10

15

20

25

WO 2023/014427 PCT/US2022/031642

COST EFFECTIVE PRESSURE SENSORS FOR GAS METERS

RELATED APPLICATIONS
[0001] This application claims priority to U.S. Patent Application No. 17/395,287, Filed
August 5, 2021, titled “Cost Effective Pressure Sensors for Gas Meters,” the entirety of which

1s incorporated herein by reference.

BACKGROUND
[0002] Gas meters (e.g., meters measuring gas provided by a utility company to residential
and commercial customers) provide more information than was previously possible. However,
the new gas meters have failed to provide—and/or have failed to provide at reasonable cost—
rapid automatic shutoff on high pressure, alarm on low pressure or in response to tampering
with the gas meter, and/or a readout of instantaneous gas pressure.
[0003] Cost-effective solutions to provide greater functionality and lower cost would be

welcome.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The detailed description is described with reference to the accompanying figures. In
the figures, the left-most digit(s) of a reference number identifies the figure in which the
reference number first appears. The same numbers are used throughout the drawings to
reference like features and components. Moreover, the figures are intended to illustrate general
concepts, and not to indicate required and/or necessary elements.

[0005] FIG. 1 is an exploded diagram showing an example of a known gas pressure sensor,
and its installation in a portion of an enclosure of a gas meter.

[0006] FIG. 2 is a block diagram showing an example gas meter having pressure sensors in

both a gas-environment and an air-environment of the gas meter.
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[0007] FIG. 3 is a sequence and timing diagram showing an example sequence of events and
activities on a flow measuring unit (FMU), a metrology-in-gas printed circuit board assembly
(PCBA), an index PCBA, and a (possibly remotely located) software application.

[0008] FIG. 4 is a flow diagram showing example gas meter operation, wherein measurement
values of a pressure within a gas-environment and an air-environment are processed.

[0009] FIG. 5 is a flow diagram showing example gas meter operation, wherein the gas-
environment pressure minus the air-environment pressure exceeds a threshold value.

[0010] FIG. 6 is a flow diagram showing example gas meter operation responsive to an
abnormal condition at an FMU.

[0011] FIG. 7 is a flow diagram showing example gas meter operation, wherein responsive to
signal-gain over a second threshold value at the FMU, a rate of pressure measurements 1s
increased.

[0012] FIG. 8 1s a flow diagram showing example gas meter operation, wherein responsive to
signal-gain over a second threshold value at the FMU, a rate of calculations performed is
increased.

[0013] FIG. 9 is a flow diagram showing example gas meter operation, wherein the gas-
environment pressure minus the air-environment pressure is compared to one or more threshold

values.

DETAILED DESCRIPTION
Overview
[0014] FIG. 1 shows an example of a known gas pressure sensor 100 and its installation in a
portion of an enclosure of a gas meter. In the example shown, the pressure sensor is installed
into the enclosure (e.g., including the chassis and case) through which a hole has been drilled.
In addition to requiring a drilled hole, the sensor includes a number of auxiliary components
(e.g., the O-ring, gasket, screws, etc.) and must be installed in a gas-tight manner. Accordingly,

the process is somewhat expensive.
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[0015] To reduce costs and to increase the functional abilities of the gas meter, an improved
sensor configuration and data collection, processing and utilization techniques are described.
In an example, two sensors are installed in the gas meter. The sensors may be micro electrical
mechanical systems (MEMS). Inthe example, a first sensor is installed (e.g., by an automated
assembly process) on a metrology-in-gas (MIG) printed circuit board assembly (PCBA) that is
within a gas-environment of the gas meter. Accordingly, the first sensor is configured to
measure gas pressure within the gas-environment. The gas-environment is a part of the gas
meter that receives incoming gas from a utility company pipe and that exhausts outgoing gas
into a pipe that provides gas to a utility customer’s site. A metrology device or flow measuring
unit (FMU) (e.g., an ultrasonic metrology unit (UMU)) is located at least in part in the gas-
environment.

[0016] In the example, a second MEMS pressure sensor is installed (e.g., by an automated
assembly process) on an index PCBA located in an air-environment of the gas meter. The index
PCBA may include a processor and memory, and may be configured to receive gas consumption
data and gas pressure data from the FMU and/or one or more MIG PCBA or sensor devices.
[0017] A processor and a memory device accessible by the processor are typically located on
the index PCBA. Programming and/or commands stored in the memory device and executable
by the processor are configured to perform operations that process the incoming pressure data
from the first and second sensors. In an example, the processor calculates a pressure difference
value as the gas pressure value (i.e., the pressure inside the gas-environment of the gas meter)
minus the air pressure value (i.e., the barometric or atmospheric pressure in the air-environment
of the gas meter).

[0018] Under some conditions, the pressure difference value may be approximately equal to a
column of 7 inches of water. The pressure difference value may be compared to an upper
threshold value and/or a lower threshold value. If the pressure difference value is greater than
the upper threshold value, an over-gas-pressure event may be reported. If the pressure
difference value is less than the lower threshold value, an under-gas-pressure event may be

reported. Ifthe pressure difference value is greater than an extreme upper threshold value (e.g.,
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“emergency threshold value™), the processor may issue signals and/or commands to perform an
immediate gas-supply valve shutoff. The immediate shutoff will close the valve that allows
gas into the gas meter. The immediate shutoff may prevent very high gas pressure from
overwhelming the gas meter, customer gas pipes and/or appliances, and creating an explosive
and life-threatening situation.

[0019] Gas meters are typically battery powered. In an example product requirement
specification, the batteries must last for 20 years. Accordingly, managing the input from the
first and second pressure sensors may be a burden on the electronics of the gas meter, and may
compromise the product requirement specification. In examples discussed in this document, a
flow measuring unit (FMU) may be configured as an ultrasonic metrology unit (UMU) or other
device according to design requirements. If indicated by conditions, the FMU sends
information showing an abnormal condition and/or signal-gain or signal-gain variability at the
FMU. If the FMU sends an abnormal signal (and/or the signal-gain unit exceeds a threshold
value) then the processor may begin to calculate the pressure difference value or begin to
calculate the pressure difference value at a higher rate. In an example, a pressure increase may
affect a signal sent by the FMU, and the changed signal may be used to trigger a quick,
immediate and/or increased rate of pressure read(s) (i.e., the gathering of pressure sensor input).
The higher rate may include more frequent pressure measurements in the gas-environment and
the air-environment, more frequent calculations of the pressure difference value using the
measurements, and more frequent comparisons of the pressure difference value to one or more
threshold values (e.g., an under-pressure threshold, an over-pressure threshold, and an
emergency over-pressure threshold). The abnormal condition, if in excess of a threshold value,

may trigger an immediate response to close a valve and block incoming gas.

Example Systems and Techniques
[0020] FIG. 2 shows an example gas meter 200 having a gas-environment 202 and an air-
environment 204. In the example shown, a gas pressure sensor 206 is located in the gas-

environment and an air pressure sensor 208 is located in the air-environment of the gas meter.
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[0021] The gas-environment 202 receives natural gas from an incoming or input gas pipe, such
as from a gas utility company. The gas-environment 202 exhausts gas into an outgoing or
output pipe, which is attached to a pipe delivering gas to a customer (e.g., a residence,
commercial or industrial site, etc.). Within the gas environment 202 is a portion of a bus 210
(e.g., a I12C bus) that is continued into the air-environment 204. A metrology device 212 (e.g.,
a flow measuring unit (FMU) such as an ultrasonic metrology unit (UMU)) is at least partially
located within the gas-environment 202. One or more metrology-in-gas (MIG) PCBAs 214
may be configured for operation within the gas-environment 202. Each MIG PCBA may be
configured to operate one or more devices, such as a valve, valve motor, sensor, switch, etc. In
an example, a main gas shutoff valve 228 and valve motor 228 is controlled by the MIG PCBA
214. The main gas shutoff valve 228 prevents gas from entering the gas meter 200 from a
supply pipe of the gas utility company. In the example shown, a pressure sensor, a motor and
the UMU are connected to, and operated by, the same MIG PCBA, which is attached to the bus
210. However, different MIG PCBA(s) may be used to operate one or more of the motor,
pressure sensor and FMU, with each MIG PCBA attached to the bus 210.

[0022] In the example shown, the MIG PCBA 214 may control the operation of the first gas
pressure sensor 206. In the example, a processor 216 is configured to execute commands (e.g.,
programming statements) defined or contained in a memory device 218. In an example, the
processor 216 may communicate over a direct connection with the FMU 212 in the gas-
environment. The processor 216 may communicate with the index PCBA 220, located within
the air-environment 204, over the bus 210.

[0023] The air-environment 204 of the gas meter 200 is separated from the gas-environment
202 by portions of the enclosure 224 of the gas meter 200. Accordingly, gas is not able to enter
the air-environment (and vice versa).

[0024] In the example of FIG. 2, an index PCBA 220 is in communication with devices of the
gas-environment 202 and the air-environment 204 using the bus 210, which may be controlled
by the 12C bus controller 222. The index PCBA 220 may be configured to receive gas

consumption data from a MIG PCBA 214 configured to control the FMU. In an example, data
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may be transferred between the MIG PCBA 214 and the FMU 212 by a direct connection 230,
or in alternative designs over the bus 210. Accordingly, the FMU 212 may be connected to the
bus 210 through the MIG PCBA 214 or could be directly connected to the bus if the MIG PCBA
1s not utilized and/or present.

[0025] The index PCBA 220 may include a second gas pressure sensor (air pressure sensor
208), which may be MEMS device that is mounted to the printed circuit or wiring board in an
automated manner during the manufacturing process. Also present on the index PCBA 220 are
a processor 224 and associated memory device 226. The memory device 226 is configured to
contain commands (e.g., programming statements) that allow the processor 224 to receive,
process and transmit gas consumption data.

[0026] The memory device 226 1s also configured to contain commands that enable the
processor to process data from the gas pressure sensor 206 in the gas-environment 202 and the
air (barometric) pressure sensor 208 in the air-environment 204. In some examples, the
processor 224 may utilize techniques described in FIGS. 3-9 to process and utilize the pressure
data. In such examples, the sensor data may include a pair of pressure values, including a gas
pressure value (measured by MEMS sensor 206 in the gas-environment) and an air (barometric)
pressure value (measured by the MEMS sensor 208 in the air-environment.

[0027] By executing programming commands contained within the memory device 226, the
processor calculates a pressure difference value. In an example, the pressure difference value
is the gas-pressure value minus the air-pressure value. In an example of normal operation, the
gas pressure may be greater than the air pressure value by the equivalent of approximately 7
inches of water (e.g., approximately 1 or 2 psi). If the gas or air pressure is unusual (e.g., high
gas pressure due to malfunction) then the pressure difference value may be greater or lower. In
the case of barometric pressure variation (e.g. a storm, which may lower barometric pressure),
a pressure regulator of a gas meter regulates the gas pressure with respect to the atmospheric
(1.e., barometric) pressure. Accordingly, in storm conditions, the difference in pressure between
the gas and the barometric pressures may not change (e.g., both go lower). However, if

barometric pressure is also measured (in addition to gas pressure) the low gas and barometric
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pressures may be recognized. In one example (e.g., a gas leak), the gas pressure value may be
low, and the pressure difference may be lower. In another example (e.g., gas overpressure), the
gas pressure value may be very high, and the pressure difference may be greater.

[0028] The pressure difference value may be compared to one or more threshold values. If
the pressure difference value i1s greater than a first threshold value, it may indicate gas
overpressure, and this should be reported, since overpressure events may require gas valve
closure and/or more rapid sensor measurements and data calculations.

[0029] If the pressure difference is greater than a second threshold value (larger than the first
threshold value) the processor 224 may send an immediate command to shut a gas valve to
prevent gas from entering the gas meter, and by extension, to prevent gas from entering the gas
system (pipes, appliances, etc.) of the customer.

[0030] If the pressure difference is less than a third threshold value (smaller than the first
threshold value), that may indicate a gas under-pressure event, which should be reported.
[0031] In a situation wherein a customer has tampered with a gas meter, a threshold may be
compared to the pressure difference (pressure of the gas minus barometric (atmospheric)
pressure). In the event that the comparison indicates customer-tampering, a tamper alarm or
signal is sent.

[0032] FIG. 3 shows an example sequence 300 and relationship of events, actions, operations
and/or activities 304-328 on an FMU 212, a metrology-in-gas (MIG) printed circuit board
assembly (PCBA) 214, an index PCBA 220, and a software application 302.

[0033] Action, operation and/or event 304 is a rapid gain change at the FMU 212. The rapid
gain change—up or down—may be indicated by a change in the pressure difference (ie.,
pressure of the gas minus barometric (atmospheric) pressure). The rapid gain change and/or
measured flowrate may result from a rapid change in the gas pressure within the gas-
environment of the gas meter. The rapid change in gain may be a rapid increase in gas pressure,
such as if a large quantity of gas suddenly—and possibly, accidentally—came online. This may
result from accidental valve operation upstream, a gas compressor failure, mistaken addition of

portable gas supplies (e.g., a truck supplying gas to supplement typical pipeline operation), etc.
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Conversely, the rapid change in gain may result from a rapid decrease in gas pressure, such as
that caused by a leak or broken pipe.

[0034] At action, operation and/or event 306, an abnormal event signal or message is sent
from the FMU 212 to the MIG PCBA 214. The abnormal event is sent in response to the rapid
gain change situation of action 304. While the example of FIG. 3 shows the abnormal event
signal being sent to the MIG PCBA 214, an alternative design would allow the signal to be sent
directly to the index PCBA 220.

[0035] At action, operation and/or event 308, the sample rate (performed by the gas pressure
sensor 206 in the gas-environment and the air pressure sensor 208 in the air-environment) is
increased. In some example designs, the sample rate is low until an abnormal event, while in
other example designs, the sample rate is zero until an abnormal event.

[0036] At action, operation and/or event 310, an over pressure alert is sent from the MIG
PCBA 214 to the index PCBA 220.

[0037] At action, operation and/or event 312, the index PCBA 220 sends the MIG PCBA 214
a request for gas pressure.

[0038] At action, operation and/or event 314, the MIG PCBA 214 averages a number of recent
gas-pressure measurements. The number averaged can vary, and may depend on performance
characteristics of the gas pressure and barometric pressure sensors. The number averaged may
also depend on settings of over/under pressure threshold settings. In an example, a difference
between the threshold settings from the gas operating pressure may be used in a determination
of the number of recent gas-pressure measurement to average.

[0039] At action, operation and/or event 316, having averaged recent gas-pressure
measurements, the MIG PCBA 214 sends the averaged gas pressure value to the index PCBA
220.

[0040] At action, operation and/or event 318, the index PCBA 220 has in memory device 226
the gas-pressure value received from the MIG PCBA and an atmospheric (barometric) air-
pressure value from the air pressure sensor 208. Using these pressure values, the index PCBA

can calculate pressure difference according to: pressure difference equals the gas-pressure value
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(e.g., as measured by gas pressure sensor 206) minus the air-pressure value (e.g., as measured
by air pressure sensor 208).

[0041] At action, operation and/or event 320, the pressure difference value is compared to one
or more threshold values. If the pressure difference value fails to exceed a first threshold, then
a low gas pressure situation is indicated. If the pressure difference exceeds a second threshold
(but is less than a third threshold), then a high gas pressure situation is indicated. Ifthe pressure
difference value exceeds the third threshold, then a very high gas pressure situation is indicated,
and the gas shutoff valve 228 must immediately be closed.

[0042] At action, operation and/or event 322, in response to the difference value being less
than the first threshold, a low-pressure alarm, message or signal is sent. In response to the
difference value being greater than the second threshold, a high-pressure alarm, message or
signal 1s sent. The under-pressure or over-pressure alarms are sent from the index PCBA 220
to a remote application, such as system management software on a remote server, headend
and/or main office of a utility company.

[0043] At action, operation and/or event 324, responsive to the third threshold being exceeded,
a command to close the main gas valve is sent from the index PCBA 220 to the MIG PCBA
214. At action, operation and/or event 326, the MIG PCBA uses an appropriate command,
signal, or software routine to activate a motor to close the main gas valve 228. At action,
operation and/or event 328 the MIG PCBA sends a confirmation signal or message indicating

that the main gas valve was closed.

Example Methods

[0044] In some examples of the techniques discussed herein, the methods of operation may be
performed by one or more application specific integrated circuits (ASIC) or may be performed
by a general-purpose processor utilizing software defined in computer readable media. In the
examples and techniques discussed herein, the memory 218 and/or 226 may comprise
computer-readable media and may take the form of volatile memory, such as random-access

memory (RAM) and/or non-volatile memory, such as read only memory (ROM) or flash RAM.
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Computer-readable media devices include volatile and non-volatile, removable and non-
removable media implemented in any method or technology for storage of information such as
computer-readable instructions, data structures, program modules, or other data for execution
by one or more processors of a computing device. Examples of computer-readable media
include, but are not limited to, phase change memory (PRAM), static random-access memory
(SRAM), dynamic random-access memory (DRAM), other types of random access memory
(RAM), read-only memory (ROM), electrically erasable programmable read-only memory
(EEPROM), flash memory or other memory technology, compact disk read-only memory (CD-
ROM), digital versatile disks (DVD) or other optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or any other non-transitory medium
that can be used to store information for access by a computing device.

[0045] As defined herein, computer-readable media does not include transitory media, such
as modulated data signals and carrier waves, and/or signals.

[0046] FIG. 4 shows example gas meter operation 400, wherein measurement values of a
pressure within a gas-environment and an air-environment are processed.

[0047] At block 402, an index PCBA, within an air-environment of the gas meter, receives a
first pressure value. The first pressure value indicates gas pressure within the gas-environment
of the gas meter. In the example of FIG. 2, the first pressure value may have been measured
by the sensor 206 in the gas-environment. The first pressure value may be sent from the
metrology PCBA 214 to the index PCBA 220 over the communications bus 210.

[0048] At block 404, the index PCBA measures a second pressure value. The second pressure
value indicates air or barometric pressure within the air-environment of the gas meter. In the
example of FIG. 2, the second pressure value may have been measured by the sensor 208 of
the index PCBA 220, and indicates the air pressure and/or barometric pressure within the air-
environment 204 of the gas meter.

[0049] At block 406, a pressure difference value 1s calculated to be equal to the first pressure
value minus the second pressure value. In the example of FIG. 1, the calculation is performed

at the index PCBA 220.
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[0050] At block 408, the pressure difference value is compared to a threshold value. In the
example of FIG. 2, the comparison is performed by the processor 224 executing commands
obtained from the memory device 226 of the index PCBA 220.

[0051] At block 410, an action 1s performed if, and/or responsive to, a relationship between
the pressure difference value and one or more threshold values. In an example, the pressure
difference value may have one or more relationships with one or more threshold values (e.g.,
less than a first threshold or greater than a second threshold). FIG. 5 shows five example actions
that may be performed.

[0052] At block 502, a first message indicating a low-pressure event may be sent. In this
example, a pressure difference value less than a first threshold value indicates a low gas
pressure event. The example of block 322 of FIG. 3 shows how a message may be sent from
the index PCBA to a headend office, server, application 302, etc.

[0053] At block 504, a second message may be sent indicating a high-pressure event. In this
example, a pressure difference value greater than a second threshold value indicates a high gas
pressure event. In the example of block 322 of FIG. 3, a message is sent from the index PCBA
to a headend office, server, application 302, etc.

[0054] At block 506, a gas valve is closed. In this example, a pressure difference value greater
than a third threshold value indicates an emergency high gas pressure event. In an example of
block 324 of FIG. 3, the valve close command 324, the closing the main valve action 326, and
the valve closed confirmation 328 are an example of actions taken at block 506.

[0055] At block 508, a message indicating tampering with the gas meter may be sent. In an
example, the message is sent to a headend device, such as a utility company server, main office
computing center, etc.

[0056] At block 510, the first and/or second pressure value and/or the pressure difference may
be sent to a remote computing device. In an example, these values may be sent for purposes of
data analytics.

[0057] FIG. 6 shows example gas meter operation 600 responsive to an abnormal condition at

a flow measuring unit (FMU). To save power, measurements of pressure in the gas-
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environment and in the air-environment may be performed at a low rate (or possibly not at all)
until an abnormal condition is detected.

[0058] At block 602, in response to an abnormal condition at the FMU, a rate of one or more
actions may be increased or, if the actions are not currently being performed, then the actions
may be commenced. Blocks 604-610 represent actions that may be begun and/or a rate at which
they are repeated is increased.

[0059] At block 604, gas-environment pressure values may be measured at an increased rate.
In the example of FIG. 2, the pressure sensor 206 in the gas-environment 202 may be operated
at an increased rate, 1.e., a rate at which pressure values are obtained is increased.

[0060] At block 606, air-environment pressure values may be measured at an increased rate.
In the example of FIG. 2, the pressure sensor 208 in the air-environment 204 may be operated
at an increased rate, 1.e., a rate at which pressure values are obtained is increased. In an
example, the actions of blocks 604 and 606 may be performed simultaneously, to create pairs
of pressure values, one each from the gas-environment and the air-environment.

[0061] At block 608, pressure difference values are calculated. In an example, the pressure
difference value may be calculated as the gas-environment pressure value minus the
contemporaneous (i.e., measured at approximately the same time) air-environment pressure
value.

[0062] AtDblock 610, the pressure difference values may be compared to one or more threshold
values. The threshold values may include: a first threshold value associated with a low gas-
pressure condition; a second threshold value associated with a high gas-pressure condition; and
a third threshold value associated with a high gas-pressure condition that is high enough to
require that the valve 228 regulating the gas flow to the customer associated with the meter
(and associated with method 600) be closed immediately.

[0063] FIG. 7 shows example gas meter operation 700, wherein responsive to signal-gain over
a threshold value at the FMU, a rate of pressure measurements 1s increased.

[0064] At block 702, signal-gain variation over a threshold value in an output of an FMU,

during a window of time duration, is recognized. Inthe example of FIG. 2, the signal gain may
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be associated with an ultrasonic signal used by the FMU 212 to measure gas flowrate within a
portion of the gas meter 200. In the example of FIG. 3, a rapid gain-change 304 at the FMU
212 1s detected.

[0065] At block 704, responsive to the signal-gain variation over the threshold value, a rate at
which pressure is measured is increased. In the example of FIG. 2, the pressure sensors 206,
208 in the gas-environment 202 and air-environment 204, respectively, are used to measure
pressure at an increased rate.

[0066] Blocks 706 and 708 illustrate example techniques by which portions of block 704 may
be performed. At block 706, a rate at which pressure is measured in the gas-environment of
the gas meter is increased. At block 708, a rate at which pressure is measured in the air-
environment of the gas meter is increased. In the example of FIG. 2, the sensors 206, 208 are
used to measure pressure at an increased rate (e.g., more pressure measurements over a same
period of time).

[0067] FIG. 8 shows example gas meter operation 800, wherein responsive to signal-gain over
a threshold value at the FMU, a rate of calculations (e.g., pressure-difference calculations and
threshold-comparisons) performed is increased. At block 802, signal-gain over a threshold
value in an output of an ultrasonic metrology unit is recognized. At block 804, responsive to
the signal-gain over the threshold value, a rate at which the pressure difference 1s calculated
and compared to the threshold value is increased.

[0068] FIG. 9 shows example gas meter operation 900, wherein the gas-environment pressure
minus the air-environment pressure is less than a threshold value. At block 902, at the index
PCBA, the pressure difference may be compared to one, two or three threshold values. At block
904, responsive to the pressure being more or less than the threshold values, a low-pressure
situation may be reported, a high-pressure situation may be reported, or an immediate reaction
to a very high gas-pressure situation may be performed (e.g., a valve closing) and may be

reported.
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Example Systems and Devices

[0069] The following examples of a metrology module adaptable for use in multiple gas
meters are expressed as number clauses. While the examples illustrate a number of possible
configurations and techniques, they are not meant to be an exhaustive listing of the systems
and/or methods described herein.

[0070] 1. A gas meter, comprising: a metrology printed circuit board assembly (PCBA)
located in a gas-environment of the gas meter, wherein the metrology PCBA comprises a first
pressure sensor to measure a first pressure value; and a flow measuring unit (FMU) at least
partially located in the gas-environment and in communication with the metrology PCBA; an
index PCBA located in an air-environment of the gas meter, wherein the index PCBA
comprises: a processor, a memory device in communication with the processor; a second
pressure sensor to measure a second pressure value; and commands stored in the memory
device and executable by the processor to perform operations comprising: receiving, at the
index PCBA, the first pressure value from the metrology PCBA; calculating a pressure
difference value equal to the first pressure value minus the second pressure value; comparing
the pressure difference value to a threshold value; and responsive to the pressure difference
value exceeding the threshold value, performing an action.

[0071] 2. The gas meter of clause 1, wherein the action comprises at least one of’ closing a
gas valve; sending a first message indicating a low-pressure event; sending a second message
indicating a high-pressure event; sending a third message indicating gas meter tampering; and
sending at least one of the first pressure value, the second pressure value, or the pressure
difference value to a remote computing device.

[0072] 3. The gas meter of clause 1, wherein: the first pressure sensor comprises a first micro
electrical mechanical system (MEMS) and is attached to the metrology PCBA in the gas-
environment; and the second pressure sensor comprises a second MEMS and is attached to the
index PCBA in the air-environment.

[0073] 4. The gas meter of clause 1, the operations further comprising: receiving, at the

metrology PCBA, a first message from the FMU of the gas meter indicating an abnormal
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condition; and receiving, at the index PCBA, a second message from the metrology PCBA of
the gas meter indicating the abnormal condition, wherein the calculating of the pressure
difference value and comparing to the threshold value are performed in response to the second
message.

[0074] 5. The gas meter of clause 1, the operations further comprising: responsive to an
abnormal condition at a flow measuring unit (FMU), increasing rates of: pressure
measurements made at the first pressure sensor and made at the second pressure sensor; and
calculations of pressure difference values and comparisons of pressure difference values to the
threshold value.

[0075] 6. The gas meter of clause 1, wherein the operations further comprise: responsive to
a signal-gain variation, within window of a timed duration, measured by the FMU exceeding a
second threshold value, performing actions comprising: increasing, by the first pressure sensor
and by the second pressure sensor, a rate of pressure measurements; and increasing, by the
processor, a rate of the calculating and the comparing.

[0076] 7. The gas meter of clause 1, the operations further comprising: sending the second
pressure value to a remote computing device.

[0077] 8. Amethod of operating a gas meter, comprising: receiving, at an index PCBA within
an air-environment of the gas meter, a first pressure value of gas pressure sent from a metrology
PCBA in a gas-environment of the gas meter; measuring, at the index PCBA, a second pressure
value of air pressure within the air-environment of the gas meter; calculating, at the index
PCBA, a pressure difference value equal to the first pressure value minus the second pressure
value; comparing, at the index PCBA, the pressure difference value to a threshold value; and
responsive to the pressure difference value exceeding the threshold value, performing an action.
[0078] 9. The method of clause 8, wherein performing the action comprises at least one of’
sending a first message indicating a high-pressure event; closing a gas valve; sending a second
message indicating a low-pressure event; sending a third message indicating tampering with
the gas meter; and sending at least one of the first pressure value, the second pressure value, or

the pressure difference value to a remote computing device.
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[0079] 10. The method of clause 8, wherein: the first pressure value was measured by a first
micro electrical mechanical system (MEMS) attached to the metrology PCBA in the gas-
environment; and the second pressure value was measured by a second MEMS attached to the
index PCBA in the air-environment.

[0080] 11. The method of clause 8, additionally comprising: responsive to an abnormal
condition at a flow measuring unit (FMU), increasing rates of: measuring of gas-environment
pressure values; measuring of contemporaneous air-environment pressure values; calculating
pressure difference values of the gas-environment pressure values minus the contemporaneous
air-environment pressure values; and comparing pressure difference values to the threshold
value.

[0081] 12. The method of clause 8, additionally comprising: recognizing signal-gain over a
second threshold value in an output of an ultrasonic metrology unit; and responsive to the
signal-gain over the second threshold value, increasing a rate at which pressure is measured: in
the gas-environment of the gas meter; and in the air-environment of the gas meter.

[0082] 13. The method of clause 8, additionally comprising: recognizing signal-gain over a
second threshold value in an output of an ultrasonic metrology unit; and responsive to the
signal-gain over the second threshold value, increasing a rate at which the pressure difference
value 1s calculated and compared to the threshold value.

[0083] 14. The method of clause 8, additionally comprising: comparing, at the index PCBA,
the pressure difference value to a second threshold value; and responsive to the pressure
difference value being less than the second threshold value, reporting a low-pressure situation.
[0084] 15. The method of clause 8, additionally comprising: sending the second pressure
value to a remote computing device.

[0085] 16. A gas meter, comprising: a flow measuring unit (FMU) to measure gas flow and
to transmit gas flow data; a metrology printed circuit board assembly (PCBA) located in gas-
environment of the gas meter, wherein the metrology PCBA receives the gas flow data, and
wherein the metrology PCBA comprises a first pressure sensor to measure a first pressure value;

and an index PCBA located in an air-environment of the gas meter, wherein the index PCBA
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comprises a second pressure sensor to measure a second pressure value, and wherein a
processor of the index PCBA is configured to perform operations comprising: calculating a
pressure difference value equal to the first pressure value minus the second pressure value;
comparing the pressure difference value to a threshold value; and responsive to the pressure
difference value exceeding the threshold value, performing an action.

[0086] 17. The gas meter of clause 16, wherein performing the action comprises: closing a
gas valve; and sending a message indicating a high-pressure event.

[0087] 18. The gas meter of clause 16, wherein the processor performs further operations
comprising: responsive to an abnormal condition signal from the FMU, increasing at the first
pressure sensor and the second pressure sensor, a rate of pressure measurements, and increasing
at the index PCBA, a rate of the calculating the pressure difference value and the comparing
the pressure difference value to the threshold value.

[0088] 19. The gas meter of clause 16, wherein the processor performs further operations
comprising: responsive to the FMU having a signal-gain variation over a second threshold
value, increasing at the first pressure sensor and the second pressure sensor, a rate of pressure
measurements, and increasing at the index PCBA, a rate of the calculating the pressure
difference value and the comparing the pressure difference value to the threshold value.

[0089] 20. The gas meter of clause 16, wherein the processor performs further operations
comprising: comparing, at the index PCBA, the pressure difference value to a second threshold
value; and responsive to the pressure difference value being less than the second threshold

value, reporting a low-pressure situation.

Conclusion

[0090] Although the subject matter has been described in language specific to structural
features and/or methodological acts, it is to be understood that the subject matter defined in the
appended claims is not necessarily limited to the specific features or acts described. Rather,

the specific features and acts are disclosed as exemplary forms of implementing the claims.
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CLAIMS
What is claimed is:
1. A gas meter, comprising:
5 a metrology printed circuit board assembly (PCBA) located in a gas-environment of the

gas meter, wherein the metrology PCBA comprises a first pressure sensor to measure a first
pressure value; and
a flow measuring unit (FMU) at least partially located in the gas-environment and in
communication with the metrology PCBA;
10 an index PCBA located in an air-environment of the gas meter, wherein the index PCBA
comprises:
a processor;
a memory device in communication with the processor;
a second pressure sensor to measure a second pressure value; and
15 commands stored in the memory device and executable by the processor to
perform operations comprising:
receiving, at the index PCBA, the first pressure value from the metrology
PCBA;
calculating a pressure difference value equal to the first pressure value
20 minus the second pressure value;
comparing the pressure difference value to a threshold value; and
responsive to the pressure difference value exceeding the threshold value,

performing an action.

25
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2. The gas meter of claim 1, wherein the action comprises at least one of’

closing a gas valve;

sending a first message indicating a low-pressure event;

sending a second message indicating a high-pressure event;

sending a third message indicating gas meter tampering; and

sending at least one of the first pressure value, the second pressure value, or the pressure

difference value to a remote computing device.

3. The gas meter of claim 1, wherein:

the first pressure sensor comprises a first micro electrical mechanical system (MEMS)
and 1s attached to the metrology PCBA 1n the gas-environment; and

the second pressure sensor comprises a second MEMS and is attached to the index

PCBA 1n the air-environment.

4. The gas meter of claim 1, the operations further comprising:

receiving, at the metrology PCBA, a first message from the FMU of the gas meter
indicating an abnormal condition; and

receiving, at the index PCBA, a second message from the metrology PCBA of the gas
meter indicating the abnormal condition,

wherein the calculating of the pressure difference value and comparing to the threshold

value are performed in response to the second message.

5. The gas meter of claim 1, the operations further comprising:
responsive to an abnormal condition at a flow measuring unit (FMU), increasing rates
of:
pressure measurements made at the first pressure sensor and made at the second

pressure sensor, and
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calculations of pressure difference values and comparisons of pressure difference

values to the threshold value.

6.  The gas meter of claim 1, wherein the operations further comprise:
5 responsive to a signal-gain variation, within window of a timed duration, measured by
the FMU exceeding a second threshold value, performing actions comprising:
increasing, by the first pressure sensor and by the second pressure sensor, a rate
of pressure measurements; and

increasing, by the processor, a rate of the calculating and the comparing.

10
7. The gas meter of claim 1, the operations further comprising:
sending the second pressure value to a remote computing device.
8. A method of operating a gas meter, comprising:
15 receiving, at an index PCBA within an air-environment of the gas meter, a first pressure

value of gas pressure sent from a metrology PCBA in a gas-environment of the gas meter;
measuring, at the index PCBA, a second pressure value of air pressure within the air-
environment of the gas meter;
calculating, at the index PCBA, a pressure difference value equal to the first pressure
20  value minus the second pressure value,
comparing, at the index PCBA, the pressure difference value to a threshold value; and
responsive to the pressure difference value exceeding the threshold value, performing

an action.

25 9. The method of claim 8, wherein performing the action comprises at least one of:
sending a first message indicating a high-pressure event;
closing a gas valve;

sending a second message indicating a low-pressure event;
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sending a third message indicating tampering with the gas meter; and
sending at least one of the first pressure value, the second pressure value, or the pressure

difference value to a remote computing device.

5 10. The method of claim 8, wherein:
the first pressure value was measured by a first micro electrical mechanical system
(MEMS) attached to the metrology PCBA in the gas-environment; and
the second pressure value was measured by a second MEMS attached to the index PCBA
in the air-environment.
10
11. The method of claim 8, additionally comprising:
responsive to an abnormal condition at a flow measuring unit (FMU), increasing rates
of:
measuring of gas-environment pressure values;
15 measuring of contemporaneous air-environment pressure values;
calculating pressure difference values of the gas-environment pressure values
minus the contemporaneous air-environment pressure values; and

comparing pressure difference values to the threshold value.

20 12.  The method of claim 8, additionally comprising:
recognizing signal-gain over a second threshold value in an output of an ultrasonic
metrology unit; and
responsive to the signal-gain over the second threshold value, increasing a rate at which
pressure is measured:
25 in the gas-environment of the gas meter; and

in the air-environment of the gas meter.
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13.  The method of claim 8, additionally comprising:

recognizing signal-gain over a second threshold value in an output of an ultrasonic
metrology unit; and

responsive to the signal-gain over the second threshold value, increasing a rate at which

the pressure difference value is calculated and compared to the threshold value.

14. The method of claim 8, additionally comprising:

comparing, at the index PCBA, the pressure difference value to a second threshold value;
and

responsive to the pressure difference value being less than the second threshold value,

reporting a low-pressure situation.

15. The method of claim 8, additionally comprising:

sending the second pressure value to a remote computing device.

16. A gas meter, comprising;

a flow measuring unit (FMU) to measure gas flow and to transmit gas flow data;

a metrology printed circuit board assembly (PCBA) located in gas-environment of the
gas meter, wherein the metrology PCBA receives the gas flow data, and wherein the metrology
PCBA comprises a first pressure sensor to measure a first pressure value; and

an index PCBA located in an air-environment of the gas meter, wherein the index PCBA
comprises a second pressure sensor to measure a second pressure value, and wherein a
processor of the index PCBA 1s configured to perform operations comprising:

calculating a pressure difference value equal to the first pressure value minus the
second pressure value;

comparing the pressure difference value to a threshold value; and

responsive to the pressure difference value exceeding the threshold value,

performing an action.
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17. The gas meter of claim 16, wherein performing the action comprises:
closing a gas valve; and

sending a message indicating a high-pressure event.

18. The gas meter of claim 16, wherein the processor performs further operations
comprising:

responsive to an abnormal condition signal from the FMU, increasing at the first
pressure sensor and the second pressure sensor, a rate of pressure measurements, and increasing
at the index PCBA, a rate of the calculating the pressure difference value and the comparing

the pressure difference value to the threshold value.

19. The gas meter of claim 16, wherein the processor performs further operations
comprising:

responsive to the FMU having a signal-gain variation over a second threshold value,
increasing at the first pressure sensor and the second pressure sensor, a rate of pressure
measurements, and increasing at the index PCBA, a rate of the calculating the pressure

difference value and the comparing the pressure difference value to the threshold value.

20. The gas meter of claim 16, wherein the processor performs further operations
comprising:

comparing, at the index PCBA, the pressure difference value to a second threshold value;
and

responsive to the pressure difference value being less than the second threshold value,

reporting a low-pressure situation.
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