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measurement device using a mobile computing device is provided. A mobile
computing device is communicatively connected to one or more measurement
devices, and receives measurement data from the one or more measurement
devices. The mobile computing device stores the received measurement data,

in some embodiments, the measurement devices have less storage space than
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the mobile computing device, and so the mobile computing device is capable
of storing more measurements than the measurement devices are capable of
storing. The mobile coinputing device is also capable of presenting the stored

measurement data as a graph of a time series of values, which would not be
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possible using only the measurement device given its smaller memory.
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AUTOMATIC RECORDING AND GRAPHING OF MEASUREMENT DATA

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application
No. 61/801,380, filed March 15, 2013, and U.S. Provisional Application No. 61/876,719,
filed September 11, 2013, the disclosures of which are incorporated by reference herein

in their entirety,

BACKGROUND

Measurement tools such as digital multimeter (DMM) devices, heat-sensing
infrared cameras, vibration meters, and the like are used in a wide array of industrial,
commercial, and residential settings to measure a varicty of properties of equipment. In
production facilities, planis, and factories, for example, it is critical to ensure that
equipment remains operational. Interruptions in production for unexpected failure of
equipment can be costly.  Such facilities typically establish procedures for routine
monitoring and maintenance of equiprent that include using measurement tools,

For example, a technician using a handheld measurement tool may be tasked to
periodically measure a property of equipment to assess the functional "health” of the
eguipment or to determnine the presence of a fault. To perform such measurements, the
technician travels to the site of the equipment, manually records data from the
measurement tool, and returns to a central location to produce a report. Unfortunately,
the technician may need o rehurn multiple times to the site of the equiproent 1o obtain the
desired data. TFurther, analysis of measured data obtained from the equipment oficn
requires the technician fo manually enter the measured data inte a computer.

In some instances, an eguipment maintenance process includes obtaining readings
of measurement data from multiple measurement tools at different locations, and
sometimes includes obtaining measurements simultaneously or in close time proximity.
Furthermore, complex calculations may be desired to be quickly performed on measured
data obtained at the different locations, even when using measurement tools with linuted
or no functionality for storing or processing measurements over time. What is desired are
systems and methods that aliow guidance and coordination to be provided with respect to
collecting measurcments using measurement tools, and that allow measurement data to be

efficiently collected and processed.
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SUMMARY

The following summary is provided to introduce a selection of concepts in a
simplified form that are further described below in the Detailed Description.  This
summary is not intended to identify key features of the claimed subject matter, nor is il
intended to be used as an aid in determining the scope of the claimed subject matter.

in some cmbodiments, a systern for collecting measurement data from a device
ander test (DUT) is provided. The system comprises a measurement device and a mobile
computing device. The measurement device comprises at least one sensor. The mobile
computing device comprises at least one processor, a measurement collection engine
configured to obiain measurcments from the at least one sensor of the measurement
device; a measurement data store configured to store a plurality of measurements
obtained by the measurement collection engine; and a novtransitory computer-readable
mediom.  The nontransitory compuler-readable medium hes computer-executable
instructions stored thereon that, in response to execution by the at least one processor,
cause the mobile computing device to receive a time series of measurements of the DUT
from the measurement device; store the time series of measurements in the measurement
data store; and present a graph of the time series of measurements to a user. The
measurement data store of the mobile computing device includes storage space for
concurrently storing more measurement data than can be concurrently stored by the
measurement device.

In some embodiments, a method for collecting measurernent data from a device
under test (DUT) is provided. A mobile computing device receives a time seriecs of
measurements of the DUT from a measurement device. The mobile computing device
stores the time series of measurements in a measurement data store accessible by the
mobile computing device, and presenis a graph of the time series of measurerents to a
user. The measurement data store accessible by the mobile computing device includes
storage space for concurrently storing more measurement data than can be concurrently
stored by the measurement device.

In some embodiments, a computer-readable medium having computer-executable
instructions stored thereon is provided. The computer-executable instructions, in
response to exceution by one or more processors of a mobile computing device, cause the

mobile computing device to collect measurement data from a device under test (DUT) by
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receiving a time series of measurements of the DUT from a roecasurement device; store
the time series of measurements in a measurement data store accessible by the mobile
computing device; and present a graph of the time series of measurements to a user. The
measurement data store accessible by the mobile computing device includes storage
space for concurrently storing more measurement data than can be concurrenily stored by

the measurement device.

DESCRIPTION OF THE DRAWINGS

The foregoing aspeets and many of the attendant advantages of this invention will
becorne more readily appreciated as the same become better understood by reference to
the following detailed description, when taken in conjunction with the accompanying
drawings, wherein:

FIGURE § is a schematic diagram that illustrates, at a high level, an exemplary
embodiment of a systern according to various aspects of the present disclosure;

FIGURE 2 is a block diagram that lustrates an exemplary mobile computing
device according to various aspects of the present disclosare;

FIGURE 3 is a block diagram that illustrates an exemplary embodiment of a
measurement device according to various aspects of the present disclosure;

FIGURE 4 is a block diagram that illusirates an exemplary embodiment of 2
measurement processing server according to various aspects of the present disclosure;

FIGURE 5 is a flowchart that illustrates an exemplary embodiment of a method of
collecting and annotating test measurements using a mobile computing device according
to various aspects of the present disclosure; and

FIGURE 6 iz a flowchart that lustrates an exemplary method of processing
measurement data for multiple units of equipment to generate a unified data collection

and reporting interface according to various aspects of the present disclosure.

DETAILED DESCRIPTION
In various embodiments, disclosed herein are systems and methods for capturing,
storing, analvzing, and reporting data obtained from measurernent devices, such as
handheld measurement tools and other sensors that perform measurements of equiprent.
Such systems and methods are useful, in part, for improving the speed, accuracy, and ease

of use of measurement data collected from measurement devices, especially where the
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measurement data results from multiple simultaneous or near simultaneous measurements
of different types of data.

¥

As will be better understood from the following description, the term
"measurement data” refers to data that is generated by a measurement device and directly
or indirectly relates to or reflects a measured property of a device under test. In various
embodiments, measurement devices may measure many types of properties, such as
slectrical and/or mechanical properties.  Properties that may be measured by
measurement devices include, for example and without lmitation, electrical current,
voltage, resistance, capacitance, inductance, vibration, humidity, pressure, light, time,
temperature, sound, material compaosition, and the like.

FIGURE 1 is a schematic diagram that illustrates, at a bigh level, an exemplary
embodiment of a system according o various aspects of the present disclosure. In the
lustrated embodiment, the system 100 includes a mobile computing device 104, The
mobile computing device 104 is configured to interact with at least one measurement
device 108 positioned with respect 1o equipruent to be measured, such as the illustrated
device under test (DUT) 92.

in some crbodiments, the mobile computing device 104 may be a general
purpose mobile computing device, such as a smart phone that provides celiular telephony,
cellular data, Bluetooth, Wi-Fi, and/or other types of wircless connectivity, which is
further progranumed to provide functions as described herein. An application (or "app”)
executing on the mobile computing device 104 may provide processes for data collection,

storage, analysis, and communication as described herein. A wuser interface 106 is

n

presented by the mobile computing device 104, which allows a user to view data that is
collected and analyzed by the computing device 104, and to control the collection,
processing, storage, and transmission thereof as discussed further below.

In various embodiments, the measurement device 108 may be, for example, a
measurement tool such as a DMM, a Wi-Fi network tester, a vibration tester, an infrared
or thermal imaging camera, and/or the like that is capable of measuring a property of a
DUT 92 and providing measurement data based thereon.  Generally, measurement
devices 108 may be handheld or portable, and may include any type of testing or sensing
device or multipurpose device capable of performing a measurement or a combination of

types of measurements. Measurement devices 108 may also include single purpose or

multi-purpose sensors that are capable of measuring properties of equipment.

R
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In various embodiments, data communication between measurement devices 108
and the mobile computing device 104 may be wircless or wired, and may use any type of
standardized or proprietary communication protocol. Current standardized protocols for
wired cornmunication include, for example, USB, Firewire, Etheroet, and the like, while
wireless data communication may be performed using ZigBee, Bluetooth, Wi-Fi, cellular
data transmission protocols, and the like. The communication may be a divect
communication between the measurement device 108 and the mobile computing
device 104, or may take place over a network with one or roore intervening network
devices providing a communication path. In some embodiments, at least some of the
processing described herein as being performed by the mobile computing device 104
could be performed by the measurement processing server 102, In such embodiments,
the measurement device 108 may be configurable to communicate directly with the
measurement processing server 1072 via a wireless or wired communication path, and may
use any type of standardized or proprietary comnmnication protocol, including but not
timited to the illustrated network 90.

In an environment where multiple measurement devices 108 are used to measure
different properties of equipment, the mobile cornputing device 104 may be configured to
choose measurement devices 108 with which to comumunicatively interact to receive
measurement data, as well as analyze, display, and further communicate the measurernent
daia to one or more locations remote from the equipment and/or the mobile computing
device 104,

In at least one implermentation, a user may establish comimunication links between
the mobile computing device 104 and one or more measurement devices 108 that are
positioned with vespect to one or more DUTs 92, As ecach communication link is
established, measurement data generated by the respective measurement devices 1U8 may
automatically be communicated to the mobile compoting device 104, When
measurement data is no longer received from a moeasurement device 108, eg., the
measurement device 108 drops out of range of the mobile compuiing device 104, the
mobile computing device 104 discontinues or releases the communication link. As will
be discussed in greater detail below, measurement data previously received from the
measurement device 108 may be stored by the mobile computing device 104 in
association with the measurement device 108 and/or the fest point (or points) being

measured on the equipment, but upon discontinuing or rcicasing the conununication Hnk,

5.
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the mobile computing device 104 no longer displays live data measurements from the
measurement device 108 nor indicates an active comununication link
measurement device 108,

3

with the
When the user no longer desires 1o receive measurement data from a particular

measurement device 108, the user may cause the mobile computing device 104 to
13

disconnect or release the communication lpk with the measurement device 108,
Subsequently, the measurement device 108 may return to a low power operational mode
in which the measurement device 108 periodically conumunicates a presence detect
signal, as previously described.

It desired, the measuwrement device 108 may be
configured to locally store measurement data in a data store present on the measurement
5

device 108, which later may be read by a mobile computing device 104 upon establishing
a new communication link with the measurement device 108,

In some wireless environments, the mobile computing device 104 may be paired

between the measurement device 10

with 2 measurement device 108 in order to receive measurcment data from the
measurement device 108, Pairing adds a layer of security over such communication

¢

and the mobile computing device 104 in that
0ee
in such communication.
20

cstablishing a communication link with the measurement device 108 may utilize
additional data that is typically accessible only to persons or devices authorized to engage

As measurement data is received, the mobile computing device 104 may display
the measurement data to the user via the user interface 106,
25

in some embodiments, the
displayed measurement data represents instantaneous measurements received from the
measurement devices 108, When storage of the measurement data is desired, the user
may initiate collection of the measurement ‘data, such as by pressing a "Capture”

"Record" button on the user interface 106, For example, in at least one impiementaiﬁon
> X 2
. i

or
pressing a "Capture” bution on the user interface 106 may cause the mobile computing

device 104 to save a single set of the measurement data obtained at an instance of time.
On the other hand, by pressing a "Record” button, the user may initiate a recording of
multipic scts of the measurement data in which the mobile computing device 104 saves a
time series of the measurement data received from the measurement device 108,

desired, such recordings may be presented to the user as a data graph or an image video
on the display of the mobile computing device 104.

i
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In some embodimenis, the data obtained by the mobile computing device 104 may
further include status or safety information regarding the measurerent device 108 (as
opposed to the DUT 92). For instance, if the statas of the measurement device 108
justifies display of a warning light on the measurement device 108, information regarding
that status mayv be transmiited to the mobile computing device 104 and a corresponding
icon may be displayed on the mobile computing device 104 noting the condition of the

measurement device 108, Some nonlimiting examples of a status that would justify the
display of a waming light include a low battery status, an out-of-range indicator, a lead
indicator, and the like. This may be particularly helpful to a user whose mobile
computing device 104 is connected to muitiple measurernent devices 108, Such icon
display helps the user to recognize when one or more of the measurement devices 103
need attention to ensure that correct measurement data is being obtained,

In some embuodiments, data may also be conveyed between a measurcment
fevice 108 and the mobile computing device 104 using techniques other than via a
conununication protocol as described above.  As s nonlimiting example, jn some
embodiments, data may be exchanged between the measuwrement device 108 and the
mobile computing device 104 through transfer of physical media, such as a memory card
that is transferred between memory slots in the measurement device 108 and the mobile
computing device 104. As another nonlimiting example, in some embodiments, data may
be displayed by the measurement device 108 in a human-readable format (such as via an
analog instrument meter with analog display, or via a LCD or other indicator that presents
a digital value) and the mobile computing device 104 may obtain the measurement data
by capturing and processing an image of the measurement device 108, In yet another
nonlimiting example, in some embodiments, data may be displayed by the measurement
device 108, and a user may manually enter the data into the mobile computing device 104
via the user interface 106,

While in some embodiments, the mobile computing device 104 is the device in
the systern 100 responsible for obtaining, processing, and storing measurement data from
measurement devices 108, in other embodiments, the mobile computing device 104 may
also or instead communicate the measurement data to one or more measurement
processing servers 102, which may be located at one or more local or remote locations.
Such communication may be performed through a network 90 such as a wired or wireless

network, and may involve local, wide area, or global data communication links, such as
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the Internet. In some embodiments, such communication may be performed by syncing
the mobile compuiing device 104 to another computing device {such as a deskiop
computing device, a laptop computing device, a tablet computing device, and/or the like)
via a dock, a physical communication cable, a wireless communication technology, or a
network, and the other computing device may then act as the measurement processing
server 102. In some embodiments, the other c‘omputing device may receive the data from
the mobile computing device 104 and then subsequently transmit the data to the
measurement processing server 102 via the network 90. In some embodiments, the
mobile computing device 104 may obiain, process, and store the measurement data
locally while unable to access the network 90, such as when there is ne access to a
cellular data network due to a lack of wireless signal strength at a measurernent location.
The mobile computing device 104 may then transmit the measurement data to one or
more measurement processing servers 102 as discussed above upon being reconnected to
a network 90 or otherwise communicatively coupled to another computing device.

FIGURE 2 is 2 block diagram that illustrates an exemplary mobile computing
device 104 according to various aspects of the present disclosure. As illustrated, the
mobile computing device 104 may include a processor 211, at least one cornmunication
interface 224, at least one data storage device 217, and at least one input/output (J/O)
interface 222, among other elements. As used herein, the term processor is not imited to
integrated circuitry, otherwise referred to as & computer, but broadly refers to a
microcontroller, a microcomputer, a microprocessor, a programmable logic controller, an
application specific integrated circuif, other progranumable circuits, combinations of the
above, and/or the like. The processor 211 generally serves as a computational center of
the mobile computing device 104 by supporting the exccution of instructions thal cause
the device to teceive, store, analyze, and communicate data using the conmmunication
interface 224, the storage device 217, and/or the input/output interface 222.

The comununication interface 224 may include one or more components
configured to communicate with external devices, such as another mobile computing
device, a computer system at a remote location, a measurement device 108, and/or the
like. All such communication may be wired or wireless. In some embodiments, the
mobile computing device 104 may process measurement data into different forms and
communicate the processed measurement data to such external devices. In some

embodiments, the measurement data is organized and stored by the mobile computing
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device 104 in the storage device 217. The stored measurement data may later be
retrieved, analyzed, and communicated.

The storage device 217 may comprise any form of computer-readable storage
media, such as any currently available or later developed media suitable for storing
computer-executable instructions and data that ave accessible to one or more device
components, such as the processor 211, Computer-readable storage media may be
cmovable or nonremovable and may be volatile or nonvolatile.  Examples of
computer-readable storage media may include hard drives as well as RAM, ROM,
EEPROM, flash types of memory, and/or the fike.

The input/output interface 222 may include one or more input devices such as
dials, switches, or buttons, and one or more output devices, such as a display or printer.
Generally, the input/output interface 222 allows a user or an external system to interact
with programs being executed by the mobile computing device 104, In at least one
embodiment, the input/output interface 222 allows a user to control or configure the
mobile computing deviee 104 to receive data from 3 measurement device 108 and to
analyze, store, and/or communicate the measurement data to an external device
Information regarding the configuration of measurement devices and the equipment
properties that they measure may be stored in the storage device 217 and used by the
processor 212 when interacting with the measurement devices 108,

As an output device, a display may include, without limitation, a ligmd crystal
display (LCD), a light emitting diode (LED) device, an organic light emitting diode
(OLED) device, and/or the like. The display may be capable of displaying color images,
though embodiments disclosed herein alse work with black and white displays. The
display may include a touch screen that, in some embodiments, incorporates aspects of an
input device into the display. The touch screen may be any type of touch screen currenily
known or later developed. For example, the touch screen may be a capacitive, infrared,
resistive, or surface acoustic wave {SAW) device. In response to input received by the
input device, the mobile computing device 104 may receive, amalyze, store, and
communicate data related to measurement of properties of equipment. In some
measurement applications, the touch screen may be suitable for use in industrial settings,
for example, where the touch screen is configured to receive inputs through gloved hands.

Tri addition to a touch screen or other display, the input/output interface 222 of the

mobile computing device 104 may further include one or more input devices that

9.
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comumpinicate an input to the mobile computing device 104, As mentioned earlier, such
input device may include, as examples, buttons, switches, trigger switches, selectors,
rotary switches, or other input devices known to those of ordinary skill in the art. In at
least one embodiment, measurement devices may be configured to perform
measurements in response to user input or user selection of an input that is provided to
the mobile computing device 104 via the one or more input devices,

As illustrated, the processor 211 may be configured to provide ome or more
engines. In general, the term "engine," as used herein, refers to logic embodied in
hardware or sofiware instructions, which can be writien in a programming language, such
as C, C++, COBOL, JAVA™, PHP, Perl, HIML, CS8, JavaScript, VBScript, ASPX,
Objective C, Ruby, Microsoft NET™ languages such as C#, and/or the like. An engine
may be compiled into executable programs or written in interpreted programming
languages. Software engines or applications may be callable from other engines or from
themselves. Generally, the engines described herein refer to logical modules that can be
merged with other engines or applications, or can be divided into sub-engines. The
engines can be stored in any type of computer-readable medium or compuler storage
device, such as the storage device 217, and be stored on and executed by one or more
general purpose processors {such as processor 211), thus creating a special purpose
computing device configured to provide the engine. In some embodiments, the engines
described hercin may be incorporated into one or more applications or "apps” installed on
the mobile computing device 104, The illustrated engines may be provided by the
processor 211 in response to execution by the processor of computer-executable
instructions stored on a computer-readable medium, such as the storage device 217

As illusirated, the engines provided by the processor 211 may include a user
interface engine 212, a measwrement collection engine 214, and a measurement
processing engine 216, The measurernent collection engine 214 is configured to interact
with one or more measurement devices 108 via the communication interface 224, The
measurement collection engine 214 may insiruct the measurement devices 108 to obtain
measurement data, and may receive measurement data from the measurement
devices 108.  The measurement collection engine 214 may also store the received
measurcment data in the measurement data store 220, Additionally, the measurement
collection engine 214 may receive warning status information from the measurerment

devices 108, and may cause the user interface engine 212 to present corresponding icons

10-
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and/or notifications. The measurement processing engine 216 may perform processing
over measuremenis stored in the measwrement data store 220, or may process
measurements obtained by the measurement collection engine 214 before storage 1o the
measurement data store 220. For example, the measurement processing engine 216 may
group measurements with other related measurements, may assign metadala to a recetved
measurement, and/or perform other processing on the measurements as described
elsewhere herein. As will be deseribed below, the metadata includes group identifymg
information that associates the stored measurement data with other data annotated with
similar group identifving information.

The user interface engine 212 is configured to generate a user interface for
presentation to a user via the input/output interface 222 of the mobile computing
device 104. The user interface geverated by the user interface engine 212 may allow the
user to configure the measurement collection engine 214 to comnmumicate with various
measurement devices 108, and may allow the user to configure the measurement
devices 108 to capture measurernents per the user's input. The user interface generated
by the user interface engine 212 may allow the user to insiruct the roeasurement
collection engine 214 to store a given measurement or a time series of measurements,
may allow the nser to observe currently obtained measurements, and may allow the user

1o browse and/or compare previously collected and stored measurements.

In some embodiments, the interface provided by the user interface engine 212
may also provide guidance to the user for assisting in collecting measurements. For

example, in some embodiments, the user interface engine 212 may be configured 1o
present a task list to the user representing a set of measurcments to be obtamed. Tu some
embodiments, the user interface engine 212 may be configured to present a map to the
aser in order to guide the user to a location at which measurements are to be obtained, to
assist the user in identifying equipment from which measurements have been obtained,
and/or 1o assist the user in locating test points 1o be monitored on the equipment.

As illustrated, the storage device 217 may include a work order data store 215, a
facility data store 218, a measurement data store 220, and an equipment data store 221
The measurement data store 220 may be configured (o store measurements received by
the mobile computing device 104, and alsc may be configured to store metadata
associated with said measurements. The facility data store 218 may be configured to

store information about a facility, such as floor plans, equipment locations, identifiers of

A11-
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instalied equipment, test points on the equipment, and/or the like. The equipment data
store 221 may be configured to store information about equipment that has been
monitored {or is intended to be monitored in the future} using the system 100. For
example, in some embodiments, the equipment data store 221 may store information
associated with units of eguipment such as location information, model information,
makce information, equipment identifiers, photos, and test points. The work order data
store 215 may be configured to store work order information that helps guide a user
through a series of measurements to be completed. In some embodiments, the work order
data store 215 may also be configured to store progress information along with a given
work order to indicate which tasks within the work order have been completed and which
are yet to be performed.

As understood by one of ordinary skill in the art, a "data store” as described herein
may be any suitable device, or a data structure on a computer-readable medium,
configured to store data for access by a computing device. One example of a data store is
data stored in an organized manner on a storage medium such as storage deviee Z17.
Anocther example of a data store {which may be more relevant to the data stores provided
by the measurement processing server 102 described further below) is a highly reliable,
high-speed relational database management systern (DBMS) executing on one or more
computing devices and accessible over a high-speed packet switched network. Yet
another example of a data store is a non-relational network-based storage system, such as
the Amazon §3 store provided by Amaron.com, Inc., Google Cloud Storage provided by
Google, Tnc., a distributed hash table (DHT), and/or the like. However, any other suitable
storage technique and/or device capable of quickly and reliably providing the stored data
in response (o queries may be used to provide a data store, and the computing device may
be accessible locally instead of over a network, or may be accessible over some other
type of suitable network or provided as a cloud-based service. For exarple, though the
data stores in FIGURE 2 are illustrated as being present on the storage device 217 of the
mobile computing device 104, in some embodiments, the data stores may not be resident
on the mobile computing device 104 but may instead be remotely accessible by the
mobile computing device 104. One of ordinary skill in the art will recognize that separate
data stores described herein may be combined into a single data store, and/or a single data
store described herein may be separated into multiple data stores, without departing from

the scope of the present disclosure.
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FIGURE 3 is a block diagram that ilhustrates an exemplary embodiment of a
moeasurement device according to wvarious aspects of the present disclosare.  As
iHlustrated, the measurernent device 108 includes one or more sensors 330, and optionally
includes a machine interface 324, a human-readable interface 326, and a measurement
data store 328.

The sensors 330 are devices associated with the measurernent device 108 that
collect information regarding properties of a device under test, and convert the
information to a useable form. For example, a voltage sensor may sense a voliage across
two test leads applied to the device under test, and may output a value indicating the
sensed voltage for use by other components of the measurement device 108, Likewise, a
ternperature sensor may detect a temperature of a portion of the device under test, and
may output a value indicating the temperature. In some embodiments, the sensors 330
may be integrated into a single case along with the rest of the components of the
measurement device 108, In some embodiments, one or more of the sensors 330 may be
located external from a case containing other components of the measurement
device 108, and may communicate to the measurement device 108 using any suitable
technigue.

In some embodiments, the measurement device 108 may include one or more
sensors 330 that are placed on or near test points of the equipment to be measured. Such
sensors 330 may be temporarily affixed to the equipment or to structures near the
equipment. Alternatively or in addition, the sensors 330 may be incorporated into test
devices that a user can relocate from one fost point to another on the equipment as
needed.

in some embodiments, the measurement device 108 may be a handheld
measurement tool. A handheld measurement tool is generally configured to be held in a
user's hand while measuring a property of equipment. However, it should be appreciated
that a handheld measurement tool need not always be held in 8 user's hand and may be
positioned by a user away from the user's hand, for example, by affixing or hanging the

tool from a support or placing the tool on or near a test point on the equipment to be
measured. In some embodiments, the measurement device 108 is a device other than a
handheld measurement tool.  For example, the measurement device 108 may be, for
example, a portable measurernent tool that is not neccssarily intended to be used while

seld in the hand. While not permanently connected to the eguipment being measured,
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such portable tools are useful for measuring properties of the equipment over days or
weeks, as desired.

In some instances, the measurement device 108 may log measurements of
equipment properties over time, and may store the measurements in the measurement
data store 328, Later, the mobile computing device 104 may obtain the measurements
stored in the measurement data store 328, In some embodiments, the stored
measurements may be obtained by the mobile computing device 104 via the machine
interface 324, if the machine interface 324 is available, or via the human-readable
intcrface 326, if the human-readable interface 326 is available and provides access to the
stored measurements.

In some embodiments, the measurement data store 328 may be omitted. In such
embodirents, the mobile computing device 104 may collect measurernents from the
sensors 330 via the machine interface 324 or the human-readable interface 326 as they are
obtained by the sensors 330, The mobile computing device 104 may then provide storage
functionality by storing the measurements in the measurement data store 220, thus
allowing historical measurements to be collected, analyzed, and presented even when the
measurement device 108 does not itself include a measurement data store 328, When
desired, the mobile computing device 104 may display one or more graphs showing the
measurement data as received over time, even from the measurement devices 108 that do
not include the measurement data store 328,

The machine interface 324 may be any suitable machine-readable interface, such
as a wireless communication interface or a wired communication interface as discussed
above. In some embodiments, the machine interface 324 may be used to obtain
measurements from the sensors 330 in real thwe or substantially in real time as
measurements are obtained by the sensors 330, with or without the measurements being
siored in the measuremeni data store 328, In some instances, the measurement
device 108 may also include a buman-readable interface 326. The human-readable
interface 326 may display values obtained by the sensors 330 to the user in real time or
substantiaily real time, and may provide access to stored past measurements in the

reasurement data store 328, The human-readable interface 326 may include a video
dis;ﬂay, a LCD display, an analog display, an indicator light, or any other suitable

display. In some embodiments, similar information may be obtained via the machine
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interface 324 and the human-readable interface 326, while in some embodiments,
different information may be obtained via the two interfaces.

FIGURE 4 is a block dizgram that {llustrates an exemplary embodiment of a
measurement processing server 102 according to various aspects of the present
disclosure. As illustrated, the measurement processing server 102 may be configured o
provide a facility data store 404, a measurement data store 406, an equipment data
store 408, and a work order data store 409, The facility data store 404, the measurement
data store 406, and the work order data store 409 may be configured to store information
similar to that stored by the facility data store 218, the measurement data store 220, and
the work order data store 215, respectively, discussed above with respect to FIGURE 2.
However, in some embodiments, the data stores present on the measurement processing
server 102 may receive and store data collected by more than one mobile computing
device 104, or provided by multiple management computing devices for distribution to
mobile computing devices 104, This may be useful for many purposes, inclading but not
limited to comparing measurements taken of similar equipment at different locations and V
different times, centralized distribution of task liste and equipment information, and the
like,

The equipment data store 408 may be configured to store information about
equipment of particular makes, models, and/or the like. For example, for a given piece of
equipment, the equipment data store 408 may store maintenance guidelines, user
manuals, standard specifications, normal operating parameters, testing instructions,
and/or the like. This information may be provided to a mobile computing device 104 to
assist in performing measurements. The facility data store 404 may include unique
identifiers used to identify particular installations of equipment at a facility, and may refer
to information stored in the equiprent data store 408 to provide further description of the
equipment.

Ove of ordinary skill in the art will recognize that the illustration of components
as being present on the reasurement processing server 102 is exemplary only, and that in
some embodiments, components of measurement processing server 102 may instead be
located on the mobile computing device 104, or split between the measurement
processing server 102 and the mobile computing device 104,

FIGURE 5 is a flowchart that illustrates an exemplary embodiment of a

method 500 of collecting and annotating test measwrements using a mobile computing

b
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device 104, according to various aspects of the present disclosure. From a start block, the
method 500 proceeds to a continuation terminal ("terminal A"}, and from terminal A 1o
block 502, where a mobile computing device 104 guides a technician to a measurement
location. Generally, a measurement location is a location at which a mobile computing
deviee 104 can communicate with a measurement device 108 configured to measure
properties of a device under test. In sooe embodiments, the measurement location may
be in close proximity to the device under test, such that a handheld or other portable
measurement device 108 may be placed in contact with the device under test or otherwise
obtain measurement data from the device under test. In some embodiments, the
measurement location may be in proximity to a network via which the mobile computing
device 104 may communicate with a measurement device 108 configured to measure
properties of a device under test at a different location. In some embodiments, the mobile
computing device 104 may guide the technician to the measurement location by
presenting a map, floor plan, or travel directions to the techuoician. In some embodiments,
it may be assumed that the technician knows the location of the device under test, and the
mobile computing device 104 may guide the technician to the measurement location by
presenting a task list and an indication of the device to be tested.

Next, at block 504, one or more measurement devices 108 are positioned with
respect to a device under test (DUT) 92, as {lfustrated in FIGURE 1. For example, a
sensor of the measurement device 108 may be placed in physical or electrical contact
with the DUT 92 to detect a property such as vibration, voltage, resistance, and/or the
like. As another example, a sensor of the measurement device 108 capable of sensing
properties without being in physical contact with the DUT 92, such as a clamp meter, an
infrared camera, and/or the like, may be positioned to sense a property of the DUT 92.
One of ordinary skill in the art will recognize that, in some embodiments, the actions
described in blocks 502 and 504 may be swapped in order, such as in embodiments where
the measurement devices are left in position for monitoring the DUT 92 even between
collections of measurenents using a mobile computing device 104,

At block 506, the mobile computing device 104 establishes communication Jinks
with one or more selected measurement devices 108. The communication links may
include fransmission of data via a communication protocol or by any other technique
discussed above or otherwise known to one of ovdinary skill in the art. In some cases, the

measurement devices 108 may initially operate in a mode in which the measurement
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devices 108 periodically communicate a signal indicating their presence, which the
mobile computing device 104 can detect. The user may be required to initiate an mput,
such as press a buiton, on the measurement devices 108 or otherwise cause the

measurerment devices 108 to commence comumunicating such a presence detect signal. In

any event, upon detection of the presence of one or more measurement devices 108, the
mobile computing device 104 may display the availability of the measurement
devices 108 to the user via the user interface 106.

The user may indicate to the mobile computing device 104 the particular
measurement device 108 or devices that should be linked to the mobile computing
device 104 for communication of measurement data.  For example, In at least one
implementation, the user may press particular butions on the mobile computing
device 104 that are associated with the available measurement devices 108, As another
example, the user may touch particular text or icons on the user interface 106 presented
on a touchscreen of the mobile computing device 104 to indicate a desire to link the
mobile computing device 104 with the measurcment devices 108, In response to such
user indication, the mobile computing device 104 establishes comununication links with
the indicated measurement devices 108, e.g., by responding to the presence detect signal
that is periodically sent by the measurement devices 108. The measurement devices 108
and the mobile computing device 104 may exchange configuration information that
allows for exclusive or nonexclusive convmunication of measurement data from the
measurement devices 108, In vet other embodiments, the mobile computing device 104
may sutomatically establish commumication links with all measurement devices 108 that
if detects.

Next, at block 508, a measurement collection engine 214 of the mobile computing
device 104 receives measurement data from the one or more seleclted measurcment
devices 108. In some embodiments, the measurement data may be recetved via a network
or wireless protocol of the communication link. In some embodiments, the measurement
data may be received via other means. As nonlimiting examples, in some embodiments,
the measurement data may be received by exchanging a tangible compuier-readable
medium between the mobile computing device 104 and a measurement device 108, by
manual Ventry of the measurement data into the mobile computing device 104 by the
technician, by capturing an image of the measurement deviee 108 using a camera of the

mobile computing device 104, and/or using any other suitable technique.  The
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measurement data may include a single value representing a property of the DUT Y2 at a
given time, or may include multiple values representing a time series of values
representing a property of the DUT 92 over a period of time. At block 514, the
roeasurement collection engine 214 records a set of received measurement data in a
measurement data store 220, The set of received measurement data may include a single
reading from a single sensor 330, multiple readings from a gingle sensor 330, or one or
maore readings from multiple sensors 3340,

The method 500 then proceeds to block 512, where a measurement processing
engine 216 of the mobile computing device 104 annotates the recorded set of
measurement data in the measurement data storc 220 with metadata.  In some
embodiments, the metadata used to annotate the recorded set of measurement data may
include information describing when, where, and how the information was collected
including, but not limited to: a timestarop; a GPS location {or a location obtained using
other positioning technology) of the mobile computing device 104 and/or the
measurement device 108, an equipment identifier that either uniquely identifies the
DUT 92 or identifies a type or model of the DUT 92; an identifier of the measurement
device 108; a record of settings of the measurement device 108; the particular test point
or points on the DUT 92; a work order, task list, or job instruction that directed the
collection of the measurement data; an identity of the technician collecting the
measurement data; a text note; a voice note; an image; a video; an image annotation;
and/or the like. In some instances, the DUT 92 may be labeled with human perceptible
data, such as on a sticker, hang tag, or the like, that identifies the particular equipment.
The technician may enter the equipment identity into the mobile computing device 104
hased on the labeled data. In other instances, the DUT 92 may be labeled with a machine
readable code, such as a barcode, a QR code, or a radio frequency identification {RFID)
tag, that the technician can scan using the mobile computing device 104, Alternatively or
in addition, the equipment identity and other information may be provided by a barcode
or QR code printed on a work order delivered to the technician conducting the equipment
measurements.  The equipment identity corresponding to the scanmed code can then be
automnatically stored in the metadata of the measurement data that is automaiically being
a%odﬁ&hnapmﬁm&wd%agmup

in some embodiments, the metadata used to annotate the recorded set of

measurement data may include group identifying information.  The group identifying
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information may associate the recorded set of yueasurcment data with other recorded sets
of measurement data, and this association may then be used to display or otherwise
process the grouped sets measurement data together. In some embodiments, the group
identifying information may include one or more group identifiers thal may be
automatically associated with the recorded set of measurement data. In at least one
implementation, the roobile computing device 104 may associate measurement data into a
group based on an element that is common to the metadata of each received data
measurement, such as time information that reflects when the data was measured. For
example, measurement data that is captured simultaneously or near in time to gach other,
such as within a predetermined amount of time of each other, from various measurement
devices 108 may automatically be grouped into a single data group, and the data group
may be associated with a particular test point or group of test points of the DUT 92, The
identity of the test point or group of test points may be supplied by the user, cither before,
during, or after receipt of the measurement data. In other implementations, the identity of
the test point or group of test points may automatically be obtained from the DUT 92,
from the measurement devices 108, or from the mobile computing device 104 or other
devices. For example, a GFS circuit in a mweasurement device 108 may provide location
data that can be included with or otherwise associated with the measurement data being
ransmitted {0 the mobile computing device 104. In some cases, the location data may be
associated in a memory or other storage device with one or more test points. The location
data may be used {(e.g.. as an index or keyword for lock up in a table) to identify
particular test points associated with the location, either in the measurement devices 108
ot in the mobile computing device 104.

For example, multiple sets of measurement data taken with different measurement
devices 108 of the same DUT 92 (such as visual images, infrared fmages, and/or thermal
images captured by a camera or thermal imager, electrical measurements such as voltage,
current, or impedance measurernents captured by a DMM, and measurement of
mechanical parameters such as vibration or pressure captured by portable sensors, and/or
the like) obtained at substantially the same time (such as, for exarople, within a few
seconds or minutes of each other) may be grouped together to be displayed and/or
analyzed as part of a single test. Said grouping may also be based on group identifying

information specified by the technician or on some other pizce of common metadata other
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than the timestamp. For example, measwrement data captured within a predetermined
distance of each other as determined by a positioning system may be grouped together.

As another example, sets of measurement data taken of different DUTs 92 that are
the same type of equipment (such as, for example, two different units of the same meodel
of a motor) may be grouped together to provide comparisons between multiple separate
urits. The mobile computing device 104 may also be configured to receive text, capture
an image, or record audio or video initiated by the technician, such as a voice comment or
text annotation of measurement data or as a recording of equipment appearance or sound,
and associate such text, image, or audio/video recordings with the measurement data in a
particular group. As yet ancther example, a technician may provide commentary on
observations of the DUT 92 at the time the measurement data is obtained. Such
commentary may be received from the techoician before, during, or after the data
measwrements oceur, By saving the user-initiated text or andio/video recordings with
metadata that is held in comunon with the measurement data, the text or audio/video
recordings may likewise be associated in the same group with the measurement data.

A feature of the present disclosure is that group identifying information may be
generated either before, during, or after the measwrement data is obtained. In instances
where measurement data is caphured before the group identifying information is
generated, the measurement data may auwtomatically be associated in a group according to
parameters such as the time or location when the data is measured or transmitted.

Automatically generated groups may be presented to the techmician with a prompt
for the technician to confirm the automatically generated information or to supply further

a3

group identifying information. The technician can input information pertaining to the
group and have the information stored in the metadata. For example, the technician may
enter information regarding the measured eguipment and have the identity of the
equipment stored with the measurement data in the group. In some embodiments, the
techidcian  marually inputs the identity of the measured equipment. In other
embodiments, the mobile computing device 104 may display a list of previously
identified equipment and allow the technician to select the equipment being roeasured. If
the equipment being measured is not included in the displayed list, the technician may
initiatc a prémpt on the mobile computing device 104 that allows the technician 1o create
a new equipment identity and storc the cquipment identity in the list for later retrieval

when the equipment is again being measured. [n yet other embodiments, the mobile
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compuiing device 104 may receive or sense location data (e.g., through a GPS reading or
other positioning technology) and automatically provide a list of known equipment
associated with the location data, from which the technician can select the equipment
record matching the DUT 92, In still other embodiments, the mobile computing
device 104 may automatically generate a group based on work order data, either by
grouping all measurements gathered while processing a work order, by obfaining
equipment identificrs using the work order data, and/or using any other suitable
technique.

Next, the method 500 proceeds to a decision block 514, where a determination is
made regarding whether more devices remain to be tested. If the resull of the
determination at decision block 514 is YIS, the method 500 proceeds to torminal A, and
the actions discussed with respect to blacks 502 through 514 are repeated for the next
device to be tested. Otherwise, if the result of the determination at decision block 514 1s
WO, the method 500 proceeds to an end block and terminates.

In various embodiments, data groups that have been generated by the mobile
computing device 104 may be presented to the user in a variety of formats for viewing,
analyzing, and reporting. For example, a textual description of a data group or a visual
graph of measurement data in the dsta group may be shown to the user. In instances
where a data group includes a large amount of measurement data, the user may be
presented with a small portion or short description of the measurement data with a prompt
that the user may select to receive additional detail regarding the data measuyrements in
the group. If desired, the user may divide the measurement data in a data group into two
or more smaller data groups. Information that distinguishes the two or more smaller
groups is stored in the metadata of the data measurements pertaining to the smalier
groups.

By automatically associating data into data groups, an improved process is
provided for easily organizing and presenting the measurement data to the user in a clear,
straightforward, and visual manner. The measurement data is packaged and/or formatted
in g way that makes it easy for the user and others to analyze the data in the different data
groups and evaluate the status of the equipment being measured.

In some embodiments, the system 100 disclosed herein may be particularly useful
for large organizations that have a desire to monitor or otherwise measure a large number

of units of equipment, or to monitor or otherwise measure a large number of properties of
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a given unit of equipment. Accordingly, some embodiments of the present disclosure
further provide a unified data collection and reporting interface for equipment being
measured. These embodiments include processes for collecting data from disparate
measurement devices positioned to obtain measurements of equipment in one or more
locations, storing the measurement data in one or more associated data structures, and
reporting the measurement data in a unified display.

Ume example of a unified display is a single, scrollable "equipment page”
presented by the user interface engine 212 that is associated with particular equipment
and provides a view of the measurcment data captured and/or processed with regard fo
the equipment. By storing and displaving disparate data coliected with regard to a given
unit or type of equipment on a smgle page, a user is able to evaluate both historical data
and presently measwred data, observe trends in the data, determine the status of the
equipment, and predict future maintenance needs of the equipment, Such analysis may
be conducted by a technician on site with the equipment or by management personnel
and/or experts at remote locations that have access to the unified data collection and
reporting interface for the equipment,

In some cases, it may be helpful to a user to compare the measurement data of
particular equipment to the measurement data of sirnilar equipment in other locations,
particularly if the heslth status of the other equipment has already been estgblished.
Fguipment pages for installations of similar equipment may be displayed in a manner
{e.g., side-by-side or picture~-in-picture) that facilitales comparison of the measuwremoent
data obtained from a DUT 92 to overall trends shown in other instaliations of similar
cquipment.  Comparing the DUT 92 with similar equipment in other locations may
facilitate evaloation of a health status of the DUT 92.

FIGURE 6 1s a flowchart that illustrates an exemplary roethod 600 of processing
measurement data for roultiple units of equipiment to generate s unified dats collection
and reporting interface according to various aspects of the present disclosure. From a
start block, the method 600 proceeds to block 602, where measurement data is
transmitted to and stored by a measurement data store 406 of a measurement processing
server 102, The measurement data stored in block 602 represents measurements
collected from one or more units of equipment. In some embodiments, the measurement
data may have been collected using a method similar to the mcethod illustrated in

~

FIGURE 5 and discussed above, though in other embodiments, any other suitable method
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may be used to obtain the measurement data.  Next, at block 604, the measurement
processing  server 102 siores annotations for the imeasurement data to link the

1casurement data to one or more equipment records in an equipment data store 408,
some embodiments, the annotation that links the measurement data to one or more
equipment records may be an equipment identifier that uniquely identifies an equipment
record in the equipment data store 408, and may be added along with the rest of the
metadata stored with the measurement data. One of ordinary skill in the art may consider
the actions described above in blocks 602-604 as providing the system 100 with historical
measuremert data for use in creating the unified data collection and reporting interface as
described below,

Once the system 100 has obiained sowoe historical measurement data for
eguipment to be compared to the DUT 92, a unified data collection and reporting
interface may be generated by the system 100, Accordingly, the method 600 proceeds to
block 606, where a mobile computing device 104 is connected 0 one or more
measurernent devices 108 configured to collect measurement data from one or more
DUT 92, as described above. Next, at block 608, a user interface engine 212 of the
mobile computing device 104 receives an indication of an equipment identifier associated
with the DUT 92, The equipment identifier may be provided in a human-perceptible
form on a name plate, hang tag, sticker, label, and/or the like attached to the DUT 92, In
some embodiments, the equipment identificr may be entered into the mobile computing
device 104 by manual entry, by scanning of text on the DUT 92, by scanning a bar code
or QR code label, and/or by any other suitable technique, similar to the techniques
discussed above. Meanwhile, in other embodiments, the equipment identifier may be
deterrnined by the technician selecting equipment matching the DUT 92 from the unified
data collection and reporting interface presented by the user interface engine 212,

Production plants, factories, facilities, etc., typically have multiple installations of
equipment of a given type at different locations. The unified data collection and
reporting interfaces for different equipment installations may be organized in the mobile
device and in remote data processing centers to enable a techuician to quickly identify
and select particular equipment for viewing of the corresponding interface. In various
embodiments, attributes such as cquipment name, type, location, and status may be used
to distinguish different installations of equipment. The unified data collection and

reporting interfaces for the different equipment installations may include such equipment
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attributes. The equiprent attributes muy be displayed to facilitate user identification and
selection of a desired installation of equipynent.

For example, the location of equipment may be identified by a textual description
of the equipment's surroundings. Alternatively or in addition, graphical depictions
illustrating the focation of the equipment relative to its surroundings may be provided.
For example, a map showing a floor plan of a factory or facility having multiple
equipment installations may be shown with icons representing particular equipment
instaliations within the factory or facility. The icons may be positioned within an image
of the floor plan to illustrate the respective locations of the equipment. In instances
where the map is larger than the available area on the display, the depiction of the map
may be scrollable in one or more dimensions to enable casy access to the complete floor
plan map.

In some embodiments, the map may be a formal llustration of a floor plan. In
other embodiments, the raap may be a hand drawn sketch generated by a technician and
saved in the unified data collection and reporting interface for the equipment. The image
of the floor plan may be, for example, a photograph of a sketch or formal illustration on
paper, or it may be a sketch drawn directly onto the screen: of the display. Images of the
equipment stored in the unified data collection and reporting interface for the equipment
may further facilitate identification of the particular equipment. Depicting a floor plan
map or other graphical image of cquipment surroundings may help a technician to
physically find particular equiprment. Accordingly, a technician sent to measure data with
regard to particular equipment may be guided when attempting to locate the equipment
on site.

In some embodiments, the map data may include GPS ov other positioning
information. In such embodiments, a mobile computing device 104 capable of receiving
or generating GPS data may superimpose au icon onto a depiction of the map indicating
the position of the mobile computing device 104 relative to equipment and other
surroundings in the map. Such depictions may further guide a technician sent to measure
data with regard to particular equipment.

A technician may also use map data to identify particular equipment that the
technician is seeking to evaluate. For example, in at least one cmbodiment, a graphical
map may be displayed to the technician showing various equipment installations. The

technician can then touch or click a mapped location on the display to select particular
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equipment at that location. Selection of the particular equipment causes the equipment
identifier for that equipment to be selected.

Alternatively or in addition (o graphically depicting a map showing equipment
installations, a mobile computing device 104 may display a listing of building areas or
room types {potentially organized in a hierarchy) that enables a technician to identify and
select particular equipment for evaluation. An exemplary embodiment may provide a list
of building areas, such as basement, floor, wall, or roof, thai are associated with the
locations of different equipment. Upon sclection of a building area, the mobile
computing device 104 may further display a more detailed list of rooms or locations
within the selected building area. Upon selection of 8 room or location within the
building area, the technician may then be provided a listing of equipment in the selected
room or localion. Eventually, the technician is able to identify and select particular
equipment based on its relative location in the building, and thereby select the equipment
identifier to be used.

Another exemplary embodiment may provide a listing of room types, such as
hoiler room, machine room, assembly floor, laboratory, office, and/or the like, where
equipment is located. Upon selection of a room type, the mobile computing device 104
may further display a more detailed list of rooms that match the selected room type.
Thereafter, upon selection of a particular room, the technician may be provided a listing
of equipment in the selecied room. The technician may then identify and select particular
equipment from the list.  Selection of particular equipment from the list causes the
equipment identifier for that equipment to be used. In some embodiments, the map
information, the locations of equipment, and/or the like may be stored in the facility data
store 404 and obtained therefrom by the mobile computing device 104

Once the equipment identifier is obtained, the method 600 proceeds to block 614,
where the wuser interface engine 212 submits 2 request for equipment information
associated with the equipment identifier to the measurement processing server 102, At
block 612, the measurement processing server 102 transmoits an equipment record
associated with the equipment identifier to the mobile computing device 104,

At block 614, the measurement processing  server 102 {ransmifs  stored
measurement daté associated with the cquipment record fo the mobile computing
device 104, Once the mobile computing device 104 has reectved the stored measurement

data and/or the equipment record, the method 600 proceeds to block 616, where the user
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interface engine 212 presents a unified data collection and reporting interface for the
DUT 92 using the equipment record and the stored measurement data.

In various embodiments, the unified data collection and reporting interface for
particular equipment roay be configured to present reference documents siored in the
equipment record that are helpful to the techuician and others. For example, the
equipment record may hold safety manuals or maintenance guidelines that the technician
and others can access while operating the equipmeni making measurements, or
evaluating measurement data. In addition, work orders pertaining to the equipment and
subsequent reports may be stored in the equipment record for later access.

In various embodiments, the unified data collection and reporting interface for
particular equipment may alse be configured to present the stored measurement data,
either by itself or side-by-side with a current measurement value. For example, the
interface may present a graph that shows trends jn a measurement value over time for a
given DUT 92, or for all similar measurement values collected from equipment of the
same equipment type, and may also present the current measurersent value for
comparison. In various embodiments, the interface for particular equipment may also
include features such as a status bar that quickly illustraies the cwrrent status of the
equipment. For example, a green status bar may indicate equipment 1n good maintenance
condition, while a yellow or red status bar may indicate eguipment needing further
attention.  The status may be updaied by a technician, or may be automatically
determined by comparing a cuwrrent measurement value or values to the stored
measurement data or to acceptable values stored in the equipment record. The interface
may include images of the equipment taken before, during, or after measurement data is
obtained. Tmages of the equipment obtained over time may be compared to identify
changes indicative of future maintenance needs. If desired, a tool may be provided in
which a previously obtained image of the equipment is superimposed on an image to be
taken or presented side-by-side with an image to be taken, allowing the technician to
align the two images, which facilitates later comparison of the images. In some
embodiments, the tool may also provide the ability to comparc two previously obtained

ges for comparison to each other, either in a side-by-sidc presentation or

imag

superimposed on one another. In some embodiments, the tool may provide the ability to
provide a side-by-side or superimposed comparison of images of different units of

equipment. The interface may include collections of measurement data organized into
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groups as described above., A technician viewing the equipment page for particular
equipment may select one or more of the data groups for further viewing and analysis.

When providing measurement data for viewing and analysis, the unified data
collection and reporting inferface may automatically provide graphs of the measurement
data coliected over time. Alternatively or in addition, data captured at a particular
instance of time may be displayed as a static pumerical value. Image data stored in the
measurement data store 406 or egquipment data store 408 may be displayed as images in
the interface. Such images may be shown along with graphs and/or siatic numerical
valaes of other measurerent data to enable a broader, holistic vicw of the equipment. As
will be understood by one of ordinary skill in the art, when image data is discussed
herein, said image data may include visibie light image data, infrared image data, ot any
other suitable type of image data.

Once the user has finished interacting with the unified data collection and
reporting interface, the method 600 proceeds to an end block and terminates.

In some embodiments, the system 100 may be configurable to aulomatically
penerate reports in formats other than the unified data collection and reporting interface
as well. For example, in some embodiments the roobile computing device 104, the
measuremernt processing server 102 or some other computing device associated with the
system 100 may include a report definition. The report definition may include
measurements to be reported in a particular format, such as a regulatory form and/or the
like. Upon collection of measuremenis to be entered in the form, the gystem 100 may
autornatically generate a report in the format indicated in the report definition, and may
provide the report for submission to a regulatory agency, for storage in a record
associated with the DUT, and/or the like.

While embodiments of systems and methods have been illustrated and described
in the foregoing description, it will be appreciated that various chunges can be made
therein without departing from the spirit and scope of the present disclosure. For
example, while embodirents of the mobile computing device have been described in the
coniext of a smart phone executing one or more programmed applications, othe
embodiments of the mobile computing device may include a handheld measurement (0ol
that is additionally éapable of measuring properties of equipment.  The measurement
devices, as indicated earlier, may include handheld measurement tools as well as

multipurpose and single use sensors that are positioned relative to equipment to be
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measured, Computer-executable instructions that cause one or more computing devices
to perform processes as described herein mway be stored in a nontransitory compuier
readable medium accessible to the one or more computing devices. Moreover, it should
be understood that rearrangement of stracture or steps in the devices or processes
described herein that yield similar resulis are considered within the scope of the present
disclosure. Accordingly, the scope of the present disclosure is not constrained by the
precise forms that are illustrated for purposes of exemplifying embodiments of the

disclosed sobject matter.
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CLAIMS
The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

i, A system for collecting measurernent data from a device under test (DUT),
the syslem comprising:
a mobile computing device comprising:
at least one processor;
a measurement collection engine configured to oblain measurements from
at feast one serwor of a measurement device;
a measurement data store configured to store a phurality of measurements
obtained by the measurement collection engine; and
a nontransitory computer-readable medivm having computer-exccutable
instructions stored thereon that, in response to execution by the at least ove processor,
cause the mobile computing device to:
receive a time serigs of measurements of the DUT from the
measurement device;
store the time series of measurements in the measurernent data
store; and
present a graph of the time series of measurements (o a user;
wherein the measurement data store of the mobile computing device includes
storage space for concurrently sioring more measurernent data than can be concurrently

stored by the measurement device.

~

2. The system of Claim 1, wherein the measurement device is not capable of

storing any measurement data.

3 The system of any of Claims 1-2, wherein the instructions further cause
the mobile computing device to retrieve and present a current measurement along with a

graph of a past time series of measurement values.

3G,



WO 2014/145153 PCT/US2014/029867

4. The system of any of Claims 1-3, wherein the measurement device
inchides more than one sensor, and wherein the instructions further cause the mobile
computing device to present separate graphs of values retrieved from each sepsor of the

measurernent device,

5. The systemn of any of Claims 1-4, wherein the measurement device is
configured to provide a warning status based on measurements obtained by the sensor;

wherein the measurement collection engine of the mobile computing device is
further configured to receive a warning status provided by the measurement device; and

wherein the nstructions further cause the mobile computing device to display an
icon to a user corresponding to the warning status provided by the measurement device

and received by the measurement collection engine.

6. The system of any of Claims 1-5, wherein the measurement data store is

further configured to store metadata associated with one or more stored measurements.

7. The system of Claim 6, wherein the metadata includes one or wmore of &

name, a location, and operational parameters.

3. A method for collecting measurement data from a device under test
(DUT), the method comprising:

receiving, by a mobile computing device, a time series of measurements of the
DUT from a measurement device;

storing, by the mobile computing device, the time series of measurements in a
measurement data store accessible by the mobile computing device; and

presenting a graph of the time series of measurements 10 3 user;

wherein the measurement data store accessible by the mobile computing device
includes storage space for councurrently storing more measurement data than can be

concurrently stored by the measurement device.
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9. The method of Claim §, wherein the measurement device is not capable of

storing any measurement data.

16, The method of any of Claims 8-9, firther comprising retrieving and
presepting a current measurement along with a graph of a past timoe series of

measurement values,

i1, The method of any of Clairns 8§-10, further comprising presenting separate

graphs of values retrieved from more than one sensor of the measwrement device.

12. The method of any of Claims B-11, further comprising:

detecting, by the mobile computing device, a warping status presented by a
measurement device; and

displaying, by the mobile computing device, an icon to a user corresponding to

the detected warning status.,

13, The method of any of Claims 8-12, fiwther comprising storing metadata

associated with one or more stored measurements.

14, The method of Claim 13, wherein the metadata includes one or more of a

name, a location, and operational parameters.

15 A computer-readable medium having computer-executable instructions
stored thereon that, in response to execution by one of more processors of a mobile
computing device, cause the mobile computing deviee to collect measurement data from
a device under test (BUT) by

receiving, by the mobile computing device, a time series of measurements of the
DUT from a measurement device;

storing, by the mobile computing device, the time series of measurements in a
measurement data store accessible by the mobile computing device; and

presenting a graph of the time series of measurcments to a user;

3.



WO 2014/145153 PCT/US2014/029867

wherein the measurement data store accessible by the mobile computing device
includes storage space for concurrently storing more measurement data than can be

concurrently stored by the measurement device,

i6. The computer-readable medium of Claim 15, wherein the yueasurement

device is not capable of storing any measurement data.

{7.  The computer-readable medium of any of Claims 15-16, wherein the
instructions further cause the mobile computing device to retrieve and present a cwrrent

measurermnent along with a graph of a past time series of weasurement values,

18, The computer-readable medivm of any of Claims 15-17, wherein the
instructions further cause the mobile computing device to present separate graphs of

values retrieved from more than one sensor of the measurement device.

19, The computer-readable medivm of any of Claims 15-18, wheremn the
instructions further cause the mobile computing device lo:
detect a warning status presented by a measurernent device; and

display an icon to a user corresponding to the detected warning status.

Z20. The computer-readable medium of any of Claims 15-19, wherein the
instructions further cause the mobile computing device to store metadata associated with

one or more stored measurements.

2L The computer-readable medium of Claim 20, wherein the metadata

includes one or more of a name, a location, and operational parameters.
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