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GAS LEAK DETECTION
AND LOCATION DETERMINATION

RELATED APPLICATIONS

[0001] This PCT international application is a continuation of U.S. Pat. Appl. No.
14/984,088, filed December 30, 2015, entitled “Gas Leak Detection and Location

Determination.”

FIELD OF THE DISCLOSURE

[0002] This disclosure relates generally to gas sensing and leak detection in a

communications network.

BACKGROUND

[0003] Natural gas (i.e., methane (CH4)) is considered one of the cleanest, safest, and most
useful of energy sources. When bumned, it produces a great deal of energy with fewer emissions
than many other energy sources, and therefore it has many uses in residential, commercial, and
industrial applications. One reason that natural gas is considered safe is its narrow combustion
limits, which ensures predictability in use. Natural gas will only ignite when air contains
between five and fifteen percent natural gas. Due to its combustible nature, however, there is
still a risk of explosion when using natural gas, which makes it very important to quickly
determine where gas leaks may be occurring. Other gases have similar properties and risks.
There are some gas detection sensors currently available and/or currently being developed.
However, these sensors are either high in power consumption, high in cost, or both.
Widespread application of such sensors (e.g., one or more at every home, business, etc.) could
be quite costly, and in some applications (e.g., for use with gas utility meters, which typically

run on battery power) may not even be feasible.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is an illustration of a network environment in which example methods,
apparatus, and articles of manufacture disclosed herein may be implemented, according to
embodiments of this disclosure.’

[0005] FIG. 2 is a flow diagram of an example gas leak detection process from the
perspective of a gas sensing device, according to embodiments of this disclosure.

[0006] FIG. 3 is a flow diagram of an example leak rate tracking process from the
perspective of a gas sensing device, according to embodiments of this disclosure.

[0007] FIG. 4 is a flow diagram of an example leak detection process from the perspective
of a data collection device, according to embodiments of this disclosure.

[0008] FIG. 5 is a flow diagram ol an example leak location determination process from
the perspective of a data collection device, according to embodiments of this disclosure.
[0009] FIGs. 6A and 6B are block diagrams of example gas concentration maps, according
to embodiments of the present disclosure.

[0010] FIG. 7 is a [low diagram of an example leak rate tracking process [rom the
perspective of a data collection device, according to embodiments of this disclosure.

[0011] FIG. 8 is a block diagram of an example gas sensing device, according to an
embodiment of the present disclosure.

[0012] FIG. 9 is a block diagram of an example data collection device, according to an
embodiment of the present disclosure.

[0013] In the drawings, the leftmost digit(s) of a reference number may identify the

drawing in which the reference number first appears.

DETAILED DESCRIPTION

[0014] As lower cost, low power-consumption sensors (e.g., micro-electro-mechanical
systems (MEMS) sensors), including some gas sensors, are being developed, useful
applications for such sensors are needed. The following description discloses gas leak
detection applications in a communication system environment that may provide swill pin-
pointing of a location of a gas leak as well as other information that may minimize the risk of

explosion and help save both lives and property.
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[0015] Embodiments are now described with reference to the figures, where like reference
numbers may indicate identical or (unctionally similar elements. While specific configurations
and arrangements are discussed, it should be understood that this is done for illustrative
purposes only. A person skilled in the relevant art will recognize that other configurations and
arrangements can be used without departing from the spirit and scope of the description. It
will be apparent to a person skilled in the relevant art that the technology disclosed herein can
also be employed in a variety of other systems and applications other than what is described
herein.

[0016] FIG. 1 illustrates an example data collection network 100 (e.g., an advanced meter
reading (AMR) network or other similar network), according to embodiments. The network
100 may include a central office 102, which may be associated with a data
collection/processing entity (e.g., a utility company in the case of an AMR neiwork). The
central office may communicate with network nodes through one or more networks 104, which
may be the Internet or other network having widespread or local functionality. Network nodes
may include nodes 106-114, which may include, for example, endpoint devices such as utility
meters or other devices thal may comprise sensors, actuators, elc. (e.g., gas sensing devices).
These nodes/devices may be located at various locations (e.g., homes, businesses, etc.).
Nodes/devices 106-114 may be configured in a mesh network, star network or other
configuration. One or more of the network nodes (e.g., device 106) may be a data collector
and/or concentrator that may be configured for communication (e.g., radio frequency (RF)
communication, cellular communication, etc.) with a plurality of downstream devices 108-114,
which may also be configured for similar communications. In an example operation, data
collector 106 may receive data or other communications from endpoint devices 108-114 to be
provided to a data collection device 116, (which may be located at central office 102) and/or a
mobile data collection device 118, and vice versa. For example, for an AMR network, the
collected data may include consumption data or other information associated with a utility
meter (e.g., a gas utility meter), such as detected concentration amounts of a particular gas in
the air. Additionally, data collector 106 may send software updates, firmware updates,
instructions or other information (which may have been communicated to data collector 106
{from data collection device 116 or 118, for example) 1o one or more of the endpoint devices
108-114. In an embodiment, one or more network nodes (e.g., devices 106-114) may be

battery-operated devices.
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[0017] In an expanded view, data collection device 116 (and/or mobile data collection
device 118) may include, among other components, one or more conirollers or processors 120,
amemory 122, a communication system 124 (e.g., configured for RF communications, cellular
communications, or another type of communications), and a display 126. Devices 106-114
may include, among other components, one or more controllers or processors 130, a memory
132, a communication system 134 (e.g., configured for RF communications, cellular
communications, or another type of communications), and one or more sensors 138, which
may include at least one gas sensor 140. Devices 106-114 may also include a global positioning
system (GPS) and/or an altimeter device 142 to determine the location and/or altitude of the
device.

[0018] FIG. 2 is a flow diagram of an example gas leak detection process 200 from the
perspective of a gas sensing device (e.g., devices 106-114), according 1o embodiments. At
202, a detected concentration amount (e.g., in parts per million (ppm) or as a percentage of the
surrounding air) of a particular gas (e.g., methane) may be received from a gas sensor
associated with the gas sensing device. (In embodiments discussed herein, a detected
concentration amount may be allematively measured and/or presented as a percentage of the
Lower Explosive Level (LEL) of the gas, at which 100% LEL is an amount at which there will
be an explosion if a spark is present, and at about 10% LEL, the measured gas concentration
may be considered great enough to indicate presence of the gas with a need to alarm and/or
prompt an investigation.) At 204, it may be determined whether the detected concentration is
greater than a predetermined threshold. For example, for methane, which may ignite at 5%,
the predetermined threshold may be set at a value lower than 5% (e.g., 0.5% or 5000 ppm). If
the detected concentration is greater than the threshold, at 212, an alarm may be sent to a data
collection device (e.g., device 116 and/or 118). A detected concentration greater than the
threshold may indicate a possible (and potentially dangerous) gas leak and is reported as it may
warrant further investigation. Due to potential urgency, updated gas concentration reports may
be sent to the data collection device at a faster rate than its normal reporting schedule at 216,
This may be done automatically by the gas sensing device, or in an alternative embodiment,
this may be done in response to receiving a command (at 214) from the data collection device
to send updates of detected concentration at the faster rate. Referring back to decision block
204, if the detected concentration is not greater than the predetermined threshold, at 206, the
detected concentration may be provided to the data collection device (e.g., per its normal

reporting schedule), and processing may return to 202, where the next gas concentration report
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may be received. In an embodiment, the gas sensing device may receive a command from the
data collection device to send updates of detected concentration at a [aster rate than ils normal
reporting schedule (at 208). This command may have been sent by the data collection device
in response to the data collection device receiving an alarm from another (e.g., neighboring or
nearby) gas sensing device that its detected concentration of the gas was greater than the
predetermined threshold. In response to the command at 208, the gas sensing device may send
updates of detected concentration to the data collection device at the faster rate at 210. In an
alarm situation, it may be very useful for investigative purposes to also collect data from
neighboring or nearby gas sensing devices in order to more quickly identify the location of a
possible (and potentially dangerous) gas leak. An alarm may be cleared, or cancelled, by the
data collection device, or by the gas sensing device, if there is no longer any safety risk, for
example. Once an alarm is cancelled, the gas sensing device may go back 1o ils normal
reporting schedule.

[0019] FIG. 3 is a flow diagram of an example leak rate tracking process 300 from the
perspective of a gas sensing device (e.g. any of devices 106-114), according to embodiments.
Process 300 begins from block 216 of process 200 of FIG. 2. At 302, the gas sensing device
may track a rate that the concentration of the gas is increasing or decreasing. At 304, the
tracked rate may be sent to the data collection device (device 116 and/or 118). In an
embodiment, the data collection device may determine from the tracked rate that the
concentration of the gas is decreasing at a rate such that it no longer presents a safety concem.
This may occur, for example, if a leak was repaired, il the gas was shut o[l in the location of
the leak, or if the gas was detected due to the gas supply system providing temporary (usually
very brief) venting in order to relieve built-up pressure in the system. If the data collection
device determines there is no longer a safety risk, it may send a command to the gas sensing
device to clear the alarm. Thus, at 306, a clear alarm command may be received from the data
collection device. In an embodiment, the gas sensing device itself may determine that the
tracked rate does not pose, or no longer poses, a safety concern and may clear the error itself
and/or send a message to the data collection device that the alarm has been cancelled. In an
embodiment, the tracked rate may be determined prior to an alarm being sent to the data
collection device. If the tracked rate shows that the concentration of the gas is decreasing at a
rate such that it does not present, or no longer presents, a safety concern, an alarm may not

need to be sent to the data collection device.



10

15

20

25

30

WO 2017/116802 PCT/US2016/067544

[0020] FIG. 4 is a flow diagram of an example leak detection process 400 from the
perspective of a data collection device (e.g., device 116 or 118), according to embodiments.
At 402, the data collection device may receive reports of detected concentration (e.g., in parts
per million (ppm) or as a percentage of the surrounding air, or as a percentage of LEL, etc.) of
a particular gas (e.g., methane) from one or more gas sensing devices (e.g. devices 106-114,
which may be located at various locations (e.g., homes, businesses, eic.)). The gas
concentration reports may be received from each sending gas sensing device on a
predetermined schedule respectively associated with each gas sensing device. At 404, an alarm
may be received from one of the gas sensing devices indicating that a detected concentration
of the gas is greater than a predetermined threshold. This may indicate a possible (and
potentially dangerous) gas leak and is reported as it may warrant further investigation. In an
embodiment, the data collection device, in response (o receiving the alarm and due to potential
urgency, may send, at 406, a command to the alarming gas sensing device to send updated gas
concentration reports at a faster rate than its normal reporting schedule. At 408, the data
collection device may receive updated gas concentration reports from the alarming gas sensing
device al the faster rate. In an embodiment, the gas sensing device may automatically send
updated reports without a request from the data collection device. Once there is no longer a
safety concern, at 410, the data collection device may send a command to the alarming gas
sensing device to clear the alarm. In an embodiment, the alarming gas sensing device may
clear the alarm automatically once the detected concentration of the gas is no longer greater
than the predetermined threshold.

[0021] FIG. 5 is a flow diagram of an example leak location determination process 500
from the perspective of a data collection device (e.g., device 116 or 118), according to
embodiments. Process 500 begins from block 408 of process 400 of FIG. 4. At 502, a
command may be sent from the data collection device to one or more gas sensing devices that
are neighboring, or nearby, the alarming gas sensing device to send reports/updates of detected
concentrations of the gas at a faster rate than their normal reporting schedules. At 504, the
reports/updates may be received from the nearby gas sensing device(s) at the faster rate. At
506, the data collection device may determine a probable location of a gas leak. In an
embodiment, the location of the gas sensing device with the highest reading may be a good
indication of a location of a gas leak. In another embodiment, the location of a gas leak may
be determined by triangulating the received updates from the alarming gas sensing device and

the nearby gas sensing device(s) based on the device locations, weighting of received gas
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concentration data, etc. The device locations may be determined in various ways known to a
person of ordinary skill in the relevant arts (e.g., via cellular trianguiation, a GPS and/or
altimeter associated with each device, etc.). For example, latitude and longitude values for
each gas sensing device may be known or recorded at the time of installation, and these values
may be averaged to determine a possible location of a gas leak. For a more accurate [ocation
determination, the latitude and longitude values may be weighted by the level of concentration
measured at each device. The triangulation may also be based on other factors, including wind
speed and direction, street layout, building topology (e.g., tallness/configurations of buildings),
etc. Optionally, at 508, the data collection device may create and display a gas concentration
map based on the received updates from the alarming gas sensing device and the nearby gas
sensing device(s) and on the device locations. The gas concentration map may be further based
on wind speed/direction, sireet layout, building topology, etc. The gas concentration map may
help a user (e.g., utility/field technician) to visually identify a probable location of a gas leak
in an expedient manner. Once there is no longer a need for data from the nearby gas sending
device(s), at 510, the data collection device may send a command to the nearby gas sensing
device(s) 1o go back 1o reporting per predetermined reporting schedule(s). Al 512, the process
may continue at 410 of FIG. 4.

[0022] Two examples of gas concentration maps are shown in FIGs. 6A and 6B, according
to embodiments. FIG. GA includes a gas concentration map 646 that depicts a housing
community, showing locations of houses along neighborhood streets. The houses may be
equipped with gas sensing devices, such as devices 106-114 of FIG. 1. The gas sensing devices
may have been included in conjunction with gas metering devices installed at each house, for
example. The houses on map 646 show readings of the respective gas sensing devices (i.e.,
detected concentrations of the gas) at each location. The readings may be updated on a
predetermined basis to show reading changes (e.g., every 20 seconds or other set interval,
which may be user selectable). In the embodiment shown, the readings are shown as a
concentration or volume percentage of the surrounding air. In other embodiments, readings
may be shown in other units (e.g., parts per million (ppm)). In an embodiment, a user may be
able to choose what units are shown. According to the example shown in FIG. 6A, the gas
sensing device at house 648 is showing the highest reading, which may indicate the location of
a gas leak. Based on the readings at the other houses, it appears that there may be wind coming
from the northwest that may be blowing the gas in a southeast direction. In an example, if

triangulation is used based on the shown data, and taking the wind into account, the results of
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the triangulation analysis may indicate that a gas leak may be occurring in the vicinity of houses
648, 650, and 652, [or example. As can be seen in FIG. 6A, house 654 is not showing a reading.
This may be because there is no gas sensing device at that location, or it may indicate that the
gas sensing device at that location is faulty or not operational. Thus, while gas concentration
map 646 may primarily be used to pinpoint a location of a possible gas leak, it may also indicate
other problems in the system that may warrant repair or correction.

[0023] FIG. 6B includes a gas concentration map 656 that depicts a layout of an example
multi-floor building having a parking level (which may be underground), a lobby level (e.g.,
as a first floor), and four additional floor levels. One or more gas sensing devices may be
installed on one or more levels. As gas metering devices for a multi-floor building are normally
banked together in one or more locations, the gas sensing devices may not be associated with
a particular metering device, or any metering device. In the example shown, iwo gas sensing
devices are located on each of the parking and lobby levels, and one gas sensing device is
located on each of the additional floor levels. This is by way of example and not limitation, as
any number of gas sensing devices may be used at any locations (e.g., in each individual
apartment or business office, etc.). As in the example shown, each depicled level of the
building may show readings of the respective gas sensing devices at each location. The
readings may be updated on a predetermined basis to show reading changes (e.g., every 20
seconds or other set interval, which may be user selectable). In the embodiment shown, the
readings are shown as a concentration or volume percentage of the surrounding air. In other
embodiments, readings may be shown in other units (e.g., parls per million (ppm)). In an
embodiment, a user may be able to choose what units are shown. The exact global positions
of the gas sensing devices may be very close, as they are all located in the same multi-floor
building. However, their altitudes within the building may be distinguishably different. In the
example shown, the gas sensing device on Floor 2 indicates the highest concentration of a gas
in the air, and the gas sensing device on the east side of the lobby indicates the next highest
concentration. This data (e.g., when triangulated) may indicate the presence of a gas leak
somewhere between Floor 2 and the lobby, likely on the east side. With this information, if an
evacuation is warranted, it would likely be safest to have occupants evacuate using stairwells
located on the west side of the building. Thus, a concentration map may be useflul in
determining public safety options as well as determining a location of a possible gas leak.
[0024] While gas concentration maps 646 and 656 may be used by both a data collection

device 116 (e.g., located at a central office) and/or a mobile data collection device 118 (e.g., a
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mobile or handheld device used by a field technician), these maps may be especially useful,
and quite important, when used on a mobile data collection device 118 in the lield, because
having this data in real time in the vicinity of a potential gas leak may help a field technician
make quick decisions regarding whether, and how, an immediate evacuation of the area needs
to occur and/or whether it is safe enough to allow technicians to be working in the area. Having
this capability may allow for real-time crisis management of a potentially very dangerous
situation that may not be as efficient if managed solely by a remote central office.

[0025] FIG. 7 is a flow diagram of an example leak rate tracking process 700 from the
perspective of a data collection device, according to embodiments. Process 700 begins from
block 408 of process 400 of FIG. 4. At 702, a rate that the detected concentration of the gas at
the alarming sensing device is increasing or decreasing may be tracked, or received from the
alarming sensing device. At 704, a clear alarm command may be sent {o the alarming gas
sensing device when the tracked rate is decreasing at a rate that indicates no safety concern.
This may occur, for example, if a leak was repaired, if the gas was shut off in the location of
the leak, or if the gas was detected due to the gas supply system providing temporary (usually
very briel) venting in order 1o relieve built-up pressure in the system.

[0026] One or more features disclosed herein may be implemented in hardware, software,
firmware, and/or combinations thereof, including discrete and integrated circuit logic,
application specific integrated circuit (ASIC) logic, and microcontrollers, and may be
implemented as part of a domain-specific integrated circuit package, or a combination of
integrated circuit packages. The terms sofiware and firmware, as used herein, refer (o a
computer program product including at least one computer readable medium having computer
program logic, such as computer-executable instructions, stored therein to cause a computer
system to perform one or more features and/or combinations of features disclosed herein. The
computer readable medium may be transitory or non-transitory. An example of a transitory
computer readable medium may be a digital signal transmitted over a radio frequency or over
an electrical conductor, through a local or wide area network, or through a network such as the
Internet. An example of a non-transitory computer readable medium may be a compact disk,
a flash memory, SRAM, DRAM, a hard drive, a solid state drive, or other data storage device.
[0027] A processing platform of a data collection device (e.g., data collection device 116
or mobile data collection device 118 of FIG. 1), and/or a gas sensing device (e.g., any of devices
106-114) may be embodied in any type of mobile and/or non-mobile computing device.

Examples of mobile devices may include, but are not to be limited to, laptop computers, ultra-
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laptop computers, tablets, touch pads, portable computers, handheld computers, palmtop
compulers, personal digilal assistanis (PDAs), e-readers, cellular telephones, combination
cellular telephone/PDAs, mobile smart devices (e.g., smart phones, smart tablets, etc.), mobile
internet devices (MIDs), mobile messaging devices, mobile data communication devices,
mobile media playing devices, cameras, mobile gaming consoles, wearable devices, mobile
industrial field devices, etc. Examples of non-mobile devices may include, but are not to be
limited to, servers, personal computers (PCs), Internet appliances, televisions, smart
televisions, data communication devices, media playing devices, gaming consoles, industrial
field devices, etc.

[0028] FIG. 8 is a block diagram of an example gas sensing device, according to
embodiments. Processing platform 800 may include one or more processors 830, memory 832,
one or more secondary storage devices 874, one or more input/output devices 8§72, and/or one
or more communication interfaces 834, in communication via a bus, line, or similar
implementation (not shown). Processing platform 800 may also include a power supply 884,
which may include an interface to an electricity source and/or may include one or more
batteries. Platform 800 may also include one or more sensors 838, including at least one gas
sensor, for example. In an embodiment, platform 800 may also include a GPS (for location
determination) and/or an altimeter (for altitude determination (e.g., which floor(s) of a
building)) device 842. In an example where a gas sensing device is incorporated into a utility
meter, platform 800 may also include one or more registers 882 for flow measurement, for
example.

[0029] Processor(s) 830 may be implemented by, for example but not limitation, one or
more integrated circuits, logic circuits, microprocessors, controllers, etc. Processor(s) 830 may
include a local memory 876 (e.g., a cache). Memory 832 may include a volatile and/or a non-
volatile memory. Volatile memory may be implemented by, for example but not limitation,
Synchronous Dynamic Random Access Memory (SDRAM), Dynamic Random Access
Memory (DRAM), RAMBUS Dynamic Random Access Memory (RDRAM) and/or any other
type of random access memory device. Non-volatile memory may be implemented by flash
memory and/or any other desired type of memory device. Access to memory 832 may be
conirolled by a memory controller (not shown). Dala stored in local memory 876 and/or
memory 832 may be used by processor(s) 830 to facilitate sensor data collection functions,
metering functions if embodied in a utility meter, and/or communications, according to

embodiments of this disclosure.
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[0030] Input/output device(s) 872 may allow a user to interface with processor(s) 830.
Input devices may allow a user {o enter data and/or commands for processor(s) 830. Input
devices may include, for example, an audio sensor, a microphone, a camera (e.g., still, video,
etc.), a keyboard, a button, a mouse, a touchscreen, a track-pad, a trackball, isopoint, a voice
recognition system, etc. Output devices may provide or present information to a user. Output
devices may include, for example, display devices (e.g., a light emitting diode (LED), an
organic light emitting diode (OLED), aliquid crystal display, a cathode ray tube display (CRT),
a touchscreen, a tactile output device, a printer, speakers, etc.). The input/output device(s) 8§72
may be connected to processor(s) 830, for example, with an interface circuit (not shown). The
interface circuit may be implemented by any type of interface standard, such as, for example,
an Ethemet interface, a universal serial bus (USB), a PCI express interface, etc. For use with
an oulpul device, the interface circuit may include a graphics driver card, chip, and/or
processor.

[0031] Communication interface(s) 834 may be implemented in hardware or a combination
of hardware and software, and may provide wired or wireless network interface(s) to one or
more networks, such as network(s) 104 of FIG. 1. Communication inierface(s) 834 may be a
part of, or connected with, the interface circuit discussed above, and/or may include or connect
with communication devices such as a transmitter, a receiver, a transceiver, a modem and/or
network interface card to facilitate exchange of data with external devices (e.g., computing
devices of any kind) via a network, such as network(s) 104.

[0032] Secondary storage device(s) 874 may siore processing logic 878 (e.g., soflware) to
be executed by processor(s) 830, and/or may store data 880. Processing logic 878 and data 880
may be used by processor(s) 830 to facilitate sensor data collection functions, metering
functions if embodied in a utility meter, and/or communications between devices, according to
embodiments of this disclosure. Processing logic 878 may include instructions for executing
the methodology described herein for a gas sensing device, for example. Examples of
secondary storage device(s) 874 may include one or more hard drive disks, compact disk (CD)
drives, digital versatile disk (DVD) drives, Blu-ray disk drives, redundant array of independent
disks (RAID) systems, floppy disk drives, flash drives, etc. Data and/or processing logic may
be stored on a removable (angible computer readable siorage medium (e.g., a floppy disk, a
CD, aDVD, a Blu-ray disk, etc.) using one or more of the secondary storage device(s) 874.
[0033] FIG. 9 is a block diagram of an example mobile or non-mobile device data

collection device, according to embodiments. Processing platform 900 may include one or
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more processors 920, memory 922, one or more secondary storage devices 974, one or more
iput/output devices 972, and/or one or more communicalion inter(aces 924, in communication
via a bus, line, or similar implementation (not shown). Processing platform 900 may also
include a power supply (not shown), which may include an interface to an electricity source
and/or may include one or more batteries.

[0034] Processor(s) 920 may be implemented by, for example but not limitation, one or
more integrated circuits, logic circuits, microprocessors, controllers, etc. Processor(s) 920 may
include a local memory 976 (e.g., a cache). Memory 922 may include a volatile and/or a non-
volatile memory. Volatile memory may be implemented by, for example but not limitation,
Synchronous Dynamic Random Access Memory (SDRAM), Dynamic Random Access
Memory (DRAM), RAMBUS Dynamic Random Access Memory (RDRAM) and/or any other
type of random access memory device. Non-volatile memory may be implemented by {lash
memory and/or any other desired type of memory device. Access to memory 922 may be
controlled by a memory controller (not shown). Data stored in local memory 976 and/or
memory 922 may be used by processor(s) 920 to facilitate data coilection functions and/or
communications, according 1o embodiments of this disclosure.

[0035] Input/output device(s) 972 may allow a user to interface with processor(s) 920.
Input devices may allow a user to enter data and/or commands for processor(s) 920. Input
devices may include, for example, an audio sensor, a microphone, a camera (e.g., still, video,
etc.), a keyboard, a button, a mouse, a touchscreen, a track-pad, a trackball, isopoint, a voice
recognition system, eic. Output devices may provide or present information to a user. Output
devices may include, for example, display devices (e.g., a light emitting diode (LED), an
organic light emitting diode (OLED), a liquid crystal display, a cathode ray tube display (CRT),
atouchscreen, a tactile output device, a printer, speakers, etc.). The input/output device(s) 972
may be connected to processor(s) 920, for example, with an interface circuit (not shown). The
interface circuit may be implemented by any type of interface standard, such as, for example,
an Ethernet interface, a universal serial bus (USB), a PCI express interface, etc. For use with
an output device, the interface circuit may include a graphics driver card, chip, and/or
processor.

[0036] Communication inlerface(s) 924 may be implemented in hardware or a combination
of hardware and software, and may provide wired or wireless network interface(s) to one or
more networks, such as network(s) 104 of FIG. 1. Communication interface(s) 924 may be a

part of, or connected with, the interface circuit discussed above, and/or may include or connect
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with communication devices such as a transmitter, a receiver, a transceiver, a modem and/or
network interface card to facilitate exchange ol data with external devices (e.g., computing
devices of any kind) via a network, such as network(s) 104.

[0037] Secondary storage device(s) 974 may store processing logic 978 (e.g., software) to
be executed by processor(s) 920, and/or may store data 980. Processing logic 978 and data 980
may be used by processor(s) 920 to facilitate data collection functions and/or communications
between devices, according to embodiments of this disclosure. Processing logic 978 may
include instructions for executing the methodology described herein for a data collection
device, for example. Examples of secondary storage device(s) 974 may include one or more
hard drive disks, compact disk (CD) drives, digital versatile disk (DVD) drives, Blu-ray disk
drives, redundant array of independent disks (RAID) systems, floppy disk drives, flash drives,
etc. Data and/or processing logic may be stored on a removable tangible computer readable
storage medium (e.g., a floppy disk, a CD, a DVD, a Blu-ray disk, etc.) using one or more of
the secondary storage device(s) 974.

[0038] The embodiments described herein provide quick detection and location
identification of gas leaks, using a low-cost, low-power-consumption solution that may
contribute to public safety and possibly save lives. The particular examples and scenarios used
in this document are for ease of understanding and are not to be limiting. Though described
for use with data collection from battery-powered devices used for gas utility metering, features
described herein may be used in many other contexts and situations that may or may not involve
battery power or gas utility metering. The power/cost-saving features discussed herein may be
beneficial in many other systems involving sensing devices of many types, including other
utility metering systems and other types of systems.

[0039] Although certain example methods, apparatus and articles of manufacture have
been disclosed herein, the scope of coverage of this patent is not limited thereto. On the
contrary, this patent covers all methods, apparatus and articles of manufacture fairly falling

within the scope of the claims of this patent.
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Claims
1. A data collection device, comprising:
at least one processor;

a communications system communicably coupled with the at least one processor, the
communications system capable of communicating with one or more gas sensing devices, over

a network; and

amemory communicably coupled with the at least one processor, the memory configured
to store detected concentrations of a particular gas reported by gas sensors associated with the

one or more gas sensing devices,
wherein the at least one processor is configured to:

receive reports of detected concentrations of the gas from the one or more gas sensing
devices in accordance with one or more predetermined schedules respectively associated with

the one or more gas sensing devices;

receive an alarm from an alarming gas sensing device of the one or more gas sensing
devices indicating that a detected concentration of the gas is greater than a predetermined

threshold;

receive updated reports of detected concentrations of the gas automatically provided
from the alarming gas sensing device at a rate faster than that provided by the predetermined

schedule respectively associated with the alarming gas sensing device;

track a rate that the detected concentration of the gas at the alarming gas sensing device

is increasing or decreasing; and

send a clear alarm command to the alarming gas sensing device when the tracked rate
at the alarming gas sensing device indicates a decrease in concentration of the gas at a rate at

which there is no safety concem.

2 The data collection device of claim 1, wherein the at least one processor is further

configured to:

send a command to the alarming gas sensing device to send the updated reports at the

faster rate.
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3. The data collection device of claim 1, wherein the at least one processor is further

configured to, in response to receiving the alarm:

send a command to one or more gas sensing devices nearby the alarming gas sensing
device to send updated reports of detected concentrations of the gas at respective rates that are
faster than that provided by the predetermined schedules respectively associated with the one

or more gas sensing devices nearby the alarming gas sensing device; and

receive the updated reports of detected concentrations of the gas from the gas sensing

devices nearby the alarming gas sensing device at the faster rates.

4, The data collection device of claim 3, wherein the at least one processor is further

configured to:

determine a location of a gas leak by triangulating the received updated reports from
the alarming gas sensing device and the nearby gas sensing devices based on the locations of

the alarming gas sensing device and the nearby gas sensing devices.

5. The data collection device of claim 3, further comprising a display, and wherein the at

least one processor is further configured to:

create and display a gas concentration map based on the received updated reports from
the alarming gas sensing device and the nearby gas sensing devices and on the locations of the

alarming gas sensing device and the nearby gas sensing devices.

6. The data collection device of claim 5, wherein the gas concentration map takes into

account one or more of wind speed and direction, street layout, or building topology.

7. The data collection device of claim 1, wherein the tracking the rate includes receiving

the tracked rate from the alarming gas sensing device.
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8. The data collection device of claim 1, wherein the data collection device is a computing

device at a central utility office.

0. The data collection device of claim 1, wherein the data collection device is a mobile

field computing device, and wherein the at least one processor is further configured to:

poll one or more of the gas sensing devices for detected concentrations of the gas.

10. A method of gas detection, comprising:

receiving, by a processor of a data collection device, reports of detected concentrations
of a particular gas from one or more gas sensing devices having one or more associated gas
sensors, the reports received in accordance with one or more predetermined schedules

respectively associated with the one or more gas sensing devices;

receiving, by the processor, an alarm from an alarming gas sensing device of the one or
more gas sensing devices indicating that a detected concentration of the gas is greater than a

predetermined threshold;

receiving updated reports of detected concentrations of the gas automatically provided
from the alarming gas sensing device at a rate faster than that provided by the predetermined

schedule respectively associated with the alarming gas sensing device;

tracking a rate that the detected concentration of the gas at the alarming gas sensing

device is increasing or decreasing; and

sending a clear alarm command to the alarming gas sensing device when the tracked
rate at the alarming gas sensing device indicates a decrease in concentration of the gas at a rate

at which there is no safety concem.

11.  The method of claim 10, further comprising:

sending, by the processor, a command to the alarming gas sensing device to send the

updated reports at the faster rate.

-16-



12. The method of claim 10, further comprising, in response to the recciving of the alarm:

sending, by the processor, a command to one or more gas sensing devices nearby the
alarming gas sensing device to send updated reports of detected concentrations of the gas at
respective rates that are faster than that provided by the predetermined schedules respectively
associated with the one or more gas sensing devices nearby the alarming gas sensing device;

and

receiving the updated reports of detected concentrations of the gas from the gas sensing

devices nearby the alarming gas sensing device at the faster rates.

13. The method of claim 12, further comprising at least one of:

determining a location of a gas leak by triangulating the received updated reports from
the alarming gas sensing device and the nearby gas sensing devices based on the locations of

the alarming gas sensing device and the nearby gas sensing devices; or

creating and displaying a gas concentration map based on the received updated reports
from the alarming gas sensing device and the nearby gas sensing devices and on the locations

of the alarming gas sensing device and the nearby gas sensing devices.

14. The method of claim 10, wherein the tracking the rate includes receiving, the tracked

rate from the alarming gas sensing device.

15. A non-transitory computer-readable medium having computer program logic stored
thereon, the computer program logic including instructions to cause a processor of a data

collection device to:

receive reports of detected concentrations of a particular gas from one or more gas
sensing devices having one or more associated gas sensors, the reports received in accordance
with one or more predetermined schedules respectively associated with the one or more gas

sensing devices;



receive an alarm from an alarming gas sensing device of the one or more gas sensing
devices indicating that a detected concentration of the gas is greater than a predetermined

threshold;

receive updated rcports of detected concentrations of the gas automatically provided
from the alarming gas sensing device at a rate faster than that provided by the predetermined

schedule respectively associated with the alarming gas sensing device;

track a rate that the detected concentration of the gas at the alarming gas sensing device

is increasing or decreasing; and

send a clear alarm command to the alarming gas sensing device when the tracked rate
at the alarming gas sensing device indicates a decrease in concentration of the gas at a rate at

which there is no safety concern.

16. The computer readable medium of claim 15, wherein the instructions further cause the
processor to: send a command to the alarming gas sensing device to send the updated reports

at the faster rate.

17.  The computer readable medium of claim 15, wherein the instructions further cause the

processor to, in response to receiving the alarm:

send a command to one or more gas sensing dcvices ncarby the alarming gas sensing
device to send updated reports of detected concentrations of the gas at respective rates that are
faster than that provided by the predetermined schedules respectively associated with the one

or more gas sensing devices nearby the alarming gas sensing device; and

receive the updated reports of detected concentrations of the gas from the gas sensing

devices nearby the alarming gas sensing device at the faster rates.

18. The computer readable medium of claim 15, wherein the instructions further cause the

processor to, at least one of:
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determine a location of a gas leak by triangulating the received updated reports from
the alarming gas sensing device and the nearby gas sensing devices based on the locations of

the alarming gas sensing device and the nearby gas sensing devices; or

create and display a gas concentration map based on the received updated reports from
the alarming gas sensing device and the nearby gas sensing devices and on the locations of the

alarming gas sensing device and the nearby gas sensing devices.

19.  The computer readable medium of claim 15, wherein the tracking the rate includes

receiving the tracked rate from the alarming gas sensing device.



