
WIRELESS METROLOGY COMMUNICATION 

Background 
This disclosure relates to industrial metrology. More specifically, the disclosed 

5 embodiments relate to systems and methods for wirelessly communicating gauge 

measurements and/or operation information. 

In some cases, manufactured parts, such as relatively large airplane skins, 

spars, and stringers, are measured (e.g., checked for tolerance off of CNC automation) 

with one or more gauges, which may be moved along the manufactured parts to take 

10 measurements at different locations. These gauges may be connected to a computer 

with relatively expensive data cables. Because the respective gauges are tethered to 

the computer by the associated data cables, the computer, gauges, and data cables are 

typically loaded onto a cart and moved along the part as the measurements are 

performed. However, the data cables may become significantly worn as a result, 

15 sometimes requiring costly replacement. Further, data transmitted from a gauge to the 

computer over the associated data cabie generally corresponds to only a raw 

measurement taken on the part by the gauge. A human operator of the gauge generally 

must stay within close proximity to the computer to be able to accept or reject the 

transmitted data before it is included into an automated measurement recording system. 

20 
Summary 

Disclosed herein are various examples of systems and methods providing 

wireless metrology communication. 

in one example, a method of communicating a gauge measurement may 
25 comprise receiving from a gauge a measurement signal representative of a 

measurement output by a gauge. The method may further comprise producing a 
communication signal including the received measurement, and wirelessly transmitting 

the communication signal according to a wireless network protocol. 
In another example, a wireless metrology assembly may comprise an 

30 input/output controller and a first wireless network controller. The first wireless network 

controller may be operatively coupled to the input/output controller. The input/output 
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controller may be configured to receive from a gauge a measurement signal 

representative of a measurement output by the gauge. The input/output controller may 

be configured to receive the measurement signal from the gauge when the wireless 

metrology assembly is operatively coupled to the gauge. The input/output controller may 

5 be further configured to produce a communication signal including the received 

measurement. The first wireless network controller may be configured to wirelessly 

transmit the communication signal according to a wireless network protocol. 

in some embodiments, the wireless metrology assembly may be included in a 

wireless metrology system. The wireless metrology system may further include a 

10 storage device, a wireless base adapter, and a computer. The wireless base adapter 

may be configured to wirelessly receive the transmitted communication signal. The 

computer may be configured to receive the communication signal from the wireless 

base adapter, to determine the measurement from the communication signal, and to 

store the determined measurement on the storage device. 

15 In another example, a wireless metrology system may include a wireless 

metrology assembly, a display device, and a base assembly. The wireless metrology 

assembly may have at least one input device configured to receive an indication relating 
to a measurement. The indication may be manually entered on the input device and 

may correspond to at least one of a plurality of inputs selectable by a user. When the 

20 wireless metrology assembly is operatively coupled to a gauge, the wireless metrology 

assembly may be configured to receive from the gauge a measurement signal 

representative of a measurement output by the gauge. The wireless metrology 

assembly may be further configured to wirelessly transmit a communication signal 

representative of the measurement signal, and to wirelessly transmit a feedback signal 

25 representative of the entered indication. The display device may be configured to 

display a display signal. The base assembly may be configured to wirelessly receive the 

transmitted communication signal, to communicate to the display device the display 

signal including an indication of the measurement output by the gauge, and to wirelessly 

receive the feedback signal. 

30 A method of communicating a gauge measurement comprising receiving from a 

gauge a measurement signal representative of a measurement output by the gauge; 
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producing a communication signal including the received measurement; and wirelessly 

transmitting the communication signal according to a wireless network protocol. The 

method wherein wirelessly transmitting the communication signal includes wirelessly 

transmitting the communication signal according to a ZigBee network protocol having an 

5 IEEE 802.15.4 wireless communication standard. The method further comprising 

storing gauge-specific information on a storage device, and wherein producing a 

communication signal includes producing the communication signal with the gauge-
specific information. 

The method wherein the gauge outputs the measurement signal with the 

10 measurement formatted according to a first format of a plurality of formats, the method 

further comprising generating the communication signal with the measurement 

formatted according to a second format of the plurality of formats. The method further 

comprising receiving a user input corresponding to one of a plurality of inputs selectable 

by the user that relate to the measurement output by the gauge, and wirelessly 

15 transmitting a feedback signal representative of the user input. The method further 

comprising wirelessly receiving the transmitted communication signal, determining the 

measurement from the received communication signal, and storing the determined 

measurement on a first storage device. 

The method wherein receiving from a gauge a measurement signal, producing a 

20 communication signal, and wirelessly transmitting the communication signal are 

performed by a wireless metrology assembly having firmware and a second storage 

device, the method further comprising storing on the second storage device a first 

configuration for the firmware of the wireless metrology assembly, reading on the first 

storage device a second configuration for the firmware of the wireless metrology 

25 assembly, transmitting the second configuration for the firmware of the wireless 

metrology assembly wirelessly to the wireless metrology assembly, receiving by the 

wireless metrology assembly the second configuration for the firmware of the wireless 

metrology assembly, and replacing on the second storage device the first configuration 

for the firmware of the wireless metrology assembly with the received second 

30 configuration for the firmware of the wireless metrology assembly. 
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The method wherein the gauge outputs the measurement signal with the 

measurement formatted according to a first format of a piuraiity of formats, and 

receiving a measurement signal from the gauge, producing a communication signal, 

and wirelessly transmitting the communication signal are performed by a wireless 

5 metrology assembly having firmware; the method further comprising storing a version of 
the firmware of the wireless metrology assembly for each of the plurality of formats on 

the first storage device, receiving an indication from a user that the first format is 

appropriate for the gauge, determining the version of firmware that provides processing 

of measurements formatted according to the first format, reading the determined version 

10 of the firmware from the first storage device, and transmitting the read version of the 

firmware wirelessly to the wireless metrology assembly, receiving by the wireless 

metrology assembly the transmitted version of the firmware, and installing the received 

version of the firmware on the wireless metrology assembly. 
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The method further comprising outputting by a computer to a display device a 

display signal representative of a measurement output by the gauge, receiving, on a 

wireless feedback device physically and operatively separate from and independently 

movable relative to the gauge and relative to the computer, a user input corresponding 

5 to one of a plurality of inputs selectable by the user that relate to the measurement 

displayed on the display device, wirelessly transmitting by the wireless feedback device 

a feedback signal representative of the user input, receiving the transmitted feedback 

signal, and processing the determined measurement based at least in part on the 

received feedback signal. 

10 A wireless metrology assembly comprising an input/output controller and a first 

wireless network controller operatively coupled to the input/output controller, the 

input/output controller configured to receive from a gauge when the wireless metrology 

assembly is operatively coupled to the gauge, a measurement signal representative of a 

measurement output by the gauge, and to produce a communication signal including 

15 the received measurement, and the first wireless network controller being configured to 

wirelessly transmit the communication signal according to a wireless network protocol. 

The wireless metrology assembly wherein the wireless network protocol is a 

ZigBee network protocol according to an IEEE 802.15.4 wireless communication 

standard. The wireless metrology assembly further comprising a metrology storage 

20 device configured to store one or more gauge-specific data, and the input/output 

controller is configured to produce the communication signal with at least one of the one 

or more gauge-specific data. The wireless metrology assembly wherein the gauge 

outputs the measurement signal with the measurement formatted according to a first 

format of a plurality of formats, the input/output controller being configured to generate 

25 the communication signal with the measurement formatted according to a second 

format of the plurality of formats. The wireless metrology assembly wherein the 

wireless metrology assembly is configured to receive a user input corresponding to one 

of a plurality of inputs selectable by the user that relate to the measurement output by 

the gauge, and to wirelessly transmit a feedback signal representative of the user input. 

30 A wireless metrology system comprising the wireless metrology assemblya 

storage device; a wireless base adapter configured to wirelessly receive the transmitted 
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communication signal; and a computer configured to receive the communication signal 

from the wireless base adapter, determine the measurement from the communication 

signal, and to store the determined measurement on the storage device. The wireless 

metrology system wherein the wireless metrology assembly includes firmware that is 

5 configurable, the storage device also stores a first configuration for the firmware of the 

wireless metrology assembly, the computer is configured to read the first configuration 

for the firmware of the wireless metrology assembly and to send the first configuration 
for the firmware of the wireless metrology assembly wirelessly to the wireless metrology 

assembly via the wireless base adapter, and the wireless metrology assembly is 

10 configured to replace an existing second firmware configuration with the received first 

configuration for the firmware. 
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The wireless metrology system wherein the gauge outputs the measurement 

signal with the measurement formatted according to a first format of a plurality of 

formats, and wherein the wireless metrology assembly includes firmware, the storage 

device also stores a version of the firmware of the wireless metrology assembly for each 

5 of the plurality of formats, the computer is configured to receive an indication from a 

user that the first format is appropriate for the gauge, to read the version of the firmware 

of the wireless metrology assembly for the first format, and to transmit the read version 

of the firmware wirelessly to the wireless metrology assembly via the wireless base 

adapter, and the wireless metrology assembly is configured to install the transmitted 

10 firmware of the wireless metrology assembly. 
The wireless metrology system further comprising a display device operatively 

coupled to the computer and configured to display a display signal received from the 

computer, the computer being configured to output to the display device a display signal 
representative of a measurement output by the gauge, and wherein the wireless 

15 metrology assembly includes a gauge adapter including a first housing supporting the 

input/output controller and the first wireless network controller, the wireless metrology 

assembly further including a wireless feedback device including a second housing 

physically separate from and independently movable relative to the first housing, a user-

input device supported by the second housing, and a second wireless network controller 

20 also supported by the second housing, the user-input device being configured to receive 

a user input corresponding to one of a plurality of inputs selectable by the user that 

relate to the measurement displayed on the display device, and the second wireless 

network controller being configured to wirelessly transmit a feedback signal 

representative of the user input to the computer via the wireless base adapter. 
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A wireless metrology system comprising a wireless metrology assembly having 

at least one input device configured to receive an indication relating to a measurement, 

the indication being manually entered on the input device and corresponding to at least 
one of a plurality of inputs selectable by a user, the wireless metrology assembly being 

5 configured to receive from a gauge when the wireless metrology assembly is operatively 

coupled to the gauge a measurement signal representative of a measurement output by 

the gauge, to wirelessly transmit a communication signal representative of the 

measurement signal, and to wirelessly transmit a feedback signal representative of the 

entered indication; a display device configured to display a display signal; and a base 

10 assembly configured to wirelessly receive the transmitted communication signal, to 

communicate to the display device the display signal including an indication of the 

measurement output by the gauge, and to wirelessly receive the feedback signal. 

The wireless metrology system, wherein the wireless metrology assembly 

includes a gauge adapter and a wireless feedback device physically separate from and 

15 independently movable relative to the gauge adapter, the gauge adapter being 
configured to receive from the gauge when the gauge adapter is operatively coupled to 

the gauge the measurement signal, and to wirelessly transmit the communication 

signal, the wireless feedback device including the input device and being configured to 

receive a user input corresponding to one of a plurality of inputs selectable by the user 

20 that relate to the measurement displayed on the display device, and to wirelessly 

transmit a feedback signal representative of the user input to the base assembly. 

Features, functions, and advantages may be achieved independently in various 

embodiments of the present disclosure, or may be combined in yet other combinations, 

further details of which can be seen with reference to the following description and 

25 drawings. 

Brief Description of the Drawings 
Fig. 1 is a general diagram of an example of a wireless metrology system. 

Fig. 2 is a detailed block diagram of an example of a wireless gauge adapter 

30 usable in the system of Fig. 1. 
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Fig, 3 is a detailed block diagram of an example of a wireless base adapter 

usable in a base assembly of the system of Fig. 1. 

Fig. 4 is a flow chart illustrating an exemplary operation of the system of Fig. 1. 

Fig. 5 is a flow chart illustrating exemplary operations performed by the gauge 

5 adapter and the base assembly. 
Figs. 6 and 7 are flow charts illustrating detailed operations performed by one 

embodiment of the gauge adapter. 
Fig. 8 is a flow chart illustrating detailed operations performed by one 

embodiment of the wireless base adapter. 

10 Fig. 9 is a schematic diagram of various components of an illustrative data 

processing system, one or more of which may be included in the wireless metrology 

system of Fig. 1. 

Description 

15 Overview 
Various embodiments are described below and illustrated in the associated 

drawings. Unless otherwise specified, an embodiment and/or its various components 

may, but are not required to, contain at least one of the structure, components, 

functionality, and/or variations described, and/or illustrated herein. Furthermore, the 

20 structures, components, functionalities, and/or variations described, and/or illustrated 

herein in connection with the present teachings may be, but are not required to be, 

included in other similar embodiments. The following description of various 

embodiments is merely exemplary in nature and is in no way intended to limit the 

disclosure, its application, or uses. Additionally, the advantages provided by the 

25 embodiments, as described below, are illustrative in nature and not all embodiments 

provide the same advantages or the same degree of advantages. 

Disclosed systems may address management of end devices from a central 

console (e.g., base assembly), may provide encrypted wireless communication, and 

may have adaptable data formats and streams. More specifically, disclosed herein are 

30 systems and methods which may consolidate management of wireless gauges in a 

manufacturing environment, and/or eliminate a need for wires and/or multiple users for 
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transmission/reception of gauge wireless signals. In some embodiments, a system may 

include one or more wireless device adapters based on a ZigBee or other wireless 

network protocol. The system may be configured to allow such device adapters to be 
operated in conjunction with measurement execution at different positions on large 

5 parts. The device adapters may combine a microcontroller to process gauge 

measurements, a wireless subsystem supporting ZigBee network protocol over an IEEE 

802.15.4 wireless communication standard, and a human interface for accepting and/or 

rejecting data over a long distance. 

For example, disclosed embodiments may include ZigBee based adapters to 

10 accept wireless measurement signals from any wireless gauge, regardless of a native 

communication protocol of the gauge. More specifically, a wireless adapter based on 

the ZigBee specification may perform a bitwise conversion of gauge data from any 

wireless gauge independent of the native protocol of the gauge. The wireless adapter 

may be configured to encrypt the gauge data. In some embodiments, the system may 

15 permit the configuration of firmware to include metadata and/or device association. 

In some embodiments, the system may be controllable via a central piece of 

software (e.g., a wireless-adapter management software application) running on a 
computer. The software may read base station IDs (e.g., an identification number of a 

wireless base adapter connected to the computer), scan a local network, and/or 

20 manage individual device configurations and/or firmware versions. In some 
embodiments, disclosed systems may include a wireless accept/reject input device 

(e.g., a wireless feedback device) to enable an operator to be fully mobile while still 

maintaining a capability to remotely accept/reject measurement inputs from positions 

spaced from the base station. Communicated measurements may be displayed, and in 

25 some examples may be viewed, for example, on a large format display, from different 

positions along manufactured parts. 

The wireless adapters (or devices) may specifically utilize a ZigBee-Pro standard 

protocol, which is backwards-compatible with previous ZigBee standards, to realize 

encrypted wireless communications with authenticated transmissions. In some 

30 embodiments, a wireless adapter may include a network stack configured to transmit 

(and re-transmit, for example, if reception acknowledgement is not received) gauge 
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readings along with salient metadata, process, identification number, and/or calibration 

date related to the gauge. 

More specifically, the system may be configurable by the software to manage 

gauges that are wirelessly connected to a wireless base station device (e.g., the 

5 wireless base adapter) that is connected to the computer. The software may have a set 

of options (and/or functions) to manage gauge networks. The options may permit an 

operator to (a) set up a network coordinator device (e.g., the wireless base adapter); (b) 

test a gauge network; (c) transfer a gauge to another gauge network; and/or (d) update 

gauge firmware (e.g., update firmware of a wireless gauge adapter). In one firmware 

10 configuration, the system may capture and send raw measurement data only to the 

wireless base adapter connected to the computer. In another firmware configuration, the 

system may append metadata, such as an associated gauge number, to the 

measurement data. In another firmware configuration, the system may send raw RS-

232 messages. In another firmware configuration, the system may process non-

15 standard serial protocols, such as the Mitutoyo Digimatic protocol, and send the 

processed non-standard serial protocols to the computer. 

In some embodiments, a base station network coordinator (e.g., the wireless 

base adapter) connected to the computer may send gauge data to the computer over a 

COM port using a USB serial port driver, such as an FTDl USB serial port driver. While 

20 measurement data may be securely sent from the wireless gauge adapters to the 

wireless base adapter over a wireless link using 128-bit AES encryption, a payload 

(e.g., including the measurement data) sent over a wired USB link (e.g., between the 

wireless base adapter and the computer) may not be encoded or encrypted. For 

devices (e.g., gauges) which are designed to operate with a RS-232 connection, the 

25 wireless link may be completely transparent. For devices (e.g., gauges) that have non­

standard protocols, firmware (e.g., included in a current configuration of the wireless 

gauge adapter) may process gauge output into a human-readable form, which is what 

may arrive on the COM port of the computer (e.g., via transmission over the wireless 

link from the wireless gauge adapter to the wireless base adapter, and transmission 

30 over the wired link from the wireless base adapter to the COM port). 
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In some embodiments, the system may include an interface (e.g.: an additional 

interface) for the ZigBee wireless adapters configured to permit the ZigBee wireless 

adapters to operate as keyboard inputs to modern operating systems, such as Windows 

Version 6.x and Linux kernel operating systems. Such a capability may enable the 

5 system to use standard USB keyboard drivers already present in the system so no 

additional driver has to be installed. The gauges and/or devices connected to the 

wireless adapters with this configuration may be effectively keyboards that type the 

measurement data (e.g., the reading) into a current text input that has focus. The data 

arriving at the COM port may be easily available (and/or provided to) enterprise 

10 manufacturing systems for data collection. Since the data coming from the gauge 

network may be in a format that may be easily parsed, the system may not restrict data 

collection to any particular software. As long as a target data collection software 

package can be configured to read a serial RS-232 COM port (e.g., a serial RS-232 

COM port input) and parse the data (e.g., the input), the gauge network measurement 

15 and metadata can be read. For example, in some embodiments, the system may have 

a simple COM data interface capable of capturing data for statistical process control 

software, such as ProFicient produced by InfinityGS of Fairfax, Virginia, U.S.A. 

In one embodiment, a wireless metrology adapter (e.g., a wireless gauge 

adapter) may comprise an XBee microprocessor made by Digi International Inc. of 

20 Minnetonka, Minnesota, U.S.A. (or other ZigBee protocol microprocessor) and a circuit 

board. The circuit board may have a ZigBee Pro (or other ZigBee protocol) radio 

module, a general purpose input/output (IO) microcontroller, a rechargeable power 

source, a power source, and a sleep function. 

Disclosed systems may acquire and wirelessly transmit measurement data from 

25 gauges which use RS-232 communication, and also from other gauges which use 

different communication protocols. In some embodiments, disclosed systems may 

handle baud rates of up to 115200 kbps from one or more gauges. 

Wireless device (or gauge) adapters in disclosed systems may be configured to 

have significant battery life. For example, when a user selects a firmware that provides 

30 a heartbeat indication to show connectivity status, disclosed systems may permit 30,000 
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readings in a period of about two weeks before requiring a recharge of a lithium-ion 

polymer battery (or other power source) included in the associated adapter. 

In some embodiments, disclosed systems may provide for connectivity of up to 

10 wireless adapters per base station, for example, with low power end device modem 

5 firmware. In some embodiments, router modem firmware may be installed on the 

devices, but in some cases, at the expense of battery life. Also, in a ZigBee wireless 

base station embodiment, the ZigBee wireless base station may be connected to the 

computer via a USB interface, which may only limit a quantity of connected base 

stations determined by how many USB devices and COM ports the computer hardware 

10 and operating system can handle. In some embodiments, wireless gauge adapters may 

communicate with an associated base station adapter up to distances of 100 meters 

(e.g., line-of-sight), and such communication may be resilient in the presence of large 

metallic objects (or parts), such as large aluminum wing skins and spars, thereby 

providing for improved measurement collection in aerospace manufacturing 

15 environments, among others. 
Aspects of various embodiments may be embodied as a computer method, 

computer system, or computer program product. Accordingly, aspects of embodiments 

may take the form of an entirely hardware embodiment, an entirely 

software embodiment (including firmware, resident software, micro-code, and the like), 

20 or an embodiment combining software and hardware aspects, all of which may 

generally be referred to herein as a "circuit," "module," "adapter," or "system." 

Furthermore, aspects of embodiments may take the form of a computer 

program product embodied in a computer-readable medium (or media) having 

computer-readable program code/instructions embodied thereon. 

25 Any combination of computer-readable media may be utilized. Computer-

readable media can be a computer-readable signal medium and/or a computer-

readable storage medium. A computer-readable storage medium may include an 
electronic, magnetic, optical, electromagnetic, infrared, and/or semiconductor system, 

apparatus, or device, or any suitable combination of these. More specific examples of a 

30 computer-readable storage medium may include the following: an electrical connection 

having one or more wires, a portable computer diskette, a hard disk, a random access 
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memory (RAM), a read-only memory (ROM), an erasable programmable read-only 

memory (EPROM or Flash memory), an optical fiber, a portable compact disc read-only 

memory (CD-ROM), an optical storage device, a magnetic storage device, and/or any 

suitable combination of these and/or the like. In the context of this disclosure, a 

5 computer-readable storage medium may include any suitable tangible medium that can 

contain or store a program for use by or in connection with an instruction execution 

system, apparatus, or device. 

A computer-readable signal medium may include a propagated data signal with 

computer-readable program code embodied therein, for example, in baseband or as 

10 part of a carrier wave. Such a propagated signal may take any of a variety of forms, 

including, but not limited to, electro-magnetic, optical, and/or any suitable combination 

thereof. A computer-readable signal medium may include any computer-readable 

medium that is not a computer-readable storage medium and that is capable of 

communicating, propagating, or transporting a program for use by or in connection with 

15 an instruction execution system, apparatus, or device. 
Program code embodied on a computer-readable medium may be transmitted 

using any appropriate medium, including but not limited to wireless, wireline, optical 

fiber cable, RF, and/or the like, and/or any suitable combination of these. 

Computer program code for carrying out operations for aspects of embodiments 

20 may be written in one or any combination of programming languages, including an 

object-oriented programming language such as Java, Smalltalk, C++, and/or the like, 

and conventional procedural programming languages, such as the C programming 

language. The program code may execute entirely on a user's computer, partly on the 

user's computer, as a stand-alone software package, partly on the user's computer and 

25 partly on a remote computer, or entirely on the remote computer or server. In the latter 

scenario, the remote computer may be connected to the user's computer through any 

type of network, including a local area network (LAN) or a wide area network (WAN), 

and/or the connection may be made to an external computer (for example, through the 

Internet using an Internet Service Provider). 

30 Aspects of embodiments are described below with reference to flow chart 

illustrations and/or block diagrams of methods, apparatuses, systems, and/or computer 
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program products. Each block and/or combination of blocks in a flow chart and/or block 

diagram may be implemented by computer program instructions. The computer 

program instructions may be provided to a processor of a general purpose computer, 

special purpose computer, or other programmable data processing apparatus to 

5 produce a machine, such that the instructions, which execute via the processor of the 

computer or other programmable data processing apparatus, create means for 

implementing the functions/acts specified in the flowchart and/or block diagram block or 

blocks. 
These computer program instructions can also be stored in a computer-readable 

10 medium that can direct a computer, other programmable data processing apparatus, 

and/or other device to function in a particular manner, such that the instructions stored 

in the computer-readable medium produce an article of manufacture including 

instructions which implement the function/act specified in the flow chart and/or block 

diagram block or blocks. 

15 The computer program instructions can also be loaded onto a computer, other 

programmable data processing apparatus, and/or other device to cause a series of 

operational steps to be performed on the device to produce a computer-implemented 
process such that the instructions which execute on the computer or other 

programmable apparatus provide processes for implementing the functions/acts 

20 specified in the flowchart and/or block diagram block or blocks. 
Any flow chart and/or block diagram in the drawings is intended to illustrate the 

architecture, functionality, and/or operation of possible implementations of systems, 

methods, and computer program products according to aspects of various 

embodiments. In this regard, each block may represent a module, segment, or portion 

25 of code, which comprises one or more executable instructions for implementing the 

specified logical function(s). In some implementations, the functions noted in the block 

may occur out of the order noted in the drawings. For example, two blocks shown in 

succession may, in fact, be executed substantially concurrently, or the blocks may 

sometimes be executed in the reverse order, depending upon the functionality involved. 

30 Each block and/or combination of blocks may be implemented by special purpose 
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hardware-based systems (or combinations of special purpose hardware and computer 

instructions) that perform the specified functions or acts. 

Examples, Components, and Alternatives 
5 The following examples describe selected aspects of exemplary embodiments, 

as well as related systems and/or methods. These examples are intended for illustration 

and should not be interpreted as limiting the scope of the present disclosure. Each 

example may include one or more distinct inventions, and/or contextual or related 

information, function, and/or structure. 

10 
Example 1: 

This example describes a wireless metrology system 100 and related methods 

and operations; see Figs. 1-8. 
As shown in Fig. 1, system 100 may include one or more wireless transmission 

15 subsystems, such as a first subsystem 102. Subsystem 102 may include one or more 

gauges 104 (or other similar devices), such as gauges 1G4a-d, a wireless metrology 

assembly 108, and a base assembly 112. Gauge 104a may be an ultrasonic thickness 

gauge, such as mode! CL5 produced by General Electric Company of Fairfield, 

Connecticut, U.S.A. Gauge 104b may be a digital micrometer. Gauge 104c may be a 

20 digital caliper. Gauge 104d may be a digital dial indicator. Examples of these latter three 

gauges are sold by Mitutoyo America Corporation of Aurora, Illinois, U.S.A. However, in 

other embodiments, other measurement taking and/or digital gauges may be used. 
Wireless metrology assembly 108 may include one or more gauge adapters 120, 

such as gauge adapters 120a-d, which are schematically depicted here in Fig. 1. Each 

25 of gauge adapters 120a-d may include a wireless network controller, an input/output 
controiier, and a metrology storage device. For example, adapter 120a is shown as 

including a wireless network controller 124, an input/output controller 128, and a 
metrology storage device 132. Wireless metrology assembly 108 may further include a 

wireless feedback device 136. Device 136 may include another wireless network 

30 controller 140 and a user-input device 144. As is described further below, base 
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assembly 112 may include a wireless base adapter 148 and a computer 152, such as a 

hardened laptop. 

In general, one or more of gauges 104 may be operated {e.g., manually by a 

human user or operator) to measure one or more parts, such as a manufactured part 

5 156. Gauges 104 may output measurements to the associated gauge adapter of 

assembly 108, which may produce respective communication signals. The associated 

gauge adapter may wirelessly transmit the respective communication signal to base 
adapter 148, for example, according to a wireless network protocol, such as a ZigBee 

network protocol having an IEEE 802.15.4 wireless communication standard. Base 

10 adapter 148 may wirelessly receive the transmitted communication signal(s), and output 

the communication signal(s) to a RS-232 COM port (or other input port, such as a USB 

keyboard interface) of computer 152. Computer 152 (and/or base adapter 148) may 

determine the measurement(s) of part 156 from the received communication signai(s). 

Computer 152 (and/or base adapter 148) may be configured to store the determined 

15 measurement(s) on a first storage device. In some embodiments, the first storage 

device may be a storage device of computer 152 (e.g., an associated hard drive), a 

storage device associated with another computer of another subsystem (e.g., a hard 

drive of a computer 160 of a second subsystem 170 of system 100, which will be 

described further below in more detail), and/or a storage device associated with an 

20 inter-computer network (e.g., a database 180 and/or a server 184 associated with an 

intranet 188, which may be an enterprise or company intranet, an extranet, or a wide-

area network). For example, in some embodiments, the first storage device may be a 

distributed storage device, while in other embodiments the first storage device may be a 

local storage device. 

25 In some embodiments, computer 152 may output a display signal representative 

of a measurement output by a gauge to a display (or display device), such as that of 

computer 152 and/or a large format display 192. The operator (e.g., of the gauge, or 

another human operator) may view the display signal on the display, and input a user-

input to wireless feedback device 136 via operation of user-input device 144. Wireless 

30 network controller 140 may wirelessly transmit a feedback signal representative of the 

user input to base adapter 148. Base adapter 148 may receive the transmitted feedback 
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signal, and output the transmitted feedback signal to computer 152. Computer 152 may 

process the associated determined measurement based at least in part on the received 

feedback signal. For example, if the operator determines that the measurement 

represented by the displayed display signal is acceptable (e.g., accurate), then the 

5 operator may use feedback device 136 to send an accept feedback signal to base 

adapter 148, Based on such an accept feedback signal, computer 152 may store the 

measurement in the first storage device. 

Specifics regarding structure and operation of gauge adapter 120a in conjunction 

with other components of system 100 will now be described in more detail. The other 

10 gauge adapters of system 100 may be structured and operate within system 100 in a 

similar manner as gauge adapter 120a, and as such, the description related to gauge 

adapter 120a may be similarly and/or suitably applied to the other gauge adapters. 

In particular, wireless network controller 124 may be operatively coupled to 

input/output controller 128. Input/output controller 128 may be configured to receive a 

15 measurement signal 196 from gauge 104a when assembly 108 (e.g., adapter 120a) is 

operatively coupled to gauge 104a. For example, assembly 108 may be operatively 

coupled to gauge 104a when a data link is established there between. In particular, the 

established data link may be a wired connection between input/output controller 128 

and an output port of gauge 104a, while in other examples the data link may include a 

20 wireless connection. Measurement signal 196 may be representative of a measurement 

200 collected and/or output by gauge 104a, such as a thickness of a portion of part 156. 

Input/output controller 128 may be configured to produce a communication signal 204 

(e.g., based at least in part on measurement signal 196). Communication signal 204 

may include received measurement 200 (e.g., data representative thereof). Input/output 

25 controller 128 may be configured to output communication signal 204 to wireless 

network controiier 124. Wireiess network controller 124 may be configured to wirelessly 

transmit communication signal 204 according to a wireless network protocol. As 

mentioned above, the wireless network protocol may be a ZigBee network protocol 

according to an IEEE 802.15.4 wireless communication standard, for example, having a 

30 128-bit advanced encryption standard (AES) and a 64-bit network ID. 
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Wireless base adapter 148 may be configured to wirelessly receive transmitted 

communication signal 204 from wireless network controller 124. Computer 152 may be 

configured to receive communication signal 204 from wireless base adapter 148. 

Computer 152 may be configured to determine measurement 200 from received 

5 communication signal 204. Computer 152 may be configured to store determined 

measurement 200 on the first storage device. For example, computer 152 may be 

configured to transmit an encrypted message including measurement 200 to server 184 

and/or database 180 via intranet 188. For example, computer 152 may be connected to 

intranet 188 via a wireless data link having an IEEE 802.11 wireless WPA2-Enterprise 

10 encryption. Server 184 and/or database 180 may (or may be used to) store and/or 

process part measurement data and/or as-built data for part 156, among others, which 

may permit statistical process control data collection and/or analysis. 

In some embodiments, storage device 132 may be configured to store one or 

more gauge-specific data, and input/output controller 128 may be configured to produce 

15 communication signal 204 with at least one of the one or more gauge-specific data. For 

example, storage device 132 may be configured to store metadata related to the gauge, 

such as gauge-type, a process associated with the gauge, an identification number of 

the gauge, a calibration of the gauge, and/or other salient gauge metadata. 

in some embodiments, gauge 104a may be configured to output measurement 

20 signal 196 with measurement 200 formatted according to a first format of a plurality of 

formats. The plurality of formats may correspond respectively to different formats 

associated with different suitable gauge, gauge adapter, and/or metadata transmission 

configurations. For example, the first format associated with gauge 104a may 

correspond to a raw measurement output in a non-standard serial protocol, in such 

25 embodiments, among others, input/output controller 128 may be configured to generate 

communication signal 204 with measurement 200 formatted according to a second 

format of the plurality of formats. For example, the second format may correspond to a 

standardized serial protocol (e.g., configured to be transmitted over an RS-232 

connection), and/or raw measurement 200 with one or more of the gauge-specific data 

30 described above appended thereto. Such reformatting of measurement signal 196 by 

input/output controller 128 may permit system 100 to wirelessly transmit measurements 

19 



from various gauges, and input those measurements into computer 152 regardless of 

differences between the native protocols of the respective gauges. Further, the 

appended metadata may permit for improved statistical process control and analysis, 

such as identifying measurements from recently calibrated gauges. Such re-formatting 

5 of measurement signals by gauge adapter 120a, among other operations, may be 

controlled and/or implemented by firmware installed thereon, which may be wirelessly 

updated by system 100, as will be described further below in more detail. 

To provide for further improvement of measurement collection, display device 

192 (e.g., a large format display) may be operatively coupled to computer 152. As 

10 mentioned above, display device 192 may be configured to display a display signal 

received from computer 152. For example, computer 152 may be configured to output 

to display device 192 a display signal 220 representative of measurement 200 output by 

gauge 104a. Display device 192 may be configured to receive display signal 220, and 

display (e.g., visually) display signal 220, for example, such that the operator can view 

15 data representative of measurement 200 from a remote location of assembly 108. 

Such a configuration may permit the operator to move around part 156, and/or 

accept/reject measurement 200, without having to be proximate one or more of 

computer 152, gauge adapter 120a, and display device 192, which may enable 

improved agility when performing quality assurance and/or statistical process control 

20 data collection. For example, as schematically depicted in Fig. 1, gauge adapter 120a 

may include a first housing 250. Housing 250 may support input/output controller 128, 

wireless network controiier 124, and storage device 132. As also schematically depicted 

in Fig. 1, wireless feedback device 136 may include a second housing 254. Second 

housing 254 may be physically separate from and independently movable relative to 

25 first housing 250. Second housing 254 may support user-input device 144 and wireless 

network controiier 140. As mentioned above, user-input device 144 may be configured 

to receive a user input corresponding to one of a plurality of inputs selectable by the 

user (e.g., the operator) that relate to measurement 200 displayed on display device 

192. Wireless network controller 140 may be configured to wirelessly transmit a 

30 feedback signal 258 representative of the user input to computer 152 via wireiess base 

adapter 148. 
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!n particular the plurality of inputs of wireiess feedback device 136 (e.g., included 

in user-input device 144) may include a plurality of user-operable buttons, similar to a 

plurality of buttons 262 shown coupled to a housing of a wireiess feedback device 264 

of second subsystem 170. For example, user-input device 144 may include an accept 

5 button and a reject button. In some embodiments, one or more of wireiess feedback 

devices 136, 264 may be a HID keyboard input wireiess device. For example, the 

accept button of user-input device 144 may correspond to a "Y" wireless keyboard input 

(or other suitable affirmation character or accept signal), and the reject button of user-

input device 144 may correspond to an "N" wireless keyboard input (or other suitable 

10 negation character or reject signal). As such, user-input device 144 may permit wireless 

feedback device 136 to receive an indication (e.g., from the user) relating to a 

measurement (e.g., measurement 200). 

For example, the indication may be manually entered on user-input device 144 

and may correspond to at least one of the plurality of inputs (e.g., similar to inputs or 

15 buttons 262) selectable by the user. Accordingly, as similarly described above, wireless 

metrology assembly 108 (e.g., gauge adapter 120a) may be configured to receive 

measurement signal 196 from gauge 104a, which may be representative of 

measurement 200 output by gauge 104a. Wireless metrology assembly 108 (e.g., 

gauge adapter 120a) may be further configured to wirelessly transmit communication 

20 signal 204 representative of measurement signal 196. Base assembly 112 may be 

configured to wirelessly receive transmitted communication signal 204 (e.g., via base 

adapter 148). Display signal 220 (e.g., generated by computer 152 based at least in part 

on received communication signal 204) may include an indication of measurement 200 

output by gauge 104a. Base assembly 112 (e.g., computer 152) may be configured to 

25 communicate display signal 220 to display device 192. Wireless metrology assembly 

108 (e.g., feedback device 136) may be configured to wirelessly transmit feedback 

signal 258 representative of the entered indication (e.g., representative of which input 

was selected by the user on user-input device 144). Base assembly 112 (e.g., base 

adapter 148) may be configured to wireless receive feedback signal 258. As similarly 

30 described above, wireless feedback device 136 may be physically separate from and 

independently movable relative to gauge adapter 120a. Such a configuration may 
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improve an ergonomic efficiency of quality assurance and/or statistical process control 

data collection (e.g., collecting and accepting/rejecting measurements of part 156, 

among others). 
As also previously mentioned, system 100 may include one or more additional 

5 wireless subsystems, such as second subsystem 170. Each of these additional 
subsystems may include a base assembly (e.g., similar to base assembly 112), and a 

wireless metrology assembly (e.g., similar to wireless metrology assembly 108). For 

example, second subsystem 170 is shown in Fig. 1 as including a base assembly 270 

comprising computer 160 and a wireiess base adapter 274, and a wireiess metrology 

10 assembly 278 comprising wireless feedback device 264 and a plurality of gauge 

adapters 282a-d connected to a plurality of gauges 286a»d. Gauges 286 may be 

operated to measure part 156 and/or another part, such as an additional manufactured 

part 290. 
In some embodiments, one or more of the gauge adapters 282 (e.g., and the 

15 associated one or more gauges) of system 100 may be interchanged between (or 

added to one or more of) the subsystems. In such embodiments, among others, system 

100 may be configured to permit a network identification of one or more gauge adapters 

to be identified and linked to a particular wireless base adapter, as will be described in 

more detail further below. 
20 In some embodiments, one or more of the gauge adapters of system 100 may be 

interchanged between gauges and/or connected to a new gauge, among other 

reconfigurations, in such embodiments, among others, firmware of the associated one 

or more gauge adapters may be updated via a wireless transmission from an 
associated base adapter, as will also be described below in more detail. 

25 In some embodiments, display signals from different subsystems may be 
displayed (e.g., concurrently) on display 192. However, in some embodiments, one or 

more of the subsystems may have a dedicated display on which the associated display 
signals are displayed (e.g., such as a 60" flat panel display, or other relatively large 

format display suitable for visual verification of measurements by the user from a 

30 distance). 
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In some embodiments, the dedicated display may be separate from the 

associated wireless feedback device, such as device 136, may be from display device 

192 in Fig. 1. However, in some embodiments, one or more of the displays may be 

included in one or more associated wireless feedback devices. For example, display 

5 192 may be relatively small and may be coupled to housing 254. Further, in some 

embodiments, one or more of the wireless metrology assemblies may include a plurality 

of wireless feedback devices indexed with an associated plurality of gauge adapters, 

and may be housed in a common housing with integrated functionality. 

Exemplary aspects of system 100 will now be described in greater detail. In 

10 particular, Fig. 2 depicts a more detailed block diagram of an exemplary gauge adapter 

120. For example, input/output controller 128 may include an application microcontroller 

300 having a hardware interrupt data buffer 304, a RAM measurement buffer 308, a 

CPU (or processor) 312 for formatting measurement data, and a radio processor 
interface 316. Wireless network controller 124 may include a radio processor 

15 application-specific integrated circuit (ASIC) 320, a modem ASIC 324, and an antenna 

326. Radio processor ASIC 320 may include a microcontroller interface 328, a 

processor 332 for encoding/decoding digital wireless packets (or frames), a data buffer 
336, and a modem interface 340. Modem ASIC 324 may include a radio processor 

interface 344, a modulator/demodulator unit 348, and an antenna interface 352. Gauge 

20 adapter 120a may further include a (rechargeable) power source 356, a power switch 

360, and a light 364. 

Power source 356 may be configured to supply electrical power to circuitry of 

gauge adapter 102, such as microcontroller 300, radio processor ASIC 320, modem 

ASIC 324, storage device 132, and light 364, for example, when power switch 360 is 

25 operated to an ON state from an OFF state. Power source 356 may be configured to be 

recharged, for example, via a USB port of gauge adapter 120. 

Buffer 304 of microcontroller 300 may be coupled to a gauge data output 368 of 

gauge 104 (e.g., via a suitable interface). Radio processor interface 316 may be 

coupled to microcontroller interface 328. Modem interface 340 may be coupled to radio 

30 processor interface 344. Antenna interface 352 may be coupled to antenna 326. Light 

364 may be coupled to microcontroller 300 and may be controlled to emit a visual signal 
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to the user indicating a network ID of gauge adapter 120, for example, when so 

requested, which will be described further below in more detail. 

Fig. 3 depicts a more detailed block diagram of wireless base adapter 148. For 

example, adapter 148 may include an application microcontroller 400, a radio processor 

5 ASIC 404, a modem ASIC 408, an antenna 412, a USB conversion integrated circuit 

(IC) 416, and an l2C to USB human interface device (HID) keyboard converter (or 

microcontroller) 420. Microcontroller 400 may include a universal asynchronous 

receiver/transmitter (UART) 424, a RAM measurement buffer 428, a CPU 432 for 

formatting measurement data, and a radio processor interface 436. Adapter 148 may 

10 also have a local storage device 438, such as for storing network identifying information 

or gauge identifying information of gauges included in the local network. 

Similar to radio processor ASIC 320 of gauge adapter 120, radio processor ASIC 

404 may include a microcontroller interface 440, a processor 444 for encoding/decoding 

digital wireless packets (or frames), a data buffer 448, and a modem interface 452. 

15 Similar to modem ASIC 324 of gauge adapter 120a, modem ASIC 408 may include a 

radio processor interface 456, a modulator/demodulator unit 460, and an antenna 

interface 464. USB conversion IC 416 may include another UART 468 and a USB signal 

conversion unit 472. 

As shown in Fig. 3, antenna 412 may be coupled to antenna interface 464. Radio 

20 processor interface 456 may be coupled to modem interface 452. Microcontroller 

interface 440 may be coupled to radio processor interface 436. UART 424 of 

microcontroller 400 may be coupled to UART 468 of USB conversion IC 416, and to 

converter 420. USB signal conversion unit 472 may be coupled to a USB port 476 (e.g., 

a first USB port) of computer 152. Similarly, converter 420 may also be coupled to USB 

25 port 476 (e.g., a second USB port) of computer 152. USB port 476 may be coupled to 

one or more system components 480 of computer 152, such as via an input/output bus, 

for example, for executing and/or operating the wireless-adapter management system. 

Fig. 4 is a flow chart illustrating exemplary operations performed by (and/or in 

conjunction with) one embodiment, and may not recite the complete process or all steps 

30 of the program. In particular, Fig. 4 depicts multiple steps of a method, generally 

indicated at 500, which may be performed in conjunction with system 100. For example, 
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aspects of system 100 may be utilized in performance of the method steps described 

below. Where appropriate, reference may be made to previously described components 

and systems that may be used in carrying out each step. These references are for 

illustration, and are not intended to limit the possible ways of carrying out any particular 

5 step of the method. 

As shown, method 500 may include a step 504 of a human operator triggering a 

gauge measurement, for example, with gauge 104a. For example, the gauge 

measurement may correspond to measurement 200 previously described. At step 504, 

hardware interrupt data buffer 304 (see Fig. 2) may receive measurement 200 (or 

10 measurement signal 196) from output 368. 

Method 500 may further include a step 508 of the gauge adapter wirelessly 

transmitting a measurement message (e.g., communication signal 204) to a base 

adapter (e.g., base adapter 148). For example, at step 508, measurement 200 and/or 

measurement signal 196 (e.g., and gauge-specific data from metrology storage device 

15 132) may be stored in RAM measurement buffer 308. CPU 312 may format 

measurement 200 and/or measurement signal 196 (and/or gauge-specific data) to 

produce communication signal 204. Communication signal 204 may be transmitted from 

radio processor interface 316 to microcontroller interface 328. Processor 332 may 

encode communication signal 204 into one or more digital wireless packets (or frames), 

20 which may be loaded into data buffer 336, and passed from modem interface 340 to 

radio processor interface 344. Unit 348 may modulate communication signal 204 (e.g., 

the one or more digital frames), for example, according to a wireiess network protocol, 

such as a ZigBee network protocol. Antenna interface 352 may output modulated 

communication signal 204 to antenna 326. Antenna 326 may wirelessly transmit 

25 modulated communication signal 204 to base adapter 148. 

Method 500 may further include a step 512 of base adapter 148 outputting the 

measurement message, such as communication signal 204, to computer 152. For 

example, at step 512, antenna 412 (see Fig. 3) may receive modulated communication 

signal 204, and may transmit modulated communication signal 204 to unit 460 via 

30 interface 464. Unit 460 may demodulate modulated communication signal 204. 

Demodulated communication signal 204 may be loaded into data buffer 448 via 
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interfaces 456, 452. Processor 444 may decode the one or more digital wireless 

packets (or frames) of encoded communication signal 240. Decoded communication 

signal 204 may be passed to CPU 432 via interfaces 440, 436. CPU may format 

measurement data (e.g., measurement 200) included in decoded communication signal 

5 204 to produce a formatted communication signal 204. Formatted communication signal 

204 may be stored in buffer 428 and output via UART 424 to computer 152. For 

example, UART 424 may output formatted communication signal 240 to USB 476 of 
computer 152 via one or more of IC 416 (e.g., UART 468 and USB signal conversion 

unit 472) and converter 420. IC 416 may form a "virtual" COM port for computer 152. 

10 Converter 420 may be an l2C interface to another microcontroller (e.g., included in 

converter 420), which may perform data conversion to a USB HID keyboard input. Such 

a configuration may permit base adapter 148 to not only send data (e.g., formatted 

communication signal 204 comprising the measurement message) to the wireless-

adapter management software via a traditional COM port, but also input data (e.g., 

15 measurements, such as measurement 200) from the gauge network (e.g., comprising 

gauge adapters 120a-d and gauges 104a-d) into a spreadsheet, text document, or text 

input box in a similar fashion as a keyboard. 

As shown in Fig. 4, method 500 may further include a step 516 of computer 152 

displaying information representative of the measurement message to the human 

20 operator. For example, at step 516, components 480 of computer 152 may generate 

display signal 220 (see Fig. 1) based at least in part on formatted communication signal 

204, and output display signal to display 192. Display 192 may display the display signal 

220, thereby displaying information representative of the measurement message to the 

human operator. For example, the display of signal 220 on display 192 may involve 

25 generating a visual representation of measurement 200 on display 192, which the 

human operator may view from afar, such as at an opposite end of a stringer. 

Method 500 may further include a step 520 of the human operator wirelessly 

transmitting an accept/reject input to computer 152 with a remote input device, such as 

wireless feedback device 136 (see Fig. 1). For example, at step 520, the human 

30 operator may view measurement 200 on display 192, and operate user-input device 144 

to transmit feedback signal 258 from network controller 140 to base adapter 148. 
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Method 500 may further include a step 524 of determining whether the 

measurement message is acceptable. For example, at step 524, base adapter 148 may 

transmit feedback signal 258 to computer 152. Based at least in part on feedback signal 

258, computer 152 may determine whether the measurement message (e.g., 

5 measurement 200, and/or corresponding communication signal 204) is acceptable. In 
particular, if feedback signal 258 corresponds to an accept input, then computer 152 

may determine that the measurement message is acceptable. However, if feedback 

signal 258 corresponds to a reject input, then computer 152 may determine that the 

measurement message is not acceptable. If it is determined that the measurement 

10 message is acceptable, then method 500 may proceed to a step 528 of storing the 

measurement message, for example, on the first storage device. However, if it is 

determined that the measurement message is not acceptable, then method 500 may 

proceed to a step 532 of not storing the measurement message. For example, at step 

532 the measurement message may be ignored, and/or the human operator may be 

15 instructed (e.g., via a message on display 192) to trigger another gauge measurement. 

Fig. 5 is a flow chart illustrating exemplary operations performed by (and/or in 

conjunction with) one embodiment, and may not recite the complete process or all steps 

of the program. In particular, Fig. 5 depicts multiple steps of a method, generally 

indicated at 600, for communicating a gauge measurement, which may be performed in 

20 conjunction with system 100. For example, aspects of system 100 may be utilized in the 

method steps described below. Where appropriate, reference may be made to 

previously described components and systems that may be used in carrying out each 

step. These references are for illustration, and are not intended to limit the possible 

ways of carrying out any particular step of the method. 

25 As shown, method 600 may include a step 604 of receiving from a gauge (e.g., 
gauge 104a) a measurement signal (e.g., measurement signal 196) representative of a 

measurement (e.g., measurement 200) output by the gauge. For example, at step 604, 
input/output controller 128 may receive measurement signal 196 from gauge 104a. In 

some embodiments, the gauge may output the measurement signal with the 

30 measurement formatted according to a first format of a plurality of formats. For example, 

gauge 104a may output measurement signal 196 with measurement 200 formatted 
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according to a first format, in which a predetermined number of bits are output by gauge 

104a in measurement signal 196 corresponding to measurement 200 in a raw state, in 

other embodiments, measurement 200 formatted according to the first format may 

correspond to measurement 200 followed by a carriage return (or other indicator) in 

5 measurement signal 196. 

Method 600 may further include a step 608 of producing a communication signal 

(e.g., communication signal 204) including the received measurement. For example, at 
step 608, input/output controller 128' may produce communication signal 204. In some 

embodiments, method 600 may further include a step of storing gauge-specific 

10 information on a storage device (e.g., storage device 132), such as gauge-type, 

identification, and/or other gauge-speGific metadata described herein. In such 

embodiments, step 608 may involve producing communication signal 204 with the 

gauge-specific information (e.g., that is stored on device 132). For example, producing 

communication signal 204 with the gauge-specific information may involve appending 

15 the gauge-specific information to the received measurement. 

In some embodiments, method 600 may further include (and/or step 608 may 

involve) generating the communication signal with the measurement formatted 

according to a second format of the plurality of formats. For example, the second format 

may correspond to the gauge-specific information being appended to measurement 

20 200, and/or included in communication signal 204. In some embodiments, the second 

format may correspond to (and/or be in accordance with) a standardized serial protocol. 

For example, input/output controller 144 may be configured to perform a bitwise 

conversion of measurement signal 196 to re-format measurement 200 into the 

standardized serial protocol. 

25 Method 600 may further include a step 612 of wirelessly transmitting the 

communication signal according to a wireiess protocol. For example, at step 612, 

network controller 124 of gauge adapter 120a may wirelessly transmit communication 

signal 204 according to a ZigBee network protocol having an IEEE 802.15.4 wireless 

communication standard. 
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Method 600 may further include a step 616 of wirelessly receiving the transmitted 

communication signal. For example, at step 616, modem ASIC 408 of base adapter 148 

may receive communication signal 204 via antenna 412. 

Method 600 may further include a step 620 of determining the measurement from 

5 the received communication signal. For example, at step 620, communication signal 

204 may be processed by modem ASIC 408, radio processor 404, and microcontroller 

400, and output to computer 152 via UART 424. System components 480 of computer 
152 may determine measurement 200 from received communication signal 204. 

Method 600 may further include a step 624 of storing the determined 

10 measurement of step 620 on a first storage device, such as the first storage device 

previously described. In some embodiments, the determined measurement may be 

stored on the first storage device only if accepted by the user. For example, method 600 

may further include a step of receiving a user input corresponding to one or a plurality of 

inputs, such as buttons 262. The plurality of inputs may be selectable by the user and 

15 may relate to the measurement output by the gauge at step 604. More specifically, 

method 600 may further include a step of outputting by computer 152 to display device 

192 display signal 220. As previously described, display signal 220 may be 

representative of measurement 200 output by gauge 104a. For example, the receiving 

user input step described above may involve receiving on a wireless feedback device, 

20 such as device 136, a user input corresponding to one of the plurality of inputs 

selectable by the user that relate to measurement 200 displayed on display device 192. 

in such embodiments, among others, method 600 may further include a step of 

wirelessly transmitting by the wireless feedback device a feedback signal, such as 

signal 258, and a step of processing the determined measurement based at least in part 

25 on the received feedback signal. For example, if the feedback signal indicates that the 

user rejects measurement 200, then computer 152 may delete or otherwise ignore 

measurement 200. 

In some embodiments, steps 604, 608, 612 may be performed by a wireless 

metrology assembly (e.g., assembly 108). For example, wireless metrology assembly 

30 108 may include firmware (e.g., included in one or more of network controller 124 and 

input/output controller 128) and a second storage device (e.g., metrology storage device 
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132), !n such embodiments, method 600 may further include a step of storing on the 

second storage device a first configuration for the firmware of wireless metrology 

assembly 108, and a step of reading on the first storage device (e.g., database 180, 

and/or another storage device associated with computer 152) a second configuration for 

5 the firmware of wireless metrology assembly 108. Method 600 may further include a 

step of transmitting wirelessly the second configuration for the firmware of wireless 

metrology assembly 108 to wireless metrology assembly 108, and a step of receiving by 

wireless metrology assembly 108 the second configuration for the firmware of wireless 

metrology assembly 108. Method 600 may further include replacing on the second 

10 storage device (e.g., storage device 132) the first configuration for the firmware of 

wireless metrology assembly 108 with the received second configuration for the 

firmware of wireless metrology assembly 108. Such reconfiguration of firmware may 

permit for improved data collection from associated gauges of system 100, inclusion of 
gauge-specific information or data in one or more associated communication signals 

15 and/or statistical analysis of collected measurements (and/or related processes). 
For example, referring back to Fig. 1, wireless metrology assembly 108 (e.g., 

gauge adapter 120a) may include firmware that is configurable. The first storage device 
may store the second configuration, among others, for the firmware of wireiess 

metrology assembly 108 (e.g., of gauge adapter 120a). Computer 152 may be 

20 configured to read the second configuration for the firmware of wireless metrology 

assembly 108 (e.g., of gauge adapter 120a). Computer 152 may be configured to send 

the second configuration for the firmware of wireless metrology assembly 108 (e.g., of 

gauge adapter 120a) wirelessly to assembly 108 (e.g., gauge adapter 120a) via base 
adapter 148. Assembly 108 (e.g., gauge adapter 120a) may be configured to replace 

25 the existing first configuration of the firmware with the received second configuration for 

the firmware. Such a wireless transmission of an updated firmware configuration may 

permit more efficient reconfiguration of one or more gauge adapters of assembly 108, 

which for example may allow gauge adapters to be more easily coupled to and 

wirelessly transmit measurements from different gauges, and/or be interchanged 

30 between subsystems. 
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For example, gauge 104a may output measurement signal 196 with 

measurement 200 formatted according to the first format of the plurality of formats, as 

previously described. The first storage device may store a version of the firmware for 
wireless metrology assembly 108 (e.g., for gauge adapter 120a) for each of the plurality 

5 of formats. Computer 152 may be configured to receive an indication from a user that 

the first format is appropriate for the gauge (e.g., gauge 104a). For example, the 

wireless-adapter management software application running on computer 152 may be 

configured to permit the user to input the indication therein. Computer 152 may be 

configured to read the version of the firmware of assembly 108 (e.g., of gauge adapter 

10 120a) for the first format. Computer 152 may be configured to transmit the read version 

of the firmware (e.g., for the first format) wirelessly to assembly 108 (e.g., gauge 

adapter 120a). Assembly 108 (e.g., gauge adapter 120a) may be configured to install 

the transmitted firmware, for example, to permit gauge adapter 120a to convert received 
measurement signal 196 having measurement 200 in the first format into 

15 communication signal 204 having measurement 200 in the second format. 
As described above, gauge 104a may output measurement signal 196 with 

measurement 200 formatted according to the first format of the plurality of formats. 
Accordingly, where steps 604, 608, 612 of method 600 (see Fig. 5) are performed by 

wireless metrology assembly 108 (e.g., gauge adapter 120a) having firmware, method 

20 600 may further include a step of storing a version of the firmware of the wireless 

metrology assembly for each of the plurality of formats on the first storage device (e.g., 

on database 180, a storage device of computer 152, and/or a storage device of 

computer 160). Method 600 may further include a step of receiving an indication from 

the user that the first format is appropriate for gauge 104a. For example, the user may 

25 input the indication into the wireless-adapter management software application running 

on computer 152. In some embodiments, method 600 may further include a step of 

determining the version of the firmware that provides processing of measurements (e.g., 

by gauge adapter 104a) formatted according to the first format. For example, the 

determining step may be performed by one or more of the user and computer 152. 

30 Method 600 may further include reading (e.g., by computer 152) the determined 

version of the firmware from the first storage device. Method 600 may further include 
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wirelessly transmitting the read version of the firmware to wireless metrology assembly 

(e.g., to gauge adapter 120a) via base adapter 148. Method 600 may further include 

receiving by wireless metrology assembly 108 (e.g., by network controller 124 of gauge 

adapter 120a) the transmitted version of the firmware. Method 600 may further include 

5 installing the received version of the firmware on the wireless metrology assembly. For 

example, method 600 may include gauge adapter 120a installing the version of the 

firmware received by network controller 124, thereby permitting gauge adapter 120a to 

process measurement 200 and transmit corresponding communication signal 204 (e.g., 

including measurement 200 formatted according to the second format) to base 

10 assembly 112. 

More specifically, Figs. 6 and 7 depict respective detailed operations 700, 800 of 

one embodiment of wireless metrology assembly 108, and Fig. 8 depicts detailed 

operations 900 of one embodiment of base adapter 148. 

As shown in Fig. 6, operations 700 may include an interrupt step 704, a buffer 

15 incoming data step 708, a reading ready determination step 712, a set reading flag step 

716, and a return step 720. For example, at step 704, power switch 360 of gauge 

adapter 120a may be in the ON state, and the human operator may trigger a 

measurement of part 156 with gauge 104a, resulting in measurement 200 being output 

by gauge 104a in measurement signal 196. Such an interrupt (or other signal provided 

20 to gauge adapter 120a by gauge 104a and/or the human operator) may awake gauge 

adapter 120a from a sleep mode. Step 704 may proceed to step 708, in which incoming 

data (e.g., measurement signal 196) is buffered into a storage device, such as 

metrology storage device 132 and/or RAM measurement buffer 308. Step 708 may 

proceed to step 712, in which gauge adapter 120a may determine whether a full reading 

25 is ready. For example, at step 712, input/output controller 128 may determine whether 

measurement signal 196 has been completely received and/or has been suitably 

formatted by CPU 312. If it is determined that a full reading is not ready, then operations 

700 may return to step 708 and continue a buffering of incoming data. However, if it is 

determined that a full reading is ready, then operations 700 may proceed to step 716 in 

30 which a reading flag may be set. For example, the reading flag may be set in either of 

network controller 124 and input/output controller 128. Once the reading flag has been 

32 



set, then operations may proceed to step 720, in which a sleep function of gauge 

adapter 120a may cause one or more of controllers 124, 128 to enter/return to the sleep 

state, until, for example, a subsequent interrupt step 704 is performed. 
As shown in Fig. 7, operations 800 may include a start step 804, an initialize step 

5 808, a network identification (ID) request determination step 812, a report network ID 

step 816, a reading flag set determination step 820, a sleep radio step 824, a sleep 

CPU step 828, a load reading into message step 832, a clear reading flag step 836, a 

send message step 840, a wait for transmit response status step 844, and an interrupt 

step 848 (e.g., which may correspond to one or more of operations 700). 

10 More specifically, at step 804, the human operator may power on gauge adapter 

120a by operating switch 360 from the OFF state to the ON state. As a result, 

operations 800 may proceed to step 808, for example, in which gauge adapter 120a 

may be initialized. Once initialized, operations 800 may proceed to step 812, in which 

gauge adapter 120a may determine whether a network ID of gauge adapter 120a has 

15 been requested. For example, the human operator may request the network ID of 

gauge adapter 120a by holding down switch 360 in the ON state. If it is determined at 

step 812 that the network identification of gauge adapter 120a has been requested, 
then operations 800 may proceed to step 816. At step 816, gauge adapter 120a may 

report the network ID of gauge adapter 120a, for example, by emitting a light signal 

20 (e.g., a predetermined sequence of flashes) from light 364 (or other suitable indicator). 

The light signal may indicate the network ID of gauge adapter 120a to the human 

operator. The human operator may enter the network ID of gauge adapter 120a, for 

example, into the wireless-adapter management software application running on 

computer 152 thereby permitting identification of gauge adapter 120a by base adapter 

25 148 and/or wireless communication of data there between, as described above. 
Once gauge adapter 120a has reported its network ID and/or if it is determined at 

step 812 that the network ID of gauge adapter 120a is not currently requested, then 
operations 800 may proceed to step 820. At step 820, gauge adapter 120a (e.g., one or 

more of microcontroller 300 and ASICs 320, 324) may determine whether the reading 

30 flag has been set, for example, at step 716 of operations 700. If it is determined that the 

reading flag has not been (e.g., is not currently) set, then operations 800 may proceed 
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to step 824, in which one or more of ASICs 320, 324 may enter a sleep mode, and to 

step 828, in which CPU 312 may enter a sleep mode. However, if it is determined that 

the reading flag is set (e.g., is currently set), then operations 800 may proceed to step 

832. At step 832, microcontroller 300 and/or radio processor ASIC 320 may load 

5 measurement signal 196 into a message, such as communication signal 204. After (or 

while) the measurement signal has been loaded into the message, then operations 832 

may proceed to step 836. At step 836, the reading flag set at step 716 may be cleared. 

Operations 800 may proceed to step 840, in which the message may be sent (e.g., 

wirelessly to base adapter 148). For example, at step 840, unit 348 may modulate 

10 communication signal 204 and wirelessly transmit modulated communication signal 204 

to base adapter 148 via antenna 326. 

Operations 800 may proceed to step 844, in which gauge adapter 120a may wait 

for a transmit response status. For example, at step 844, gauge adapter 120a may not 

enter the sleep mode until gauge adapter 120a has received a transmit response status 

15 from base adapter 148 indicating that communication signal 204 was successfully 

received. In some embodiments, gauge adapter 120a may be configured to re-transmit 

communication signal 204, if, for example, gauge adapter 120a does not receive a 

transmit response status from base adapter 148 within a predetermined amount of time 

(e.g., 3 seconds). Once gauge adapter 120a has received a transmit response status, 

20 operations 800 may proceed to steps 824, 828, in which the sleep function of gauge 

adapter 120a may be configured to transition the associated components of gauge 

adapter 120a into respective sleep modes, until for example, a subsequent interrupt 

(e.g., at step 848). As mentioned above, step 848 may include one or more of 

operations 700, such as steps 704, 708, 712, 716, 720. As shown, once an interrupt at 

25 step 848 has been performed (and/or other steps of operations 700), operations 800 
may return to step 820, for example, for subsequent wireless transmissions to base 

adapter 148. 

In some embodiments, either of wireless feedback devices 136, 264 may be 

configured to perform one or more operations similar to one or more of operations 700, 

30 800. For example, device 136 may include a sleep function configured to operate 

network controiier 140 in a sleep mode, until, for example, a user selects one or more of 
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the plurality of inputs of user-input device 144, thereby waking up network controiier 140 

in a similar interrupt step. Further, network controller 140 may send feedback signal 258 

in a step similar to step 840, and then return to the sleep mode, for example in a step 
similar to step 824. 

5 As shown in Fig. 8, operations 900 of base adapter 148 may include a start step 

904, an initialize step 908, a gauge network ID request determination step 912, a 

request gauge network ID step 916, a network ID received determination step 920, a 

message received determination step 924, and an output step 928. 

More specifically, at step 904 base adapter 148 may be powered-on, for 

10 example, by operation of an associated power switch, and/or via a USB connection with 

computer 152. Once powered-on, operations 900 may proceed to step 908, in which 

base adapter 148 may be initialized. Once base adapter 148 is initialized, operations 

900 may proceed to step 912, in which base adapter 148 may determine whether a 

gauge network ID (e.g., the network ID of gauge adapter 120a and/or of another gauge 

15 adapter) has been requested by a manager, such as the wireless-adapter management 
software application running on computer 152. For example, the human operator (or 

another user) operating computer 152 may input into the software application a request 
for a network ID of a particular gauge adapter (and/or associated gauge type). 

tf it is determined that a gauge network ID is requested, then operations 900 may 

20 proceed to step 916. In some embodiments, at step 916, base adapter 148 may 

transmit a gauge network ID request to gauge adapter 120a, which may in turn transmit 

its network ID back to base adapter 916. However, in other embodiments, step 916 may 

involve the human operator requesting the network ID of gauge adapter 120a directly, 

for example, by holding down power switch 360, as described above. Step 916 may 

25 proceed to step 920, in which it may be determined whether the network ID of gauge 
adapter 120a was received (e.g., by base adapter 148, and/or by the human operator 

inputting the network ID of gauge adapter 120a into the software application). If it is 
determined at step 920 that the network ID was not received, then operations 900 may 

return to step 916. However, if it is determined at step 920 that the network ID was 

30 received, then operations 900 may proceed to step 924. Similarly, if it is determined at 
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step 912 that a gauge network ID was not requested, then step 912 may proceed to 

step 924. 
At step 924, base adapter 148 may determine whether a new message (e.g., 

communication signal 204) has been received by base adapter 148 from gauge 104a, 

5 for example, via a wireless transmission from gauge adapter 120a, such as that of step 

840 of operations 800, As shown, if it is determined that a new message has not been 

received, then step 924 may be repeated. However, if it is determined that a new 

message has been received, then operations 900 may proceed to step 928. At step 

928, base adapter 148 may output the message (e.g., communication signal 204 via 

10 UART 424) to a data port of computer 152, such as USB port 476. As shown, 

operations 900 may return to step 924 for subsequent reception of messages from 

wireless metrology assembly 108. 

Example 2: 

15 As shown in Fig. 9, this example describes a data processing system 1000 in 

accordance with aspects of the present disclosure, in this example, data processing 

system 1000 is an illustrative data processing system suitable for implementing aspects 

of one or more of computers 152, 160 of respective subsystems 102, 170, and/or other 

components of system 100 depicted in Fig. 1. More specifically, in some examples, 

20 devices that are embodiments of data processing systems (e.g., smartphones, tablets, 

personal computers, workstations, and/or hardened laptops) may store and/or execute 

the wireless-adapter management software described above, as well as perform other 

functions, such as forwarding on accepted measurements from wireless metrology 

assembly 108 to database 180 and/or server 184. 

25 In this illustrative example, data processing system 1000 includes 

communications framework 1002. Communications framework 1002 provides 

communications between processor unit 1004, memory 1006, persistent storage 1008, 

communications unit 1010, input/output (I/O) unit 1012, and display 1014. Memory 

1006, persistent storage 1008, communications unit 1010, input/output (I/O) unit 1012, 

30 and display 1014 are examples of resources accessible by processor unit 1004 via 

communications framework 1002. 
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Processor unit 1004 serves to run instructions that may be loaded into memory 

1006. Processor unit 1004 may be a number of processors, a multi-processor core, or 

some other type of processor, depending on the particular implementation. Further, 

processor unit 1004 may be implemented using a number of heterogeneous processor 

5 systems in which a main processor is present with secondary processors on a single 
chip. As another illustrative example, processor unit 1004 may be a symmetric multi­

processor system containing multiple processors of the same type. 

Memory 1006 and persistent storage 1008 are examples of storage devices 

1016. A storage device is any piece of hardware that is capable of storing information, 

10 such as, for example, without limitation, data, program code in functional form, and 

other suitable information either on a temporary basis or a permanent basis. 

Storage devices 1016 also may be referred to as computer-readable storage 

devices in these examples. Memory 1006, in these examples, may be, for example, a 

random access memory or any other suitable volatile or non-volatile storage device. 

15 Persistent storage 1008 may take various forms, depending on the particular 

implementation. 

For example, persistent storage 1008 may contain one or more components or 
devices. For example, persistent storage 1008 may be a hard drive, a flash memory, a 

rewritable optica! disk, a rewritable magnetic tape, or some combination of the above. 

20 The media used by persistent storage 1008 also may be removable. For example, a 

removable hard drive may be used for persistent storage 1008. 

Communications unit 1010, in these examples, provides for communications with 

other data processing systems or devices. In these examples, communications unit 

1010 is a network interface card. Communications unit 1010 may provide 

25 communications through the use of either or both physical and wireless communications 
links. 

Input/output (I/O) unit 1012 allows for input and output of data with other devices 
that may be connected to data processing system 1000. For example, input/output (I/O) 

unit 1012 may provide a connection for user input through a keyboard, a mouse, and/or 

30 some other suitable input device. Further, input/output (I/O) unit 1012 may send output 

to a printer. Display 1014 provides a mechanism to display information to a user. 
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instructions for the operating system, applications, and/or programs may be 

located in storage devices 1016, which are in communication with processor unit 1004 

through communications framework 1002. in these illustrative examples, the 

instructions are in a functional form on persistent storage 1008, These instructions may 

5 be loaded into memory 1006 for execution by processor unit 1004. The processes of the 

different embodiments may be performed by processor unit 1004 using computer-

implemented instructions, which may be located in a memory, such as memory 1006. 
These instructions are referred to as program instructions, program code, 

computer usable program code, or computer-readable program code that may be read 

10 and executed by a processor in processor unit 1004. The program code in the different 

embodiments may be embodied on different physical or computer-readable storage 

media, such as memory 1006 or persistent storage 1008. 

Program code 1018 is located in a functional form on computer-readable media 

1020 that is selectively removable and may be loaded onto or transferred to data 

15 processing system 1000 for execution by processor unit 1004. Program code 1018 and 

computer-readable media 1020 form computer program product 1022 in these 

examples, in one example, computer-readable media 1020 may be computer-readable 

storage media 1024 or computer-readable signal media 1026. 

Computer-readable storage media 1024 may include, for example, an optical or 

20 magnetic disk that is inserted or placed into a drive or other device that is part of 

persistent storage 1008 for transfer onto a storage device, such as a hard drive, that is 

part of persistent storage 1008. Computer-readable storage media 1024 also may take 

the form of a persistent storage, such as a hard drive, a thumb drive, or a flash memory, 

that is connected to data processing system 1000. In some instances, computer-

25 readable storage media 1024 may not be removable from data processing system 

1000. 

In these examples, computer-readable storage media 1024 is a physical or 

tangible storage device used to store program code 1018 rather than a medium that 

propagates or transmits program code 1018. Computer-readable storage media 1024 is 

30 also referred to as a computer-readable tangible storage device or a computer-readable 
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physicai storage device, in other words, computer-readable storage media 1024 is a 

media that can be touched by a person. 

Alternatively, program code 1018 may be transferred to data processing system 
1000 using computer-readable signal media 1026. Computer-readable signal media 

5 1026 may be, for example, a propagated data signal containing program code 1018. For 

example, computer-readable signal media 1026 may be an electromagnetic signal, an 

optical signal, and/or any other suitable type of signal. These signals may be 

transmitted over communications links, such as wireless communications links, optical 

fiber cable, coaxial cable, a wire, and/or any other suitable type of communications link. 

10 In other words, the communications link and/or the connection may be physical or 

wireless in the illustrative examples. 

In some illustrative embodiments, program code 1018 may be downloaded over 

a network to persistent storage 1008 from another device or data processing system 

through computer-readable signal media 1026 for use within data processing system 

15 1000. For instance, program code stored in a computer-readable storage medium in a 
server data processing system may be downloaded over a network from the server to 

data processing system 1000. The data processing system providing program code 
1018 may be a server computer, a client computer, or some other device capable of 

storing and transmitting program code 1018. 

20 The different components illustrated for data processing system 1000 are not 

meant to provide architectural limitations to the manner in which different embodiments 

may be implemented. The different illustrative embodiments may be implemented in a 

data processing system including components in addition to and/or in place of those 
illustrated for data processing system 1000. Other components shown in Fig. 9 can be 

25 varied from the illustrative examples shown. The different embodiments may be 

implemented using any hardware device or system capable of running program code. 

As one example, data processing system 1000 may include organic components 

integrated with inorganic components and/or may be comprised entirely of organic 

components excluding a human being. For example, a storage device may be 

30 comprised of an organic semiconductor. 
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in another illustrative example, processor unit 1004 may take the form of a 

hardware unit that has circuits that are manufactured or configured for a particular use. 

This type of hardware may perform operations without needing program code to be 

loaded into a memory from a storage device to be configured to perform the operations. 

5 For example, when processor unit 1004 takes the form of a hardware unit, 

processor unit 1004 may be a circuit system, an application specific integrated circuit 

(ASIC), a programmable logic device, or some other suitable type of hardware 

configured to perform a number of operations. With a programmable logic device, the 

device is configured to perform the number of operations. The device may be 

10 reconfigured at a later time or may be permanently configured to perform the number of 

operations. Examples of programmable logic devices include, for example, a 

programmable logic array, a field programmable logic array, a field programmable gate 

array, and other suitable hardware devices. With this type of implementation, program 

code 1018 may be omitted, because the processes for the different embodiments are 

15 implemented in a hardware unit. 
In still another illustrative example, processor unit 1004 may be implemented 

using a combination of processors found in computers and hardware units. Processor 
unit 1004 may have a number of hardware units and a number of processors that are 

configured to run program code 1018. With this depicted example, some of the 

20 processes may be implemented in the number of hardware units, while other processes 

may be implemented in the number of processors. 

In another example, a bus system may be used to implement communications 

framework 1002 and may be comprised of one or more buses, such as a system bus or 

an input/output bus. Of course, the bus system may be implemented using any suitable 

25 type of architecture that provides for a transfer of data between different components or 

devices attached to the bus system. 
Additionally, communications unit 1010 may include a number of devices that 

transmit data, receive data, or both transmit and receive data. Communications unit 

1010 may be, for example, a modem or a network adapter, two network adapters, or 

30 some combination thereof. Further, a memory may be, for example, memory 1006, or a 
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cache, such as that found in an interface and memory controiier hub that may be 

present In communications framework 1002. 

The flowcharts and block diagrams described herein illustrate the architecture, 
functionality, and operation of possible implementations of systems, methods, and 

5 computer program products according to various illustrative embodiments. In this 

regard, each block in the flowcharts or block diagrams may represent a module, 

segment, or portion of code, which comprises one or more executable instructions for 

implementing the specified logical function or functions. It should also be noted that, in 

some alternative implementations, the functions noted in a block may occur out of the 

10 order noted in the drawings. For example, the functions of two blocks shown in 

succession may be executed substantially concurrently, or the functions of the blocks 

may sometimes be executed in the reverse order, depending upon the functionality 

involved. 

15 Example 3: 

This section describes additional aspects and features of embodiments 

presented without limitation as a series of paragraphs, some or all of which may be 
alphanumerically designated for clarity and efficiency. Each of these paragraphs can be 

combined with one or more other paragraphs, and/or with disclosure from elsewhere in 

20 this application in any suitable manner. Some of the paragraphs below expressly refer 

to and further limit other paragraphs, providing without limitation examples of some of 

the suitable combinations. 

A1. A method of communicating a gauge measurement comprising: receiving 
from a gauge a measurement signal representative of a measurement output by the 

25 gauge; producing a communication signal including the received measurement; and 
wirelessly transmitting the communication signal according to a wireless network 

protocol. 

A2. The method of paragraph A1, wherein wirelessly transmitting the 

communication signal includes wirelessly transmitting the communication signal 

30 according to a ZigBee network protocol having an IEEE 802.15.4 wireiess 

communication standard. 
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A3, The method of paragraph A1, further comprising storing gauge-specific 

information on a storage device, and wherein producing a communication signal 

includes producing the communication signal with the gauge-specific information. 

A4. The method of paragraph A1, where the gauge outputs the measurement 

5 signal with the measurement formatted according to a first format of a plurality of 

formats, the method further comprising generating the communication signal with the 

measurement formatted according to a second format of the plurality of formats. 

A5. The method of paragraph A1, further comprising receiving a user input 

corresponding to one of a plurality of inputs selectable by the user that relate to the 

10 measurement output by the gauge, and wirelessly transmitting a feedback signal 

representative of the user input. 
A6. The method of paragraph A1, further comprising wirelessly receiving the 

transmitted communication signal, determining the measurement from the received 

communication signal, and storing the determined measurement on a first storage 

15 device. 

A7. The method of paragraph A6, where receiving from a gauge a 

measurement signal, producing a communication signal, and wirelessly transmitting the 
communication signal are performed by a wireless metrology assembly having firmware 

and a second storage device, the method further comprising storing on the second 

20 storage device a first configuration for the firmware of the wireless metrology assembly, 

reading on the first storage device a second configuration for the firmware of the 

wireless metrology assembly, transmitting the second configuration for the firmware of 

the wireless metrology assembly wirelessly to the wireless metrology assembly, 

receiving by the wireless metrology assembly the second configuration for the firmware 

25 of the wireless metrology assembly, and replacing on the second storage device the 

first configuration for the firmware of the wireiess metrology assembly with the received 

second configuration for the firmware of the wireless metrology assembly. 

A8. The method of paragraph A6, where the gauge outputs the measurement 

signal with the measurement formatted according to a first format of a plurality of 

30 formats, and receiving a measurement signal from the gauge, producing a 

communication signal, and wirelessly transmitting the communication signal are 
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performed by a wireless metrology assembly having firmware; the method further 

comprising storing a version of the firmware of the wireless metrology assembly for 

each of the plurality of formats on the first storage device, receiving an indication from a 

user that the first format is appropriate for the gauge, determining the version of 

5 firmware that provides processing of measurements formatted according to the first 
format, reading the determined version of the firmware from the first storage device, and 
transmitting the read version of the firmware wirelessly to the wireless metrology 

assembly, receiving by the wireless metrology assembly the transmitted version of the 

firmware, and installing the received version of the firmware on the wireiess metrology 

10 assembly. 

A9. The method of paragraph A6, further comprising outputting by a computer 

to a display device a display signal representative of a measurement output by the 

gauge, receiving, on a wireless feedback device physically and operatively separate 

from and independently movable relative to the gauge and relative to the computer, a 

15 user input corresponding to one of a plurality of inputs selectable by the user that relate 

to the measurement displayed on the display device, wirelessly transmitting by the 

wireless feedback device a feedback signal representative of the user input, receiving 

the transmitted feedback signal, and processing the determined measurement based at 

least in part on the received feedback signal. 

20 B1. A wireless metrology assembly comprising an input/output controller and a 

first wireless network controller operatively coupled to the input/output controiier, the 

input/output controller configured to receive from a gauge when the wireless metrology 

assembly is operatively coupled to the gauge, a measurement signal representative of a 

measurement output by the gauge, and to produce a communication signal including 

25 the received measurement, and the first wireless network controiier being configured to 

wirelessly transmit the communication signal according to a wireless network protocol. 

B2. The wireless metrology assembly of paragraph Bl, where the wireless 
network protocol is a ZigBee network protocol according to an IEEE 802.15.4 wireless 

communication standard. 
30 B3. The wireless metrology assembly of paragraph B1, further comprising a 

metrology storage device configured to store one or more gauge-specific data, and the 
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input/output controller Is configured to produce the communication signal with at least 

one of the one or more gauge-specific data. 

B4. The wireless metrology assembly of paragraph Bl, where the gauge 

outputs the measurement signal with the measurement formatted according to a first 

5 format of a plurality of formats, the input/output controller being configured to generate 

the communication signal with the measurement formatted according to a second 

format of the plurality of formats. 
B5. The wireless metrology assembly of paragraph Bl, wherein the wireiess 

metrology assembly is configured to receive a user input corresponding to one of a 

10 plurality of inputs selectable by the user that relate to the measurement output by the 

gauge, and to wirelessly transmit a feedback signal representative of the user input. 

B6. A wireless metrology system comprising: the wireless metrology assembly 

of paragraph B1; a storage device; a wireless base adapter configured to wirelessly 

receive the transmitted communication signal; and a computer configured to receive the 

15 communication signal from the wireless base adapter, determine the measurement from 

the communication signal, and to store the determined measurement on the storage 

device. 
B7. The wireless metrology system of paragraph B6, wherein the wireless 

metrology assembly includes firmware that is configurable, the storage device also 

20 stores a first configuration for the firmware of the wireless metrology assembly, the 

computer is configured to read the first configuration for the firmware of the wireless 

metrology assembly and to send the first configuration for the firmware of the wireless 

metrology assembly wirelessly to the wireless metrology assembly via the wireless base 

adapter, and the wireless metrology assembly is configured to replace an existing 

25 second firmware configuration with the received first configuration for the firmware. 

B8. The wireless metrology system of paragraph B6, where the gauge outputs 

the measurement signal with the measurement formatted according to a first format of a 

plurality of formats, and wherein the wireless metrology assembly includes firmware, the 

storage device also stores a version of the firmware of the wireless metrology assembly 

30 for each of the plurality of formats, the computer is configured to receive an indication 

from a user that the first format is appropriate for the gauge, to read the version of the 
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firmware of the wireless metroloqv assemblv for the first format, and to transmit the read 

version of the firmware wirelessly to the wireless metrology assembly via the wireless 

base adapter, and the wireless metrology assembly is configured to install the 

transmitted firmware of the wireless metrology assembly. 

5 B9. The wireless metrology system of paragraph B6, further comprising a 

display device operatively coupled to the computer and configured to display a display 

signal received from the computer, the computer being configured to output to the 

display device a display signal representative of a measurement output by the gauge, 

and wherein the wireless metrology assembly includes a gauge adapter including a first 

10 housing supporting the input/output controller and the first wireiess network controller, 

the wireless metrology assembly further including a wireiess feedback device including 

a second housing physically separate from and independently movable relative to the 

first housing, a user-input device supported by the second housing, and a second 

wireless network controller also supported by the second housing, the user-input device 

15 being configured to receive a user input corresponding to one of a plurality of inputs 

selectable by the user that relate to the measurement displayed on the display device, 

and the second wireless network controiier being configured to wirelessly transmit a 

feedback signal representative of the user input to the computer via the wireless base 

adapter. 

20 C1. A wireless metrology system comprising: a wireless metrology assembly 

having at least one input device configured to receive an indication relating to a 

measurement, the indication being manually entered on the input device and 

corresponding to at least one of a plurality of inputs selectable by a user, the wireless 

metrology assembly being configured to receive from a gauge when the wireless 

25 metrology assembly is operatively coupled to the gauge a measurement signal 

representative of a measurement output by the gauge, to wirelessly transmit a 

communication signal representative of the measurement signal, and to wirelessly 

transmit a feedback signal representative of the entered indication; a display device 

configured to display a display signal; and a base assembly configured to wirelessly 

30 receive the transmitted communication signal, to communicate to the display device the 

45 



display signal including an indication of the measurement output by the gauge, and to 

wirelessly receive the feedback signal. 
C2. The wireless metrology system of paragraph C1, wherein the wireless 

metrology assembly includes a gauge adapter and a wireless feedback device 

5 physically separate from and independently movable relative to the gauge adapter, the 

gauge adapter being configured to receive from the gauge when the gauge adapter is 

operatively coupled to the gauge the measurement signal, and to wirelessly transmit the 

communication signal, the wireless feedback device including the input device and 

being configured to receive a user input corresponding to one of a plurality of inputs 

10 selectable by the user that relate to the measurement displayed on the display device, 

and to wirelessly transmit a feedback signal representative of the user input to the base 

assembly. 

Advantages, Features, Benefits 
15 The different embodiments described herein provide several advantages over 

known solutions for collecting gauge measurements. For example, the illustrative 

embodiments described herein allow for gauge measurements to be wirelessly and 

securely transmitted, regardless of a native protocol (e.g., output format) of the gauge. 

Additionally, and among other benefits, illustrative embodiments described herein allow 

20 a wirelessly transmitted gauge measurement to be remotely accepted or rejected. 

Illustrative embodiments described herein also provide for wireless communication from 

a base station to a gauge adapter and associated gauge, which communication may be 

used to update gauge adapter firmware or to reconfigure a gauge adapter. However, 

not all embodiments described herein provide the same advantages or the same degree 

25 of advantage. 

Conclusion 

The disclosure set forth above may encompass multiple distinct inventions with 

independent utility. Although each of these inventions has been disclosed in its 

30 preferred form(s), the specific embodiments thereof as disclosed and illustrated herein 

are not to be considered in a limiting sense, because numerous variations are possible. 
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The subject matter of the invention(s) includes all novel and nonobvious combinations 

and subcombinations of the various elements, features, functions, and/or properties 

disclosed herein. The following claims particularly point out certain combinations and 

subcombinations regarded as novel and nonobvious. invention(s) embodied in other 

5 combinations and subcombinations of features, functions, elements, and/or properties 

may be claimed in applications claiming priority from this or a related application. Such 

claims, whether directed to a different invention or to the same invention, and whether 
broader, narrower, equal, or different in scope to the original claims, also are regarded 

as included within the subject matter of the invention(s) of the present disclosure. 
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WHAT IS CLAIMED IS: 

1. A method of communicating a gauge measurement comprising: 
receiving from a gauge a measurement signal representative of a measurement 

5 output by the gauge; 

producing a communication signal including the received measurement; and 

wirelessly transmitting the communication signal according to a wireless network 

protocol. 

10 2. The method of claim 1, wherein wirelessly transmitting the communication 

signal includes wirelessly transmitting the communication signal according to a ZigBee 

network protocol having an IEEE 802.15.4 wireless communication standard. 

3. The method of any of claims 1 and 2, further comprising storing gauge-

15 specific information on a storage device, and wherein producing a communication signal 
includes producing the communication signal with the gauge-specific information. 

4. The method of any of claims 1-3, wherein the gauge outputs the 

measurement signal with the measurement formatted according to a first format of a 

20 plurality of formats, the method further comprising generating the communication signal 

with the measurement formatted according to a second format of the plurality of 

formats. 

5. The method of any of claims 1-4, further comprising receiving a user input 

25 corresponding to one of a plurality of inputs selectable by the user that relate to the 
measurement output by the gauge, and wirelessly transmitting a feedback signal 

representative of the user input 

6. The method of any of claims 1-5, further comprising wirelessly receiving 

30 the transmitted communication signal, determining the measurement from the received 
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communication signal, and storing the determined measurement on a first storage 

device. 

7. The method of any of claims 1-6, wherein receiving from a gauge a 

5 measurement signal, producing a communication signal, and wirelessly transmitting the 

communication signal are performed by a wireless metrology assembly having firmware 

and a second storage device, the method further comprising storing on the second 

storage device a first configuration for the firmware of the wireless metrology assembly, 

reading on the first storage device a second configuration for the firmware of the 

10 wireless metrology assembly, transmitting the second configuration for the firmware of 

the wireless metrology assembly wirelessly to the wireless metrology assembly, 

receiving by the wireless metrology assembly the second configuration for the firmware 

of the wireless metrology assembly, and replacing on the second storage device the 
first configuration for the firmware of the wireless metrology assembly with the received 

15 second configuration for the firmware of the wireless metrology assembly. 

8. The method of any of claims 1-6, wherein the gauge outputs the 
measurement signal with the measurement formatted according to a first format of a 

plurality of formats, and receiving a measurement signal from the gauge, producing a 

20 communication signal, and wirelessly transmitting the communication signal are 

performed by a wireless metrology assembly having firmware; the method further 

comprising storing a version of the firmware of the wireless metrology assembly for 

each of the plurality of formats on the first storage device, receiving an indication from a 

user that the first format is appropriate for the gauge, determining the version of 

25 firmware that provides processing of measurements formatted according to the first 

format, reading the determined version of the firmware from the first storage device, and 

transmitting the read version of the firmware wirelessly to the wireless metrology 

assembly, receiving by the wireless metrology assembly the transmitted version of the 

firmware, and installing the received version of the firmware on the wireless metrology 
30 assembly. 
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9, The method of any of claims 1-8, further comprising outputting by a 

computer to a display device a display signal representative of a measurement output 

by the gauge, receiving, on a wireless feedback device physically and operatively 

separate from and independently movable relative to the gauge and relative to the 

5 computer, a user input corresponding to one of a plurality of inputs selectable by the 

user that relate to the measurement displayed on the display device, wirelessly 

transmitting by the wireless feedback device a feedback signal representative of the 
user input, receiving the transmitted feedback signal, and processing the determined 

measurement based at least in part on the received feedback signal. 
10 

10. A wireless metrology assembly comprising an input/output controiier and a first 

wireless network controller operatively coupled to the input/output controller, the 

input/output controller configured to receive from a gauge when the wireless metrology 

assembly is operatively coupled to the gauge, a measurement signal representative of a 

15 measurement output by the gauge, and to produce a communication signal including 

the received measurement, and the first wireless network controller being configured to 

wirelessly transmit the communication signal according to a wireless network protocol. 

11. The wireless metrology assembly of claim 10, wherein the wireless 

network protocol is a ZigBee network protocol according to an IEEE 802.15.4 wireless 

20 communication standard, 

12. The wireless metrology assembly of any of claims 10 and 11, further 

comprising a metrology storage device configured to store one or more gauge-specific 

data, and the input/output controiier is configured to produce the communication signal 

with at least one of the one or more gauge-specific data. 
25 
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13. The wireiess metrology assembly of any of claims 10-12, wherein the 

gauge outputs the measurement signal with the measurement formatted according to a 

first format of a plurality of formats, the input/output controller being configured to 

generate the communication signal with the measurement formatted according to a 

5 second format of the plurality of formats. 

14. The wireless metrology assembly of claim 10, wherein the wireless 

metrology assembly is configured to receive a user input corresponding to one of a 

plurality of inputs selectable by the user that relate to the measurement output by the 

10 gauge, and to wirelessly transmit a feedback signal representative of the user input. 

15. A wireless metrology system comprising: 

the wireless metrology assembly of any of claims 10-14; 
a storage device; 

15 a wireless base adapter configured to wirelessly receive the transmitted 
communication signal; and 

a computer configured to receive the communication signal from the wireless 
base adapter, determine the measurement from the communication signal, and to store 

the determined measurement on the storage device. 

20 
16. The wireless metrology system of any of claims 10-15, wherein the 

wireless metrology assembly includes firmware that is configurable, the storage device 

also stores a first configuration for the firmware of the wireless metrology assembly, the 
computer is configured to read the first configuration for the firmware of the wireless 

25 metrology assembly and to send the first configuration for the firmware of the wireless 
metrology assembly wirelessly to the wireless metrology assembly via the wireless base 
adapter, and the wireiess metrology assembly is configured to replace an existing 

second firmware configuration with the received first configuration for the firmware. 
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17. The wireiess metroioav svsfem of any of claims 10-16, wherein the qauqe 

outputs the measurement signal with the measurement formatted according to a first 

format of a plurality of formats, and wherein the wireless metrology assembly includes 

firmware, the storage device also stores a version of the firmware of the wireless 

5 metrology assembly for each of the plurality of formats, the computer is configured to 

receive an indication from a user that the first format is appropriate for the gauge, to 

read the version of the firmware of the wireless metrology assembly for the first format, 

and to transmit the read version of the firmware wirelessly to the wireless metrology 

assembly via the wireless base adapter, and the wireless metrology assembly is 

10 configured to install the transmitted firmware of the wireless metrology assembly. 

18. The wireiess metrology system of any of claims 10-17, further comprising 

a display device operatively coupled to the computer and configured to display a display 

signal received from the computer, the computer being configured to output to the 

15 display device a display signal representative of a measurement output by the gauge, 

and wherein the wireiess metrology assembly includes a gauge adapter including a first 

housing supporting the input/output controller and the first wireless network controller, 

the wireless metrology assembly further including a wireless feedback device including 

a second housing physically separate from and independently movable relative to the 

20 first housing, a user-input device supported by the second housing, and a second 

wireless network controiier also supported by the second housing, the user-input device 

being configured to receive a user input corresponding to one of a plurality of inputs 

selectable by the user that relate to the measurement displayed on the display device, 

and the second wireless network controller being configured to wirelessly transmit a 

25 feedback signal representative of the user input to the computer via the wireless base 

adapter. 
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19= A wireless metrology system comprising: 

a wireless metrology assembly having at least one input device configured to 

receive an indication relating to a measurement, the indication being manually entered 
on the input device and corresponding to at ieast one of a plurality of inputs selectable 

5 by a user, the wireless metrology assembly being configured to receive from a gauge 

when the wireless metrology assembly is operatively coupled to the gauge a 

measurement signal representative of a measurement output by the gauge, to 

wirelessly transmit a communication signal representative of the measurement signal, 

and to wirelessly transmit a feedback signal representative of the entered indication; 

10 a display device configured to display a display signal; and 

a base assembly configured to wirelessly receive the transmitted communication 

signal, to communicate to the display device the display signal including an indication of 

the measurement output by the gauge, and to wirelessly receive the feedback signal. 

15 20. The wireless metrology system of claim 19, wherein the wireless 
metrology assembly includes a gauge adapter and a wireless feedback device 

physically separate from and independently movable relative to the gauge adapter, the 
gauge adapter being configured to receive from the gauge when the gauge adapter is 

operatively coupled to the gauge the measurement signal, and to wirelessly transmit the 

20 communication signal, the wireless feedback device including the input device and 

being configured to receive a user input corresponding to one of a plurality of inputs 

selectable by the user that relate to the measurement displayed on the display device, 

and to wirelessly transmit a feedback signal representative of the user input to the base 
assembly. 
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