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CLOSED SURFACE FLIGHT PATTERN GENERATION FOR UNMANNED
AERIAL VEHICLE (UAV) FLUX PLANE ASSESSMENT

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the priority benefit of U.S. Provisional Patent
Application Serial Number 62/910,695 filed October 4, 2019, incorporated herein by

reference in its entirety.

FIELD OF ENDEAVOR
[0002] Embodiments relate generally to gas leak detection, and more particularly to

gas leak detection of large facilities.

BACKGROUND

[0003] Large facilities may have one or more sources of potential gas leaks. Existing
systems and methods for detecting these leaks require large sensors and may be inaccurate
due to an inability to capture a complete flux plane of gasses being emitted from these one or

more sources of potential gas leaks.

SUMMARY

[0004] A system embodiment may include: a processor having addressable memory,
where the processor may be configured to: determine one or more flight paths for an aerial
vehicle, where the determined flight path creates a continuous surface about one or more
potential gas sources of a survey site; receive a trace gas data from one or more trace gas
sensors of the aerial vehicle of the continuous surface as the aerial vehicle flies the
determined one or more flight paths; and determine based on the received trace gas data
whether a gas leak may be present in the received survey site and a rate of the gas leak if
present in the survey site.

[0005] In additional system embodiments, the continuous surface is a flux plane. In
additional system embodiments, the flux plane is a closed flux plane. In additional system
embodiments, the continuous surface is formed by any series of turns in the flight path for the
aerial vehicle that forms the continuous surface when interpolated.

[0006] In additional system embodiments, the processor may be further configured to:
receive one or more flight platform capabilities of the aerial vehicle, where the determined

flight path may be based on the received one or more flight platform capabilities. In
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additional system embodiments, the processor may be further configured to: receive a wind
data for the survey site, where the determined flight path may be further based on the
received wind data. In additional system embodiments, the wind data may include
instantaneous wind speed measurements in three dimensions from an anemometer.

[0007] In additional system embodiments, the aerial vehicle may be an unmanned
aerial vehicle (UAV). In additional system embodiments, the UAV may be configured to fly
the determined one or more flight paths autonomously. In additional system embodiments,
the UAV may be configured to fly the determined one or more flight paths semi-
autonomously.

[0008] In additional system embodiments, the continuous surface comprises at least
one of: a beehive-shaped continuous surface and a cone-shaped continuous surface. In
additional system embodiments, the continuous surface comprises a right angle, an arc,
and/or a continuous curve in the flight path for the aerial vehicle. In additional system
embodiments, the aerial vehicle flies a determined flight path of the one or more flight path
two or more times, and where the received trace gas data may be averaged from each of the
two or more flights. In additional system embodiments, the processor may be further
configured to, for creating the continuous surface: convert a dataset into an altitude-s space;
perform a triangulation on the dataset in the altitude s-space; and apply the performed
triangulation on a Cartesian X, Y, Z space of the dataset to produce at least one of’ a fully
closed surface and a semi-closed surface.

[0009] A method embodiment may include: determining, by the processor, one or
more flight paths for an aerial vehicle, where the determined flight path creates a continuous
surface about one or more potential gas sources of a survey site; receiving, by the processor, a
trace gas data from one or more trace gas sensors of the aerial vehicle of the continuous
surface as the aerial vehicle flies the determined one or more flight paths; and determining,
by the processor, based on the received gas data whether a gas leak may be present in the
received survey site and a rate of the gas leak if present in the survey site.

[0010] In additional method embodiments, the continuous surface is a flux plane. In
additional method embodiments, the flux plane is a closed flux plane. In additional method
embodiments, the continuous surface is formed by any series of turns in the flight path for the
aerial vehicle that forms the continuous surface when interpolated.

[0011] Additional method embodiments may include: receiving, by the processor, one
or more flight platform capabilities, where the determined flight path may be based the

received one or more flight platform capabilities. Additional method embodiments may
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include: receiving, by the processor, a wind data for the survey site (210, 404), where the
determined flight path may be further based the received one or more flight platform
capabilities, and the received wind data.

[0012] In additional method embodiments, the aerial vehicle may be an unmanned
aerial vehicle (UAV). In additional method embodiments, the UAV may be configured to fly
the determined one or more flight paths autonomously. In additional method embodiments,
the UAV may be configured to fly the determined one or more flight paths semi-
autonomously.

[0013] In additional method embodiments, creating the continuous surface further
comprises: converting, by the processor, a dataset into an altitude-s space; performing, by the
processor, a triangulation on the dataset in the altitude s-space; and applying, by the
processor, the performed triangulation on a Cartesian X, Y, Z space of the dataset to produce

at least one of: a fully closed surface and a semi-closed surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] 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:

[0015] FIG. 1 depicts an aerial vehicle flying a generally cylindrical flight path to
survey a continuous surface in cylindrical coordinates and capture a cross-section of a gas
from a survey site, according to one embodiment;

[0016] FIG. 2 depicts an unmanned aerial vehicle (UAV) flying a generally beehive-
shaped flight path to survey a closed continuous surface and capture a cross-section of a gas
from a survey site, according to one embodiment;

[0017] FIGS. 3A-3D depict closed continuous surfaces based on UAV flight paths,
according to one embodiment;

[0018] FIG. 4 illustrates an example top-level functional block diagram of a flight
pattern generation system for creating closed continuous surfaces, according to one
embodiment;

[0019] FIG. 5 depicts a high-level flowchart of a method embodiment of generating a
flight pattern for creating a closed continuous surface, according to one embodiment;

[0020] FIG. 6 depicts a high-level flowchart of a method embodiment of generating a

continuous surface, according to one embodiment;
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[0021] FIG. 7 depicts a high-level flowchart of a method embodiment of determining
a volumetric flowrate of inflowing gas species concentration, according to one embodiment;

[0022] FIG. 8 illustrates an example top-level functional block diagram of a
computing device embodiment;

[0023] FIG. 9 shows a high-level block diagram and process of a computing system
for implementing an embodiment of the system and process;

[0024] FIG. 10 shows a block diagram and process of an exemplary system in which
an embodiment may be implemented,

[0025] FIG. 11 depicts a cloud computing environment for implementing an
embodiment of the system and process disclosed herein; and

[0026] FIG. 12 depicts a system for detecting trace gasses, according to one

embodiment.

DETAILED DESCRIPTION

[0027] 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
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.

[0028] The present system allows for the generation of a flight path for an unmanned
aerial vehicle (UAV) having one or more gas sensors to fly around a survey site that may
contain one or more potential gas sources. The potential gas sources may include a gas
pipeline, an oil rig, and the like. The generated flight path for the UAV may form a closed
surface around the potential gas source. The generated flight path may allow the UAV to
survey a closed continuous surface and capture a cross-section of gas that may be emitted
from one or more potential gas sources in a large facility. Embodiments may include a small,
highly maneuverable, and/or remotely piloted UAV capable of detecting, localizing, and/or
quantifying gas leaks using novel flight paths.

[0029] Trace gas sensors may be used to detect and quantify leaks of toxic gases, e.g.,
hydrogen disulfide, or environmentally damaging gases, e.g., methane, 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, such as oil and gas, chemical production,
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and painting. Detection and quantification of leaks is also of value to environmental
regulators for assessing compliance and for mitigating environmental and safety risks.

[0030] Industrial sites may be surveyed for toxic gas leaks using a manned flight
platform, such as a fixed-wing aircraft or a helicopter. If trace gases are detected near or
around a survey site, the leak size, i.e., flow rate, may be estimated by flying a continuous
surface that captures a cross-section of the gas. This continuous surface relates the flux of
trace gas through a plane with the upstream source, under the assumption that all gas flux
originating from the source passes through a plane downstream.

[0031] The specific details of a continuous surface flight pattern may be determined
by the capabilities of the flight platform, as well as the details of the survey site itself. For
example, a survey site with a linear array of potential leak sources, such as a pipeline, may
require a different flight pattern than an industrial site that may be essentially an isolated
point source. For a linear array, the survey may extend downwind of the site. For a fixed
point, or distribution of fixed points, the generated flight pattern may typically be arcs
downwind of the fixed point or aggregate of points.

[0032] FIG. 1 depicts a system 100 for an aerial vehicle 102 flying a generally
cylindrical flight path 104 to survey a continuous surface 106 in cylindrical coordinates and
capture a cross-section of a gas 108 from a survey site 110, according to one embodiment.
The aerial vehicle 102 may be a fixed-wing flight platform, such as a Cessna aircraft. The
aerial vehicle 102 may survey for leaks is the generally cylindrical flight path 104. Laps may
be flown around the survey site 110 at different altitudes. The survey site 110 may be a large
facility and may include one or more potential gas sources. The generally cylindrical flight
path 104 of the aerial vehicle 102 may effectively survey the continuous surface 106 in
cylindrical coordinates. The continuous surface 106 is depicted in dashed lines in FIG. 1.

[0033] This generally cylindrical flight path 104 may minimize the effect of
atmospheric turbulence by effectively drawing a line integral around the survey site 110.
Such a flight path 104 may be effective in assuring the detection of a leak and quantifying the
source leak rate in some embodiments. However, this flight path 104 is time-consuming and
suffers from the inability to assess fluxes in a z-direction 112. The cylindrical flight path 104
fails to measure fluxes flowing out the top 114 of the cylindrical flux path 106. Depending on
wind conditions, available time, and the like, the cylindrical flight path 104 may be
ineffective in detecting a gas leak for gasses 108 rising up in the z-direction 108 as these
gasses 108 may not pass through the cylindrical continuous surface 106. Extending the flight

path 104 and cylindrical continuous surface 106 further in the z-direction may capture
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additional gasses 108 but only at a greatly increased time and energy cost as the aerial vehicle
102 must fly a much further distance.

[0034] FIG. 2 depicts a system 200 for an aerial vehicle such as an unmanned aerial
vehicle (UAV) 202 flying a generally beehive-shaped flight path 204 to survey a continuous
surface 206 and capture a cross-section of a gas 208 from a survey site 210, according to one
embodiment. In some embodiments, the continuous surface 206 may be a flux plane. In other
embodiments, the continuous surface 206 may be a closed flux plane. The continuous surface
206 may be formed by any polygon or any series of turns that forms the continuous surface
when interpolated. The continuous surface 206 may be formed by a right angle, an arc, and/or
a continuous curve in a flight path for the UAV 202. The UAV 202 may be a small, highly
maneuverable, and/or remotely piloted airborne platform. The UAV may be used to detect,
localize and quantify gas leaks 208 at survey sites 210, such as industrial sites, using novel
flight paths 204 that manned aerial platforms, such as shown in FIG. 1, are unable to fly.
These manned flight platforms for civilian use may have much lower dynamic performance
than unmanned platforms, such as the UAV 202. In some embodiments, the UAV 202 may
be a multi-rotor platform, such as a quadcopter, which may not be constrained by a stall
speed like fixed-wing platforms, enabling the UAV 202 to stop their motion and incorporate
acute angles, obtuse angles, and/or right angles into the flight path.

[0035] In some embodiments, the UAV 202 may fly a time- and distance-efficient
survey of a gas leak 208 from a survey site 210. The UAV 202 may fly a beehive-shaped
flight path 204 around a survey site 210. While the flight path 204 is depicted as forming a
generally beehive shape, the flight path 204 may include additional rotations about the survey
site 210, variations due to the wind, variations due to survey site conditions, variations due to
user settings, variations due to user limitations, and the like. The shape of the flight path 204
may be modified to consider a variety of factors, including possible gas sources, gas plume
shapes, and wind velocity. Furthermore, the flight path 204 shape may be generated to
account for rules or laws that may require a minimum distance from the source of the leak,
such a gas pipeline, offshore oil rig, and the like.

[0036] The beehive-shaped flight path 204 may have a smaller radius at higher
altitudes, effectively closing off the continuous surface 206, which is depicted in dashed
lines. Such a flight path 204 is an improvement upon a cylindrical flight path, such as shown
in FIG. 1, in that it both assesses fluxes in the z-direction 212, while also reducing the
maximum altitude in the flight path 204, thereby reducing the flight time. The flight path 204

may be completed in a shorter amount of time as compared to a cylindrical flight path. The
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flight path 204 may be expanded to cover a greater area surrounding the survey site 210 in a
shorter or same amount of time as compared to a cylindrical flight path.

[0037] A processor 214 may be in communication 216 with the UAV 202. The
processor may generate the flight path 204 and communicate 216 the flight path to the UAV
202. The UAV may then fly the flight path 204 and generate gas data, which may be
communicated 216 to the processor 214. In some embodiments, the processor 214 may be a
ground control station (GCS) used to control the UAV 202. In other embodiments, the
processor 214 may be a part of the UAV 202. In some embodiments, the UAV 202 may fly
the flight path 204 autonomously or semi-autonomously.

[0038] FIGS. 3A-3D depict closed continuous surfaces 300, 304, 308, 312 based on
UAV flight paths 302, 306, 310, 314, according to one embodiment. FIG. 3A depicts a
beehive-shaped continuous surface 300 created from a first flight path 302. FIG. 3B depicts a
cone-shaped continuous surface 304 created from a second flight path 306. FIG. 3C depicts a
box-shaped continuous surface 308 created from a third flight path 310. The third flight path
310 may include right angles if the UAV being used is a multi-rotor vehicle, such as a
quadcopter. FIG. 3D depicts a cone-shaped continuous surface 312 created from a fourth
flight path 314. The shape of a continuous surface created by a flight path from a UAV may
be a closed shape that encapsulates the survey site having one or more potential gas leaks.

[0039] These closed continuous surfaces may be used to detect the presence of a gas
leak and/or the rate of a gas leak. These closed continuous surfaces may be any closed shape
and may have variations in the shape due to the wind, survey site conditions, user settings,
user limitations, laws and regulations, and the like. In some embodiments, the flight path of
the UAV may be a random flight path creating a closed continuous surface rather than a
smooth curve, such as shown in FIGS. 3A, 3B, and 3D. In some embodiments, the flight path
of the UAV may be flown several times and averaged together to generate a result. For
example, a UAV may fly a flight path 2-3 times and the data may be averaged together to
generate a more accurate result. In some embodiments, the same flight path may be flown
each time. In other embodiments, different flight paths may be flown. For example, a first
flight path may be a smooth curve, such as shown in FIGS. 3A, 3B, or 3D and a second flight
path may be a random pattern. The radius of the closed continuous surface may be a function
of the gas sensor sensitivity. A sampling rate for the gas sensor in the UAV flight path may
be a compromise between a desired spatial sampling resolution and a minimum detection

limit. The planning of the flight path and closed continuous surface may be a desired shape,
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operational constraints, safety from the customer, optimization of a best scenario for time
spent in the plume, and the like.

[0040] FIG. 4 illustrates an example top-level functional block diagram of a flight
pattern generation system 400 for creating closed continuous surfaces, according to one
embodiment. The system 400 may include a processor 402. The processor 402 may receive
information on a survey site 404, which may be an area containing one or more potential gas
sources. The one or more potential gas sources may be equipment and/or locations more
likely to leak toxic gases, such as hydrogen disulfide, or environmentally damaging gases,
such as methane and sulfur dioxide. The survey site information 404 may also include user
rules, user preferences, rules, and/or laws relating to the survey site 404. For example, local
laws may prohibit an aerial vehicle from being within twenty feet of a pipeline and a user
preference may be to remain forty feet away from a pipeline in a survey site.

[0041] The processor 402 may also receive flight platform capabilities 406 for an
aerial vehicle 408. The flight platform capabilities 406 may include battery capacity, payload
limits, maximum flight time, operating restrictions, and the like. The flight platform
capabilities 406 may also include a maneuverability of the aerial vehicle 408. For example, a
quadrotor type aerial vehicle 408 may be able to hover stop, make acute angle turns, make
obtuse angle turns, and make right angle turns. A fixed-wing UAV may be limited to a set
turn radius and/or minimum flight speed. The aerial vehicle 408 may be an unmanned aerial
vehicle (UAV). The UAV may be autonomous and/or semi-autonomous.

[0042] The processor 402 may also receive wind data 410. Wind data 410 may
include wind speed and/or wind direction for the survey site 404. In some embodiments, wind
data 410 may also include predictions as to changes in the wind speed and/or wind direction.

[0043] The processor 402 may determine one or more flight paths, such as shown in
FIGS. 2-3D, for the aerial vehicle 408 based on the received survey site information 404,
flight platform capabilities 406, and/or wind data 410. The determined one or more flight
paths may create a closed continuous surface, such as shown in FIGS. 2-3D, about one or
more potential gas sources of the survey site 404.

[0044] The aerial vehicle 408 may have at least one trace gas sensor 412 to generate
trace gas data based on detected trace gas in the closed continuous surface as the aerial
vehicle 408 flies the determined one or more flight paths. The aerial vehicle 408 may have a
processor 414 in communication with addressable memory 416, a GPS 418, one or more
motors 420, and a power supply 422. The aerial vehicle 408 may receive the flight plan from

the processor 402 and communicate gathered gas sensor 412 data to the processor 402. The at
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least one gas sensor 412 may be configured to detect carbon dioxide. In other embodiments,
the at least one trace gas sensor 412 may be configured to detect nitrogen oxide. In other
embodiments, the at least one trace gas sensor 412 may be configured to detect sulfur oxide,
such as SO, SO,, SOs3, S70,, S¢02, S20,, and the like.

[0045] The GPS 418 may record the location of the aerial vehicle 408 when each gas
sensor 412 data is acquired. The GPS 418 may also allow the aerial vehicle 408 to travel the
flight path generated by the processor 402. In some embodiments, the location of the aerial
vehicle 408 may be determined by an onboard avionics 424. The onboard avionics 424 may
include a triangulation system, a beacon, a spatial coordinate system, or the like. The onboard
avionics 424 may be used with the GPS 418 in some embodiments. In other embodiments,
the aerial vehicle 408 may use only one of the GPS 418 and the onboard avionics 424. The
location information from the GPS 418 and/or onboard avionics 424 may be combined with
the gas sensor 412 data to determine if gas is present through the closed continuous surface
created by the flight plan of the aerial vehicle 408. In some embodiments, wind data 432 may
be measured onboard the aerial vehicle 408, such as via a wind sensor mounted to the aerial
vehicle 408.

[0046] The power supply 422 may be a battery in some embodiments. The power
supply 422 may limit the available flight time for the aerial vehicle 408 and so the time- and
energy-efficiency flight paths created by the processor 402 allow for the determination as to
whether there are any gas leaks through the closed continuous surface. In some embodiments,
the processor 402 may be a part of the aerial vehicle 408, a cloud computing device, a ground
control station (GCS) used to control the aerial vehicle 408, or the like. In some
embodiments, a user interface 430 may in communication with the processor 402. The user
interface 430 may be used to select the flight path, make changes to the flight path, receive
gas data, or the like. In some embodiments, the user interface 430 may be a part of the
processor 402, the additional processor 428, and/or a GCS.

[0047] The processor 402 may receive gas data from the one or more trace gas
sensors 412 of the aerial vehicle 408. The processor 402 may then determine, based on the
received gas data, whether a gas leak is present and/or a rate of the gas leak in the survey site
404. If a gas leak is not detected, no immediate action is needed and further tests may be
accomplished in the future to ensure that no gas leaks develop. If a gas leak is detected, then
corrective action may be taken to minimize and/or stop the gas leak.

[0048] In some embodiments, the processor 402 may be in communication with

addressable memory 426. The memory 426 may store the result of whether a gas leak was
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detected, historical gas data, the flight platform capabilities 406, wind data 814, and/or data
from the aerial vehicle 408. In some embodiments, the processor 402 may be in
communication with an additional processor 428. The additional processor 428 may be a part
of the aerial vehicle 408, a cloud computing device, a GCS used to control the aerial vehicle
408, or the like.

[0049] FIG. 5 depicts a high-level flowchart of a method embodiment 500 of
generating a flight pattern for creating a closed continuous surface, according to one
embodiment. The method 500 may include receiving, by a processor having addressable
memory, a survey site having one or more potential gas sources (step 502). The method 500
may also include receiving, by the processor, one or more flight platform capabilities (step
504). The method 500 may also include receiving, by the processor, a wind data for the
received survey site (step 506). The method 500 may then include determining, by the
processor, one or more flight paths for an aerial vehicle based on the received survey site, the
received one or more flight platform capabilities, and/or the received wind data (step 508).
The determined flight path may create a closed continuous surface about the one or more
potential gas sources of the survey site. The method 500 may then include receiving, by the
processor, gas data from one or more gas sensors of the closed continuous surface as the
aerial vehicle flies the determined one or more flight paths (step 510). The method 500 may
then include determining, by the processor, based on the received gas data whether a gas leak
is present and/or a rate of the gas leak in the received survey site (step 512).

[0050] Flying a closed perimeter surface with a UAV may capture all the emissions
from a survey site. If a flightpath completely encompasses the survey site, Gauss’ Theorem
may be applied directly with a processor having addressable memory to calculate the gas leak
rate within the flightpath perimeter using the gas concentration measurements detected by the
gas sensor at the perimeter. Due to operational constraints, such as access roads, power lines
etc. flying a fully closed flightpath may not always possible; therefore, it is preferred to fly
the perimeter with a small gap where flying is not possible. This may be referred to as a
“semi-Gauss” flight pattern.

[0051] Analyzing Gauss and semi-Gauss flight patterns to extract a gas leak rate may
require application, with the processor, of computational geometry algorithms. Firstly, a
dataset consisting of point measurements made by the UAV in space may be converted into
Cartesian coordinates with the processor. The conversion may be done using the Position
Easting, Position Northing coordinates from the Extended Kalman Filter (EKF) as the X and
Y components, and the Light Detection and Ranging (LiDAR) altitude from a LiDAR range

10
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finder for the Z component. Using the EKF outputs for location provides for an accurate
alternative measurement of location to GPS.

[0052] In order to deduce a source rate of gas emission, the individual flux values
may have to be integrated over the whole dataset of spatial coordinates. Once the dataset has
been converted into Cartesian space, the processor may triangulate the point measurements,

thereby providing a continuous surface to determine the surface integral on (dS), where S is

HV(V-F) dV=ﬁ;(F-n)dS

[0053] FIG. 6 depicts a high-level flowchart of a method embodiment 600 of

the surface:

generating a continuous surface, according to one embodiment. Generally speaking,
Delaunay Triangulation methods create a two-dimensional triangulation, or surface, from a
two-dimensional dataset; however, said methods are not able to create a two-dimensional
surface from a three-dimensional dataset. Therefore, before applying a Delaunay
Triangulation algorithm, the dataset must first be represented in two-dimensional space. For
Gauss and semi-Gauss flightpaths, the dataset can be converted into altitude-s space by a
processor having addressable memory, where altitude is the same dimension as in the three-
dimensional dataset, and s is a new dimension measuring distance along the pass made by the
UAYV (step 602). For example, in a Gauss flightpath, the value of s monotonically increases
along the pass, until the UAV reaches a determined point and then the value of s starts again
from zero. With regards to a semi-Gauss flightpath, the value of s monotonically increases
until the UAV reaches whatever obstacle the UAV must avoid, and then the UAV preforms a
U-turn and backtracks along the same path (at a different altitude) while the value of s
decreases. Both methods, including the identification of crossing a home point and detection
of U-turn points are automatically processed by a processor having addressable memory.

[0054] Once the dataset is represented in altitude-s space, a Delaunay Triangulation
may be performed by the processor (step 604). The resulting triangulation may then be
applied by the processor on the dataset’s original Cartesian X, Y, Z space to produce a fully
closed or semi-closed surface (step 606), with all the original scalar values (e.g. gas
concentrations) intact.

[0055] FIG. 7 depicts a high-level flowchart of a method embodiment 700 of
determining a volumetric flowrate of inflowing gas species concentration, according to one
embodiment. In addition to the measurements made using an IR sensor mounted to an

airframe of the UAV, an anemometer may be set up on-site at a suitable location to detect
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unaffected wind measurements. As the UAV is sampling species concentrations, the
anemometer may measure instantaneous wind speed in three dimensions (step 702). These
measurements may be recorded at synchronized times as the species concentrations are made.
An appropriate aerodynamic surface roughness length may be selected to represent the local
ground conditions surrounding the measurement survey site. The wind speed measurements
taken by the anemometer may then be extrapolated from the anemometer measurement
altitude to the altitude of the UAV at that specific point in time (step 704). This may be done
by a processor having addressable memory using a log-law boundary condition model for
flows near rough boundaries. In one embodiment, the wind direction remains uncorrected,
and only the magnitude of the wind speed is scaled using the log-law. The altitude corrected
wind vector from the anemometer may then be assumed to be the wind vector at the location
the gas concentration measurement is detected and a surface is created (step 706). In
moderate wind speed conditions, the stability of the atmospheric boundary layer increases,
resulting in less wind variance, therefore giving better correlation between the anemometer
measurement and the wind at the sensor.

[0056] With the surface now created, a surface normal unit vector may be calculated
by the processor at each point in the dataset; the dot product of the surface normal vector and
the wind vector may then be calculated by the processor. A volumetric flux rate of airflow
may then by calculated by the processor for every point on the surface (step 708). The
volumetric flux rate of airflow represents how many cubic meters of air is entering or leaving
the control volume per square meter (dS).

[0057] In one embodiment, a high pass filter may be applied over the input gas
concentration measurements provide accurate relative gas measurements (step 710). The
filter removes any low frequency sensor drift, while still resolving all details from emissions.
The time constant chosen for the filter may be based on analysis of the sensor stability.

[0058] In one embodiment, multiplying the above wind flux values from step 708 by
the volume fraction of gas (m®> CH4 or CO»/m? air) with the processor provides the volumetric
flux rate of gas at each point (m? gas /s / m? area).

[0059] Because the control surface does not completely encompass the control
volume, and the measurements were not taken concurrently, the standard incompressible
equation of continuity may not hold true.

V-u#0
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[0060] Therefore, the net flux may not simply be calculated by integrating the point
gas flux measurements across the entire surface; rather, to calculate the flux of gas entering
the control volume, the surface may be kept at a threshold to where wind is only flowing into
the control volume (step 712). With this surface, the volumetric flux rate of gas can be
integrated by the processor to give the total inward volumetric flux of gas into the control

volume (m? species / s) (step 714).

dc
, _ 3744
volumetric flowrate averaging = —dy
dA

liaz

[0061] Once the species flux rate has been established, a total air volumetric rate may
be determined by the processor as well by integrating the wind velocity normal component to
give a total air volumetric flux rate. By dividing the species volumetric flux rate by the air
volumetric flux rate, the volumetric flowrate averaged inflowing species concentration may
be determined by the processor (step 716).

[0062] Although a similar solution could be obtained by simply averaging all the
values of volumetric flux rate of gas at each point, the triangulation of the real-world dataset
yields varied triangles, and this difference in size should be considered when calculating the
average incoming volumetric gas flux rate. This process to get the total background
concentration value is “volumetric flow averaging” and is necessary for calculating
convective quantities such as species concentrations. In this case, the integral operator is not
commutative because the wind values vary on the surface, and therefore the two integrals
must be performed separately, and their results divided together.

[0063] The volumetric-flow-rate averaged concentration of the inflowing gas may
then be subtracted from the concentration values measured where anemometry indicates gas
is flowing out of the control volume, providing the enhanced concentrations with the
background concentration component removed (step 718).

[0064] With the enhanced concentration values, the final net flux rate can be
calculated by the processor. Multiplying, with the processor, the component of wind velocity
normal to the control surface by the concentration enhancement, the flux rate of the enhanced
species concentration per unit area is determined (m’species/m?/second) (step 720).

[0065] This approach has the benefit that it satisfies the fundamental fluid dynamics
equation for flow of a species through a control volume. Continuity of the species is used to

ensure that all of the concentration upstream is subtracted from the concentration
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downstream, even if the oncoming flow has not got a uniform concentration of gas. Because
the control volume is still open at the top, and the discrete sampling process means that there
are gaps in the control surface, absolute integrals of continuity of mass and continuity of
species cannot be simply applied. In addition, sampling all the points non-simultaneously,
and in transient wind conditions, means that flux through any point in the control surface is
constantly changing.

[0066] Despite fully considering the background concentration into calculations, there
is still a significant degree of error incurred from wind speed measurement. In one
embodiment, the disclosed process may utilize a ground weather station that is set up on-site
in a location with the least amount of interference from other obstacles as possible. Even in
the optimal location, the anemometer is not co-located with the UAV at any time, and so the
reading at the anemometer will be different from the actual wind-speed at the UAV. This
effect is particularly strong during light wind conditions, as a small change in the wind speed
can incur a large change in the concentration values measured. In light wind conditions, the
atmospheric boundary layer is also more unstable, resulting in more diffusion of the species
plume, and therefore lower concentration values than with a more consistent wind.

[0067] FIG. 8 illustrates an example of a top-level functional block diagram of a
computing device embodiment 800. The example operating environment is shown as a
computing device 820 comprising a processor 824, such as a central processing unit (CPU),
addressable memory 827, an external device interface 826, e.g., an optional universal serial
bus port and related processing, and/or an Ethernet port and related processing, and an
optional user interface 829, e.g., an array of status lights and one or more toggle switches,
and/or a display, and/or a keyboard and/or a pointer-mouse system and/or a touch screen.
Optionally, the addressable memory may, for example, be: flash memory, eprom, and/or a
disk drive or other hard drive. These elements may be in communication with one another
via a data bus 828. In some embodiments, via an operating system 825 such as one
supporting a web browser 823 and applications 822, the processor 824 may be configured to
execute steps of a process establishing a communication channel and processing according to
the embodiments described above.

[0068] System embodiments include computing devices such as a server computing
device, a buyer computing device, and a seller computing device, each comprising a
processor and addressable memory and in electronic communication with each other. The
embodiments provide a server computing device that may be configured to: register one or

more buyer computing devices and associate each buyer computing device with a buyer
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profile; register one or more seller computing devices and associate each seller computing
device with a seller profile; determine search results of one or more registered buyer
computing devices matching one or more buyer criteria via a seller search component. The
service computing device may then transmit a message from the registered seller computing
device to a registered buyer computing device from the determined search results and provide
access to the registered buyer computing device of a property from the one or more properties
of the registered seller via a remote access component based on the transmitted message and
the associated buyer computing device; and track movement of the registered buyer
computing device in the accessed property via a viewer tracking component. Accordingly, the
system may facilitate the tracking of buyers by the system and sellers once they are on the
property and aid in the seller’s search for finding buyers for their property. The figures
described below provide more details about the implementation of the devices and how they
may interact with each other using the disclosed technology.

[0069] FIG. 9 is a high-level block diagram 900 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 902, and can
further include an electronic display device 904 (e.g., for displaying graphics, text, and other
data), a main memory 906 (e.g., random access memory (RAM)), storage device 908, a
removable storage device 910 (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 911 (e.g., keyboard, touch screen,
keypad, pointing device), and a communication interface 912 (e.g., modem, a network
interface (such as an Ethernet card), a communications port, or a PCMCIA slot and card).
The communication interface 912 allows software and data to be transferred between the
computer system and external devices. The system further includes a communications
infrastructure 914 (e.g., a communications bus, cross-over bar, or network) to which the
aforementioned devices/modules are connected as shown.

[0070] Information transferred via communications interface 914 may be in the form
of signals such as electronic, electromagnetic, optical, or other signals capable of being
received by communications interface 914, via a communication link 916 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
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onto a computer, programmable data processing apparatus, or processing devices to cause a
series of operations performed thereon to produce a computer implemented process.

[0071] 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.

[0072] 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 912. 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.

[0073] FIG. 10 shows a block diagram of an example system 1000 in which an
embodiment may be implemented. The system 1000 includes one or more client devices
1001 such as consumer electronics devices, connected to one or more server computing
systems 1030. A server 1030 includes a bus 1002 or other communication mechanism for
communicating information, and a processor (CPU) 1004 coupled with the bus 1002 for
processing information. The server 1030 also includes a main memory 1006, such as a
random access memory (RAM) or other dynamic storage device, coupled to the bus 1002 for
storing information and instructions to be executed by the processor 1004. The main memory
1006 also may be used for storing temporary variables or other intermediate information
during execution or instructions to be executed by the processor 1004. The server computer
system 1030 further includes a read only memory (ROM) 1008 or other static storage device
coupled to the bus 1002 for storing static information and instructions for the processor 1004.
A storage device 1010, such as a magnetic disk or optical disk, is provided and coupled to the
bus 1002 for storing information and instructions. The bus 1002 may contain, for example,

thirty-two address lines for addressing video memory or main memory 1006. The bus 1002
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can also include, for example, a 32-bit data bus for transferring data between and among the
components, such as the CPU 1004, the main memory 1006, video memory and the storage
1010. Alternatively, multiplex data/address lines may be used instead of separate data and
address lines.

[0074] The server 1030 may be coupled via the bus 1002 to a display 1012 for
displaying information to a computer user. An input device 1014, including alphanumeric
and other keys, is coupled to the bus 1002 for communicating information and command
selections to the processor 1004. Another type or user input device comprises cursor control
1016, such as a mouse, a trackball, or cursor direction keys for communicating direction
information and command selections to the processor 1004 and for controlling cursor
movement on the display 1012.

[0075] According to one embodiment, the functions are performed by the processor
1004 executing one or more sequences of one or more instructions contained in the main
memory 1006. Such instructions may be read into the main memory 1006 from another
computer-readable medium, such as the storage device 1010. Execution of the sequences of
instructions contained in the main memory 1006 causes the processor 1004 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
1006. 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.

[0076] 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,
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
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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.

[0077] Generally, the term "computer-readable medium" as used herein refers to any
medium that participated in providing instructions to the processor 1004 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 1010. Volatile media includes dynamic memory,
such as the main memory 1006. Transmission media includes coaxial cables, copper wire
and fiber optics, including the wires that comprise the bus 1002. Transmission media can
also take the form of acoustic or light waves, such as those generated during radio wave and
infrared data communications.

[0078] 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.

[0079] Various forms of computer readable media may be involved in carrying one or
more sequences of one or more instructions to the processor 1004 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 1030 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 1002 can receive the data carried in
the infrared signal and place the data on the bus 1002. The bus 1002 carries the data to the
main memory 1006, from which the processor 1004 retrieves and executes the instructions.
The instructions received from the main memory 1006 may optionally be stored on the

storage device 1010 either before or after execution by the processor 1004.
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[0080] The server 1030 also includes a communication interface 1018 coupled to the
bus 1002. The communication interface 1018 provides a two-way data communication
coupling to a network link 1020 that is connected to the world wide packet data
communication network now commonly referred to as the Internet 1028. The Internet 1028
uses electrical, electromagnetic or optical signals that carry digital data streams. The signals
through the various networks and the signals on the network link 1020 and through the
communication interface 1018, which carry the digital data to and from the server 1030, are
exemplary forms or carrier waves transporting the information.

[0081] In another embodiment of the server 1030, interface 1018 is connected to a
network 1022 via a communication link 1020. For example, the communication interface
1018 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 1020. As another example, the communication interface 1018 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 1018 sends and receives electrical electromagnetic or optical signals
that carry digital data streams representing various types of information.

[0082] The network link 1020 typically provides data communication through one or
more networks to other data devices. For example, the network link 1020 may provide a
connection through the local network 1022 to a host computer 1024 or to data equipment
operated by an Internet Service Provider (ISP). The ISP in turn provides data communication
services through the Internet 1028. The local network 1022 and the Internet 1028 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 1020 and through the
communication interface 1018, which carry the digital data to and from the server 1030, are
exemplary forms or carrier waves transporting the information.

[0083] The server 1030 can send/receive messages and data, including e-mail,
program code, through the network, the network link 1020 and the communication interface
1018. Further, the communication interface 1018 can comprise a USB/Tuner and the
network link 1020 may be an antenna or cable for connecting the server 1030 to a cable
provider, satellite provider or other terrestrial transmission system for receiving messages,
data and program code from another source.

[0084] The example versions of the embodiments described herein may be

implemented as logical operations in a distributed processing system such as the system 1000
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including the servers 1030. The logical operations of the embodiments may be implemented
as a sequence of steps executing in the server 1030, and as interconnected machine modules
within the system 1000. The implementation is a matter of choice and can depend on
performance of the system 1000 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.

[0085] Similar to a server 1030 described above, a client device 1001 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 1028, the ISP, or LAN 1022,
for communication with the servers 1030.

[0086] The system 1000 can further include computers (e.g., personal computers,
computing nodes) 1005 operating in the same manner as client devices 1001, where a user
can utilize one or more computers 1005 to manage data in the server 1030.

[0087] Referring now to FIG. 11, 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 vehicle (UAV) 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 54A-N shown in FIG. 11 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).

[0088] FIG. 12 depicts a system 1200 for detecting trace gasses, according to one
embodiment. The system may include one or more trace gas sensors located in one or more
vehicles 1202, 1204, 1206, 1210. The one or more trace gas sensors may detect elevated trace
gas concentrations from one or more potential gas sources 1220, 1222, such as a holding
tank, pipeline, or the like. The potential gas sources 1220, 1222 may be part of a large

facility, a small facility, or any location. The potential gas sources 1220, 1222 may be
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clustered and/or disposed distal from one another. The one or more trace gas sensors may be
used to detect and quantify leaks of toxic gases, e.g., hydrogen disulfide, or environmentally
damaging gases, e.g., methane, 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, such as oil and gas, chemical production, and painting. Detection and
quantification of leaks is also of value to environmental regulators for assessing compliance
and for mitigating environmental and safety risks. In some embodiments, the at least one
trace gas sensor may be configured to detect methane. In other embodiments, the at least one
trace gas sensor may be configured to detect sulfur oxide, such as SO, SO2, SO3, S702,
S602, S202, and the like. A trace gas leak 1224 may be present in a potential gas source
1220. The one or more trace gas sensors may be used to identify the trace gas leak 1224
and/or the source 1220 of the trace gas leak 1224 so that corrective action may be taken.

[0089] The one or more vehicles 1202, 1204, 1206, 1210 may include an unmanned
aerial vehicle (UAV) 1202, an aerial vehicle 1204, a handheld device 1206, and a ground
vehicle 1210. In some embodiments, the UAV 1202 may be a quadcopter or other device
capable of hovering, making sharp turns, and the like. In other embodiments, the UAV 1202
may be a winged aerial vehicle capable of extended flight time between missions. The UAV
1202 may be autonomous or semi-autonomous in some embodiments. In other embodiments,
the UAV 1202 may be manually controlled by a user. The aerial vehicle 1204 may be a
manned vehicle in some embodiments. The handheld device 1206 may be any device having
one or more trace gas sensors operated by a user 1208. In one embodiment, the handheld
device 1206 may have an extension for keeping the one or more trace gas sensors at a
distance from the user 1208. The ground vehicle 1210 may have wheels and/or treads in one
embodiment. In other embodiments, the ground vehicle 1210 may be a legged robot. In some
embodiments, the ground vehicle 1210 may be used as a base station for one or more UAVs
1202. In some embodiments, one or more aerial devices, such as the UAV 1202, a balloon, or
the like, may be tethered to the ground vehicle 1210. In some embodiments, one or more
trace gas sensors may be located in one or more stationary monitoring devices 1226. The one
or more stationary monitoring devices may be located proximate one or more potential gas
sources 1220, 1222, In some embodiments, the one or more stationary monitoring devices
may be relocated.

[0090] The one or more vehicles 1202, 1204, 1206, 1210 and/or stationary monitoring
devices 1226 may transmit data including trace gas data to a ground control station (GCS)

1212. The GCS may include a display 1214 for displaying the trace gas concentrations to a
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GCS user 1216. The GCS user 1216 may be able to take corrective action if a gas leak 1224
is detected, such as by ordering a repair of the source 1220 of the trace gas leak. The GCS
user 1216 may be able to control movement of the one or more vehicles 1202, 1204, 1206,
1210 in order to confirm a presence of a trace gas leak in some embodiments.

[0091] In some embodiments, the GCS 1212 may transmit data to a cloud server
1218. In some embodiments, the cloud server 1218 may perform additional processing on the
data. In some embodiments, the cloud server 1218 may provide third party data to the GCS
1212, such as wind speed, temperature, pressure, weather data, or the like.

[0092] 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
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 processor (402) having addressable memory (426), wherein the processor is
configured to:

determine one or more flight paths (204) for an aerial vehicle (202, 408),
wherein the determined flight path (204) creates a continuous surface
(206) about one or more potential gas sources of a survey site (210);,

receive a trace gas data from one or more trace gas sensors (412) of the aerial
vehicle of the continuous surface (200) as the aerial vehicle (202, 408)
flies the determined one or more flight paths (204); and

determine based on the received trace gas data whether a gas leak is present in
the received survey site (210, 404) and a rate of the gas leak if present in

the survey site (210, 404).

2. The system of claim 1, wherein the continuous surface (206) is a flux plane.

3. The system of claim 2, wherein the flux plane is a closed flux plane.

4. The system of claim 1, wherein the continuous surface is formed by any series of
turns in the flight path for the aerial vehicle that forms the continuous surface when

interpolated.

5. The system of claim 1, wherein the processor is further configured to:
receive one or more flight platform capabilities (406) of the aerial vehicle,
wherein the determined flight path is based on the received one or more

flight platform capabilities.
6. The system of claim 5, wherein the processor is further configured to:
receive a wind data (410) for the survey site (210, 404), wherein the

determined flight path is further based on the received wind data.

7. The system of claim 6, wherein the wind data comprises instantaneous wind speed

measurements in three dimensions from an anemometer (702).
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8. The system of claim 1, wherein the aerial vehicle is an unmanned aerial vehicle

(UAV).

9. The system of claim 8, wherein the UAV is configured to fly the determined one or

more flight paths autonomously.

10. The system of claim 8, wherein the UAV is configured to fly the determined one or

more flight paths semi-autonomously.

11. The system of claim 1, wherein the continuous surface comprises a beehive-shaped

continuous surface (300).

12. The system of claim 1, wherein the continuous surface comprises a cone-shaped

continuous surface (304, 312).

13. The system of claim 1, wherein the continuous surface comprises at least one of: a
right angle (308), an arc, and a continuous curve in the flight path for the aerial

vehicle.

14. The system of claim 1, wherein the aerial vehicle flies a determined flight path of the
one or more flight path two or more times, and wherein the received trace gas data is

averaged from each of the two or more flights.

15. The system of claim 1, wherein the processor is further configured to, for creating the
continuous surface:
convert a dataset into an altitude-s space (602);
perform a triangulation on the dataset in the altitude s-space (604); and
apply the performed triangulation on a Cartesian X, Y, Z space of the dataset
to produce at least one of’ a fully closed surface and a semi-closed surface

(606).

16. A method comprising:
determining, by the processor, one or more flight paths (204) for an aerial vehicle
(202, 408), wherein the determined flight path (204) creates a continuous surface

(206) about one or more potential gas sources of a survey site (210);,
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17.

18.

19.

20.

21.

22.

23.

24.

receiving, by the processor, a trace gas data from one or more trace gas sensors (412)
of the aerial vehicle of the continuous surface (206) as the aerial vehicle (202,
408) flies the determined one or more flight paths (204); and

determining, by the processor, based on the received gas data whether a gas leak is
present in the received survey site (210, 404) and a rate of the gas leak if present

in the survey site (210, 404).

The method of claim 16, wherein the continuous surface (206) is a flux plane.

The method of claim 17, wherein the flux plane is a closed flux plane.

The method of claim 16, wherein the continuous surface is formed by any series of
turns in the flight path for the aerial vehicle that forms the continuous surface when

interpolated.

The method of claim 16, further comprising:
receiving, by the processor (402), one or more flight platform capabilities (406),
wherein the determined flight path is based the received one or more flight

platform capabilities (406).

The method of claim 20, further comprising:

receiving, by the processor, a wind data (410) for the survey site (210, 404), wherein
the determined flight path is further based the received one or more flight platform
capabilities (406), and the received wind data (410).

The method of claim 16, wherein the aerial vehicle is an unmanned aerial vehicle

(UAV).

The method of claim 22, wherein the UAV is configured to fly the determined one or

more flight paths autonomously.

The method of claim 22, wherein the UAV is configured to fly the determined one or

more flight paths semi-autonomously.
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25. The method of claim 22, wherein creating the continuous surface further comprises:
converting, by the processor, a dataset into an altitude-s space (602);,
performing, by the processor, a triangulation on the dataset in the altitude s-space
(604); and
applying, by the processor, the performed triangulation on a Cartesian X, Y, Z space
of the dataset to produce at least one of’ a fully closed surface and a semi-closed

surface (606).
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