Mine image database 280 can include information about the mine,
including information about each piece of equipment (such as location and
current status), information about material excavated by each loader, the current
blending at each processing machine, and other relevant mine information.

The material blending database 290 can include operational

scenarios for use of the machines 110 with loaders 120, such as wheel



WO 2019/022945 PCT/US2018/041187

1

2

5

0

-11-
lpaders/LHDs, within the mine site 20. The system 30 can track and manage

material movement by a machine 110 to and from various locations throughout a
mine site 20 based on a pre-determined mix of materials to achieve the desired
cumulative material blend for each processor 106. For example, a material
specification mix can be expressed as a ration between various stockptle sources,
wherein various material is located at a stockpile 1, stockpile 2, and stockpile 3,
with a matertal specification requiring a 2:1:1 ratio of materials from the
respective stockpiles. The environment monitoring system 40 can communicated
to an on-board computer 202 of a machive 110 to recommend or assign which
source 104 and processor 100 the machine should pick up material and
subsequently deliver the material respectively.

The material blending scenario database 290 can provide a
production view of the mine site 20 and detail how various machines 110, loaders
120, and processors 106 are operating to achieve a particular cumulative material
blend at a processor 106 and other production requirements of the mine site 20
These scenarios can be used with the predictive ruodel 250 to optimize the mine
site operations using the blending to destination system 30 of the present
disclosure. Various scenarios will be further discussed below with regards to
industrial applicability.

The controller 42, may receive information via wireless
cominunication, from an on-board computer 202, loader mounitoring system 222
and processor monitoring system 234, The memory 46 can include instruction
for performing a variety or processes required to optimize material transport and
material blending. For example, the memory 46 may include instruction for
populating the configuration database 260, determining detault blending to
destination assignments, determining pre-fetch assignments, providing
assignments to machines 110 and loaders 120, and optimizing blending of
materials based on the stored or real-time information from the various databases
described above, on-board computers 202 of the machines/loaders 202 and the

loader monttoring system 232 and processor monitoring system 234,



WO 2019/022945 PCT/US2018/041187

1

2

5

0

-12-
The individual processor monitoring systems 234 can monitor the

flow rate for the matenal located at and flowing 1nto a processor 106, and
communicate that information to the environment monitoring system 40. The
environment monitoring system 40 can then use this data to determine the
processors 100 individual material specification, and if it is above or below the
thresholds for the desired matenial specification. Each processor 106 may have
the same or different material specification.

Additionally, the material specification at the processor 106 can be
a static or a dynamic blend. A processor having a static blend s configured to
operate independently of other blends at the mine site 20. With static blends, an
individual machine 110 is not affected by the movernents of other machines
movements to a processor 106, Static blends are typically used if it is the only
operational scenario contributing to a particular material blend at a processor 106

Whereas, dynamic blends are configured to assist in minimizing
the non-conformance of a particular cumulative material blend at a processor 106.
Dynamic blends require a blend to exist, and include additional values such as
travel time of a machine 110 to estimate the blend scenario for a dynamic blend.
When the environment monitoring system 40 can initiate cornmand for a dynamic
blend to the on-board computer 202 of a machine 220. The machine 110 may be
instructed to “do nothing” or provided other instructions depending on the real-
time information obtained by the processor monitoring system 234 and if the
blend of materials at the specific processor 106 are in conformance with the
dynamic blend. The material blending scenario database 290 can include various
static and dynamic blend scenarios depending upon environmental information,
obtained by the environment monitoring system 40.

A processor monttoring system 234 can use various methods to
monitor and measure the conformance of a material blend. Such methods can
include a rolling mass, rolling window, batch mass, batch window, weight
averaging, and prorating. Similarly the systern 30 can be used for either
continuous or discrete grade blending criteria based on the mine environment and

type of mine. Source material information be used to establish cumulative
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material blend specifications using source ratios. In some instances, these rations

can be defined by either mass or volume. Volume based measuring can be
achieved by monitoring the machine cycles, whereas mass based ratios can be
calculated using a conversion of volume ratios using the density of source
5  materials. Alternatively, in one exemplary embodiment, a load sensor on a
machine 110 can obtain an approximate weight of the materials being transported
to a processor. Similarly, the processor monitoring system 234 can monitor the
throughput of materials at the processor to determine the guantity of the source
material being processed. The system 30 can use one or more of these systems or
10 methods to monitor the transportation of material throughout the mine site 20 and
tor predicting future cycles and the effect on a cumulative material blend at a
processor 100
As shown in FIG. 3, the environmental monitoring system 40 can
perform a method of material to destination operation within a mine site by
1S obtaining real-time environmental information and information about the optimal
material blend. The environment monitoring system 40 can then generate one or
more predictions using the above information with a predictive model. In one
emnbodiment, the system 30 may generate a prediction for the next preceding
machine 110 cycle. Similarly, the predictive model 50 can predict a plurality of
20 future machine cycles when determining if modified operating instructions are
required to maintain the cumulative material blend. In one embodiment, the
system 30 can predict at least 10 machine cycles into the future. Additionally,
the system can average a plurality of predicted machine cycles when determining
the need for modified operating instructions. The predictive model can minimize
25 cumulative material biend nov-conformance. This model can continue
generating predictions to minimize or achieve a cumulative material blend until
the latest estimated time of delivery of material from a roachine 110, or for a set
period of time into the future. Additionally, if a specific amount of material
throughput to a processor has been achieved the system 30 can stop generating
30 predictions and similar cease operations of any designated machines 110 or

processors 106
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Based on the generated predictions, the system 40 can generated

modified operating 1nstructions for machines within the environment to obtain an
optimal material blend at the processors. The predictions as well as other
information, such as environmental and blend information, can be displayed on
an interface 52 to a user to show when a potential problem will occur with the
blend prior to the problem occurring and can display to a user or initiate modified
operating instructions to prevent a potential problem. Similarly, when the
predicted problem is displayed via the interface 52 to a user, the user can
manually generate operating instructions, initiate operating instructions, ot both.
The system 30 may predict that due to specific environmental information and
constraints that the cumulative matenial blend may by unable to be kept in
specification given environmental constraints (e.g. equipment availability, source
material availability, etc.). This can allow a user to manually address potential
problems/issues that may affect the cumulative material blend before significant
problems arise. Simtilarly, the system 30 can be configured to automatically
nitiate modified operating instructions by the controller 42 to limit or minimize a
predicted problem.

The real-time environmental information can include location
information of machines within the environment, machine load information,
material source information at the sources, and material specification information
at the processors. The optimal material blend scenario can use anticipated future
information at the processors, future environmental information, and real-time
environmental information to determine an optimal scenaric. By using real-time
environmental information and the optimal material blend scenario, the system
can determine any modified operating instructions that may be needed for one or
more of the machines 110 or loaders 120 within the environment. In certain
cases, no modified operational instructions may be generated.

More specifically, using the environmental information obtained
by the environment monitoring system 40, the controller 42 can provide
operational instruction to the machines 110, loaders 120, and processors 106 at

the mine site 20. The system of the present disclosure can first access the
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environmental information generated by the machines 110 and various

monttoring systems. The environmental information can include information
such as source cardinality (one or multiple sources per machine), source type
(stockpile or mining block), machine/loader type {(wheel loader or loader/HEX|
haulage type (wheel loader or truck}), and processor type (stockpile, crusher, or
dump). Additionally, the environmental information/information can include
real-time information of aspects of the mine, such as location information of
machines within the mine, vehicles load information, material source
information, and material specifications for the various processing sites. This
environmental information can then be compared against a cumulative material
blend specification designated at each of the processors 106.

The system 40 can then generate an optimal material blend input
for each of the processors. The system 40 can then access the location and load
data for the machines located in the mine site environment 20 and access the
material blend scenario database 290 for operational instructions currently being
executed by the machines 110 in the environment. The system can then generate
one or more predictions using a predictive model 50, the optimal material blend
input, and machine location and load data. Based on the predictions, the system
can provide modified operating instructions to one or more machines within the
environment. The use of LHD machines 110 at a mine site 20 further allow for
greater ability to maintain the material specification within the target range. The
system 30 can use one or more wheel loaders to help maintain the blend at the
pre-determined material specification. The system can be predicted on various
data including inbound machines 110 to the processor 106 that will be added to
the cumulative material blend and loader machine 110 predictions, such as LHD
machines 110 that may be used to maintain the cumulative material blend within
the target range. Depending upon the blend type (static vs. dynamic) the future
predictions can be re-evaluated at set pre-determined time. For dynamic blends,
these predictions can be set to be calculated as desired by the user. In one
exemplary embodiment, the re-evaluation period can be calculated every 30

seconds. Alternatively, these predictions can be calculated in the occurrence of
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an unexpected event, such as a machine failure. Each machine cycle from a

material source 104 to a processor can be recorded and monitored to predict
future cycles and the optimized operational instructions to machines 110
throughout the mine site 20.

5 The method of operating the blending to destination systen 30 or,
more particularly, optimizing operation of the blending to destination system 30,
may include execution of various optimization programs/scenarios stored in the
material blending scenario database 290 or created by the environment
monitoring system 40 during the optirnization process described below. The

10 method may be implemented in whole or in part by the controlier 42 of the
environment monitoring system 40, with all or portions of the method running
continuously or intermittently, such as at predetermined intervals. Additionally,
the environment monitoring system 40 can communicated to individual on-board
computers 202 of individual machines 110, loader monitoring systems 222 of one

1S or more loaders 120, and processor monitoring systems 234 of the one or more
processors 106,

Unlike traditional mine operations that only monitor the material
being provided at a single crusher by traditional hauling machines, the system of
the present disclosure allows for complete monitoring of material throughout the

20 entire nune site 20 as it is being loaded, transported, and dumped throughout the
mine site 20. The individual monitoring systems of the machines, processors,
and loaders, can act to establish “virtual” processors 106 at various points
throughout the mine stie 20, other than just at the traditional crusher, to capture
environmental information, such as the material source (e.g. type, quantity,

25 location, etc.) and machine 110 data (pre-assigned destination, pre~-mixed blend,
pre-assigned route, etc.) when determining the optimized operational instructions
for one or more machines 110 and/or loaders 120 at a nune site 20. The virtual
processors 100 can include, but are not limited to crushers, stockpiles, bauler
beds, and other material destinations within the mine site 20. These virtual

30 processors 106 can track vartous machine cycle information for machines 110

moving to and from the processors 106, The data acquired can then be used to



WO 2019/022945 PCT/US2018/041187

15

[SN]
<o

-17-
better anticipate and determine the future cumulative material blend at the one or

more processors 106, Based on this information, the environmental monitoring
system can, if necessary, modify the operating instructions for the various
machines 110 within the system 30. Similarly, if the cumulative material blend
specifications at a processor 100 changes specification, or falls out of the target
blend range, the environment monitoring system 40 can accesses the various load
and material information within the mine site 20 to determine if any corrective or
modified operating instructions must be communicated to one or more of the
machines 110 or foaders 120,

The system 30 can record and monitor various machine cycles.
For example, the system 30 can monitor when a LHD machine 110 acting as a
loader 120 ts dumping material into a hauler machine 110, Rather than only
capturing information on the hauler machine 110, the system of the present
disclosure will capture information for every load provided to the hauler 110 by a
loader 120. This will then be monitoring each load provided to the hauler 110 as
a cycle tor the one or more loaders 120, When the hauler 110 has been
completely loaded the cycles for the one or more loaders 110 can be aggregated
and to better account for the blend being transported by the hauler 110, The
system 40 can then assign the hauler 110 to a specific processor 106 based on the
material blend being carried by the hauler 110. This allows the system to capture
material blend data in greater detail to ensure that the cumulative material blend
at the processors 106 can be achieved and maintained. Based on the various
machine cycle information acquired by the system 40 from the other processing
systems, the system 40 can use a predictive model 50 to determine if any
modified operation 1nstructions are needed to ensure the target blend range of the

cumulative material blend is met and maintained at the processors 106.

Industrial Applicability

The present disclosure relates generally to a blending to
destination system at a mine site 20, The blending to destination system of the
present disclosure ensures that the processing plant 1s delivered material as

specified, that stockpiles are maintained with acceptable grade and material
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homogeneity, and that dump material conforms to design requirements for the

specific mine site 20
For example, a mine may include a plurality of machines 110,
such as LHD machines or hauler trucks, and one or more processors 106. The
5 mine may also include loaders 120, which can be relatively stationary to provide
material to a hauler machine 110, or alternatively, attached to LHD machines
110, which can transport and dump material to a processor 106, or to another
machine 110, such as a hauler. Depending upon the operational scenario, the
movements of the machines and loaders can be recorded as a machine cycle that
10 captures environmental information, such as material type and load.

As previously mentioned the material blending scenario database
290 can be used to optimize operations at a mine site 20 depending upon the mine
layout, machines, and loaders at the mine site 20. One of these scenarios can
include the use of a wheel loader machine 110 that operates as a loader 120 to

1S pick up material from various material sources 104 in close proximity to a
processor 106, and then as a hauler machine 110 to transport the load directly to
the processor 106. In this scenario, the wheel loader/LHD machine 110 can
transport material directly to the processor 106 without loading the material into a
larger hauler machine 110. Each one of these cycles can be monitored by the

20 environmental monitoring system 40 and used to predict future cycles and an
optimal blend input for the processor 106.

In an alternative operational scenarto, the loader machines 110 can
transport material from one source 104 and move it to another source 104 closer
to the processor. This scenario can be used to provide greater efficiency in

25 transporting materials and also help achieve a pre-blend stockpile closer to the
processor 100, Another operational scenario may involve a hydraulic mining
loader 120 that stays in a relative stationary position within the mine site 20, The
lpader 120 can load material into a machine 110 to be transported and dumped
into a processor 106, The processor 106 either a crusher or stockpile for pre-

30 blending material to a cumulative material blend before being transported to a

crusher or other processor 106, If the environmental determines that material
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trom one source 104 is not needed or is unwanted, it may direct the machine 110

to another processor 110, such as a stock pile for dumping. This operational
scenario can be further separated into two operational scenarios, a first where the
processor 18 a crusher 106, and a second where the processor 106 is a stockpile.

Another blend scenario can include a LHD machine 110 having a
loader 120 digging material from a source 104, transporting and dumping the
material into a hauler truck machine 110, that then transports and dumps the
material into a processor 106. In this operational scenarios, two processors 106
may be present, one at the point of the wheel loader machine 110 duroping
material into the hauler, and another at the point of the hauler dumping the
material into a stockpile or crusher. In some operational scenarios, the LHD
machine may be able to operate within only one mining block or in multiple
mining blocks. This constraint can effectively divide the operational scenario
into two separate scenarios, one wherein the LHID machine operates in a single
mining block, and a second wherein the LHD operates in multiple mining blocks.
Additionally, each of these operational scenarios can effectively be divided into
two separate scenarios, one wherein the material from the hauler is dumped intc a
stockpile and a second wherein the material 1s provided to a crusher.

These various scenarios can help in predicting machine cycles and
operating assignments of machines 110 within a mine site 20 and can be used to
establish initial operating instructions for the equipment at a mine site 20.
Depending upon the operational scenario, the environment monitoring system 40
can determine if the operating instructions need to be modified in order to
mainiain or achieve the cumulative material blend at a processor 106. A single
mine site 20 could be have one or more of these scenarios operating within the
mine site 20,

Whereas some mining systems only assign instructions based on
various guidelines to minimize a truck idle time or transport time, the system 30
of the present disclosure may also accounts for the desired cumulative material
blend at a processor 106, and predicts and modifies operational instructions to

efficiently achieve or maintain the cumulative matenial blend within the target
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blend range 1n order to further drive the total mining efficiency. Previcus

systems did not allow for as much granular monitoring of material moversent
throughout the mine site 20 and only accounted for the cumulative material blend
at a processor/crusher site.

5 The use of the virtual processors 106 throughout a mine site 20 by
using the monitoring systems of the various machines, loaders, and processors,
allow for greater control and optimization at the mine site 20 by allowing
materials to be blended to specification either at the crusher, other stockpiles, or
at the hauler within a mine site 20. The environment monitoring system can use

10 the environmental information and an optimal material blend scenario to
determine if modified operating instructions are necessary for the one or roore
machines 110 at the mine site 20. The real-time environmental information can
include location information of machines, loaders, and processors within the
mine environment, current vehicle load information, material source information

1S at the sources, and material specifications at each processor. The predicted future
environmental information from the monitoring systems, can include predicted
machine cycles and future environmental information based on the machine
cycles and current real-timne environmental information.

While the disclosed embodiment utilizes machines in a mining

20 environment, the system and method described herein have utility in other
environments where dispatch instructions and material transfer optimization are
provided to a plurality of machines traveling between different locations within
an environment. Such other possible applications include, for example, moving
products, either by vehicle or multi-route conveyor system, between various

25 assembly line segments in a large scale manufacturing environment or shipping
environments.

It should be understood that the above description 1s intended for
illustrative purposes only, and is not intended to limit the scope of the present
disclosure in any way. Thus, those skilled in the art will appreciate that other

30 aspects of the disclosure can be obtained from a study of the drawings, the

disclosure and the appended claims.
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Claims

L. A site management system (30) for tracking material
movement in an environment (10), including:

a plurality of material sources (104);

one or more processors {106);

a plurality of machines (110}, wherein each of the machines (110)
operates according to operating instructions to capture material from one material
source {104) of the plurality of material sources, and deliver material at or near at
least one processor (106); and

an environment monttoring system (40) having a controlier (42}
configured to:

monitor movement of the plurality of machines {110},
track a cumulative material biend at each of the plurality of
processors (106) based on the movement of the plurality of machines (110); and
modify the operating instructions to maintain the

curnulative material blend within a target blend range.

2. The site management system (30} of claim 1, wherein the

machines (110} includes one or more loaders and one or more haulers (120}

3. The site management systern (30) of claim 1, wherein the
processors (100} include one or more of a crusher, a stockpile, and a machine

bed.

4. The site management system (3) of claim 1, wherein the
controller (42) communicates with:
a configuration database (260);
a pre~fetched assignment database (270);
a mine image database (280); and

a material blending scenario database (290),
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wherein the configuration database (260), the pre-fetched

assignment database (270), the mine 1image database (280), and the matenal
blending scenario database {290) are each operably connected to a processor
(242) of the controller (42).

5. The site management system {30) of claim 1, wherein each
machine {110} has an on-board computer (202) having a display (252) configured

to provide operational instructions to a user.

6. The site management system {30} of claim 4, wherein the
controller (42) is further configured to:

access environmental information generated by the machines and
the environment

monttoring system (40);

compare the environmental information against the cumulative
material blend for each

processor (106},

generate an optimal material blend input for each processor (106);

access the mine image database (280} for machine location
information and machine load information for the machines (110);

access the material blending scenario database (290) for
operational scenarios based on

information from the mine image database (280},

generate one or more predictions using the predictive model, the
optimal material blend input, and machine location information; and

provide maodified operating instructions for machines (110) in the

environment (10} using the predictions.

7. A method for tracking material movement in an
environment {10} using a site management system {30), the method inchuding

steps of
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obtaining real-time environmental information, including:

machine location information, machine load information, matenal source
information at a plurality of material sources, and material specification
information at one or more processors {106};

obtaining information about an optimal material blend at the
processors (106), including: anticipated future information at the processors
{106}, future environmental information, and the real-time environmental
information; and

determining, based on the real-time environmental information
and the optimal material blend, modified operating instructions for machines

{110} to attain the optimal material blend at the processors (106).

8. The method of claim 7, further including a step of storing

the modified operating instructions in a database (290).

9. The method of claim 8, further including a step of

providing the modified operating instructions to the machines (110},

10. The method of claim 8, wherein the anticipated future
information at the processors {106} includes material blend information based on

the real-time environmental information and initial operating instructions.
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