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(57) Abstract: Systems, devices, and methods for a mobile vehicle (102), the mobile vehicle comprising a base station (104); an
unmanned aerial vehicle (UAV) (106), where the UAV is launched from the base station; a payload (108) disposed on the UAV,
where the payload is configured to generate payload data of at least one infrastructure (112, 158, 160), and where the payload data
comprises at least one of: a gas sensor (146) data, an infrared imager for optical gas imaging (OGI) camera (148) data, an infrared
imager tuned for radiometric measurement camera data, a visible camera (150) data, and a 3D mapping (156) data; and a processor
(154, 164, 114) in communication with the UAV and the payload, where the processor is configured to determine an integrity of the
at least one infrastructure based on payload data from the payload.
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Rapidly Deployable UAS System for Autonomous Inspection Operations Using a
Combined Payload

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the priority benefit of U.S. Provisional Patent
Application Serial Number 62/883,026 filed August 5, 2019 and Patent Cooperation Treaty
(PCT) Application Number PCT/US2020/026246 filed April 1, 2020, all of which are

incorporated herein by reference in their entirety.

FIELD OF ENDEAVOR
[0002] The invention relates generally to gas measurement, and more particularly to

Unmanned Aerial System (UAS) gas infrastructure inspection.

BACKGROUND

[0003] Methane (CH4) is an odorless and colorless naturally occurring organic
molecule, which is present in the atmosphere at average ambient levels of approximately 1.85
ppm as of 2018 and is projected to continually climb. Methane is a powerful greenhouse gas,
a source of energy (i.e., methane is flammable), and an explosion hazard, and so detection of
methane is of utility to scientists as well as engineers. While methane is found globally in the
atmosphere, a significant amount is collected or “produced” through anthropogenic processes
including exploration, extraction, and distribution of petroleum resources as a component in
natural gas. Natural gas, an odorless and colorless gas, is a primary fuel used to produce
electricity and heat. The main component of natural gas is typically methane, and the
concentration of methane in a stream of natural gas can range from about 70% to 90%. The
balance of the gas mixture in natural gas consists of longer chain hydrocarbons, including
ethane, propane, and butane, typically found in diminishing mole fractions that depend on the
geology of the earth from which the gas is extracted. Once extracted from the ground, natural
gas is processed into a product that must comply with specifications for both transport,
taxation, and end-use in burners; specification of processed ‘downstream’ natural gas product
control for the composition of the gas, so as to protect transport lines from corrosion and
ensure proper operation of burners and turbines. While extraction of natural gas is one of the
main sources of methane in the atmosphere, major contributors of methane also include

livestock farming (i.e., enteric fermentation) and solid waste and wastewater treatment (i.¢.,
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anaerobic digestion). Anaerobic digestion and enteric fermentation gas products consist

primarily of methane and lack additional hydrocarbon species.

SUMMARY

[0004] A system embodiment may include: a mobile vehicle, the mobile vehicle
comprising a base station; an unmanned aerial vehicle (UAV), where the UAV may be
launched from the base station; a payload disposed on the UAV, where the payload may be
configured to generate payload data of at least one infrastructure, and where the payload data
comprises at least one of: a gas sensor data, an infrared imager for optical gas imaging (OGI)
camera data, an infrared imager tuned for radiometric measurement camera data, a visible
camera data, and a 3D mapping data; a processor in communication with the UAV and the
payload, where the processor may be configured to determine an integrity of the at least one
infrastructure based on payload data from the payload.

[0005] Additional system embodiments may include: a ground control station (GCS)
in communication with the UAV and the payload, wherein the processor of the GCS is
configured to determine an integrity of the at least one infrastructure based on payload data
from the payload. In additional system embodiments, the processor is at least one of: a
payload processor, a GCS processor, and a cloud server. In additional system embodiments,
the base station comprises a ground control station (GCS) in communication with the UAV
and the payload. In additional system embodiments, the infrared imager is an imager tuned to
mid-wavelength infrared (MWIR). In additional system embodiments, the infrared imager is
an imager tuned to long-wavelength infrared (LWIR). In additional system embodiments, the
3D mapping data is LIDAR data.

[0006] Additional system embodiments may include a remote command and control
station located distal from the base station. Additional system embodiments may include a
remote command and control station located proximate the base station.

[0007] Additional system embodiments may include: a cloud server, where the cloud
server may be configured to receive the payload data and the determined integrity of the at
least one infrastructure. In additional system embodiments, the base station may be a
permanent structure including: a dashboard configured to display data from at least one of
the payload and the UAV; and a transceiver configured to communicate with at least one of:
the UAV, the payload, and the GCS. In additional system embodiments, the base station may
be a temporary structure including: a dashboard configured to display data from at least one

of: the payload and the UAV; and a transceiver configured to communicate with at least one
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of: the UAV, the payload, and the GCS. In additional system embodiments, the base station
may be a mobile vehicle including: a dashboard configured to display data from at least one
of: the payload and the UAV; and a transceiver configured to communicate with at least one
of: the UAV, the payload, and the GCS. In additional system embodiments, the mobile
vehicle may be a field truck. In additional system embodiments, the UAV may be a vertical
takeoff and landing (VTOL) UAV.

[0008] In additional system embodiments, the base station may further include an all-
weather enclosure to protect the UAV from the elements when the UAV may be within the
base station. In additional system embodiments, the all-weather enclosure may further
include a telescope hood.

[0009] In additional system embodiments, the base station further comprises a power
system for recharging the UAV when the UAV may be within the base station. In additional
system embodiments, the base station further comprises a data system for data transfer
between the UAV and the base station when the UAV may be within the base station. In
additional system embodiments, the payload further comprises at least one of: one or more
gas sensors, an optical gas imaging (OGI) camera, a visible camera, a thermal infrared
camera, vibration isolation, a processor having addressable memory, and a light detection and
ranging (LIDAR) sensor. In additional system embodiments, the payload further comprises
one or more gas sensors, an optical gas imaging (OGI) camera, a visible camera, a thermal
infrared camera, vibration isolation, a processor having addressable memory, and a light
detection and ranging (LIDAR) sensor.

[0010] A method embodiment may include: launching an unmanned aerial vehicle
(UAV) from a base station, where the base station may be disposed on a mobile vehicle;
generating, by a payload on the UAV, payload data of at least one infrastructure, where the
payload data comprises at least one of: a gas sensor data, an infrared imager for an optical gas
imaging (OGI) camera data, an infrared imager tuned for radiometric measurement camera
data, a visible camera data, and a LIDAR data; streaming, by at least one transmitter, the
generated payload data to a ground control station (GCS) in near real-time; and determining,
by a processor of the GCS, an integrity of the at least one infrastructure based on the
streamed payload data.

[0011] Additional method embodiments may include displaying, via a dashboard of
the GCS, the determined integrity of the at least one infrastructure. Additional method
embodiments may include landing the UAV at the base station. Additional method
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embodiments may include recharging, via a power system, the landed UAV at the base

station.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The components in the figures are not necessarily to scale, emphasis instead
being placed upon illustrating the principals of the invention. Like reference numerals
designate corresponding parts throughout the different views. Embodiments are illustrated by
way of example and not limitation in the figures of the accompanying drawings, in which:

[0013] FIG. 1 depicts a high-level block diagram of an unmanned aerial system
(UAS) gas infrastructure inspection system, according to one embodiment;

[0014] FIG. 2 depicts a high-level flowchart of a method embodiment of determining
infrastructure integrity via a UAS gas infrastructure inspection system, according to one
embodiment;

[0015] FIG. 3 depicts a high-level system architecture of a portable UAS gas
infrastructure inspection system, according to one embodiment;

[0016] FIGS. 4A-4C depict unmanned aerial vehicles (UAVs) for carrying a payload,
according to one embodiment;

[0017] FIGS. 5A-5C depict all-weather enclosures for transporting, providing power
to, and transferring data to or from the UAV, according to one embodiment;

[0018] FIG. 6 depicts sensors and/or packages that may be utilized in the payload
connected to the UAV, according to one embodiment;

[0019] FIG. 7 depicts a high-level block diagram of the data and control exchanges in
the UAS gas infrastructure inspection system, according to one embodiment;

[0020] FIG. 8 shows a high-level block diagram and process of a computing system
for implementing an embodiment of the system and process;

[0021] FIG. 9 shows a block diagram and process of an exemplary system in which
an embodiment may be implemented; and

[0022] FIG. 10 depicts a cloud-computing environment for implementing an

embodiment of the system and process disclosed herein.

DETAILED DESCRIPTION
[0023] The following description is made for the purpose of illustrating the general
principles of the embodiments discloses herein and is not meant to limit the concepts

disclosed herein. Further, particular features described herein can be used in combination
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with other described features in each of the various possible combinations and permutations.
Unless otherwise specifically defined herein, all terms are to be given their broadest possible
interpretation including meanings implied from the description as well as meanings
understood by those skilled in the art and/or as defined in dictionaries, treatises, etc.

[0024] The present system allows for determining the integrity of gas infrastructure
based on streamed payload data from a payload attached to an unmanned aerial vehicle
(UAV). The UAV may be transported via a base station on a vehicle. The UAV, base station,
and/or mobile vehicle may stream payload data to a dashboard of a ground control station
(GCS) for processing, analysis, and the determination of any corrective actions.

[0025] The disclosed system may include a Fully Autonomous Resident Robotic
Unmanned Aerial System (FARR-UAS). The FARR-UAS provides unparalleled capabilities
for persistent observations by coupling an instrumented “intelligent” long-range electric
multi-rotor UAS with a base station providing power, communications, and recharging
capabilities. An advanced sensor payload provides capabilities for high-resolution visible
imaging, 3D terrain mapping, gas sensing, and multi-spectral imaging if needed. In some
embodiments, the system may operate as a fully autonomous system resident to an oilfield to
persistently survey oilfield well pads, facilities, and infrastructure.

[0026] The disclosed system meets routine asset inspection needs. The disclosed
system may implement a fully autonomous robotic monitoring system that leverages state-of-
the-art technologies such as machine vision/learning, unmanned aerial systems (UAS),
miniature laser spectrometers, and/or spectral imaging.

[0027] The disclosed system detects asset integrity compromises prior to failure or
shortly after impact is realized on production and/or the environment. Such asset integrity
failures could result in produced water leakage (e.g., pipelines), crude oil leakage (e.g,
pipelines), and/or gas leaks (e.g., production components, facilities, and/or pipelines). Asset
integrity concerns range from pipeline integrity to individual components and infrastructure.

[0028] The disclosed sensor-equipped UAS provides for regular autonomous
inspection of pipelines and infrastructure, up to several times per day. UAS provide savings
of time and resources for routine inspection tasks. The disclosed efficient data acquisition and
rapid interpretation utilizes the disclosed systems to efficiently replace labor-intensive human
inspection operations, increase accuracy, and the like. The disclosed resident robotic system
meets routine asset integrity inspection needs for the production and transmission
environments. The disclosed system meets diverse and rigorous inspection requirements for

pipeline and production components, which impacts the selection of an appropriate UAS and
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sensor payload to meet mission requirements for long-linear and precision inspection
operations.

[0029] FIG. 1 depicts a high-level block diagram of an unmanned aerial system
(UAS) gas infrastructure inspection system 100, according to one embodiment. The system
100 may include a mobile vehicle 102; a base station 104; an unmanned aerial vehicle (UAV)
106 launched from the base station 104; a payload 108 connected to the UAV 106; a ground
control station (GCS) 110 that receives payload data from the payload 108 relating to
infrastructure 112; and a cloud server 114 that may receive payload data from the GCS 110
and/or the payload 108.

[0030] The mobile vehicle 102 may include a dashboard 116, transceiver 118, and
base station 104. In some embodiments, the mobile vehicle 102 may utilize a receiver and
transmitter in place of, or in addition to, the transceiver 118. The mobile vehicle 102 may be
a modified field truck in some embodiments. The mobile vehicle 102 may be a mobile base
station that allows for deployment of at least one UAV 106. The setup and launch time of the
UAYV 106 and associated payload 108 from the mobile vehicle may be minimal. In some
embodiments, the setup and launch time may be less than 5 minutes. In some embodiments,
the UAV 106 may be a vertical takeoff and landing (VTOL) UAV. The UAV 106 may be
able to fly an autonomous mission around a single infrastructure 112, such as a well pad 160
or pipeline 158. A well pad 160 is the area that has been cleared for a drilling rig to work on a
plot of land designated for natural gas or oil extraction. The well pad 160 is constructed by
clearing all trees and obstacles to allow for engineering of a foundation usually made of local
rock from a quarry. In some embodiments, the system 100 may survey a plurality of well
pads 160 with the disclosed payload 108. In some embodiments, the system 100 may survey
one or more infrastructure locations 112 that may be located a long-range distance from the
mobile vehicle 102 launch point. While a pipeline 158 and well pad 160 are included as
examples of infrastructure 112, other types of infrastructure are possible and contemplated. In
some embodiments, the UAV 106 may launch from a first location and land at a second
location. For example, the mobile vehicle 102 may maneuver from the first location to the
second location to allow for surveying additional infrastructure 112 locations without
increasing power capacity or decreasing weight of the UAV 106 and/or payload 108.

[0031] The dashboard 116 may include a display, user interface, processor,
addressable memory, or the like. The dashboard 116 may provide an ability to view and/or

analyze data from the payload 108 and/or UAV 106. In some embodiments, the dashboard
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116 may be an in-cabin dashboard with real-time data analysis and reporting. In other
embodiments, the dashboard 162 may be remote from the mobile vehicle 102.

[0032] The transceiver 118 may allow the mobile vehicle 102 and/or base station 104
to communicate with the UAV 106; payload 108; GCS 110; and/or cloud server 114. In some
embodiments, the transceiver 118 may be a transmitter or other communication device or
system.

[0033] The base station 104 may include an all-weather enclosure 120, a power
system 122, and a data system 124. The all-weather enclosure 120 may protect the UAV 106
from the elements when the UAV 106 is within the base station 104, such as prior to
surveying infrastructure 112 or after completing an infrastructure 112 mission. In some
embodiments, the all-weather enclosure 120 may be a retractable hood, such as shown in
FIG. 5. In some embodiments, the all-weather enclosure 120 may include one or more
motors, processors, memory, or the like. In one embodiment, the all-weather enclosure may
include a moveable element, such as a door, that may be opened and closed to allow the UAV
106 to leave or enter the base station 104. In some embodiments, the base station 104 may be
a permanent structure, such as a structure that is not attached to a mobile vehicle 102. In
some embodiments, the base station 104 may be a temporary structure, such as a structure
that is not attached to a mobile vehicle 102. In some embodiments, the base station 104 may
be a mobile vehicle 102, such as a field truck. In some embodiments, the mobile vehicle 102
may not be needed, such as when the base station 104 is a permanent structure.

[0034] The power system 122 may provide power to the UAV 106 prior to a mission
and/or recharge the UAV 106 after a mission. In one embodiment, the power system 122 may
include one or more batteries. In some embodiments, the power system 122 may be powered
by the mobile vehicle 102, an external power source such as solar panels on the mobile
vehicle 102, or the like. The power system 122 may be disposed in the bottom of the base
station 104 in some embodiments. The power system 122 may include the following
components: a power brick for recharging; recharging hardware, such as solar panels for
remote installation or line power; and autonomous recharging station, such as a UAV landing
area; and a data communications system, such as a supervisory control and data acquisition
(SCADA) network compatible system. In some embodiments, the recharging system may be
autonomous. The UAV 106 and payload 108 may be coupled with the base station 104 for
launch / recovery, command / control, recharging, and/or data transfer. The persistence
requirement for the UAV may be a 2-hour flight time to allow for operations at long-distance

away from the base station, in some embodiments. An all-electric UAS may provide
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capability for autonomous recharging at the base station 104 following mission completion.
Using the disclosed all-electric UAS as compared to a hybrid electric / gas-powered UAS
may avoid the need to require refueling operations which may require intervention and
unnecessary risk for field personnel.

[0035] The data system 124 may allow for the transfer of data between the UAV 106
and the base station 104. In some embodiments, the data system 124 may transfer mission
information, such as a flight plan, to the UAV 106 prior to a mission. In some embodiments,
the data system 124 may receive payload data from the UAV 106 after completion of a
mission.

[0036] The UAV 106 may include a processor 126 in communication with
addressable memory 128, a transceiver 130, one or more motors 132, a global positioning
system (GPS) 134, an anemometer 136, a power supply 138, a weather sensor 140, a wiring
harness 142, and/or onboard avionics 144. The processor 126 may store a flight plan, control
the vehicle via interaction with the GCS 110, control the vehicle via semi-autonomous
control, and/or control the vehicle via autonomous control. The processor may also process
payload data from the payload 108 in some embodiments.

[0037] The disclosed UAV 106 may be outfitted for the emissions sensor payload
108; may have a flight time of greater than 1 hour; may have an emissions monitoring UAS
payload 108 with associated real-time data analysis algorithms; and/or may be fully
autonomous. The UAV 106 may be a standard UAS; have an endurance of about 120
minutes; may be vertical take-off and landing (VTOL) capable; may have a range of about
80km; may have mission profiles for precision flights and long-linear; and/or may have a
cruising altitude greater than 15 feet. Many inspection scenarios may require flight at low
altitude and the expanded flight envelope for multi-rotor systems can accomplish this while
fixed-wing systems are typically operated at 200-300 feet Above Ground Level (AGL).

[0038] In some embodiments, the UAV 106 may be a multi-rotor, a transition vehicle,
and/or a fixed-wind vehicle. A transition vehicle is a hybrid system that includes propellers
for vertical takeoff and landing built around a fixed-wing platform for gliding over distance.
A fixed-wing vehicle may offer the highest range for any platform, offering maximum flight
times of 5-hours (~300 km linear range), but may require a far greater cruising altitude than
other vehicles. The UAV 106 may be a VTOL system for launch and/or recovery; may have a
desired range of at least 80 km, which may increase with new technology; may require base
station 104 recharging capabilities, such as rapid recharging from a power system 122; may

have a capability for low-altitude operations, such as less than 20 meters minimum altitude;
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and/or may have an autonomous hazard detection & avoidance system, such as via onboard
avionics 144. The disclosed system may provide capabilities to autonomously operate from a
resident base station 104 and/or GCS 110 and routinely inspect well pads 160, components,
storage tanks, facilities, and pipelines 158 within a range of about 40km from the base station
104.

[0039] The UAV 106 and payload 108 may be enclosed in the all-weather outdoor
enclosure 120 of the base station 104, within which the autonomous UAS and power system
122 reside. The autonomous missions may be conducted at regular frequency from the base
station 104, which may offer required communications protocols and recharging capability
via the transceiver 118, power system 122, and data system 124.

[0040] The VTOL-capable UAV 106 may be capable of autonomous launch and
recovery. In some embodiments, the UAV 106 may hover in place for data capture from a
fixed point at different viewing angles and operations across a wide range of altitudes for
high-resolution inspection.

[0041] In one embodiment, the UAV 106 may have external dimensions of about 26
inches by 26 inches without propellers; an unladen weight of about 6.5 kg; a payload capacity
of about 1.5 kg; a max flight time of up to 2 hours; a recharge time of about 1 hour for a 50%
mission flight time; a max speed of about 19 meters per second (45 mph); a max distance of
about 80 km; and/or a charge time of about 1 hour. The UAV 106 may utilize lithium ion
batteries within the flight frame to increase flight time. Alternate dimensions and
specifications of the UAV 106 are possible and contemplated.

[0042] The transceiver 130 may be in communication with the payload 108, the
mobile vehicle 102, the GCS 110, and/or the cloud server 114. In some embodiments, the
transceiver 130 may be a transmitter or other communication device or system.

[0043] The one or more motors 132 may drive one or more propellers. In some
embodiments, there may be four motors in a quadcopter-style UAV 106 configuration.

[0044] The GPS 134 may determine the position of the UAV 106 for following a
flight plan, determining a location of the infrastructure 112, and/or for including in the
payload data from the payload 108.

[0045] The anemometer 136 may be used to measure a wind speed proximate the
UAV 106 location and/or payload data. The wind speed measurement from the anemometer
may be used with the payload data to determine a source location of an elevated ambient gas
concentration. In some embodiments, the system 100 may use wind speed from a third party

source, an external anemometer, another UAV having an anemometer, and/or wind forecasts.
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[0046] The power supply 138 may be used to provide power to the motors 132,
payload 108, and/or other systems and components of the UAV 106. The mission distance
and/or flight time may be limited by the available power of the power supply 138.

[0047] The wiring harness 142 may provide for power and/or data transmission on the
UAYV 106 and/or payload 108.

[0048] Onboard avionics 144 may be used to determine the UAV 106 location,
orientation, and the like. In some embodiments, the onboard avionics may be used as part of a
sense and avoid system to avoid obstacles and/or infrastructure 112 during the flight
missions. The sense and avoid system may utilize autonomous flight path retasking (hazard
avoidance).

[0049] The payload 108 may include one or more gas sensors 146, an optical gas
imaging (OGI) camera, a visible camera 150, vibration isolation 152, a processor 154 having
addressable memory, and/or a light detection and ranging (LIDAR) sensor. While various
components are shown and described, it is contemplated that the elements of the UAV 106
and payload 108 may be interchanged and/or duplicated based on the needs of the system.
For example, the UAV 106 location from the GPS 134 may be sent to the payload 108 for
inclusion in the payload data in some embodiments. In other embodiments, the payload 108
may include a separate or redundant GPS or location sensor. In some embodiments, payload
108 may include a methane (CH4) and/or carbon dioxide (CO2) sensor, such as the SeekIR
sensor by SeekOps Inc. of Austin, Texas. The processor 154 may perform onboard
processing for data fusion and/or transmission. The processor 154 requirements may be based
upon required computing power, communication ports, power consumption, size, and the
like. In some embodiments, the processor 154 may be used to determine infrastructure
integrity. In some embodiments, the payload processor 154, GCS processor 164, and/or cloud
server 114 may be configured to determine integrity to a set confidence bound. For example,
the payload processor 154 may determine integrity to a lower confidence bound due to lower
processing ability while the cloud server 114 may determine integrity to a higher confidence
bound due to higher processing ability. In some embodiments, the payload processor 154
may be configured to fuse data from two or more sensors 146, 148, 150, 156, 168 of the
payload 108.

[0050] The gas sensor 146 may be used to determine an elevated ambient gas
concentration. Elevated ambient gas concentrations may be used to determine a gas leak

and/or a source of the gas leak.
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[0051] The OGI camera 148 may be used to detect a presence of certain gasses such
as propane (C3H8), methane (CH4), ethylene (C2H4), and the like. In one embodiment, the
OGI camera may be the Ventus OGI by Sierra-Olympic Technologies, Inc, of Hood River,
Oregon. In some embodiments, the OGI camera may be an infrared imager, such as an
infrared imager tuned to mid-wavelength infrared (MWIR) or long-wavelength infrared
(LWIR) for generating optical gas imaging (OGI) camera (148) data.

[0052] The visible camera 150 may be an RGB camera. The visible camera 150 may
provide visual context for the other payload data generated by the payload 108. For example,
the UAV mission may be surveying infrastructure 112 such as a pipeline 158, a well pad 160,
or the like. If elevated ambient gas is detected by the gas sensor 146 and/or OGI camera 148,
then a video feed or still image from the visible camera 150 may allow an operator, or a
machine-learning computer, to determine the source and/or location of the gas. For example,
the source of the gas may be a gas leak in the pipeline 158 captured by the visible camera
150.

[0053] The payload 108 may include vibration isolation 152 in some embodiments to
increase the accuracy of payload data, reduce errors, avoid damage to the components of the
payload 108, or the like. The combined payload 108 weight and power consumption may be
within set aircraft specifications. The vibration isolation 152 may be a housing that protects
all of the sensors 146, 148, 150, 156, 168 from light shock and dust and ensures proper
vibration isolation.

[0054] The payload may include a LIDAR 108. The LIDAR 108 may be used to
image a ground location, such as gas infrastructure 112.

[0055] The GCS 110 may include a dashboard 162 and a processor 164 in
communication with addressable memory. Payload data may be streamed from the payload
108 to the GCS 110 in real-time or near real-time. The payload data may include gas
emissions data. The dashboard 162 may be used to display payload data from the payload 108
and/or UAV 106. This system 100 may serve as the robotic Leak Detection Technician,
function as the inspection companion tasked with executing repetitive and/or dangerous tasks,
and filter raw data into an easily digestible information for high-level decision-making. The
disclosed robotic labor assistance (co-robotics) is an ideal use-case for UAS and autonomous
data analysis in the workplace — assisting in low to mid-level tasks, leaving high-level
assessment and decision making to the operators, such as via the dashboard 162 of the GCS

110.
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[0056] In some embodiments, a remote command and control ground station 170 may
be disposed distal from the base station 104. In other embodiments, the remote command and
control ground station 170 may be disposed proximate the base station 104. The remote
command and control ground station 170 may be used to control the UAV 106 and/or
payload 108. The remote command and control ground station 170 may receive data from the
UAYV 106 and/or payload 108. In some embodiments, the base station 104 may include the
ground control station 110.

[0057] In some embodiments, the system 100 may be used to analyze well pad slope
stability using high-resolution visible camera 150 and 3D Mapping 156 sensing, such as
LIDAR, for assessment of 3D reconstruction efficacy. The Well Pad Slope Analysis may use
a Hi-Res Visible Dataset which may include Visible Stills / Videos; 2D Orthomosaic Maps;
and 3D Maps (SFM). A Colorized LIDAR Dataset may include 3D surface point clouds, and
Surface classifications. Sensors for slope analysis may include a Sony A7R II Camera by
Sony Corporation of Konan, Minato, Tokyo. The camera 150 may have a resolution of 42.4
MP; mirrorless; capable of stills + 4K video; image-stabilized; and/or CMOS full-frame.
Another sensor for slope analysis may include a Velodyne HDL-32e by Velodyne Lidar of
San Jose, California. The 3D mapping sensing 156 may be a compact LIDAR; 32 Channels;
dual returns; < 5 ¢cm accuracy; and 100m range. Other visible cameras 150 and 3D mapping
sensing 156 sensors are contemplated and possible. In some embodiments, the system may
use a thermal infrared camera 168 tuned for radiometric measurement camera data.

[0058] In some embodiments, the system 100 may be used to inspect methane flare
stack and fugitive methane emissions (FME) from various infrastructure 112 sources. The
Flare Stack / FME may use Methane OGI imagery including Stills / Videos; Methane in situ
Data; Concentration maps; Anomaly Detection, Anomaly Locations; and/or Quantitative
Leak Rates. The sensors for flare stack / FME may include the Ventus OGI by Sierra-
Olympic Technologies, Inc, of Hood River, Oregon. The camera 150 may be lightweight,
have Midwave-IR; 3.2-3.4um; and 640x512 FPA. Sensors for flare stack / FME may also use
a SeekIR In Situ Sensor from SeekOps Inc. of Austin, Texas. The gas sensor 146 may be
lightweight; 10-ppb sensitivity, 10Hz Cadence;, Accurate; and/or Quantitative. Other visible
cameras 150 and sensors 146 are contemplated and possible.

[0059] The GCS 110 may be used to display real-time processed data on the
dashboard 162. The dashboard 162 may provide live visual video for data context. In some
embodiments, the dashboard 162 may be a web-hosted Dashboard for data visualization with

one or more of the following features: Displaying the UAV’s 106 current position and status;

12



WO 2021/026215 PCT/US2020/044978

the ability to display raw payload values from each sensor (e.g., 4 in total); and the ability to
display real-time processed data in an easy to interpret form. Data Analytics Algorithms may
process the emissions data in near-real-time for view on the dashboard 162. Data analysis
algorithms for the emissions payload may provide a data visualization dashboard for real-
time data; and a unique data presentation dashboard to rapidly display actionable information
in real-time. This increased data and actionable steps provide increased emissions monitoring
efficacy and overall infrastructure 112 safety using the developed payload.

[0060] In some embodiments, the dashboard 162 may provide real-time visualization
and presentation research; provide information that is useful for display and logging; OGI
real-time processing algorithms; CH4 + CO2 real-time processing algorithms; dynamic re-
tasking; automatically ingesting and storing data received at the GCS 110; algorithms that
can autonomously on the backend of the dashboard; moving and storing data in the cloud
server 114, real-time video data overlay; user access and/or security; restricting data and
portal access based on credentials; and/or machine vision/learning.

[0061] The cloud server 114 may be in communication with the GCS 110, payload
108, UAV 106, and/or mobile vehicle 102. The cloud server 114 may perform additional
processing on the payload data, store the payload data in at least one database, compare
payload data to historical payload data, or the like.

[0062] FIG. 2 depicts a high-level flowchart of a method embodiment 200 of
determining infrastructure integrity via a UAS gas infrastructure inspection system, according
to one embodiment. The method 200 may include launching an unmanned aerial vehicle
(UAV) from a base station (step 202). In some embodiments, the base station may be
disposed on a mobile vehicle. The mobile vehicle may be a car or truck in some
embodiments. In some embodiments, the base station may be a permanent structure, such as
the all-weather enclosures shown in FIGS. 5A-5C. The method 200 may then include
generating, by a payload on the UAV, payload data of at least one infrastructure, where the
payload data may comprise at least one of: a gas sensor data, an infrared imager for optical
gas imaging (OGI) camera data, a visible camera data, and a 3D mapping data (step 204). In
some embodiments, the infrared imager may be tuned to mid-wavelength infrared (MWIR).
In some embodiments, the infrared imager may be tuned to long-wavelength infrared
(LWIR). In some embodiments, the 3D mapping data may be LIDAR data. The payload may
include various combinations of sensors depending on the needs of the infrastructure to be
inspected, the desired data, the desired accuracy level, the weight restrictions of the UAV, or

the like. The method may then include streaming, by at least one transmitter, the generated
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payload data to a ground control station (GCS) in near real-time (step 206). The data may be
streamed by one or more transmitter, transceivers, or the like. In some embodiments, the data
may be transferred after landing for further analysis and processing.

[0063] The method 200 may then include determining, by a processor, an integrity of
the at least one infrastructure based on the streamed payload data (step 208). In some
embodiments, the processor may be a GCS processor. In other embodiments, the processor
may be a processor of the payload. In some embodiments, the payload, GCS, and/or cloud
server may have a processor configured to determine integrity to a set confidence bound. For
example, the payload may determine integrity to a lower confidence bound due to lower
processing ability while the cloud server may determine integrity to a higher confidence
bound due to higher processing ability. The integrity determination may be that a gas leak is
present, that no gas leak is present, that a repair is needed, that a repair may be needed in the
future, or the like. The method may then include displaying, via a dashboard, the determined
integrity of the at least one infrastructure (step 210). In some embodiments, the dashboard
may be a part of the GCS and/or the base station. The dashboard may include a display,
processor, and memory. The dashboard may be an Internet portal in some embodiments. The
dashboard may be a downloadable application in other embodiments, such as an app on a
smartphone, tablet, portable computer, or the like.

[0064] The method 200 may then include landing the UAV at the base station (step
212). The base station may include a retractable cover in some embodiments to protect the
UAYV from weather or the elements. The method 200 may then include recharging, via a
power system, the landed UAV at the base station (step 214). The power system may include
a battery or other power supply. In some embodiments, a data system of the base station may
transfer data to and/or from the UAV.

[0065] FIG. 3 depicts a high-level system architecture 300 of a portable UAS gas
infrastructure inspection system, according to one embodiment. The autonomous UAV 106
and associated payload may be stored in a base station 104 when not conducting missions.
The base station may include an all-weather enclosure 120 and a power system 122. A
charging pad 302 may provide power to the UAV 106 and/or payload. The UAV 106 may
autonomously be launch and recovered in the base station 104. In some embodiments, the
UAV 106 may be a VTOL UAYV for vertical take-off and landing. The all-weather enclosure
120 may include a network interface that may transfer data to a customer cloud, GCS, cloud
server, or the like. The power system 122 may provide for recharging of the UAV 106 in

between missions.
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[0066] FIGS. 4A-4C depict unmanned aerial vehicles (UAVs) 106 for carrying a
payload, according to one embodiment. FIG. 4A depicts a top perspective view of a UAV
106. FIG. 4B depicts a bottom perspective view of the UAV 106. FIG. 4C depicts a top
perspective view of a UAV 106 with an associated controller and container for transport
and/or storage of the UAV 106. The UAV 106 may be a vertical take-off and landing UAV
106 having a sustained flight time, ability to hover, and ability to fly at a minimal, e.g.,
<15m, altitude above the ground or infrastructure for accurate sensor measurements by an
attached payload. In some embodiments, the UAV 106 may have two or more rotors for
propulsion and movement of the UAV 106.

[0067] FIGS. SA-5C depict all-weather enclosures 120 for transporting, providing
power to, and transferring data to or from the UAV, according to one embodiment. FIG. SA
depicts a side view of an all-weather enclosure 120. FIG. 5B depicts a front view of the all-
weather enclosure 120. FIG. 5C depicts a perspective view of the all-weather enclosure 120.
In one embodiment, the all-weather enclosure 120 may have a telescope hood 500. In one
embodiment, the all-weather enclosure 120 may be a seven-foot Aphelion freestanding
observatory. In one embodiment, the telescope hood 500 may include two or more flanges,
such as four flanges. Each flange may be three feet wide in some embodiments. The all-
weather enclosure may include a solid mounting surface, such as slab, fiberglass, or deck;
access via a 30 x 72-inch lockable door; an available motor drive via a computer interface; a
closed height of 9; and/or a total weight of about 200 kg (450 1bs.). In some embodiments,
the 9’ overall height can be reduced for lower profile and easier transport. In some
embodiments, a freestanding base height of the flange may be 36 inches, a dome height may
be 44 inches, a base width may be 79 inches, an exterior height may be 111 inches, an
internal height from the base to an underside of the flange may be 108 inches, an interior wall
width may be 78.5 inches, and/or an access door 502 may be 30 inches wide and 72 inches
tall. Alternate dimensions and embodiments are possible and contemplated.

[0068] FIG. 6 depicts sensors and/or packages 600 that may be utilized in the payload
108 connected to the UAV, according to one embodiment. Various packages 600 may be
used based on the desired measurements, accuracy, payload capacity, and the like. A hazard
avoidance package 602 may include a wide field of view (FOV) fixed forward-looking
visible camera system coupled with a laser altimeter for accurate height above ground (AGL)
to provide for hazard detection and/or avoidance. The outputs from this sensor package may
be routed to the UAS autopilot to ensure safe autonomous flight operations. Commercial

UAS visible navigation systems and laser altimeters may provide this capability.
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[0069] A visible / infrared sensing package 604 may combine visible, infrared, and
SWIR imaging systems to identify areas of seepage. Wetted areas proximal to pipelines could
be used to provide indications (e.g., visible oil, SWIR signature) or temperature differential
due to seepage or wet areas (e.g., thermal). The drawbacks of the thermal and SWIR sensing
may be small focal plane dimensions (pixels), which may require flights at low altitudes for
valuable imagery acquisition. In some embodiments, the visible / infrared sending package
604 may include a visible / short-wave infrared (SWIR) / Thermal package.

[0070] A gas measurement package 606, such as the SeekIR sensor by SeekOps Inc.
of Austin, Texas may also be used. Evolved gas may be an early indicator of an asset failure
and may be extremely useful for low-altitude leak inspection, localization, and quantification
operations. The gas measurement package 606 has capabilities for methane (C1) sensing at
ppb-sensitivity and/or other target trace gases.

[0071] Trace gas sensors are used to detect and quantify leaks of toxic gases, e.g.,
hydrogen disulfide, or environmentally damaging gases, e.g., methane and sulfur dioxide, in a
variety of industrial and environmental contexts. Detection and quantification of these leaks
are of interest to a variety of industrial operations, e.g., oil and gas, chemical production, and
painting, as well as environmental regulators for assessing compliance and mitigating
environmental and safety risks. The performance of trace gas sensors is typically described in
terms of sensitivity, i.e., the lowest concentration a sensor can measure and the marginal
change in concentration a sensor can measure, and specificity, i.¢., how robust the
concentration measurement is in a mixture of other gases. Laser-based gas detection
techniques are capable of both highly sensitive and specific measurements. Laser-based
measurements typically use a laser that emits at a wavelength of light that corresponds to an
absorption transition of a chemical species of interest. This light is pitched across an empty
space within a solid body, such as a cavity that contains the gas sample. The pitched light can
either be at a fixed wavelength or it can be scanned in wavelength. A detector records how
much light was transmitted across the cavity. Then, by using the Beer-Lambert relationship,
which describes the transmission of light through a sample, i.e., gas in this case, as a function
of sample composition and physical properties, e.g., composition, temperature, and pressure,
the physical properties of the sample can be inferred. Laser-based trace gas sensors depend
heavily on knowledge of the absorption spectrum of a molecule. The absorption spectrum is
understood through a quantum-physics-based model that describes the allowable transitions
in the energy level of a given molecule. These allowable changes in energy levels correspond

to the wavelengths of light the molecule absorbs, and the selection of the energy level
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transition, or wavelength of light, to use in a trace gas sensor is key to determining the
sensitivity and specificity of a sensor.

[0072] Passive microwave sensing (L-band) package 608 may also be used. Passive
microwave sensing from UAS may be used for soil moisture applications. This technique
may be used for surface to centimeter-scale depth moisture mapping at meter-scale spatial
resolution.

[0073] Machine Vision / Learning package 610 may also be used. Fusing data
collected from all sensor types to automatically identify areas of interest in flight. This
package 610 leverages machine vision for autonomous source identification and machine
learning for source attribution and triaging.

[0074] FIG. 7 depicts a high-level block diagram of the data and control exchanges in
the UAS gas infrastructure inspection system, according to one embodiment. A data stream
during flight 704 may be streamed between the UAV 106 and payload and a cloud 114. A
high-bandwidth data stream 706 may be sent from the base station 104 to the cloud 114 upon
landing of the UAV on the base station 104 such that data can be transferred between the
UAYV 106 and payload and the base station 104. A GCS 110 may send commands / controls
to the cloud 114 and transfer data between the GCS 110 and the cloud 114. Back-end data
analytics 702 may be used for further processing of the data from the payload.

[0075] FIG. 8 is a high-level block diagram 800 showing a computing system
comprising a computer system useful for implementing an embodiment of the system and
process, disclosed herein. Embodiments of the system may be implemented in different
computing environments. The computer system includes one or more processors 802, and can
further include an electronic display device 804 (e.g., for displaying graphics, text, and other
data), a main memory 806 (e.g., random access memory (RAM)), storage device 808, a
removable storage device 810 (e.g., removable storage drive, a removable memory module, a
magnetic tape drive, an optical disk drive, a computer readable medium having stored therein
computer software and/or data), user interface device 811 (e.g., keyboard, touch screen,
keypad, pointing device), and a communication interface 812 (e.g., modem, a network
interface (such as an Ethernet card), a communications port, or a PCMCIA slot and card).
The communication interface 812 allows software and data to be transferred between the
computer system and external devices. The system further includes a communications
infrastructure 814 (e.g., a communications bus, cross-over bar, or network) to which the

aforementioned devices/modules are connected as shown.
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[0076] Information transferred via communications interface 814 may be in the form
of signals such as electronic, electromagnetic, optical, or other signals capable of being
received by communications interface 814, via a communication link 816 that carries signals
and may be implemented using wire or cable, fiber optics, a phone line, a cellular/mobile
phone link, an radio frequency (RF) link, and/or other communication channels. Computer
program instructions representing the block diagram and/or flowcharts herein may be loaded
onto a computer, programmable data processing apparatus, or processing devices to cause a
series of operations performed thereon to produce a computer implemented process.

[0077] Embodiments have been described with reference to flowchart illustrations
and/or block diagrams of methods, apparatus (systems) and computer program products
according to embodiments. Each block of such illustrations/diagrams, or combinations
thereof, can be implemented by computer program instructions. The computer program
instructions when provided to a processor produce a machine, such that the instructions,
which execute via the processor, create means for implementing the functions/operations
specified in the flowchart and/or block diagram. Each block in the flowchart/block diagrams
may represent a hardware and/or software module or logic, implementing embodiments. In
alternative implementations, the functions noted in the blocks may occur out of the order
noted in the figures, concurrently, etc.

[0078] Computer programs (i.e., computer control logic) are stored in main memory
and/or secondary memory. Computer programs may also be received via a communications
interface 812. Such computer programs, when executed, enable the computer system to
perform the features of the embodiments as discussed herein. In particular, the computer
programs, when executed, enable the processor and/or multi-core processor to perform the
features of the computer system. Such computer programs represent controllers of the
computer system.

[0079] FIG. 9 shows a block diagram of an example system 900 in which an
embodiment may be implemented. The system 900 includes one or more client devices 901
such as consumer electronics devices, connected to one or more server computing systems
930. A server 930 includes a bus 902 or other communication mechanism for communicating
information, and a processor (CPU) 904 coupled with the bus 902 for processing information.
The server 930 also includes a main memory 906, such as a random access memory (RAM)
or other dynamic storage device, coupled to the bus 902 for storing information and
instructions to be executed by the processor 904. The main memory 906 also may be used for

storing temporary variables or other intermediate information during execution or instructions
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to be executed by the processor 904. The server computer system 930 further includes a read
only memory (ROM) 908 or other static storage device coupled to the bus 902 for storing
static information and instructions for the processor 904. A storage device 910, such as a
magnetic disk or optical disk, is provided and coupled to the bus 902 for storing information
and instructions. The bus 902 may contain, for example, thirty-two address lines for
addressing video memory or main memory 906. The bus 902 can also include, for example, a
32-bit data bus for transferring data between and among the components, such as the CPU
904, the main memory 906, video memory and the storage 910. Alternatively, multiplex
data/address lines may be used instead of separate data and address lines.

[0080] The server 930 may be coupled via the bus 902 to a display 912 for displaying
information to a computer user. An input device 914, including alphanumeric and other keys,
is coupled to the bus 902 for communicating information and command selections to the
processor 904. Another type or user input device comprises cursor control 916, such as a
mouse, a trackball, or cursor direction keys for communicating direction information and
command selections to the processor 904 and for controlling cursor movement on the display
912.

[0081] According to one embodiment, the functions are performed by the processor
904 executing one or more sequences of one or more instructions contained in the main
memory 906. Such instructions may be read into the main memory 906 from another
computer-readable medium, such as the storage device 910. Execution of the sequences of
instructions contained in the main memory 906 causes the processor 904 to perform the
process steps described herein. One or more processors in a multi-processing arrangement
may also be employed to execute the sequences of instructions contained in the main memory
906. In alternative embodiments, hard-wired circuitry may be used in place of or in
combination with software instructions to implement the embodiments. Thus, embodiments
are not limited to any specific combination of hardware circuitry and software.

[0082] The terms "computer program medium," "computer usable medium,"
"computer readable medium", and "computer program product," are used to generally refer to
media such as main memory, secondary memory, removable storage drive, a hard disk
installed in hard disk drive, and signals. These computer program products are means for
providing software to the computer system. The computer readable medium allows the
computer system to read data, instructions, messages or message packets, and other computer
readable information from the computer readable medium. The computer readable medium,

for example, may include non-volatile memory, such as a floppy disk, ROM, flash memory,
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disk drive memory, a CD-ROM, and other permanent storage. It is useful, for example, for
transporting information, such as data and computer instructions, between computer systems.
Furthermore, the computer readable medium may comprise computer readable information in
a transitory state medium such as a network link and/or a network interface, including a wired
network or a wireless network that allow a computer to read such computer readable
information. Computer programs (also called computer control logic) are stored in main
memory and/or secondary memory. Computer programs may also be received via a
communications interface. Such computer programs, when executed, enable the computer
system to perform the features of the embodiments as discussed herein. In particular, the
computer programs, when executed, enable the processor multi-core processor to perform the
features of the computer system. Accordingly, such computer programs represent controllers
of the computer system.

[0083] Generally, the term "computer-readable medium" as used herein refers to any
medium that participated in providing instructions to the processor 904 for execution. Such a
medium may take many forms, including but not limited to, non-volatile media, volatile
media, and transmission media. Non-volatile media includes, for example, optical or
magnetic disks, such as the storage device 910. Volatile media includes dynamic memory,
such as the main memory 906. Transmission media includes coaxial cables, copper wire and
fiber optics, including the wires that comprise the bus 902. Transmission media can also take
the form of acoustic or light waves, such as those generated during radio wave and infrared
data communications.

[0084] Common forms of computer-readable media include, for example, a floppy
disk, a flexible disk, hard disk, magnetic tape, or any other magnetic medium, a CD-ROM,
any other optical medium, punch cards, paper tape, any other physical medium with patterns
of holes, a RAM, a PROM, an EPROM, a FLASH-EPROM, any other memory chip or
cartridge, a carrier wave as described hereinafter, or any other medium from which a
computer can read.

[0085] Various forms of computer readable media may be involved in carrying one or
more sequences of one or more instructions to the processor 904 for execution. For example,
the instructions may initially be carried on a magnetic disk of a remote computer. The remote
computer can load the instructions into its dynamic memory and send the instructions over a
telephone line using a modem. A modem local to the server 930 can receive the data on the
telephone line and use an infrared transmitter to convert the data to an infrared signal. An

infrared detector coupled to the bus 902 can receive the data carried in the infrared signal and
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place the data on the bus 902. The bus 902 carries the data to the main memory 906, from
which the processor 904 retrieves and executes the instructions. The instructions received
from the main memory 906 may optionally be stored on the storage device 910 either before
or after execution by the processor 904.

[0086] The server 930 also includes a communication interface 918 coupled to the
bus 902. The communication interface 918 provides a two-way data communication coupling
to a network link 920 that is connected to the world wide packet data communication network
now commonly referred to as the Internet 928. The Internet 928 uses electrical,
electromagnetic or optical signals that carry digital data streams. The signals through the
various networks and the signals on the network link 920 and through the communication
interface 918, which carry the digital data to and from the server 930, are exemplary forms or
carrier waves transporting the information.

[0087] In another embodiment of the server 930, interface 918 is connected to a
network 922 via a communication link 920. For example, the communication interface 918
may be an integrated services digital network (ISDN) card or a modem to provide a data
communication connection to a corresponding type of telephone line, which can comprise
part of the network link 920. As another example, the communication interface 918 may be a
local area network (LAN) card to provide a data communication connection to a compatible
LAN. Wireless links may also be implemented. In any such implementation, the
communication interface 918 sends and receives electrical electromagnetic or optical signals
that carry digital data streams representing various types of information.

[0088] The network link 920 typically provides data communication through one or
more networks to other data devices. For example, the network link 920 may provide a
connection through the local network 922 to a host computer 924 or to data equipment
operated by an Internet Service Provider (ISP). The ISP in turn provides data communication
services through the Internet 928. The local network 922 and the Internet 928 both use
electrical, electromagnetic or optical signals that carry digital data streams. The signals
through the various networks and the signals on the network link 920 and through the
communication interface 918, which carry the digital data to and from the server 930, are
exemplary forms or carrier waves transporting the information.

[0089] The server 930 can send/receive messages and data, including e-mail, program
code, through the network, the network link 920 and the communication interface 918.
Further, the communication interface 918 can comprise a USB/Tuner and the network link

920 may be an antenna or cable for connecting the server 930 to a cable provider, satellite
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provider or other terrestrial transmission system for receiving messages, data and program
code from another source.

[0090] The example versions of the embodiments described herein may be
implemented as logical operations in a distributed processing system such as the system 900
including the servers 930. The logical operations of the embodiments may be implemented as
a sequence of steps executing in the server 930, and as interconnected machine modules
within the system 900. The implementation is a matter of choice and can depend on
performance of the system 900 implementing the embodiments. As such, the logical
operations constituting said example versions of the embodiments are referred to for e.g., as
operations, steps or modules.

[0091] Similar to a server 930 described above, a client device 901 can include a
processor, memory, storage device, display, input device and communication interface (e.g.,
e-mail interface) for connecting the client device to the Internet 928, the ISP, or LAN 922, for
communication with the servers 930.

[0092] The system 900 can further include computers (e.g., personal computers,
computing nodes) 905 operating in the same manner as client devices 901, wherein a user can
utilize one or more computers 905 to manage data in the server 930.

[0093]Referring now to FIG. 10, illustrative cloud computing environment 50 is depicted.
As shown, cloud computing environment 50 comprises one or more cloud computing nodes
10 with which local computing devices used by cloud consumers, such as, for example,
personal digital assistant (PDA), smartphone, smart watch, set-top box, video game system,
tablet, mobile computing device, or cellular telephone 54A, desktop computer 54B, laptop
computer 54C, and/or unmanned aerial system 54N may communicate. Nodes 10 may
communicate with one another. They may be grouped (not shown) physically or virtually, in
one or more networks, such as Private, Community, Public, or Hybrid clouds as described
hereinabove, or a combination thereof. This allows cloud computing environment 50 to offer
infrastructure, platforms and/or software as services for which a cloud consumer does not
need to maintain resources on a local computing device. It is understood that the types of
computing devices S4A-N shown in FIG. 10 are intended to be illustrative only and that
computing nodes 10 and cloud computing environment 50 can communicate with any type of
computerized device over any type of network and/or network addressable connection (e.g.,
using a web browser).

[0094] It is contemplated that various combinations and/or sub-combinations of the

specific features and aspects of the above embodiments may be made and still fall within the
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scope of the invention. Accordingly, it should be understood that various features and
aspects of the disclosed embodiments may be combined with or substituted for one another in
order to form varying modes of the disclosed invention. Further, it is intended that the scope
of the present invention herein disclosed by way of examples should not be limited by the

particular disclosed embodiments described above.
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WHAT IS CLAIMED IS:

1. A system comprising:

a base station (104);

an unmanned aerial vehicle (UAV) (106), wherein the UAV is launched from the base
station;

a payload (108) disposed on the UAV, wherein the payload is configured to generate
payload data of at least one infrastructure (112, 158, 160), and wherein the
payload data comprises at least one of’ a gas sensor (146) data, an infrared imager
for optical gas imaging (OGI) camera (148) data, an infrared imager tuned for
radiometric measurement camera data, a visible camera (150) data, and a 3D
mapping (156) data; and

a processor (154, 164, 114) in communication with the UAV and the payload,
wherein the processor is configured to determine an integrity of the at least one

infrastructure based on payload data from the payload.
2. The system of claim 1, further comprising:
a ground control station (GCS) (110) in communication with the UAV and the
payload, wherein the processor of the GCS is configured to determine an integrity

of the at least one infrastructure based on payload data from the payload.

3. The system of claim 1, wherein the processor is at least one of: a payload processor

(154), a GCS processor (164), and a cloud server (114).

4. The system of claim 1, wherein the base station comprises a ground control station

(GCS) (110) in communication with the UAV and the payload.

5. The system of claim 1, wherein the infrared imager is an imager tuned to mid-

wavelength infrared (MWIR).

6. The system of claim 1, wherein the infrared imager is an imager tuned to long-

wavelength infrared (LWIR).

7. The system of claim 1, wherein the 3D mapping data is LIDAR data.
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10.

11.

12.

13.

14.

15.

The system of claim 1, further comprising:

a remote command and control station (170) located distal from the base station.

The system of claim 1, further comprising:

a remote command and control station (170) located proximate the base station.

The system of claim 1, further comprising:
a cloud server (114), wherein the cloud server is configured to receive the payload

data and the determined integrity of the at least one infrastructure.

The system of claim 1, wherein the base station is a permanent structure comprising:

a dashboard (116) configured to display data from at least one of: the payload and the
UAYV,; and

a transceiver (118) configured to communicate with at least one of: the UAV, the

payload, and the GCS.

The system of claim 1, wherein the base station is a temporary structure comprising:

a dashboard (116) configured to display data from at least one of: the payload and the
UAYV,; and

a transceiver (118) configured to communicate with at least one of: the UAV, the

payload, and the GCS.

The system of claim 1, wherein the base station is a mobile vehicle comprising:

a dashboard (116) configured to display data from at least one of: the payload and the
UAYV,; and

a transceiver (118) configured to communicate with at least one of: the UAV, the

payload, and the GCS.

The system of claim 13, wherein the mobile vehicle is a field truck.

The system of claim 1, wherein the UAV is a vertical takeoft and landing (VTOL)
UAV.
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16.

17.

18.

19.

20.

21.

22.

The system of claim 1, wherein the base station further comprises an all-weather
enclosure (120) to protect the UAV from the elements when the UAYV is within the

base station.

The system of claim 16, wherein the all-weather enclosure further comprises a

telescope hood (500).

The system of claim 1, wherein the base station further comprises a power system

(122) for recharging the UAV when the UAV is within the base station.

The system of claim 1, wherein the base station further comprises a data system (104)
for data transfer between the UAV and the base station when the UAV is within the

base station.

The system of claim 1, wherein the payload further comprises at least one of: one or
more gas sensors (146), an optical gas imaging (OGI) camera (148), a visible camera
(150), a thermal infrared camera (168), vibration isolation (152), a processor (154)

having addressable memory, and a light detection and ranging (LIDAR) sensor (156).

The system of claim 1, wherein the payload further comprises one or more gas
sensors (146), an optical gas imaging (OGI) camera (148), a visible camera (150), a
thermal infrared camera (168), vibration isolation (152), a processor (154) having

addressable memory, and a light detection and ranging (LIDAR) sensor (156).

A method comprising:

launching an unmanned aerial vehicle (UAV) (106) from a base station (104),
wherein the base station is disposed on a mobile vehicle (102);

generating, by a payload (108) on the UAV, payload data of at least one infrastructure
(112, 158, 160), wherein the payload data comprises at least one of: a gas sensor
(146) data, an infrared imager for an optical gas imaging (OGI) camera (148) data,
an infrared imager tuned for radiometric measurement camera data, a visible
camera (150) data, and a LIDAR (156) data;

streaming, by at least one transmitter, the generated payload data to a ground control

station (GCS) (110) in near real-time; and
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determining, by a processor of the GCS, an integrity of the at least one infrastructure

based on the streamed payload data.
23. The method of claim 22, further comprising:
displaying, via a dashboard (162) of the GCS, the determined integrity of the at least

one infrastructure.

24. The method of claim 23, further comprising:
landing the UAV at the base station.

25. The method of claim 24, further comprising:
recharging, via a power system (122), the landed UAV at the base station.
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AMENDED CLAIMS
received by the International Bureau on 24 December 2020 (24.12.2020)

WHAT IS CLAIMED IS:

1. A system comprising:

a base station (104);,

an unmanned aerial vehicle (UAV) (106), wherein the UAV is configured to be
launched from the base station to fly a flight plan conducted at a regular
frequency;

a payload (108) disposed on the UAV, wherein the payload is configured to generate
payload data of at least one infrastructure (112, 158, 160) during at least one flight
plan of the UAV, wherein at least one infrastructure comprises a potential gas
emissions source, and wherein the payload data comprises at least one of: a gas
sensor (146) data, an infrared imager for optical gas imaging (OGI) camera (148)
data, an infrared imager tuned for radiometric measurement camera data, a visible
camera (150) data, and a 3D mapping (156) data; and

a processor (154, 164, 114) in communication with the UAV and the payload,
wherein the processor is configured to determine an integrity of the at least one
infrastructure based on payload data from the payload, wherein the determined

integrity is within a set confidence bound.

2. The system of claim 1, wherein the determined integrity comprises an assessment of
current conditions of the at least one infrastructure and a predictor for future

conditions of the at least one infrastructure.

3. The system of claim 2, wherein the determined integrity is a gas leak is present at an

infrastructure of the at least one infrastructure.

4. The system of claim 2, wherein the determined integrity is no gas leak is present at an

infrastructure of the at least one infrastructure.

5. The system of claim 2, wherein the determined integrity is a repair is currently needed

at an infrastructure of the at least one infrastructure.

6. The system of claim 2, wherein the determined integrity is a repair will be needed in

the future at an infrastructure of the at least one infrastructure.
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10.

11.

12.

13

14.

15.

16.

The system of claim 1, further comprising:
a ground control station (GCS) (110) in communication with the UAV and the
payload, wherein the processor of the GCS is configured to determine an integrity

of the at least one infrastructure based on payload data from the payload.

The system of claim 1, wherein the processor is at least one of: a payload processor

(154), a GCS processor (164), and a cloud server (114).

The system of claim 1, wherein the base station comprises a ground control station

(GCS) (110) in communication with the UAV and the payload.

The system of claim 1, wherein the infrared imager is an imager tuned to mid-

wavelength infrared (MWIR).

The system of claim 1, wherein the infrared imager is an imager tuned to long-

wavelength infrared (LWIR).

The system of claim 1, wherein the 3D mapping data is LIDAR data.

. The system of claim 1, further comprising:

a remote command and control station (170) located distal from the base station.

The system of claim 1, further comprising:

a remote command and control station (170) located proximate the base station.

The system of claim 1, further comprising:
a cloud server (114), wherein the cloud server is configured to receive the payload

data and the determined integrity of the at least one infrastructure.

The system of claim 1, wherein the base station is a permanent structure comprising:
a dashboard (116) configured to display data from at least one of: the payload and the
UAV; and
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17.

18.

19.

20.

21.

22.

23.

24.

a transceiver (118) configured to communicate with at least one of: the UAV, the

payload, and the GCS.

The system of claim 1, wherein the base station is a temporary structure comprising:

a dashboard (116) configured to display data from at least one of: the payload and the
UAV; and

a transceiver (118) configured to communicate with at least one of’ the UAV, the

payload, and the GCS.

The system of claim 1, wherein the base station is a mobile vehicle comprising:

a dashboard (116) configured to display data from at least one of: the payload and the
UAV; and

a transceiver (118) configured to communicate with at least one of: the UAV, the

payload, and the GCS.

The system of claim 18, wherein the mobile vehicle is a field truck.

The system of claim 1, wherein the UAV is a vertical takeoff and landing (VTOL)
UAV.

The system of claim 1, wherein the base station further comprises an all-weather
enclosure (120) to protect the UAV from the elements when the UAYV is within the

base station.

The system of claim 1, wherein the base station further comprises a power system

(122) for recharging the UAV when the UAYV is within the base station.

The system of claim 1, wherein the base station further comprises a data system (104)
for data transfer between the UAV and the base station when the UAYV is within the

base station.

The system of claim 1, wherein the payload further comprises at least one of: one or
more gas sensors (146), an optical gas imaging (OGI) camera (148), a visible camera
(150), a thermal infrared camera (168), vibration isolation (152), a processor (154)

having addressable memory, and a light detection and ranging (LIDAR) sensor (156).
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25. The system of claim 1, wherein the payload further comprises one or more gas
sensors (146), an optical gas imaging (OGI) camera (148), a visible camera (150), a
thermal infrared camera (168), vibration isolation (152), a processor (154) having

addressable memory, and a light detection and ranging (LIDAR) sensor (156).

26. A method comprising:

launching an unmanned aerial vehicle (UAV) (106) from a base station (104),
wherein the base station is disposed on a mobile vehicle (102);

flying, by the UAV, a flight plan at a regular frequency;

generating, by a payload (108) on the UAV, payload data of at least one infrastructure
(112, 158, 160) during at least one flight plan of the UAV, wherein at least one
infrastructure comprises a potential gas emissions source, wherein the payload
data comprises at least one of: a gas sensor (146) data, an infrared imager for an
optical gas imaging (OGI) camera (148) data, an infrared imager tuned for
radiometric measurement camera data, a visible camera (150) data, and a LIDAR
(156) data;

streaming, by at least one transmitter, the generated payload data to a ground control
station (GCS) (110) in near real-time; and

determining, by a processor of the GCS, an integrity of the at least one infrastructure
based on the streamed payload data, wherein the determined integrity is within a

set confidence bound.

27. The method of claim 26, wherein the determined integrity comprises an assessment of
current conditions of the at least one infrastructure and a predictor for future

conditions of the at least one infrastructure.

28. The method of claim 27, wherein the determined integrity is a gas leak is present at an

infrastructure of the at least one infrastructure.

29. The method of claim 27, wherein the determined integrity is no gas leak is present at

an infrastructure of the at least one infrastructure.
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30.

31.

32.

33.

34.

The method of claim 27, wherein the determined integrity is a repair is currently

needed at an infrastructure of the at least one infrastructure.

The method of claim 27, wherein the determined integrity is a repair will be needed in

the future at an infrastructure of the at least one infrastructure.

The method of claim 26, further comprising:
displaying, via a dashboard (162) of the GCS, the determined integrity of the at least

one infrastructure.

The method of claim 32, further comprising:
landing the UAV at the base station.

The method of claim 33, further comprising:

recharging, via a power system (122), the landed UAV at the base station.

32

AMENDED SHEET (ARTICLE 19)



PCT/US2020/044978

WO 2021/026215

I "©I4 YINYIAS ANO1D |~ ¥LL
291 H VHINYO 7
QIMVHANI TYWETHL l
9G L H ONIddVIN Q€ <
dOSS300dd  ~r~¥9]
¥S1 ~ ¥0SSI00Hd
> | QuvogHSYa |t~
261 ~{ NOLLYIOSINOLLVNEIA || ¢l
g— NOILYLS TOH¥LNOD
05b~ VeHvo A avd TIaM 4~ 091 aNNo¥o
b1 < WEENe) )
ONIOVINI SYO TvoILdo | [~ 80} aNM3did  ~~8G) oLL
JYNLONLSVHANI
L~ Y¥OSN3S SO v
e A INILSAS VLvd
o ~
— INTLSAS
- Vv y
— 5 ¥3IMOd
SOINOINV 4~
Y3LINOWINY 9¢l s
Q¥vOENO
Pyl < Sdo el YIHLYIM-TIV
zpL 4 SSANYVH NOILYLS 3Svd
ONIYIM HOLOW <21
| wosnas YIAIFOSNVHL M~og) NOILYLS
ovi HYIHLYIM JOYLNOD i [ HINFOSNVEL
AdonNanw 8¢l any ] “
d43Imod d0SS300dd (921 3LON3Y i ITOIHIA INGON |
bq J1DIHIA TVIE3V AINNVIANN —~001 ) )
00l 0Ll col

7

)
<
N
-—

4
)
N
N
-—

{
)
o
N
-—



PCT/US2020/044978

WO 2021/026215

¢ Old

AT NOILVLS 3SVE IHL LV AVN AIANVT IHL ‘WILSAS ¥IMOd V VIA ‘FOUVHOTY
%
AN A NOILVLS 3SVE FHL 1V AVN FHL ANV
+
012 ~ FAUNLONYLSVHANI INO LSV 1V FHL 40 ALMOILINI G3ININYI1IA FHL ‘GYVOEHSYA V VIA ‘AV1dSId
+
V1va QVOTAVd AIAVIELS FHL
802 ~| NO d3svd FHNLONYLSVHANI INO LSVIT LV FHL 40 ALIMOTLNI NV "HOSSIOOHd V A9 ‘ANINYTLIA
- 1
-y — JNIL-TYIY ¥VAN NI (SOD) NOILVLS
& 902~ 1041NOD ANNO¥D V 0L V1VA AYOTAVA AFLVHANTO FHL “HALLINSNVAL INO LSV LV AG TNYIHLS
»
v1va ONIddVI
P0Z de V ANV 'V.1vA VYINYO FTdISIA Y 'V.LVA VHINYD (190) ONIDVINI SYD TVOILdO HO4 ¥IDVI
d3YVANI NV 'VLVA HOSNIS SVO V 140 INO LSV 1V SISIMAWOD V1VA AVOTAVd JHL NIFHIHM
‘FTINLONYLSYHINI ANO 1SVAT LV 40 VIVA AVOTAVd ‘AVN FHL NO QVOTAVd V Ad ‘TLVHINIO
+
202 1 NOILVLS 3SVE Y WOH4 (AVN) ITOIHIA TVIMIY GINNYIANN NV HONNYT

00¢ u




PCT/US2020/044978

WO 2021/026215

3/10

€ 'Old

wialsAg BuiBieysey §

WiBISAS I3Mod

021 ~_

{(pRoP JaWoIsng o)
BoBUBIU] WIOMIBN Lo

BINSOIOU
JSLICSAR-IIY

ped BuiBieyn

(aBeyoed Josuas+)
SV SNoWwouoINY

S
gw\v
{"IOLA snowiouoiny)
P
AIBADDSBYN / Yonue sy
mmm\&

/

o901



WO 2021/026215 PCT/US2020/044978

4/10

106

FIG. 4C

FIG. 4A
FIG. 4B




PCT/US2020/044978

WO 2021/026215

5/10

JG 'Old

b

|

00S

a5 'Old

¢0G 7

o o
o x
P e

3

7
Jp—— o e o e ol

00G

VS "Old

A T L [

KX

00S




PCT/US2020/044978

WO 2021/026215

6/10

009 u

9 "Old

JOVMOVd
ONINYHVY3IT/ NOISIA INIHOVIA

~— 019

JOVMOVd (ANVYG-1) ONISNIS
IAVMOEDIIN IAISSYd

~— 809

JOVYMOVd
ININIHNSVYIN SVO

~—909

JOVAOVd ONISNIS
Ad3dvd4dNI / 3T4ISIA

~—¥09

JOVYMOVd
JONVAIOAV AYVZVH

~— 209

avolAvd

801




PCT/US2020/044978

WO 2021/026215

7/10

L "Old

SUCHEDILUMNULICT JL1 9% -
Aujgeden Buibieyosy -
IOIOTY [ PUBLLLIOY) -

SUOSHESIUNWIUICD I S »
‘SIA Pessa00id-1sod -
SIA (/M) swi L -lesy -

IOJIUCT) / DUBURLIO?D -

sonsoubBel(] AlBAoDaY J UouneT -
aoRLIBU] UOHRIS askey - . PSIDOW -
SDBLISIU] SIRAMLIOR ‘uoielys ssey
oL

e f
(BuipueT-uQ) 02
Wipimpueg-uybiH o,

wesns ejed

weansg geq 3} .
ﬁxmmﬁ mgaa%/

{(uondaoiod paseg-uUsISIA UIM)
ULIcieldd paluslingsu;

(uonosag sbueyD TN/ 1)
puz-¥oeg sondieuy eieq pnoin

Qom\&



PCT/US2020/044978

WO 2021/026215

a0BLIBIL
SUONEDIUNWLIOT

8 'Old

auiran obeiog
BBACUID M

3
LONEDIUNLILIOT
¢ Z18 ~
918
S 018 ~—
~
o o]
808 ~_—

008

aoiAsD abeiolg

18

| ;wwmm&u | 118

2OBLIBIU SN
aoinep Aejdelry — 08

SIMOnIseL
Sislizall st vy

AJOUIBN ~— 908
108880044 [~ 208




WO 2021/026215 PCT/US2020/044978
9/10
Ve 900
916 914 912
/ / /
Cursor Control . )
Device input Device Display
A ¥ A
Bk 904
Memory ROM Storage Device
/ & / A /’ A
906 908 910
A\ A4 ¥ ¥
BUS
) & /
¥ v 902
918 - Communication CPU
. Interface /
{
904 -
920 928 920 Client
N Device/Mobile
Device
ﬂ;met \
Local Network HOST 901
920
922 Server
Client /
Server Computer (PC) 930
930 905

FIG. 9



WO 2021/026215 PCT/US2020/044978

10/10

Bdg f

50

10

54b

FIG. 10



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 20/44978

A. CLASSIFICATION OF SUBJECT MATTER
IPC - B64C 29/00; B64C 30/00 (2020.01)

CPC - B64C 2201/042; B64C 2201/042; B64C 29/0016, B64C 39/024;

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2018/227153 (RESNICK, Blake) 13 December 2018 (13.12.2018) enitre document, 1-4, 6, 8, 10-11, 16, 18-
especially: fig. 1-6, 12, 14; para [25]-[29), [46}, [51], (53], [55}], {56], [58], [59], [65]), [105], [108]- |20
Y [111], [117]-[120], {133], [156]-[157], [165], [174), [177])-{182], [193], [195]-[196], [201]

5,7,9, 12-15,17,21-25

Y US 2013/0076900 A1 (Mrozek et al.) 28 March 2013 (28.03.2013) enitre document, especially: |5
para [0055}

Y US 2019/0212419 A1 (SOS LAB CO., LTD) 11 July 2019 (11.07.2019) enitre document, 7
especially: para [0268], [0504]

US 2018/0023974 A1 (TOPCON Corporation) 25 January 2018 (25.01.2018) enitre document,
Y especially: fig. 6; para [0100}-[0102] 9

Y US 2018/0050798 A1 (THE HI-TECH ROBOTIC SYSTEMZ LTD.) 22 February 2018 12-14, 22-25
(22.02.2018) enitre document, especially: [0037], [0038]

Y WO 2015/073687 A1 (SCHLUMBERGER CANADA LIMITED) 21 May 2015 (21.05.2015) enitre { 15
document, especially: para [0025]
x{ Further documents are listed in the continuation of Box C. [:I See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority
“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be
“E" earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which maﬁ throw doubts on priority claim(s) or which “Y” document of particular relevance: the claimed invention cannot
is cited 1o establish t qg)ubllcanon date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“Q” documentreferring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than  “&” document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
02 October 2020 0 C T 20 20

Name and mailing address of the ISA/US AuthoriZ®t Sficer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee Young

P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300 Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISAZ210 (second sheet) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 20/44978

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2017/0158353 A1 (Mark Schmick) 08 June 2017 (08.06.2017) enitre document, especially: | 17
para [0008], [0010}, [0152]
Y US 2018/0188129 A1 (General Electric Company) 05 July 2018 (05.07.2018) enitre document, | 21
especially: fig. 4; para [0010], [0035], [0036], [0043])
Y US 2015/0316473 A1 (REBELLION PHOTONICS, INC.) 05 November 2015 (05.11.2015) 21

enitre document, especially: para [0130]

Form PCT/ISA/210 (continuation of second sheet) (July 2019)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - amend-body
	Page 31 - amend-body
	Page 32 - amend-body
	Page 33 - amend-body
	Page 34 - amend-body
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - wo-search-report
	Page 46 - wo-search-report

