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METROLOGY MODULE ADAPTABLE FOR USE IN
MULTIPLE GAS METERS

RELATED APPLICATIONS
[0001] This application claims priority to U.S. Patent Application No. 17/375,800, Filed July 14,
2021, titled “Metrology Module Adaptable for Use in Multiple Gas Meters,” the entirety of which

is incorporated herein by reference.

BACKGROUND

[0002] Gas meters are evolving to include static metrology devices (as opposed to mechanical
metrology devices, such as “bellows”). The new meters are more functional and provide more
information than is possible using mechanical metrology devices. In examples, the new meters
include sensors and safety features for earthquake detection, temperature measurement, pressure
measurement, leak detection, flow volume measurement, gas shut-off and others.

[0003] A significant cost 1s associated with this advancement, particularly in that inclusion of
multiple different subsets of multiple different sensors, controllers, valves, valve-motors, driver
software, firmware, etc., can result in gas meters having many different configurations.
Accordingly, improvements that provided for efficient management of available devices and

functionality would reduce costs.

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 a diagram showing an example gas meter configured for use in aresidential setting.
[0006] FIG. 2 is a diagram showing an example gas meter configured for use in a commercial
setting.
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[0007] FIG. 3 1s a flow diagram showing an example method for manufacturing and/or configuring
smaller residential and larger commercial gas meters (the commercial gas meters being capable of
measuring larger instantaneous gas flowrates and larger gas volumes per unit time than the smaller
residential gas meters) using a single control system adapted for use in both manufacturing
processes.

[0008] FIG. 4 is a flow diagram showing an example method for determining a type or model of
gas meter in which a gas meter control system is installed and for identifying software and/or
firmware appropriate to operate the determined gas meter and associated sensors, valves, devices,
etc.

[0009] FIG. 5 1s a flow diagram showing an example method for updating software and/or firmware
used in a gas meter control system.

[0010] FIG. 6 is a flow diagram showing an example method for identifying sensors, switches,
valves, motors and/or other devices in a gas meter, and for identifying appropriate commands for

controlling such devices by operation of the gas meter control system.

DETAILED DESCRIPTION

Overview

[0011] The disclosure describes a gas meter control system that 1s adapted for use in a plurality of
different gas meters having a plurality of different gas flowrate measurement abilities, a plurality
of different gas volume measurement abilities, and a plurality of different functional capabilities
(e.g., sensors, shut-off valves, etc.). In an example, residential-type gas meters are not configured
to measure the large gas flowrates measured by commercial-type gas meters. Additionally,
commercial-type gas meters measure a greater range of flowrates (i.e., they have a greater flow
range). In another example, some gas meters may have one or more functions (e.g., a function that
sends a notification responsive to gas pressure over or under threshold values) that other gas meters
do not have. Other functionality that may or may not be present in different gas meters includes
earthquake detection, rapid gas shut-off valves, tamper detection, gas quality evaluation,

temperature detection, atmospheric air pressure detection (measured by sensor(s) with access to
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the atmosphere outside the gas meter), etc. In these example gas meters, and many other example
gas meters, the gas meter control system adapts to the hardware, software and/or firmware of the
meter to provide needed control functionality. The adaptability of the control system allows the
use of the control system in a wide variety of gas meters, and simplifies and/or reduces costs in the
manufacturing process, the warehousing process, and the gas meter installation process. In a
significant advantage, the control system also reduces the costs and time spent in regulatory
applications, testing and approvals.

[0012] In an example gas meter, a gas-environment and an air-environment are present. The gas-
environment includes an inlet and an outlet, but 1s otherwise sealed to prevent gas-leakage into the
atmosphere and to prevent gas-leakage into the air-environment of the gas meter. The inlet recerves
gas from a utility provider and the outlet releases gas to a utility customer. A metrology device,
such as a flowrate metrology sensor (FMU)—in one example, the FMU may be an ultrasonic
metrology unit (UMU)—may be located at least in part in a gas-environment, within which gas
(e.g., natural gas) 1s present. A metrology printed circuit board assembly (PCBA) may also be
present within the gas-environment, and may communicate with, and control operations of, the
FMU. In atypical gas-environment, a flow of gas through the gas-environment is measured by the
FMU—which is interfaced to the metrology PCBA, which in turn may be controlled by an index
PCBA in the air-environment—for gas metering and customer-billing purposes. Other devices
may also be present in the gas-environment, such as valve(s), motor(s) to open/close the valve(s),
pressure sensor(s), gas flow directing structures and/or flow conditioner(s) (e.g., to promote
laminar gas flow), temperature sensor(s), tamper sensor(s), and/or other devices.

[0013] In an example gas meter, the air-environment of the gas meter is separated from the gas-
environment of the gas meter. In the example, an index PCBA is located in the air-environment.
The index PCBA 1s in communication with the metrology PCBA, sensors, valves and other devices,
typically using wiring (e.g., an 12C bus) that passes between the air-environment and the gas-
environment.

[0014] In an example of such wiring, the gas meter control system includes a bus pass-through

connector that allows passage of a bus (e.g., an I2C bus) between the air-environment and the gas-
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environment. Accordingly, the 12C bus enables two-way communication between the index PCBA
of the air-environment and the metrology PCBA of the gas-environment. In some examples, one
or more metrology in gas (MIG) PCBAs are present in the gas-environment, and are also connected
to the bus. The MIG PCBAs may control various devices in the gas-environment. The bus pass-
through connector protects the 12C bus and power supply lines, and prevents gas leakage, in the
area wherein the 12C bus passes through a portion of the enclosure between an air-environment
and a gas-environment of the meter.

[0015] When installed in different gas meters, different portions of the available functionality of
the index PCBA are used and are not used. In an example, software, firmware, and/or mixed-
characteristic hardware/software device(s) may determine which functional modules, applications,
programming commands, devices, etc., of the control system are needed to operate a particular gas
meter. In an example, if a certain valve and valve-operating motor are found to be present, then
appropriate software applications and/or driver software are selected and/or operated. If additional
or alternative devices are present, then appropriate software applications driver software and/or
commands are selected and/or operated. Additionally, inappropriate software applications, driver
software, and/or other commands are not selected and not operated. Thus, the gas meter control
system is adapted to control gas meters having a variety of different hardware devices and different
control system needs. Accordingly, and in an example, the control system described herein
comprises an index PCBA, bus pass-through device, a bus (e.g., an 12C bus) and a bus controller.
The adaptability of the control system drastically reduces and/or eliminates the need for a number
of alternative control systems, wiring harnesses and/or assemblies that might otherwise be

designed, tested, approved, built, warehoused, installed, updated, and operated, etc.

Example Gas Meter and Control System

[0016]FIG. 1 shows an example gas meter 100 configured for use in a residential setting. The
example gas meter is shown in the upper left of the figure, and represented in a more detailed
functional block manner in the rest of the figure. The gas meter 100 includes a gas-environment

102 and an air-environment 104. A bus pass-through device 106 1s installed in a hole defined in a

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

WO 2023/287505 PCT/US2022/031646
5

wall 108 of the enclosure between the gas-environment 102 and the air-environment 104. In the
example gas meter, the gas-environment is located in the lower portion 102 of the gas meter and
the air-environment is located in the upper portion 104 of the gas meter.

[0017] In the example shown, the bus pass-through device 106 is configured to accommodate an
I2C bus, having a gas-environment portion 110 of the bus and an air-environment portion 112 of
the bus. In the example of an I12C bus, an [2C bus controller 114 may be part of an index PCBA
116 or otherwise located.

[0018] The index PCBA 116 is configured to control and/or communicate with a plurality of
devices in both the gas- and/or air-environments. In the example shown, the index PCBA 116
communicates over the 12C bus 110, 112 with one or more metrology-in-gas (MIG) PCBAs 118,
120, 122. Each MIG PCBA 118, 120, 122 may control a respective group 124, 126, 128 of one or
more devices. In the example shown, the MIG PCBA 118 controls and/or communicates with a
metrology device 130 and an Earthquake sensor and shutdown valve 132. The MIG PCBA 120
controls or communicates with a sensor 134 and an electronic device, such as a surface mounted
micro electrical mechanical system (MEMS) device 136. The MIG PCBA 122 controls and/or
communicates with a motor-operated valve 138 and switching circuit 140.

[0019] Accordingly, the example gas meter control system includes the index PCBA 116, a bus
pass-through device 106, an 12C bus having a gas-environment portion 110 and an air-environment
portion 112, and an I2C bus controller 114. In some examples of the gas meter control system, the
index PCBA 116 will directly control the devices (e.g., valve(s), metrology unit(s), sensor(s), etc.)
within the gas-environment. In other examples of the gas meter control system, the index PCBA
116 will additionally (or alternatively) control one or more of the MIG PCBAs 118, 120, 122,
which may assist in the control of the valve(s), metrology unit(s), sensor(s), etc.

[0020] The gas meter control system—comprising the index PCBA 116, 12C bus, bus pass-through
device 106, and 12C bus controller 114—is configured to discover and recognize different types of
metrology units (e.g., FMUs), different types of sensors, different types of switches, different types
of valves, different types of MIG PCBAs, and/or other devices that are present in the meter. Once

such devices are discovered and recognized, the index PCBA 116 1s configured to determine
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appropriate commands to control, support, operate, and/or provide other functionality as required
by each device.

[0021] FIG. 2 shows an example gas meter 200 configured for use in a commercial setting.
Accordingly, the gas meter 200 is able to measure greater instantaneous gas flowrates and greater
gas quantities over a time period than is possible using the gas meter 100 of FIG. 1. However, the
gas meter control system comprising the index PCBA 116, the bus pass-through device 106, the
12C bus 110, 112 and I12C bus controller 114, 1s configured to be installed in either gas meter 100
or 200. Once installed in a gas meter, and upon operation, the control system discovers and
recognizes different types of metrology units (e.g., FMU), sensor(s), valve(s), valve motor(s),
device controller boards (e.g., MIG PCBAs), and/or other devices that are in the gas meter in which
the control system is installed. Once discovered and recognized, the devices of the gas meter 200
are controlled by the index PCBA using the 12C bus and 12C bus controller.

[0022] In a first example, the devices 212-224 are discovered and recognized individually, and
appropriate software is selected to operate the devices. In a second example, the meter in which
the devices 212-224 are located is identified, which implies the existence of the devices 212-224,
and appropriate software 1s selected to operate the devices.

[0023] In the example of FIG. 2, the gas meter control system—comprising the index PCBA 116,
the bus pass-through device 106, the 12C bus 110, 112 and 12C bus controller 114—is installed in
gas meter 200 in FIG. 2. Accordingly, the gas meter control system used in the gas meter 100 of
FIG. 1 can also be used to control the gas meter 200 of FIG. 2. Gas meter 100 1s sized and
configured for residential use, while gas meter 200 1s sized and configured for commercial use and
1s able to measure greater instantaneous gas flowrates and greater gas volumes per billing cycle
than is possible with gas meter 100. However, in both cases, the gas meter control system is able
to find, 1dentify and control devices within the gas meter within which it 1s installed. Inthe example
of FIG. 2, the index PCBA 116 discovers MIG PCBA controller cards 206, 208, 210 and a plurality
of devices within the gas-environment. In the example shown, the devices include an FMU 212,

electronics including micro electrical mechanical systems (MEMS) 214, sensors 216, valve 218,
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valve-operation motor 220, sensors 222, and switching circuits 224. Once recognized, the index
PCBA 116 communicates with, and controls the operation of, the devices 206-224.

[0024] Two different gas meters (e.g., gas meter 100 of FIG. 1 and the gas meter 200 of FIG. 2)
may include a number of components (e.g., MIG PCBAs, sensors, FMUs, valves, valve motors,
etc.) that are different. Accordingly, when the index PCBA 116 1s installed in one gas meter,
different (or partially different) software of the index PCBA may be used than if the index PCBA
was installed in a different type and/or differently-configured gas meter. However, by using the
index PCBA 116 for installation in a variety of different gas meters, or differently configured gas
meters, economies of manufacturing, warehousing, repair and field service, etc., are achieved.
Additionally, if a gas meter 1s upgraded—such as by installation of a sensor or other device—the
index PCBA may discover and recognize the new device, select appropriate software to operate i,

and execute that software.

Example Methods

[0025] 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 an example,
a general-purpose processor, ASIC or other device may be located in the index printed circuit board
assembly (PCBA). In the examples and techniques discussed herein, memory device(s) of the
index PCBA 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. 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
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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.

[0026] The processing unit can include a processor and memory, an FPGA, ASIC, and/or one or
more integrated circuits, and the instructions can be stored in memory or implemented in hardware
circuits.

[0027] As defined herein, computer-readable media does not include transitory media, such as
modulated data signals and carrier waves, and/or signals.

[0028] FIGS. 3-6 are flow diagrams showing example processes which are representative of
techniques for use in manufacturing and operating gas meters using an index PCBA or control
system adaptable for use in multiple gas meters of different types, models and/or configurations.
The processes may, but need not necessarily, be implemented in whole or in part by the index
PCBA 116, as described in FIGS. 1 and 2. Thus in one example, the index PCBA 116 and/or a
control system comprising the index PCBA 116, the bus pass-through device 106, the 12C bus 110,
112 and 12C bus controller 114 could be used to implement the methods of FIGS. 3-6. In an
alternative, a different control system could be used to perform the methods and techniques
described with respect to FIGS. 3-6.

[0029]FIG. 3 1s a flow diagram showing an example method 300 for manufacturing and/or
configuring both smaller residential and larger commercial gas meters using a single type of control
system. In an example, the method may be performed using the same index PCBA and/or the same
control system comprising the index PCBA, a bus pass-through device 106, the 12C bus 110, 112
and 12C controller 114 in each gas meter. The manufacturing and/or configuring of the first and
second gas meters could be performed simultaneously or sequentially, with either meter being
manufactured and/or configured first.

[0030] At block 302, a first instance of a printed circuit board assembly (PCBA) may be installed
into a first gas meter. At block 304, a second instance of the PCBA may be installed into a second

gas meter. Accordingly, at blocks 302 and 304 two gas meters are constructed using the same type
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of PCBA. In an example, the PCBA is the index PCBA 116. Thus, the same type of index PCBA
could be installed in each gas meter during the manufacturing process of two gas meters that are
different, e.g., one gas meter being able to measure greater gas flowrates and greater gas volume
per unit time than the other gas meter. In the example, the PCBA comprises a processor, a memory
device in communication with the processor, and commands stored in the memory device. The
commands or programming statements may include first commands stored on the memory device
and accessible by the processor to operate a first metrology device of the first gas meter. The
commands also include second commands stored on the memory device and accessible by the
processor to operate a second metrology device of the second gas meter. In some examples, while
the first and second commands are not identical, there is some overlap between the commands
included in the first commands and second commands. In the example, the second gas meter is
configured to measure gas flows and/or gas volumes in a unit time that are greater than can be
measured by the first gas meter. Also, at least some of the first commands and the second
commands are operated in a mutually exclusive manner. For example, the index PCBA of each
gas meter would execute the commands that were appropriate for the type of metrology unit
installed in that gas meter, and would not execute commands that were not appropriate for that gas
meter.

[0031] At block 306, a first instance of a bus pass-through device may be installed in the first gas
meter to allow communication between, but prevent gas-exchange between, an air-environment
and a gas-environment of the first gas meter. At block 308, a second instance of the bus pass-
through device may be installed in the second gas meter to allow communication between, but
prevent gas-exchange between, an air-environment and a gas-environment of the second gas meter.
Inan example, while the enclosures of the first gas meter and the second gas meter may be different
(e.g., one may be larger than the other), the same type bus pass-through device may be used in each
gas meter to allow a bus to connect (for communication) devices located in the air-environment
and the gas-environment. However, the bus pass-through device prevents gas-exchange between
the gas-environment and the air-environment. Accordingly, gas cannot enter the air-environment

and air cannot enter the gas-environment.
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[0032] At block 310, a first instance of an 12C bus may be installed by connecting it to and/or
through the bus pass-through device of the first gas meter to provide data communications between
the air-environment and the gas-environment of the first gas meter. At block 312, a second instance
of an 12C bus may be installed by connecting it to and/or through the bus pass-through device of
the second gas meter to provide data communications between the air-environment and the gas-
environment of the second gas meter. In an example, each bus pass-through device may allow the
bus to pass through the bus pass-through device. Inanother example, each bus pass-through device
may allow segments of the bus used in respective air-environment and gas-environments to connect
to the bus pass-through device, which provides electrical conductivity between the gas-
environment and the air-environment.

[0033] FIG. 4 shows an example method 400 for determining a type or model of gas meter in which
a gas meter control system is installed. By determining a type, model or characteristics of a gas
meter in which the control system is installed, the control system (e.g., the index PCBA) may
utilize appropriate software to control devices known to be contained by the determined gas meter
type or model. That is, the type or model of gas meter may indicate the components (e.g., sensors,
valves, FMU, etc.) of the gas meter. In an example, having discovered the model, type, and/or
characteristics of the gas meter, appropriate software to control and/or operate the metrology device
(e.g., an FMU), one or more sensors, valves and/or valve motors, radio(s), consumption calculation
and/or recording software, etc., may be 1dentified and used.

[0034] At block 402, a type or model of the first gas meter may be determined. In an example, the
type or model may be determined by execution of third commands (e.g ., a third set of commands,
a program or application, etc.) at the first instance of the PCBA. The commands may be executed
by a processor of the index PCBA. In a first example, the commands may read a port or memory
location that indicates the gas meter type, model, upgrade level, etc. In a second example, the
commands may interrogate devices attached to the bus in the gas-environment and/or air-
environment, and determine and/or identify of each such device (FMU, sensor, valve motor, etc.).
[0035] At block 404, based on the type of model of the first gas meter (discovered at block 402)

appropriate commands are executed to control and operate the first gas meter. In an example,
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fourth commands are selected based on the type or model of the first meter. The fourth commands
are executed at the first instance of the PCBA, which direct and/or control at least some aspects of
the operation of devices of the first gas meter.

[0036] FIG. 5 shows an example method 500 for updating commands used in a gas meter control
system (e.g., the index PCBA, bus pass-through device, data bus, and bus controller). In an
example, commands (e.g., executable commands, software, firmware, computer instructions, etc.)
defined in memory accessible by a processor of the index PCBA may be updated. The update may
include only updates related to operation of devices of a particular gas meter that is controlled by
the index PCBA. Alternatively, the update may include updates related to any gas meter that could
be controlled by the index PCBA. In this alternative, commands that are not used by the index
PCBA (since they are related to gas meter(s) not controlled by the index PCBA) may nevertheless
be updated.

[0037] At block 502, the first and second commands (and/or any other commands) of the first
instance (installed in the first gas meter) of the index PCBA may be updated. The first and second
commands are configured to operate the first and second gas meters, respectively, as discussed
withrespect to FIG. 3. The first and second commands may (or may not) include some overlapping
commands and/or functionality. Alternatively, only the first commands are updated in the first
index PCBA.

[0038] At block 504, the first commands and the second commands (and/or any other commands)
of the second instance (installed in the second gas meter) of the index PCBA may be updated.
Alternatively, only the second commands are updated in the second index PCBA.

[0039]FIG. 6 shows an example method 600 for identifying sensors, switches, valves, valve
motors, and/or other devices in a gas meter. The method 600 may also identify commands (e.g.,
software) associated with, and designed for, controlling the devices that were identified, to thereby
operate the gas meter. In contrast, aspects of FIG. 4 included recognizing a model of a gas meter,
and deriving the devices present on the gas meter by referencing its model number.

[0040] At block 602, one or more metrology unit, sensor(s), switch(es), valve(s), valve motor(s),

and/or other device(s) of a gas meter may be discovered. The device(s) may be in communication
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with an I2C bus of the first gas meter, in either the gas-environment or the air-environment. In an
example, the device(s) may be connected to an 12C bus and may be discovered by operation of
software on the index PCBA of the gas meter. In a further example, addition of an additional
component to the meter (e.g., an earthquake sensor or a tamper sensor) results in identification of
the added component and execution of appropriate control software.

[0041] At block 604, a type of the one or more metrology unit, sensor(s), switch(es), valve(s), valve
motor(s), and/or other device(s) of a gas meter may be identified and/or determined. Following
the discovery function of block 602, the 1dentification process may be performed by the processor
of the index PCBA, and may be made by interrogation of each device and/or any associated
metrology 1n gas (MIG) PCBA in the gas-environment that is associated with the device. Thus,
the type of device (e.g., device identity, device type, make and model) may be determined from
the device itself and/or from any controller circuit of that device.

[0042] At block 606, commands for use in controlling the one or more metrology unit, sensor(s),
switch(es), valve(s), valve motor(s), and/or other device(s) of a gas meter may be selected. The
selection may be based at least in part on the discovery of block 602 and/or the identification of
block 604.

[0043] At block 608, the index PCBA may communicate with, and direct operation of, the one or
more metrology unit, sensor(s), switch(es), valve(s), valve motor(s), and/or other device(s) by

execution of commands from among the selected commands.

Example Systems and Devices

[0044] The following examples of a metrology module, gas meter control system, and/or method
of operation that is 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.

[0045] 1. A gas meter control system, comprising: a printed circuit board assembly (PCBA),
comprising; a processor; a memory device in communication with the processor; and commands

stored in the memory device, comprising: first commands stored on the memory device and
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accessible by the processor to operate a first metrology device of a first gas meter; and second
commands stored on the memory device and accessible by the processor to operate a second
metrology device of a second gas meter, wherein the second gas meter is configured to measure
gas flows that are greater than can be measured by the first gas meter, and wherein operation of the
first commands and operation of the second commands 1s mutually exclusive; and a bus pass-
through device, comprising: connectors for a bus; and a gas-tight seal to separate a gas-
environment and an air-environment upon installation.

[0046]2. The gas meter control system of clause 1, additionally comprising: at least third
commands and fourth commands to control respective at least two metrology in gas (MIG) PCBAs
within the gas-environment, wherein the at least third commands and fourth commands pass from
the processor to the respective at least two MIG PCBAs over the bus, and wherein the bus is an
12C bus.

[0047] 3. The gas meter control system of clause 1, additionally comprising: at least two sensor
devices in communication with an [2C bus within the gas-environment, and at least third
commands and fourth commands stored on the memory device, which when executed
communicate respectively with the at least two sensor devices using the 12C bus.

[0048] 4. The gas meter control system of clause 1, wherein the bus is an 12C bus, and wherein
the 12C bus 1s configured to extend from the PCBA 1n the air-environment to a plurality of sensors
contained in the gas-environment.

[0049] 5. The gas meter control system of clause 1, wherein an 12C bus extends from the PCBA
in the air-environment to a plurality of sensors contained in the gas-environment, and wherein the
12C bus is connected to the connectors for the bus of the bus pass-through device.

[0050] 6. The gas meter control system of clause 1, additionally comprising: third commands
stored in the memory device that determine, for each of a plurality of devices configured for use
in the gas-environment, which devices are present and which devices are not present; and fourth
commands stored in the memory device that: control devices that are present; and do not execute

commands associated with devices that are not present.
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[0051] 7. The gas meter control system of clause 1, additionally comprising: third commands
stored in the memory device that determine a type or model of meter in which the gas meter control
system 1s installed; and fourth commands stored in the memory device that select commands for
execution based at least in part on the type or model of meter.

[0052] 8. The gas meter control system of clause 1, additionally comprising: third commands
stored in the memory device that detect installation of an additional sensor; and fourth commands
stored in the memory device that operate the additional sensor responsive to the detection.

[0053] 9. The gas meter control system of clause 1, wherein commands are stored in the
memory device to operate at least two of: a metrology device configured for H2 measurement; a
metrology device configured for biogas measurement; and a metrology device configured for
natural gas measurement.

[0054] 10.  The gas meter control system of clause 1, additionally comprising: third commands
stored in the memory device that determine that updated commands are available; and fourth
commands stored in the memory device that download and install the updated commands.
[0055]11. A method of manufacturing gas meters having at least two designs, the method
comprising: installing a first instance of a printed circuit board assembly (PCBA) into a first gas
meter, wherein the PCBA comprises: a processor, a memory device in communication with the
processor; and commands stored in the memory device, comprising: first commands stored on the
memory device and accessible by the processor to operate a first metrology device of the first gas
meter; and second commands stored on the memory device and accessible by the processor to
operate a second metrology device of a second gas meter, wherein the second gas meter is
configured to measure gas flows that are greater than can be measured by the first gas meter, and
wherein operation of the first commands and operation of the second commands is mutually
exclusive; installing a second instance of the PCBA into the second gas meter; installing a first
instance of a bus pass-through device in the first gas meter to allow communication between, but
prevent gas-exchange between, an air-environment and a gas-environment of the first gas meter;

and installing a second instance of the bus pass-through device in the second gas meter to allow
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communication between, but prevent gas-exchange between, an air-environment and a gas-
environment of the second gas meter.

[0056] 12.  The method of clause 11, additionally comprising: installing a first instance of an
12C bus by connecting it through the bus pass-through device of the first gas meter to provide data
communications between the air-environment and the gas-environment of the first gas meter; and
installing a second instance of an 12C bus by connecting it through the bus pass-through device of
the second gas meter to provide data communications between the air-environment and the gas-
environment of the second gas meter.

[0057]13.  The method of clause 11, additionally comprising: determining, by execution of third
commands at the first instance of the PCBA, a type or model of the first gas meter, and executing
fourth commands at the first instance of the PCBA based at least in part on the type or model of
the first gas meter or based at least in part on devices present in the first gas meter.

[0058] 14.  The method of clause 11, additionally comprising: updating the first commands and
the second commands of the first instance of the PCBA, wherein the second commands are updated
in the first instance of the PCBA but not executed by the processor of the first instance of the
PCBA; and updating the first commands and the second commands of the second instance of the
PCBA, wherein the first commands are updated in the second instance of the PCBA but not
executed by the processor of the second instance of the PCBA, wherein a same update 1s sent to
the first gas meter and the second gas meter.

[0059]15. The method of clause 11, additionally comprising: discovering a sensor in
communication with an 12C bus of the first gas meter; 1dentifying a type of the sensor; selecting
commands for use in controlling the sensor based at least in part on the identification; and
communicating with the sensor by execution of commands from among the selected commands.
[0060] 16. A gas meter, comprising: a first portion of an enclosure having an air-environment,
a printed circuit board assembly (PCBA), within the first portion of the enclosure, the PCBA
comprising: a processor, a memory device in communication with the processor, and commands
stored in the memory device, comprising: first commands stored on the memory device and

accessible by the processor to operate a first metrology device of a first gas meter; and second
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commands stored on the memory device and accessible by the processor to operate a second
metrology device of a second gas meter, wherein operation of the first commands and operation of
the second commands 1s mutually exclusive, and wherein the second gas meter 1s capable of
measuring a greater gas flow than the first gas meter is capable of measuring; a second portion of
the enclosure having a gas-environment; a metrology device, contained in the second portion,
wherein the metrology device is one of the metrology device of the first gas meter or the metrology
device of the second gas meter, and wherein the metrology device is operated responsive to one
of: the first commands; or the second commands; and a bus pass-through device, comprising:
connectors for an 12C bus; and a gas-tight seal to separate the air-environment from the gas-
environment.

[0061]17.  The gas meter of clause 16, additionally comprising: first and second sensor devices
in communication with an I12C bus within the gas-environment; and third and fourth commands
stored on the memory device, to communicate respectively with the first and second sensor devices
using the 12C bus.

[0062]18.  The gas meter of clause 16, wherein an 12C bus extends from the PCBA in the air-
environment to connect to at least two sensors contained in the gas-environment.

[0063] 19.  The gas meter of clause 16, additionally comprising: third commands stored in the
memory device that determine 1dentities of devices that are present in the gas-environment; and
fourth commands stored in the memory device that select commands for execution based at least
in part on the determined identities of the devices that are present in the gas-environment.
[0064]20.  The gas meter of clause 16, additionally comprising: third commands stored in the
memory device that determine a type or model of the gas meter; and fourth commands stored in
the memory device that select commands for execution based at least in part on the type or model.
[0065]21. The gas meter of clause 16, additionally comprising: commands stored in the
memory device that detect installation of an additional sensor; and commands stored in the memory
device that operate the additional sensor.

[0066]22.  The gas meter of clause 16, additionally comprising: a thermal conductivity sensor

connected to an 12C bus and located within the gas-environment; a pressure sensor connected to
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the 12C bus and located within the gas-environment; or a leak-detection sensor connected to the

12C bus and located within the gas-environment.

Conclusion
[0067] Although the subject matter has been described in language specific to structural

features and/or methodological acts, it 1s 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.

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

WO 2023/287505 PCT/US2022/031646
18

CLAIMS
What is claimed is:
1. A gas meter control system, comprising:
a printed circuit board assembly (PCBA), comprising:
a processor;
a memory device in communication with the processor; and
commands stored in the memory device, comprising;
first commands stored on the memory device and accessible by the processor
to operate a first metrology device of a first gas meter; and
second commands stored on the memory device and accessible by the
processor to operate a second metrology device of a second gas meter, wherein the
second gas meter is configured to measure gas flows that are greater than can be
measured by the first gas meter, and wherein operation of the first commands and
operation of the second commands is mutually exclusive; and
a bus pass-through device, comprising:
connectors for a bus; and
a gas-tight seal to separate a gas-environment and an air-environment upon

installation.

2. The gas meter control system of claim 1, additionally comprising:

at least third commands and fourth commands to control respective at least two metrology
in gas (MIG) PCBAs within the gas-environment, wherein the at least third commands and fourth
commands pass from the processor to the respective at least two MIG PCBAs over the bus, and

wherein the bus is an I2C bus.

3. The gas meter control system of claim 1, additionally comprising:
at least two sensor devices in communication with an I?C bus within the gas-environment;

and
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at least third commands and fourth commands stored on the memory device, which when

executed communicate respectively with the at least two sensor devices using the I2C bus.

4. The gas meter control system of claim 1, wherein the bus is an I>C bus, and wherein
5  the I?C bus is configured to extend from the PCBA in the air-environment to a plurality of sensors

contained in the gas-environment.

5. The gas meter control system of claim 1, wherein an I*C bus extends from the PCBA
in the air-environment to a plurality of sensors contained in the gas-environment, and wherein the

10 I2C bus is connected to the connectors for the bus of the bus pass-through device.

6.  The gas meter control system of claim 1, additionally comprising;:
third commands stored in the memory device that determine, for each of a plurality of
devices configured for use in the gas-environment, which devices are present and which devices
15  are not present; and
fourth commands stored in the memory device that:
control devices that are present; and

do not execute commands associated with devices that are not present.

20 7. The gas meter control system of claim 1, additionally comprising:
third commands stored in the memory device that determine a type or model of meter in
which the gas meter control system is installed; and
fourth commands stored in the memory device that select commands for execution based at
least in part on the type or model of meter.
25
8. The gas meter control system of claim 1, additionally comprising;
third commands stored in the memory device that detect installation of an additional sensor;

and
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fourth commands stored in the memory device that operate the additional sensor responsive

to the detection.

9. The gas meter control system of claim 1, wherein commands are stored in the memory
5  device to operate at least two of:

a metrology device configured for H» measurement;

a metrology device configured for biogas measurement; and

a metrology device configured for natural gas measurement.

10 10. The gas meter control system of claim 1, additionally comprising:
third commands stored in the memory device that determine that updated commands are
available; and

fourth commands stored in the memory device that download and install the updated

commands.
15
11. A method of manufacturing gas meters having at least two designs, the method
comprising:
installing a first instance of a printed circuit board assembly (PCBA) into a first gas meter,
wherein the PCBA comprises:
20 a processor,
a memory device in communication with the processor; and
commands stored in the memory device, comprising:
first commands stored on the memory device and accessible by the processor
to operate a first metrology device of the first gas meter; and
25 second commands stored on the memory device and accessible by the

processor to operate a second metrology device of a second gas meter, wherein the

second gas meter is configured to measure gas flows that are greater than can be
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measured by the first gas meter, and wherein operation of the first commands and
operation of the second commands is mutually exclusive;
installing a second instance of the PCBA into the second gas meter;
installing a first instance of a bus pass-through device in the first gas meter to allow
communication between, but prevent gas-exchange between, an air-environment and a gas-
environment of the first gas meter; and
installing a second instance of the bus pass-through device in the second gas meter to allow
communication between, but prevent gas-exchange between, an air-environment and a gas-

environment of the second gas meter.

12.  The method of claim 11, additionally comprising:

installing a first instance of an I2C bus by connecting it through the bus pass-through device
of the first gas meter to provide data communications between the air-environment and the gas-
environment of the first gas meter; and

installing a second instance of an I?C bus by connecting it through the bus pass-through
device of the second gas meter to provide data communications between the air-environment and

the gas-environment of the second gas meter.

13. The method of claim 11, additionally comprising:

determining, by execution of third commands at the first instance of the PCBA, a type or
model of the first gas meter, and executing fourth commands at the first instance of the PCBA
based at least in part on the type or model of the first gas meter or based at least in part on devices

present in the first gas meter.

14.  The method of claim 11, additionally comprising:
updating the first commands and the second commands of the first instance of the PCBA,
wherein the second commands are updated in the first instance of the PCBA but not executed by

the processor of the first instance of the PCBA; and



WO 2023/287505 PCT/US2022/031646
22

updating the first commands and the second commands of the second instance of the PCBA,
wherein the first commands are updated in the second instance of the PCBA but not executed by
the processor of the second instance of the PCBA,

wherein a same update is sent to the first gas meter and the second gas meter.

15. The method of claim 11, additionally comprising:

discovering a sensor in communication with an I2C bus of the first gas meter;

identifying a type of the sensor;

selecting commands for use in controlling the sensor based at least in part on the
10  identification; and

communicating with the sensor by execution of commands from among the selected

commands.

16. A gas meter, comprising:
15 a first portion of an enclosure having an air-environment;

a printed circuit board assembly (PCBA), within the first portion of the enclosure, the PCBA

comprising:
a processor;
a memory device in communication with the processor; and
20 commands stored in the memory device, comprising:
first commands stored on the memory device and accessible by the processor
to operate a first metrology device of a first gas meter; and
second commands stored on the memory device and accessible by the
processor to operate a second metrology device of a second gas meter, wherein
25 operation of the first commands and operation of the second commands is mutually

exclusive, and wherein the second gas meter is capable of measuring a greater gas
flow than the first gas meter is capable of measuring;

a second portion of the enclosure having a gas-environment;
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a metrology device, contained in the second portion, wherein the metrology device is one
of the metrology device of the first gas meter or the metrology device of the second gas meter, and
wherein the metrology device is operated responsive to one of’

the first commands; or
5 the second commands; and

a bus pass-through device, comprising:

connectors for an I?C bus; and

a gas-tight seal to separate the air-environment from the gas-environment.

10 17. The gas meter of claim 16, additionally comprising:
first and second sensor devices in communication with an I*C bus within the gas-
environment; and
third and fourth commands stored on the memory device, to communicate respectively with
the first and second sensor devices using the I>C bus.
15
18. The gas meter of claim 16, wherein an I>C bus extends from the PCBA in the air-

environment to connect to at least two sensors contained in the gas-environment.

19. The gas meter of claim 16, additionally comprising:
20 third commands stored in the memory device that determine identities of devices that are
present in the gas-environment; and
fourth commands stored in the memory device that select commands for execution based at

least in part on the determined identities of the devices that are present in the gas-environment.

25 20. The gas meter of claim 16, additionally comprising;
third commands stored in the memory device that determine a type or model of the gas

meter; and
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fourth commands stored in the memory device that select commands for execution based at

least in part on the type or model.



