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SYSTEM AND METHOD FOR VEGETATION MANAGEMENT RISK
ASSESSMENT AND RESOLUTION

[0001] This paragraph is left intentionally blank.

TECHNOLOGICAL FIELD
[0002] The present disclosure relates generally to vegetation management and
control, in particular, to vegetation data capture, maintenance workflow generation,
prioritization, passive and continuous monitoring of vegetation, and predictive
analysis for vegetation that may be within or adjacent to clearance zones for railway,

transportation, utility, pipeline, range & pasture, and industrial sites.

BACKGROUND
[0003] Vegetation management for clearance zones (railway, transportation,
utility, pipeline, range & pasture, and industrial sites) requires a significant amount of
time and resources. To clarify, transportation is to be used interchangeably with roads,
railroads, roadsides, and/or roadways within this specification. Further, a“clearance
zone” is defined as an area of terrestrial and/or riparian land where vegetation is
removed either completely or selectively (e.g. removal of specific species or all
vegetation growing above a specific height) to achieve specific management goals,
including but not limited to the reduction of risk associated with the vegetation.
Vegetation control provides a number of benefits to land managers and operators. For
instance, improved sight distance for visibility of trains at railroad crossings, trees in
close proximity to utility lines, flammable weeds growing near oil wells, or invasive
brush growing in rangeland areas. Additionally, in a number of jurisdictions,
vegetation clearance is required by law including (and not limited to) these agencies:
Federal Railroad Administration (FRA), Federal Highway Administration, United
States Department of Agriculture (USDA), and the Federal Energy Regulatory

Commission.
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[0004] Land managers and operators employ in-house and third-party vegetation
control inspectors and engineers who implement vegetation control programs within
designated clearance zones. These programs are very time and resource consuming,
and are difficult to implement and keep up. Therefore, it would be desirable to have
systems and methods that take into account at least some of these issues discussed

above, as well as other possible issues.

BRIEF SUMMARY
[0005] In view of the foregoing background, example implementations of the
present disclosure are directed to a new way for vegetation risk management
assessment, monitoring, and resolution for designated clearance zones and other
critical infrastructure, including in more particular examples, active and passive
monitoring for the detection of vegetation growth obstructing or at-risk of obstructing
a clearance zone, vegetation removal signifying easement encroachment issues or
response to mitigative action of vegetation obstruction, incident reporting, risk
assessment and determination, corrective action, and corrective action assessment.
The present disclosure thus includes, without limitation, the following example
implementations .

The invention seeks to provide a computer-implemented system and method
for vegetation management risk assessment, monitoring and resolution, the system and
method comprising of receiving data from active and passive monitoring collections
of a vegetation risk. The term“vegetation risk” is being used to refer to any vegetation
being located within or adjacent to a right-of-way and/or clearance zone or other
critical infrastructure that may pose a risk to the operability of a vehicle, functionality
of infrastructure, or safety of workers, passengers, and nearby persons and
infrastructure. Further“vegetation risk™ is also being used to refer to the data
comprising images, video, telemetry data, GPS location, text, audio, and the like,
characterizing the vegetation risk. Further,“vegetation risk™ is also being used to refer
to any vegetation located within or adjacent to a right-of-way and/or clearance zone
whose presence could represent a risk to the productivity or utility of that land, an
example being a poisonous or non-nutritious plants in a grazed rangeland or pasture.
Further,*“vegetation risk” is also being used to refer to any removal or other
modification of vegetation located within or adjacent to a right-of-way and/or

clearance zone or other critical infrastructure that signifies easement
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encroachment issues (i.e. removal of vegetation to build a structure) or response to
mitigative action of vegetation obstruction. As it relates to monitoring, the term
‘active’ refers to data that is derived from direct human interaction such as but not
limited to the identification of a vegetation risk and actively entering the data for
system/platform consumption. The term ‘passive’ is used to identify data capture that
does not require human interaction such as but not limited to data capture via a remote
sensing mechanism or mechanisms to pass data or an outcome related to a vegetation
risk. Further, the present invention optionally includes one or more systems and
methods for uploading the active and/or passive data to a cloud computing system
comprised of geospatial servers, database servers, and file servers. In one embodiment
of the invention, as active and/or passive data is being uploaded, a data controller is
continuously scanning the data to determine, based on set criteria, whether the
vegetation requires immediate mitigation action prior to long term storage in the cloud
computing system. The long term storage in the cloud computing system includes the
ability to store the data for archival purposes and to recall the data as desired
thereafter to track historically what data has been associated with the vegetation risk.
The geospatial servers additionally provide the location for where the vegetation risk
was observed. The set criteria for determining whether the vegetation requires
immediate mitigation action can be simply user-defined or user-specified risk
tolerance profiles. These may include for example proximity to critical infrastructure,
density, frequency of occurrence, magnitude of change required before an alert
message is sent or mitigation action is initiated. There is intended no limitation here
and the criteria may be as complex and detailed as necessary to provide for effective
management of the area of vegetation being managed. Alternatively, the criteria may
derived from legal bases such as laws or regulations applicable to the area being
managed, and those laws and/or regulations may include international, federal, state
or local laws, regulations or statutes. Alternatively still, the criteria may be derived
from industry or trade journals, standards or publications and/or may be derived from
accepted practices that are applicable to the area where the vegetation is being
managed. In yet another embodiment of the present invention, the criteria may be a
blend of user specified risk tolerances/profiles, laws, regulations, statutes, industry,
trade or other publications or standards applicable to the area of vegetation that is
being managed. The criteria may be used to establish an alert system which may

range from a single alert to a hierarchy of alerts, and it may also be used to establish
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the point at which action is taken, and that too may range from a single notice to a
hierarchy of stages for how often and how intense the call for action is to manage the
risk in the area being managed. The criteria may further be adapted to call for
specific action to be taken. For example, the criteria may call for action ranging from
a one time simple spraying with an appropriate herbicide to a call for an entire work
crew to address the risk, as for example, where the identified risk is a fallen tree or
other obstruction calling for a full work crew.

[0006] After the data or outcome is stored in the cloud computing system, it may
optionally be used in conjunction with data feeds from public, private, and/or
governmental agencies for further analysis and manipulation by end-users or other
business logic processors. Further, the active and passive data uploaded, as well as,
the data feeds from public, private, and/or government agencies are optionally
combined and used as input into a web application, where an end-user can view the
vegetation risk, associated attribute data, images, video, audio, and/or geospatial maps
that identify the location and context of the vegetation risk. Geospatial data is
information that describes the location and attributes of things and has some spatial
component to it. The geospatial maps may additionally include related geospatial
layers including but not limited to one or more of weather data, wetlands, water
features, vegetation layout, land cover type, satellite imagery, historic application data
and the like to assist in management and assessment activities related to mitigation
strategies for the vegetation risk. Further, in the same implementation of the
invention, the web application, receiving status input from executed mitigation
strategies on the vegetation risk, alerts the end-user of the completion status and other
metrics regarding the vegetation risk and execution strategy. The system and method
of the present invention also leverages input data to predict and identify future risk
throughout time. Predictive analytics or predictive data refers to learning algorithms
that predict vegetation progression and/or regression relative to the clearance zone,
provide insights towards identifying the escalation of risk in relation to the clearance
zone, and/or provide insights for management urgency and prioritization. Further,
predictive analytics or predictive data can be based on or otherwise utilize active data,
passive data, historical data, previously predictive data or combinations thereof. This
interactive platform, based on mobile and web interactive interfaces, enabled by a
cloud data server backend, and supported by computer-based algorithms and artificial

intelligence, is herein referred to as the ‘digital risk platform’.
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[0007] The current state of the art of management of vegetation incidents in
clearance zones ranges broadly, includes many partners and lacks consistent
communication and tracking mechanisms, and it is a goal of the present invention to
overcome these limitations. For example, in the current state of the art in railroad
vegetation management, personnel report vegetation incidents in a variety of manners
(verbally, voicemail, email, text) to a vegetation manager which makes it difficult for
them to log, track progress, assign work orders to responsible parties and learn from
the incidents to modify future management practices. Railroad personnel provide a
subjective evaluation of the risk of the incident (type of vegetation, size of vegetation,
intensity of vegetation, location to clearance zone) which can result in either an over-
estimation of risk, which causes wasted resources as responsible parties prioritize to
address the incident or an under-estimation of risk, which causes the railroad to be
exposed to additional liability and fines by regulators due to non-compliance with
Federal regulations. Railroad personnel approximate the location of incidents using
the mile markers on the tracks which results in difficulties re-locating a reported
incident for evaluation and resolution by the assigned party. Additionally, railroad
personnel and the vegetation manager lack any clarity on the timeline for corrective
action, if the incident has already been reported by another person, what corrective
action was taken and why the incident occurred.

[0008] Currently, railroad personnel report incidents via methods described above
with the information indicated and then the vegetation manager contacts the parties
responsible for vegetation management on that track to conduct a site visit to evaluate
and correct the issue. This process could occur over multiple visits and months due to
the lack of clarity on the incident details and the inability to properly evaluate the risk
present for the correct level of urgency. Once the responsible party corrects the issue,
there are inconsistent processes to inform the railroad personnel or the vegetation
manager. If railroad personnel have a question on the status of an incident, they have
to contact the vegetation manager who then has to contact the responsible party to
report this status. This check-in may take several days for the communication to go
from the railroad to the person in the responsible party’s team doing the work on the
track, and then pass the communication back through all in the communication chain
to get to the person that asked the question.

[0009] The current ad-hoc risk notification and reporting processes are not

satisfactory since they do not support the urgency, timeliness and reliability required
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for incident resolution to a standard measure of risk or compliance with Federal
regulations. Additionally, the current processes are labor intensive and cause an
increase in administrative work by all involved in the process to forward or pass along
information. This example in railroad vegetation management is not unique and the
challenges faced are also experienced in roadside, utility, pipeline, range & pasture,
and industrial site management.

[0010] At the end of any year of vegetation management in the current state of the
art, there is neither a consolidated list of incidents with location nor documentation of
how incidents were resolved for the purpose of learning to inform the next year’s
management plan. The current state of the art lacks the ability to benchmark the
efficacies of the vegetation treatments and work order management (planned vs
actual) to evaluate effectiveness to provide insights to guide future management
decisions. For example, railroad work orders are created to treat complete sections of
track, however, conditions on the track (such as pedestrians, construction, or parked
rail cars on neighboring side track) often prevent complete fulfillment of the planned
work order. These “skipped” segments of track have a higher probability of a
vegetation risk occurring due to lack of treatment. The system provides visibility into
the “skipped” segments of track to drive proactive work order generation to mitigate
potential vegetation risk before they occur. Historically vegetation incidents in
unidentified “skipped” segments of track lead to incorrect evaluation of vegetation
treatment efficacy. It is an attribute of the present invention that is provides an
understanding of the spatial relationship with these “skipped” segments, vegetation
incidents, and treatment applications to now allow for proper efficacy determination
and work order process evaluation.

[0011] The present invention creates a standardized reporting system on the
digital risk platform that provides a transparent, real-time solution that allows for a
standardized reporting method for consistent risk evaluation and urgency
classification, clarity on what the incident is by providing media support (pictures,
video, etc) paired with GPS location(s) or map to show its relative location along with
standardized classification criteria to allow for rapid, reliable incident assessment and
consistent escalation where significant risks are present. The digital risk platform
comprises digital electronics including, but not limited to, one or more of mobile
devices, servers, computers, and other ancillary connected equipment communicating

via a communication network, either wired or wireless, in order to connect the various
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hardware devices, components and software, and to compute the processes and
algorithms supporting the requirements stated above. Determination of risk varies in
and around clearance zones. Some selected examples of significant risk are:
vegetation obstructing a motor vehicle’s line-of-sight vision to be able to see
oncoming trains and railroad equipment at a crossing resulting in accidents and other
risks when that line-of-sight is not sufficient; vegetation in close proximity to
energized powerlines where power arcs to the vegetation resulting in blackouts and/or
fires; undesirable vegetation in a range and pasture setting that adversely affects the
growth and well-being of livestock or increases the risk of fire; and dried vegetation
on an oil refinery site that increases the risk of fire hazard. Algorithms are used in the
present invention for processing the active and passive input data, validating the risk
categorization and automatically routing the incident using established and learned
rules. This solution of the present invention bridges communications gaps between the
clearance zone managers, relevant stakeholders and all contractors or other personnel
working in and around the clearance zone allowing all involved to see real-time
incident status and the ability to provide input on an incident until resolved.
Additionally, this solution of the present invention provides a visual representation of
incidents at the end of a selected interval, (for example, a treatment year or season), to
facilitate the review, evaluation and/or modification of management practices (for
example, efficacy of vegetation management) in the future, (for example, in the
following treatment year or season). Several advantages of the present invention are
readily apparent, including but not limited to being able to proactively identify and
mitigate risks and decrease the time taken by all to manage the totality of incidents.
[0012] In some example implementations of the present invention, there is
provided a system comprised of a digital risk platform to validate risk classification
for proper routing, rules that escalate in a consistent manner incidents to facilitate the
urgency of resolution and leverage data input to consistently and reliably predict,
identify and mitigate future risk.

[0012a]  In another aspect, there is provided a method to create a real-time
standardized vegetation management efficacy assessment system comprising:
collecting vegetation surface data; wherein the vegetation surface data comprises
images, video, text, audio, GPS location, description, and/or combinations thereof,

assessing treatment application efficacy that statistically or relatively compares one or



15 Feb 2022

2019275041

Document2-15/02/2022

TA

more aspects of pre and post-treatment vegetation conditions via a digital risk
platform; comparing, by means of overlaying geospatial data with clearance zone
and/or right-of-way surface data to the vegetation surface data to determine the
location of vegetation objects that are within or adjacent to the clearance zone and/or
right-of-way, thus identifying a vegetation object of interest; predicting vegetation
progression and/or regression of the vegetation object of interest relative to an
infrastructure using machine learning; assessing work order efficacy that statistically
combines treatment application efficacy with planned and actual work order
completion via the digital risk platform; assessing post-treatment vegetation risk along
corridor segments that statistically compares the rate of vegetation recovery in treated
areas via the digital risk platform where automation of an alert signifying the
geospatial location where a change has occurred is ranked by end user criteria, said
end user criteria being selected as one or more of the group consisting of severity,
proximity to critical infrastructure, density, frequency of occurrence, and magnitude
of change; wherein historical input data and output generated are used to forecast
future vegetation risk and prioritization of management practices based on end user
specified risk tolerance profiles; reporting of one or more vegetation risks as they are
discovered via the digital risk platform; implementation of a standardized risk
evaluation and urgency classification determination, via an algorithm that processes
critical attributes to validate a risk categorization; automatically routing an incident to
the end user based on one or more criteria established by the standardized risk
evaluation and urgency classification, via the digital risk platform for creation and
execution of a mitigation execution strategy.

[0012b]  In another aspect, there is provided a system for the evaluation and
mitigation of intrusive vegetation in or proximate a target area comprising: at least one
cloud-based computer network; a business logic and operations engine; at least one
active data collection subsystem including: at least one active data collector; at least
one data storage module communicatively connected to said at least one active data
collector and containing criteria comprising at least one vegetative intrusion limit; and
at least one data controller communicatively connected to said at least one data
storage module and said business logic and operations engine and wherein said at least
one data controller preferably continuously scans said at least one data storage module

to determine if said at least one vegetative intrusion limit is exceeded; wherein active
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data comprises vegetative growth in or proximate said target areas, direct user action,
mitigation actions, and predictive data; wherein the predictive data is data generated
by machine learning using learning algorithms that predict vegetation progression
and/or regression relative to the clearance zone; at least one passive data collection
subsystem including: at least one passive data collector; at least one data content
module communicatively connected to each of said at least one passive data collector
and wherein said at least one data content module receives passive data from said at
least one data collector and from a plurality of data content generators; at least one
security data controller communicatively connected to each of said at least one passive
data collector wherein said at least one security data controller verifies each of one or
more end users are permitted to access passive data and wherein said at least one
security data collector is communicatively connected to said business logic and
operations engine; a visualization display unit communicatively connected to said
business logic and operations engine wherein said permitted end users may view said
active data and said passive data; an alert data composition module operatively
connected to said data controller and said visualization display unit wherein said alert
data composition module generates at least one alert notification based on said active
data from said at least one active data controller and/or said passive data from said
visualization display and/or predictive data; a communications controller operatively
connected to said alert data composition module wherein said communications
controller distributes said at least one alert notification; and, a wireless communication
system communicatively connected to said communications controller wherein said
wireless communication system capable of transmitting said at least one alert
notification to said end users; wherein when present, said at least one alert notification
integrates said active and/or passive data and initiates one or more actions to mitigate
said vegetative intrusion into said target area.

[0013] Features, aspects, and advantages of the present disclosure will be
apparent from a reading of the following detailed description together with the
accompanying drawings, which are briefly described below. The present disclosure
includes any combination of two, three, four or more features or elements set forth in
this disclosure, regardless of whether such features or elements are expressly
combined or otherwise recited in a specific example implementation described herein.

This
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disclosure is intended to be read holistically such that any separable features or
elements of the disclosure, in any of its aspects and example implementations, should
be viewed as combinable, unless the context of the disclosure clearly dictates

otherwise.

BRIEF DESCRIPTION OF THE DRAWING(S)
[0014] The patent or application file contains at least one drawing executed in
color. Copies of this patent or patent application publication with color drawings(s)
will be provided by the Office upon request and payment of the necessary fee. Having
thus described the disclosure in general terms, reference will now be made to the
accompanying drawings, which are not necessarily drawn to scale, and wherein:
[0015] FIG. 1A is a block diagram illustration of the systems architecture of the
vegetation management risk assessment and resolution components, according to
example implementations of the present disclosure;
[0016] FIG. 1B is an iconic illustration of the systems architecture, according to
an example implementation of the present disclosure;
[0017] FIG. 1C is a block diagram illustration of the vegetation management risk
assessment and resolution algorithm flow chart, according to example
implementations of the present disclosure;
[0018] FIG. 2 is a block diagram illustration of the remote sensor analysis
algorithm flow chart, according to some example implementations of the present
disclosure.
[0019] FIG. 3 is an illustration of an example implementation of the vegetation
risk assessment and resolution mobile application user interfaces;
[0020] FIGS. 4A through 4F are illustrations of an example implementation of the
vegetation risk assessment and resolution web application user interfaces; and
[0021] FIGS. 5A through 5L illustrate forward and top views of clearance zones

for railway, roadside, utility, pipeline, range & pasture, and industrial sites.

DETAILED DESCRIPTION
[0022] Some implementations of the present disclosure will now be described
more fully hereinafter with reference to the accompanying drawings, in which some,
but not all implementations of the disclosure are shown. Indeed, various

implementations of the disclosure may be embodied in many different forms and
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should not be construed as limited to the implementations set forth herein; rather,
these example implementations are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the disclosure to those skilled in the
art. As used herein, for example, the singular forms “a,” “an,” “the” and the like
include plural referents unless the context clearly dictates otherwise. The terms

e e

“data,” “information,” “content”, “outcome” and similar terms may be used
interchangeably, according to some example implementations of the present
invention, to refer to data capable of being transmitted, received, operated on, and/or
stored. Also, for example, reference may be made herein to quantitative measures,
values, relationships or the like. Unless otherwise stated, any one or more if not all of
these may be absolute or approximate to account for acceptable variations that may
occur, such as those due to engineering tolerances or the like. Like reference
numerals refer to like elements throughout.

[0023] FIG. 1A and 1B illustrate one example of a vegetation management risk
assessment and resolution system architecture for a computer-implemented method.
As shown, the central portion of the system architecture may be implemented with an
Internet-based cloud computing system architecture 100, including a computer
network or a number of interconnected computer networks in or over which a number
of systems, data feeds, devices, computers and the like communicate or otherwise
operate. As shown in the illustration, the types of devices and/or inputs connected to
the cloud computing architecture 100 include active data collection device 101, which
in one embodiment may be a mobile device, data content and services 105, and
business logic and operations engine 104. In another example, the business logic and
operations engine may be included in the cloud computing system architecture.
Although shown and described herein in the context of Internet-based cloud
computing system architecture 100, it should be understood that the system may be
implemented with any of a number of different network-based architectures including
implementation as a stand-alone system connected or disconnected from a computer
network.

[0024] The network 111 may be implemented as one or more wired networks,
wireless networks or some combination of wired and wireless networks. The network
may include private, public, academic, business or government networks, or any of a

number of different combinations thereof, and in the context of an Internet-based

cloud computing architecture, includes the Internet. The network may support one or
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more of any of a number of different communications protocols, technologies or the
like, such as cellular telephone, Wi-Fi, satellite, cable, digital subscriber line (DSL),
fiber optics and the like.

[0025] The systems and computers connected to the network 111 may also be
implemented in a number of different manners. The active device data collection
process 101 may be implemented by any number or type of preferably portable
device(s), (e.g., laptop computer, tablet computer), mobile phone (e.g., smartphone,
cellular phone), wearable computer (e.g., smartwatch, optical head-mounted display),
specialized mobile sensing and compute device (e.g., dashcam, LiDaR),or the like,
with which a mobile application may be installed onto the internal memory of the
device. The mobile application is used to provide a graphics user interface (GUI) for a
user to collect data of vegetation risks that are within or adjacent to clearance zones or
other relevant objects of interest. The data collected by user input is stored on the
mobile device’s internal memory and the type of data collected as part of the active
device data collection 101 includes images, video, text, audio, GPS location, and other
metadata associated of the vegetation risk. The device 101 may or may not be
connected to a wireless communications network at the time of data collection. If the
device 101 is not connected to a wireless communications network at time of data
collection, the device’s internal memory will be used as the storage medium for the
data of the vegetation risk until the device becomes connected to the network 111.
Once the device 101 is connected to a wireless communication network, the data
collected from the device data collection 101 of vegetation risks will be uploaded to
the cloud computing system architecture 100, such as the file servers, databases,
and/or geospatial data and processing servers.

[0026] FIG. 1C illustrates the vegetation management risk assessment and
resolution algorithm flow chart, wherein it depicts in an example implementation the
flow of data outlined in the system architecture FIG. 1A. As stated above, data is
collected from devices in the device data collection 101 process of a vegetation risk
and is stored on the device’s 101 internal memory. The data, such as, images, video,
text, audio, GPS location, and other metadata associated with the vegetation risk, are
then uploaded, upon connection to a wireless communication network, to long term
storage in the image, video, telemetry, and metadata storage 102 database(s) such that
the data may now be stored on either the mobile device and/or in the cloud computer

system architecture’s 100 file servers, geospatial servers, and/or databases.
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[0027] The data stored in the image, video, telemetry, and metadata storage 102
associated with the vegetation risk is continuously scanned by a data controller 103 to
determine if the combination of attribute information meets any one of a set criteria
that would trigger an instruction to be executed to route the data associated with the
vegetation risk directly to the alert data composition 107 processor for alert
notification processing and dissemination to specified users via a communications
controller 108 and wireless communications system 109. The alert generated by the
alert data composition 107 and delivered to the end user may be as simple as a
notification that identifies the geolocation and its proximity to the clearance zone at
which the portable device collects data of the vegetation risk within the clearance
zone. Other relevant information such as vegetation object severity, height, species,
location within or adjacent to the clearance zone and the type of hazard imposes may
also be provided. The alert may indicate the type of vegetation. The alert may
provide an alert rating for the detected vegetation based on its proximity to the
clearance zone, such as in order of closest proximity, “severe,” “high” or “moderate.”
An example that would trigger the data controller 103 to send an automated alert to
the alert data composition module 107 would be a severe vegetation risk, such as a
tree trunk obstructing the pathway of a railroad track, attribute information within the
dataset may be any combination of an image of the tree trunk obstructing the railroad
track, the location of the obstruction along the track, the hazard type being
“obstruction of railroad track™ or similar, and a very high alert rating. The data
controller module 103 would scan the dataset and upon detecting a vegetation risk
having a hazard type of “obstructing the railroad track™ or similar and having a very
high alert rating would automatically execute instructions to send the dataset
associated with the vegetation risk to the alert data composition module 107 for alert
notification processing and dissemination.

[0028] Furthermore, in FIG. 1C an example implementation of the vegetation
management risk assessment and resolution method, the data content and services 105
connects to various data feeds for data consumption and downstream processing. The
data content and services 105 receives data from data feeds and content generators
from public, private, and/or government agencies. In an example implementation, the
data feeds and content generators may include data associated with infrastructure data,
weather and climate data, topographic and digital terrain data, landcover data, land

use information data, satellite imagery, aerial imagery, unmanned aerial vehicle
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(UAV) imagery, and light detection and ranging (LIDAR) data. Additionally, LIDAR
data may be acquired from overhead platforms or from transportation traversing
vehicles. Further, the data content and services module 105 receives transformed and

classified image data from the remote sensor analysis process 200.

[0029] Furthermore, in FIG. 1C an example implementation of the vegetation
management risk assessment and resolution method, a business logic and operations
engine 104 along with a visualization and systems control user interface (UI) 110
consumes data from the data content and services module 105, through a security data
controller 106. The security data controller 106 verifies that end users have the
appropriate permissions to view the various data content and data feeds from the data
content and services module 105. End users will be restricted to see only proprietary
data associated with their domain and credentials. The visualization and systems
control (UI) 110 may be a web application in an example implementation where the
web application can be viewed on a mobile device, laptop, or desktop computer
system and which allows end users to view vegetation risk data that has been
collected by the mobile device data collection 101 and related geospatial data and
topographical layers from the data content and services module 105. The business
logic and operations engine (BLOE) 104 is connected to and consumes data from the
data content and services module 105 and the mobile device collection module 101.
The BLOE is a business process management system that allows for the addition,
changing or evolution of business logic/management criteria and is the centralized
location to route all business decisions. The identification of the GPS location,
vegetation object photograph, severity, height, species, clearance zone location and
the type of hazard to support the risk evaluation and urgency classification to meet the
management goals set forth in the vegetation management specification for a site.

The BLOE assesses multiple variables for the risk evaluation and urgency
classification. For example, in the case of a railway corridor found in FIGS. 5B, a
one-foot vegetation object is identified in the clearance zone 500 at a road crossing
501 location and will be considered a line of sight obstruction by FRA if it is greater
than two feet in height. The system will assess the urgency of remediation based on
the immediate and future risk of the vegetation to avoid a violation. Using the same
one-foot vegetation object that is identified outside of the road crossing location could

grow to two feet in height and not be considered an FRA violation, therefore not
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posing the same level of risk, however, if left unmanaged would continue to grow
increasing the risk of a trip and fall hazard or fire hazard. Depending upon the
vegetation object features that are captured and the inputted management profiles, the
system dynamically assesses current and future risk to drive management decisions
for remediation or transparency of the risk.

[0030] Furthermore, in FIG. 1C an example implementation of the vegetation
management risk assessment and resolution method, the alert data composition 107
module may have two paths for an alert notification to be generated, first, as described
above is from the data controller 103 upon detecting data from the mobile device data
collection 101 meeting a set of criteria, second, as an alert that can be sent manually
from the visualization and systems control (UI) 110 based on user input and the
desired alert notification to be composed and disseminated. Additionally, in the
example implementation, after the alert notification is composed by the alert data
composition 107 processor, the alert notification is passed to the communications
controller 108 for packaging and distribution. The communications controller 108
prepares the alert notification to send through to the wireless communication system
109 to ensure proper propagation and acceptance by end user devices, such as mobile,
laptop, or desktop computer across any variety of network and/or wireless devices and
utilizing any variety of standard protocols, such as internet protocol, bluetooth
protocol, email protocols, file transfer protocol, and the like.

[0031] FIG. 2 is an illustration of an example implementation of a passive data
collection remote sensor analysis algorithm flow chart 200 that provides the data
content and services 105 with key data from remote sensor images and the subsequent
classification and transformation of the said remote sensor images for input into the
business logic and operations engine 104 for predictive analysis, preventative
maintenance, and associated mitigation strategies. The flow chart begins with
receiving imagery 201 from a variety of sources such as, satellite, aerial, UAV,
LIDAR, and ground based for processing by the data application programming
interface (API) controller 202. The data API controller 202 controls the requests and
receiving of imagery data from the imagery 201 module and thus from a variety of
outside sources. The data is stored in image, video, telemetry, and metadata storage
203 devices such as, databases, file servers, and/or geospatial servers where the
location of the image, video, telemetry, and metadata storage 203 may be physically

located in a cloud computing system architecture 100 but may also reside at the edge
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point of the collection of the data. By edge point it is meant that at least some of the
decisions and computations utilized in the present invention are conducted and/or
processed close to the geospatial location where it is needed.

[0032] As shown in FIG. 2, images stored in the image, video, telemetry, and
metadata storage 203 go through a series of transformation processes in the image
transformation 205 module. In the example implementation, the image
transformation 205 uses standard Tasseled Cap Transformation, Principal Component
Analysis, indices transformation, and/or other data transformation techniques to
convert the raw image data into useful transformed images for geospatial vegetation
mapping. As mentioned above, the image transformation uses specific industry
standard techniques, however, this should not be construed to limit the transformation
to only those techniques outlined, and any number of analyses including one or all of
computer vision techniques, image processing techniques, machine-learning
techniques, and others may be used to accomplish image transformations to derive
information about the environment and objects captured by various imagery 201
sensor sources. The transformed images are then stored in the transformed images
and indices 206 module ready to be received by the data content and services 105,
additionally, they are ready to be processed by the change detection algorithm module
207. The change detection algorithm module compares images from two or more time
periods and calculates points and/or areas of statistically significant change. These
points and/or areas are then ready to be received by the data content and services 105.
[0033] As shown in FIG. 2, images stored in the image, video, telemetry, and
metadata storage 203 may also go through an image classification 208 process where
the various vegetation images will be classified to determine the type and species of
the vegetation. As the images may need to be transformed first prior to being
classified in the image classification 208 process, images from both the image
transformation 205 process and the image, video, telemetry, and metadata storage may
go through the image classification 208 module. The classified images are then stored
in a dataset by species 209 module and ready to be received by the data content and
services 105. As stated above, in this example implementation, the entire remote
sensor analysis flow provides a means to transform and classify images to determine
geospatial vegetation mapping and/or vegetation species for predictive analysis,

preventative maintenance, and associated mitigation strategies.
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[0034] Through a combination of active and passive data collection, reference
data (including historic information), remote sensing and other spatial layers, the
system analyzes and predicts the risk a vegetation object imposes within or adjacent to
a clearance zone throughout time. For example, a vegetation object identified on the
edge of a clearance zone could pose only a potential or moderate risk; however, if
mitigative action is not taken, it has the potential to pose a greater risk as the
vegetation progresses towards the infrastructure. Over time, the system analyzes and
predicts trends through learning algorithms to predict vegetation progression towards
the infrastructure, provides insights towards identifying the escalation of risk in
relation to the infrastructure, and provides insights for management urgency and
prioritization.

[0035] FIG. 3 illustrates an example implementation of the vegetation
management risk assessment and resolution mobile application graphical user
interfaces 300, specifically interfaces 301, 302 and 303.

[0036] FIG. 4A-F illustrates an example implementation of the vegetation
management risk assessment and resolution web application graphical user interfaces
400. FIG. 4A illustrates one example of user interface 400 for the main landing page
for the web application. FIGS. 4B-4F illustrates different geospatial layers that are
used to analyze efficacy of vegetation treatment applications. FIG. 4B shows
examples of where wetlands intersect right of way corridors (i.e. railway,
transportation, utility, pipeline, etc.). Managing vegetation with chemicals is regulated
by the Environmental Protection Agency (EPA) and there are site specific use
instructions for both terrestrial and aquatic environments therefore, spatially
overlaying wetlands and application data provides insights to vegetation management
techniques near these corridor and wetland intersections insuring correct labeled
product usage. FIG. 4C illustrates a landcover layer that provides spatial reference and
descriptive data for characteristics of the land surface such as thematic class (for
example, urban, agriculture, and forest), percent impervious surface, and percent tree
canopy cover. These characteristics will provide insights to business logic and
operations engine for the determination of risk and urgency classification. FIG. 4D
illustrates a Normalized Difference Vegetation Indices, which quantifies vegetation by
measuring the difference between near-infrared (which vegetation strongly reflects)
and red light (which vegetation absorbs). NDVI is used in this system for identifying

change detection of vegetation intrusion into the clearance zone which triggers a
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notification for a site survey to provide additional data for further analysis by the
BLOE. FIGS. 4E and 4F illustrate weather layers that are updated every hour.
Historical and current weather data are important variable in understanding vegetation
treatment efficacy. This analysis then provides a guideline for optimum weather
conditions to apply future treatments and understand efficacy of historic treatments.
[0037] FIGS. 5A-5L provide example views of clearance zones 500 and
respective infrastructure 501 for railway, roadside, utility, pipeline, range & pasture,
and industrial sites. Clearance zone specifications can vary based upon customer
specifications. FIG. 5A and 5B represent a three-dimensional clearance zone defined
from the infrastructure (such as track and roads) 501, extending a distance on either
side of the centerline of the track, and a distance above the track. FIGS. 5A and 5B
also illustrate forward and top views of a clearance zone 500 around a straight section
of railroad track, according to some example implementations. FIGS. 5C and 5D
illustrate forward and top views of the clearance zone for roadside, according to some
example implementations. FIGS. 5E and 5F illustrate forward and top views of the
clearance zone for utility corridors. FIGS. 5G and 5H illustrate forward and top views
of the clearance zone for pipeline corridors. FIGS. 51 and 5J illustrate forward and top
views of the clearance zone for industrial sites. FIGS. 5K and 5L illustrate forward
and top views of the clearance zone for range & pasture sites.

[0038] The distances shown in FIGS. 5A through 5L are by example and should
not be taken to limit the scope of the present disclosure as the appropriate distances
will be defined at the time of implementation of the invention.

[0039] Retrieval, loading and execution of the program code instructions may be
performed sequentially such that one instruction is retrieved, loaded and executed at a
time. In some example implementations, retrieval, loading and/or execution may be
performed in parallel such that multiple instructions are retrieved, loaded, and/or
executed together. Execution of the program code instructions may produce a
computer-implemented process such that the instructions executed by the computer,
processor or other programmable apparatus provide operations for implementing
functions described herein.

[0040] As explained above, the present disclosure includes any combination of
two, three, four or more features or elements set forth in this disclosure, regardless of
whether such features or elements are expressly combined or otherwise recited in a

specific example implementation described herein. This disclosure is intended to be
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read holistically such that any separable features or elements of the disclosure, in any
of its aspects and example implementations, should be viewed as combinable, unless
the context of the disclosure clearly dictates otherwise.

[0041] Many modifications and other implementations of the disclosure set forth
herein will come to mind to one skilled in the art to which the disclosure pertains
having the benefit of the teachings presented in the foregoing description and the
associated drawings. Therefore, it is to be understood that the disclosure is not to be
limited to the specific implementations disclosed and that modifications and other
implementations are intended to be included within the scope of the appended claims.
Moreover, although the foregoing description and the associated drawings describe
example implementations in the context of certain example combinations of elements
and/or functions, it should be appreciated that different combinations of elements
and/or functions may be provided by alternative implementations without departing
from the scope of the appended claims. In this regard, for example, different
combinations of elements and/or functions than those explicitly described above are
also contemplated as may be set forth in some of the appended claims. Although
specific terms are employed herein, they are used in a generic and descriptive sense
only and not for purposes of limitation.

[0042] Throughout this specification and the claims which follow, unless the
context requires otherwise, the word "comprise", and variations such as "comprises" or
"comprising", will be understood to imply the inclusion of a stated integer or step or
group of integers or steps but not the exclusion of any other integer or step or group of
integers or steps.

[0043] The reference in this specification to any prior publication (or information
derived from it), or to any matter which is known, is not, and should not be taken as, an
acknowledgement or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general

knowledge in the field of endeavour to which this specification relates.
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The claims defining the invention are as follows:

1. A method to create a real-time standardized vegetation management efficacy
assessment system comprising:
collecting vegetation surface data;
wherein the vegetation surface data comprises images, video, text, audio,
GPS location, description, and/or combinations thereof,
assessing treatment application efficacy that statistically or relatively compares one
or more aspects of pre and post-treatment vegetation conditions via a digital risk platform;
comparing, by means of overlaying geospatial data with clearance zone and/or right-
of-way surface data to the vegetation surface data to determine the location of vegetation
objects that are within or adjacent to the clearance zone and/or right-of-way, thus identifying
a vegetation object of interest;
predicting vegetation progression and/or regression of the vegetation object of
interest relative to an infrastructure using machine learning;
assessing work order efficacy that statistically combines treatment application
efficacy with planned and actual work order completion via the digital risk platform;
assessing post-treatment vegetation risk along corridor segments that statistically
compares the rate of vegetation recovery in treated areas via the digital risk platform
where automation of an alert signifying the geospatial location where a
change has occurred is ranked by end user criteria, said end user criteria being
selected as one or more of the group consisting of severity, proximity to critical
infrastructure, density, frequency of occurrence, and magnitude of change;
wherein historical input data and output generated are used to forecast future
vegetation risk and prioritization of management practices based on end user
specified risk tolerance profiles;
reporting of one or more vegetation risks as they are discovered via the digital risk
platform;
implementation of a standardized risk evaluation and urgency classification
determination, via an algorithm that processes critical attributes to validate a risk
categorization;

automatically routing an incident to the end user based on one or more criteria
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established by the standardized risk evaluation and urgency classification, via the digital risk

platform for creation and execution of a mitigation execution strategy.

2. The method of claim 1, wherein the critical attributes processed by the algorithm
include severity, height, species, location within or adjacent to the clearance zone and the

type of hazard the risk imposes.

3. The method of claim 1 or claim 2, wherein the routing information associated with
the one or more vegetation risks uses the GPS location to show the relative location of a
vegetation object and classification criteria for rapid incident assessment and escalation

where significant risks are present.

4. A system for the evaluation and mitigation of intrusive vegetation in or proximate a
target area comprising:

at least one cloud-based computer network;

a business logic and operations engine;

at least one active data collection subsystem including:

at least one active data collector;

at least one data storage module communicatively connected to said at least one
active data collector and containing criteria comprising at least one vegetative intrusion
limit; and

at least one data controller communicatively connected to said at least one data
storage module and said business logic and operations engine and wherein said at least one
data controller preferably continuously scans said at least one data storage module to
determine if said at least one vegetative intrusion limit is exceeded;

wherein active data comprises vegetative growth in or proximate said target areas,
direct user action, mitigation actions, and predictive data;

wherein the predictive data is data generated by machine learning using

learning algorithms that predict vegetation progression and/or regression relative to

the clearance zone;

at least one passive data collection subsystem including:

at least one passive data collector;
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at least one data content module communicatively connected to each of said at least
one passive data collector and wherein said at least one data content module receives passive
data from said at least one data collector and from a plurality of data content generators;

at least one security data controller communicatively connected to each of said at
least one passive data collector wherein said at least one security data controller verifies each
of one or more end users are permitted to access passive data and wherein said at least one
security data collector is communicatively connected to said business logic and operations
engine;

a visualization display unit communicatively connected to said business logic and
operations engine wherein said permitted end users may view said active data and said
passive data;

an alert data composition module operatively connected to said data controller and
said visualization display unit wherein said alert data composition module generates at least
one alert notification based on said active data from said at least one active data controller
and/or said passive data from said visualization display and/or predictive data;

a communications controller operatively connected to said alert data composition
module wherein said communications controller distributes said at least one alert
notification; and,

a wireless communication system communicatively connected to said
communications controller wherein said wireless communication system capable of
transmitting said at least one alert notification to said end users;

wherein when present, said at least one alert notification integrates said active and/or
passive data and initiates one or more actions to mitigate said vegetative intrusion into said

target area.

5. The system of claim 4, wherein said passive data includes imagery of said target arca

from one or more of satellite, aerial, drone, LIDAR, and/or ground based sensors.

6. The system of claim 4 or claim 5, further comprising at least one visual data
transformation module wherein imagery data is transformed into images for geospatial
vegetation mapping and communicated to a data services module wherein said data services

module is communicatively connected to said business logic and operations module.
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7. The system of any one of claims 4 to 6, wherein said alert notification includes one
or more of vegetation species, vegetation height, vegetation density, location relative to said

target area and/or type of hazard in or proximate to said target area.

8. The system of any one of claims 4 to 7, wherein said at least one cloud-based

computer network comprises file servers, geospatial servers and/or databases.

9. The system of any one of claims 4 to 7, wherein said at least one cloud-based

computer network includes a plurality of cloud-based computer networks.

10. The system of any one of claims 4 to 9, wherein said visualization display unit
includes one or more applications selected from a web application and a mobile application,
wherein said active data and said passive data is displayed and accessed by said permitted

end users.

1. The system of any one of claims 4 to 10, wherein said target area is within,
encompasses or is adjacent to a clearance zone and wherein said visualization unit displays

compose a three-dimensional display in or around said clearance zone or a subpart thereof.
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