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(57) Abstract: A measurement device (MD) includes a processor to sample electrical signals of a circuit connected to a sensor, such as a
current transformer, and to provide measurement data to a processing system (PS) based on the sampled electrical signals. An electrical
circuit carrying AC electricity to and from an electrical shop tool (EST) can pass through the sensor. The measurement data can represent
use or non-use of the EST. An EST, such as a vehicle litt or wheel balancer, can comprise an electrical motor connected to the electrical
circuit. An EST, such as an air compressor, can comprise an electrical pump connected to the electrical circuit. The PS can determine
an actionable condition based on a single measurement value or an aggregate of measurement values and determine a notification to
send to a destination regarding the actionable condition. The destination can be a user account, a smartphone, or another destination.
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METHOD, SYSTEM, ARD APPARATUS FOR REPORTING DATA
PERTAINING TO ACTIONABLE CONDITION OF ELECTRICAL SHOP TOOL
CROSS REFERENCE TO RELATED APPLICATION
[B081] 'This application claims the benefit of United States Patent Application No.
62/367.852, filed hily 28, 2016, United States Patent Application No. 62/367 852 g

meorporated herein by reference in its entirety.

BACKGROUND
18602} Most vehicles are serviced at least once during their useful life. In many instances, a
vehicle is serviced at a repair shop by a professional mechanic {e.g., & technician}. The
technician can use any of a vanety of mechanical hand tools to service {¢.g., repair) any of
the wide variety of mechanical components on a vehicle. While servicing wvehicles, a
technician sometimes needs to use an electrical shop tool {EST). A typical repair shop can
mvest a significant amouunt of moneyv to acquire the EST. The EST can inciude one or more
clectrical motors or one or more parts that require periodic maintenance.
8603} In many instances, after an EST i3 mstalled or placed at a repair shop, the
maintenance of the EST is not carried out properly or often encugh. For any number of
reasons, a repair shop manager may not be familiar with maintaining an EST or with the prior
maintenance history of an EST at his or her repair shop. The lack of maintaining the EST can
shorten a life-span of the EST or lead to the EST failing such that the EST cannot be used
ungil it has been repaired.
{0604} Furthermore, repair shops continue to use and purchase EST that do not provide any
reports regarding use of the EST. It would be beneficial for a repair shop or a person
affiliated with the repair shop o receive a notification regarding use of its EST. Such
notifications can lead to improved maintenance of the EST and, in turn, a longer life-span of
the EST. Such notifications can prevent mjury to a technician, damage to an EST, damage to
a repair shop, or damage to a vehicle.

OVERVIEW

HEEIRY In one aspect, the example embodiments take the form of a system for reporting
data pertaining to an actionable condition of an electrical shop tool (EST), the system
comprising: {1} a sensor to output or generate a sensor signal pertaining to use of the EST, (1)
at least one processor to periodically sample the sensor signal, (111} a non-transitory computer-
readable medium to store data values based on the sensor signal sampled by the at least one

processor, and (iv} a first network transceiver to transmit the data values based on the sensor
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signal sampled by the processor to a network for transmission o a processing svstem for
determining an actionable condition of the EST based on the transmitted data values.
[0006] In another aspect, the example embodiments take the form of a method for reporting
data pertaining to an actionable condition of an EST, the method compnsing: (i) sampling,
periodically by at least one processor, a sensor signal generated or output by a sensor
pertaining to use of the EST, (i1) storing, at a non-transitory computer-readable medium, data
values based on the sensor signal sampled by the at least one processor, and (it} transmitiing,
by a transceiver, the data valucs based on the sensor signal sampled by the at least one
processor to a network for transmission 0 a processing systom for determiming an actionable
condition of the EST based on the transmiited data values.
{8607} In vyet another aspect, the example embodiments take the form of a computer
readable medium having stored thereon nstructions executable by at least ong processor to
cause a computing system to perform functions comprising: (i) sampling, periodically, a
sensor signal generated or output by a sensor pertaiming to use of an EST, (u) storing data
values based on the sensor signal sampled by the at least one processor, and (111} transmitiing
the data values based on the sensor signal sampled by the at least one processor (o a network
for transmission 1o a processing system for deternuning an actionable condition of the EST
based on the transmitied data values.
{0008} These as well as other aspects and advantages will become apparent to those of
ordinary skifl in the art by reading the following detailed description, with reference where
appropriatc to the accompanying drawings. Further, it should be understood that the
embodiments described in this overview and elsewhere are tended to be examples only and
do not necessarily limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
G009
8010

FIG. 1 15 a block diagram of an example measurement device.

FIG. 2 illustrates an example sensor.

4012
06013

{6009]
j0010]
108611} FIG. 3 is a block diagram showing components of an example systom.
{ }  FiG. 4 is a block diagram of an example processing system.

i I FIG. S shows example registration data regarding measurement devices and
clectrical shop tools.

{0614} FIG. 6 shows cxample reference data regarding clectrical shop tools and
measurement devices.

[0815]  FIG. 7 shows example measurement data.

10616]  FIG. 8 depicts graphs indicative of grouped measurement data.
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86177 FIG. 9, FIG 10, FIG. 11, FIG. 12, and FIG. 13 are tables of example mapped data.
{0618} FIG. 14 shows a block diagram depicting an example AL electrical supply and
cxample conncctions to the AC clectrical supply.
[B019]  FIG. 15 shows another block diagram depicting an example AC electrical supply
and example connections to the AC electrical supply.
10620] FIG. 16 1s a flowchart depicting a set of functions that can be carried out in
accordance with the example embodiments.
18621} FIG. 17 is a flowchart depicting a set of functions that can be carried out in
accordance with the example embodiments.
{06622} FIG. 18 and FIG. 19 show examples of measurement data.
{8623} FIG. 20 15 a block diagram of an example display device.
[6624] FIG. 21 is a flowchart depicting a set of functions that can be carried out in
accordance with the example embodiments.
[0028]  FiG. 22, FiG. 23, and FIG. 24 depict an example display device with a graphical
user interface (GUI).
18626} FIG. 25 5 a functional block diagram illustrating a computing systerm that is
arranged 1o accordance with at least some example embodiments.
[027F  FIG. 26 1s a schematic illustrating a conceptual partial view of a computer program
product for execoting a computer process on a computing system, according to an example
embodiment.

DETAILED DESCRIPTION
i INTRODUCTION
{0028} Thus description describes several example embodiments including, but not limited
to, example embodiments that pertam to at least one of reporting data perfaining fo use of an
clectrical shop tool (EST), determining actionable conditions of the EST, and providing
notifications regarding an actionable condition of the EST. A measurement device can
determine the data to be reported to a processing svstem and subsequently report the data to
the processing system by transmitting the data over a communication network. The
processing system can determine the actionable conditions based at least in part on the date
reported by the measurement device. As an example, an actionable condition can include a
maintenance condition of the EST, a sales phone call, an email of retum-on-investment data
to the owner of the EST, or a warranty issue regarding the EST. Other examples of the

actionable condition are alsc possible.
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{8629} The processing system can be configured o receive data reported by multiple
measurement devices, cach measurement device reporting data regarding one or more EST.
The processing system can determine and provide a notification regarding an actionable
condition associated with each of those elecirical shop tools.

{8830} The measurement device can transmit the measurement data to the processing
system as a stream of measurement data over time. The processing system can analyze the
measurement data stream from a measurement device to determine individual jobs performed
using the EST connected to the measurement device. The processing system can analvze the
jobs to determine a summary of jobs. The processing svstem can compare the summary of
jobs to rules defining actionable conditions. The processing system can transmit a notification
regarding an actionable condition based on a person (i.¢., a registrant) regisiered to receive
the notification based on that person’s attributes, preferences, or preferred schedule, for
example.

{0031}  The rules the processing system uses to deternine which notification to send and the
destination of the notification can be based on charactenstics of the type of EST (e g, a
particelar brand or model) connected to the measurement device or a particular tostance of
the type of EST (ec.g., particular serial number), as well as preferences of the person
registered to receive a notification and a role of ecach person registered to receive a
notification. The role may refer to an occupation or title of a person.

10632} The EST can be arranged in any of a vanety of configurations. For example, an EST
discussed in the example embodiments can include an electrical motor or a pump {c.g., a
hydrashic fluid pump). As another example, an EST discussed in the example embodiments
can comprise an EST without any electrical motor and without any pumap. Furthermore, any
EST discussed i the example embodiments can imchude mechanical components that are
moved, controlled, or otherwise used during normal use of the EST.

{8833} In one respect, the measurement device of an example embodiment can be nstalied
at a repair shop for performing measurements with respect to an EST that does not inclode a
measurement device that reports measurement data to a processing system that determines
and reports actionable conditions. This type of EST can be referred to as legacy EST. As an
example, the installation of the measurement device for use with a legacy EST can occur after
mstallation and use of the legacy EST at a repair shop or at a time the legacy EST is being
mstalled at the repair shop. In another respect, the measurement device of an example

embodiment can be part of the EST,



WO 2018/023013 PCT/US2017/044406

{8634} The diagrams, flow charts, and data shown m the figures are provided merely as
examples and are not intended to be himuting. Many of the elements lustrated in the figures
or described heremn are functional elements that can be implemented as discrete or distributed
clements, individually or in conjunction with other clement(s), and in any suitable
combination or location. Those skilled in the art will appreciate that other arrangements and
clements (e.g., machines, interfaces, functions, orders, or groupings of functions) can be used
mstead. Furthermore, the functions described as being performed by one or more clements
can be carried out by a combination of hardware, firmware, or software {¢.g., a processor that

executes computer-readable program instructions).

i EXAMPLE SYSTEM AND DEVICES
A. Example Measarement Devices

[8835] FIG. 1 15 a block diagram of a measurement device (MD) 12, The MD 12 can
comprise at least one of a computer-readable mediom (CRM) 51, a processor 33, a power
supply 54, a transceiver 535, and a display 75. The MD 12 can meclude a substrate 70 (e.g., 2
printed circuit board} with at least one of electrical circuits 36, 57, 58, 76, sensor connections
59, 60, and a connector 62. The MD 12 can comprise a housing 65. The housing 65 can
surround at least a portion of the substrate 70 or a portion of one or more of the components
shown in FIG. 1 as being on the substrate 70. Any MD described m this description can be
referred to as a “computing system.”

10636 FIG. 1 shows the MD 12 with a sensor 52, The sensor 52 can be mounted on the
substrate 70 or within the housing 65, Accordingly, the sensor 52 can be referred to as an
“on-board sensor” or a “local sensor.” The sensor 52 connects to the processor 53 via the
sensor connection 39, The sensor connection 39 can be arranged in varicus configurations.
As an example, the sensor connection 39 can include a single clectrical circuit that connects
to the processor 53, As another example, the sensor connection 59 can include multiple {e.g.,
two) electrical circuits that connect to the processor 33, The processor 33 can measure a
voltage differential associated with one or more clectrical circuits connected to one or more
sensors. As another example, the sensor connection 39 can include an analog-to-digital
converter and a data bus to transmut digital data representing an analog electrical signal
output by the sensor 52,

186377 FIG. 1 also shows the MD 12 connected to a sensor 61 that is located off-board the
substrate 70 and outside of the housing 65. Accordingly, the sensor 61 can be referred to as
an “off-board sensor” or a “remote sensor.” The sensor connection 60 can extend from the
processor 33 to the conmector 62. A scnsor circnit 63 can connect the sensor 61 to the

5
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connector 62 so that output of the sensor 61 can be provided to the processor 53 via the
sensor connection 60. The sensor circuit 63 can include one or more clecirical circuits.
Additionally or alternatively, the connector 62 can include a receiver and the sensor circuit 63
can include a transoutter such that the output of the sensor 61 can be provided to the
connector 62 wirclessly. The MD 12 can be configured for operation with at least one of
sensor 52 and sensor 61. Sensor 52 and sensor 61 can both comprise one or more sensors. For
embodiments 1 which sensor 32 or 61 nclude two or more sensors, two or more of the
sensors can be the same type of sensor or different types of sensors.
{8638} The clectncal circut 56 can connect the power supply 54 to one or more
components within the MD 12, The clectrical circuits 57, 58, and 76 can be configured as
data busses to carry data between the processor 53 and the CRM 51, between the processor
53 and the transceiver 55, and between the processor 53 and the display 73, respectively. The
sensor connections 59 and 60 can carry electrical currents between the sensor 52 and the
processor 53, and between the connector 62 and the processor 53, respectively. The CRM 51
and the transceiver 35 are shown separately from the processor 53. The processor 53, the
CRM 31, or the transceiver can be located with a single semiconductor package.
{0039] A processor such as the processor 53, the processor 152 (shown in FIG. 4) or any
other processor discussed m this description can include one or more processors. Therefore,
the processor 53 or the processor 152 can be referred to as “at least one processor.” A
processor can imclude a general purpose processor {eg, an INTEL® single core
microprocessor or an INTEL® malticore microprocessor), or a special purpose processor
{c.g., a digital signal processor, a graphics processor, a processor including an image sensor,
or an application specific integrated circuit (ASIC) processor). A processor can be configured
to exccute computer-readable program instructions (CRPY). For example, the processor 53
can execute CRPI 71 stored i the CRM 51, A processor can be configured to execute hard-
coded functionality 1n addition to or as an alternative to software-coded functionality {e.g.,
via CRPY). The processor 53 can be programmed to perform any of the functions described
herein as being performed by execution of the CRPI 71 or by the M 12,
{8646} TIn an embodiment i which the MD 12 mncludes multiple processors, at least one of
the multiple processors can be configured in a single integrated circuit package along with a
transceiver, such as the transceiver 55 or a transceiver that performs at least a portion of the
functions described as being performed by the transceiver 35,
{3641} In an embodiment i which the MD 12 includes multiple processors, at least one of
the multiple processors can be configured i a single mtegrated circuit package along with a
6
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CRM, such as the CRM 51 or a CRM containing one or more items described as being stored
im the CRM 51,

[0042] A CRM such as the CRM 51 or any other CRM discussed in this description can
melude one or more CRM. A CRM can mnclude a non-transitory CRM, a transttory CRM, or
both a non-transitory CRM and a transitory CRM. A non-transitory CRM, or a portion
thereof. can be located within or as part of a processor (¢.g., within a single integrated circut
chip). A noo-transitoryv CRM, or a portion thercof, can be separate and distinct from a
PIOCESSOr,

{0643} A non-transttory CRM can include a volatile or non-volatile storage component,
such as an optical, magnetic, organic or other memory or disc storage component.
Additionally or altematively, a non-transiiory CRM can include or be configured as a
random-access memory {(RAM}, a read-only memory (ROM), a programmable read-only
memory {PROM), an erasable programmable read-only memory (EPROM), an clectrically
crasable progranumable read-only memory (EEPROM), or a compact disk read-onlyv memory
{CD-ROM3}. The RAM can include static RAM or dynamic RAM.

{0644} A transitory CRM can mclade, for example, CRPI provided over a communication
link, such as a communication link which 1s connected to or is part of a communication
network 129 {or more simply “network™). The communication link can mclude a digital
communication link or an analog communication link. The communication link can include a
wired communication link iocluding one or more wires or conductors, or a wireless
communication link including an air mterface.

{8645} A CRM can be referred to by other terms such as a “computer-readable storage

>

medium,” a “data storage device,” a “memory device,” a “memory,” “computer-readable

E

media,” a “computer-readable database,” “at least one computer-readable medium,” or “one
or more computer-readable medium.” Any of those altemnative terms can be preceded with
the prefix “transitory” if the CRM i3 transitory or “non-transitory” if the CRM is non-
transitory.

[0646] The CRM 351 can contain at least one of computer-readable program instructions
{CRPD 71, measurement data 72, timing data 73, a measuwrement device identitier (MD 1D)
74 and network data 77, The processor 53 executes the CRPI 71 Data stored within a CRM
can be stored in a flat file, multiple tables, or in some other format. The data described in this
description as being stored in a table can be stored within a CRM as part of one or more

tables or otherwise.
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{8647} The processor 53, by executing the URPI 71 or otherwise, can convert analog values
{c.g., analog voltages across the sensor connections 59 and 60, or a voltage on the sensor
connection 59 or 60 with respect to refercnce signal {e.g., ground)) to digital values. This
conversion can melude the processor 53 sampling the voltage differential across the sensor
connections 59 and 60 or the voltage on the sensor connection 59 or 60 with respect to the
reference signal). The sampling can occur periodically at a predefined rate, such a rate of
2,400 samples per sccond or at another rate. The processor 53 can convert cach sampled
analog voltage value to a bimary number within a range {(¢.g., a range of 0 to 279 (1o, O to
5123, a range of 0 to 2710 {ie., O to 1,024}, arange of 0 t0 2711 (ie, 0 to 2048} or another
range). The processor 53 can scale the sampled voltage values lincarly {(¢.g., by multiplving
an initial sample value by a constant value). The processor 53 can scale the sampled voltage
values non-hnearly (¢.g., based on a logarithm or power relation}. The processor 33 can cause
the converted digital values, scaled or otherwise, to be stored as part of or in the measurement
data 72. This scaling and storage can be useful for preserving low-value accuracy when
several orders of magnitude difference exists between the smallest and largest values to be
stored.

{0048} 'The processor 33 can determine a time-serics representation of the analog values
using any of a variety processes. As an exarmople, the time-series representation can comprise
a Discrete Fourner Transform (DFT) representation, a Discrete Cosine Transform (BCT), a
Discrete Wavelet Transform (BWT) representation, a Piecewise Linear Approximation
represcntation, an Adaptive Plecowise Constant Approximation representation, a Haar
Wavelet representation, for example. The processor 53 can compress the time-series
representation, such as by encoding the time-serics representation using MP3 compression or
some other compression technique. The processor 53 can generate the DFT representation
using a Fast Fourier Transform (FFT) algorithm.

[0349] The processor 33 can execute the CRPI 71 to cause the transceiver 55 to request
ume information from a remote device having a network transceiver. The processor 53 can
determine the time mformation received by the transceiver 55 from the remote device and
store the time mformation within the timing data 73. The received time information can be
ased as a basis to determine when the processor 53 samples the electrical signals across or
from the sensor connections 39 and 60, io record a sampling time associated with one or
more data values idicating a sampled voltage, and to determine when the transceiver 55 1s to
transmit data indicating the sampled voltage. The processor 53 can request the time
mformation when the MD 12 enters a power-on state after having beeun in a power-off state.

3
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The requested time information and the timing data 73 can include date mnformation (.2, a
calendar date).

{0050} The CRPI 71 can mclude a maximum report-to-report time (¢.g., ten minutes, thirty
minufes, or sixty minutes). The timing data 73 can include a time stamp that indicates the last
time the MD 12 transmitted measurement data to the processing svstem {PS) 130, The
processor 53 can determine whether the maximum report-to-report time has clapsed since the
most recent transmission of measurement data to the PS 130, As an cxample, the processor
53 can make that determination by refernng to internal processor fiming circuity or by
referring to the time stamp indicating the time of the last measurement data transmission.
Upon determinig the maximum report-to-report time has clapsed, the processor 53 can cause
the transceiver 33 to transmit measurement data to the PS5 130, That transmitted measurement
data can be based on measurements made by the MD 12 after the prior transmission of
measurcment data from the MB 12 to the P5 130,

{0051} The voltages sampled by the processor 53 can represent a current flow to an
clectrical motor of an EST. In one respect, the processor 53 can cause the transcetver 55 to
transmit measurement data stored in the measurement data 72 for the most recent time period
prior to the maximum report-to-report time being oxeceded or clapsing if at least one data
value stored durmmg the preceding time nterval represents a cument flow to the motor
exceeding 0.0 amperes. In another respect, the processor 33 can cause the transceiver 55 to
transmit measurement data stored 1o the measurement data 72 for the most recent time period
prior to the maximum repori-to-report time being excceded or clapsing even if all of those
stored values represent the current flow the motor was 0.0 amperes. In vet another example,
the CRM 51 comprises a particular memory stack size for storing the measurement data 72
and the processor 53 is programmed to transmit the mcasurement data when a count or
quantify of the data values stored n the memory stack reaches a predetermined percentage
{e.g., 90%, 95%, 100% or some other percentage} of a count or quantity of data values that
can be stored in the memory stack.

{0652} The MD ID 74 includes one or more identifiers associated with the MD 12, The
transceiver 35 can transmit the MD 1D 74 along with the measurement data that 1s transmitted
to the PS 130. The MD ID 74 can inclade a globally unigue identifier (1D} so that the PS 130
can determing which MD sent the measurement data by referring to registration data that
mdicates the MD ID is associated with the MD that sent the measurement data. The MD 1D

74 can be used as a key value associated with other data at the PS 130,
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[8653] An MD attribute 15 an attribute of an MD or an atiribute that is associated with an
MD, such as the MD 12, As an example, an M attribute that is associated with an MD
configured for use with a particular EST or a particular type of EST {e.z., a vehicle Lift) can
coraprise an MD attnibute that pertaing to the particular EST or the particular type of EST.
The MD ID 74 can comprise data that represents an MD attribute {c.g., one or more MD
attributes} of the MD 12 or that s associated with the MD 12, The PS 130 can include a data
structure to determine what cach MD attribute represents. That data structure, for example,
can include geo-political map mnformation or postal code information for interpreting an MD
atiribute of an MD 1D received with or otherwise associated with the transmitted data.

{0054] This paragraph includes examples of information that can be represented by one or
more MD attributes, such as any MD attribute discussed in this description. Other examples
of attribute information are possible.

(1) geographical location attribute information {e.g.. a latitude and longitude):

{2y seopolitical location attribute information {c.g., a town, a county, a city, a
state, a country, or a postal code);

(3) owner attribute information {(¢.g., information regarding an owner of the EST
or MDD 12 {e.g., a person, a corporation, or a government cniity);

(4) machine clagsification attribute information {e.g., a vehicle Iift, a brake lathe, a
tire balancer, a tire changer, or another type of EST);

{5y machine group attribute information {e.g., a specific type/group of machines
with substantively similar characteristics);

(6) machine model attribote information (c.g., mformation regarding a set of
machines sharing substantially the same bill of materials or construction specifics. a model
number, or a machine make);

{7y  machine serial number attribute wmformation {¢.g., a machine-specific unigue
wdentity string, which either by itself or when combined with a machine model yields a
globally unique 1D},

(8) current sales orgamization attribute information (c.g., persons, group or
corporate entity responsible for future sales etforts for the geographical area where the MD or
EST connected to the ME 1s located);

(9) cument sales person attribute information (e.g., specific mdivideal with

connected to the ME is located);

10



WO 2018/023013 PCT/US2017/044406

(10} current service organization atiribute mformation {¢.g., one or more person,
groups or corporate entitics responsible for service or maintenance cfforts for the
geographical area where the MB or EST connected to the MDD is located);

(11} cumrent service person attnbute imformation {¢.g., one or more specific
mdividuals with some level of responstbility for sales efforts for the geographical area where
the MD or EST connected to the MD is located);

(12) past sales orgamization afttributec mformation {c.g., onc or more specific
persons, groups or corporate entitics with a responsibility for past sales effort for the
geographical area where the MD or EST connected to the ME is located);

(13) past sales person attribute information (c.g., specific individual with prumary
responsibility for past sales effort for the geographical area where the MD or EST connected
to the ME is located):

(}4) past service organization atiribute information {e.g., ong or more person,
groups or corporate entitics responsible for past service or maimtenance efforts for the
geographical area where the MB or EST connecied to the MD is located);

(13) past service person attribute information {(e.g., one or more specific individuals
with some fevel of responsibility for past sales efforts for the geographbical arca where the
MD or EST connected to the MDD 1s located), and

(16} service history attribote information {¢.g., one or more records containing date
and service description information pertaining to servicing of the MD or EST conpected to
the MD). The service history attribute mformation can include an {D of a service person
associated with servicing the MD or EST.

{8655} 'The network data 77 can comprise data that allows the MD 12 to communicate over
the network 129. The network data 77 can be added or modified while registering the MD 12
with the PS 130, or otherwise. The network data 77 can comprise an identifier of a portion of
the network 129, such as an Wi-Fi access point of the network 129 and a network password.
Other examples of the network data 77 are possible.

[0656] Next, the transceiver 35 or any other transceiver discussed in this description can
mehude one or more transceivers. Each transceiver can include one or more transmitters to
transiut data onto a network, such as the communication network 111, 118, 127, 128, or 129
Each transceiver can include one or more receivers configured o receive data carried over a
network, such as the network 129, As an example, the data transmitted or received by a
transceiver can imchude any of the measuwrement data, tining data, notifications, metadata, or
other data discussed in this description as being communicated across the network 129, to the
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MD 12, from the MD 12, to the PS 130, or from the PS 130. As an example, the metadata can
mchide information regarding a device that provides measurement data to the PS 130, such as
program version numbers, programn check-sums, or hists of clectrical modules present in an
EST that contamns multiple processors.

{0837}  The transceiver 55 can receive an MD software update transmutted from the PS 130
The processor 33 can install the MD software update so that the MD 12 operates using a
different set of software {(¢.g., a nower st of software).

{8658} A transmitter can transmit radio signals carrying data and a recetver can receive
radio signals carrving data. A transceiver with that transmiiter and recerver can include one or
more antennas and can be referred to as a “radio transceiver,” an “RF transceiver,” or a
“wireless transeciver.” The radio signals transmitted or received by a radio transceiver can be
arranged in accordance with one or more wireless communication standards or protocols such
as an Institute of Electrical and FElectronics Enginecrs {IEEE) standard, such as an IEEE
802.11 standard {c.z., 802.11a, 302.11b, 802.11g, or 802.11n) or an IEEE 802 15 standard
{c.g., 802,151, 802.15,3, 802.15 4 (ZigBee), or 802.15.5) for wirgless personal area networks
{PANs), a Bluetooth version 4.1 or 4.2 standard developed by the Bluetooth Special Interest
Group (SIG) of Kirkland, Washington, or an 1EEE 80211 standard for wircless local arca
networks (wireless LAN) (which is sometimes referred to as a Wi-Fi standard). or a cellufar
wireless communication standard such as a long term evolution (L'TE) standard, a code
division multiple access (CDMA} standard, an mtegrated digital enhanced network (JDEN)
standard, a global system for mobile communications {(GSM) standard, a general packet radio
service (GPRS) standard, a universal mobile telecommunications system (UMTS) standard,
an enhanced data rates for GSM evolution (EDGE) standard, or a multichanne!l multipoint
distribution service {(MMDS) standard. Additional examples of the wireless communication
standard or protocol include an International Telecommunication Union (ITU) standard, such
as the ITU-T .9959 standard referred to as the Z-Wave standard, or a 6LOWPAN standard, a
Thread networking protocol, an international Organization for Standardization (IS0 /
International Electrotechnical Comnussion (JEC) standard such as the ISO/IEC 18000-3
standard for Near Field Communication {NFC), the Sigfox communication standard, the Neul
communication standard, and the LoORaWAN comumunication standard.

18659} Additionally or alternatively, a transmitter can transout a signal {(i.e., one or more
signals or one or more electrical waves) carrving or representing data onto a wire (¢.g., one or
more wirgs) and a receiver can receive via a wire a signal carrying or representing data over
the wire. The wire can be part of a network, such as the network 129. The signal carried over
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a wire can be arranged in accordance with a wired communication standard such as a
Transmission Control Protocol / Intemet Protocol (TCP/IP), an IEEE #02.3 Ethernet
communication standard for a LAN, a data over cable service interface specification
{(DOCSIS standard), such as DOCSIS 3.1, a USB specification (as previously described), or
some other wired communication standard.
10660] The data transmitted by a transceiver can include a destination 1D or address of a
system component 1o which the data is to be transmutted. The data transmitied by a
transceiver can melude a sowrce ID or address of the system component including the
transceiver. The source ID or address can be used to send a response io the system
component that includes the transceiver that sent the data. The source 1D can include the MD
1D 74 or an 1D associated with the PS 130, The destination 1D can mclude the MD ID 74 or
an ID associated with the PS 130.
108661} A device within the network 129 or that communicates via the network 129 using a
packet-switched techunologv can be locally configured for a next ‘hop’ 1 the network {e.g., a
device or address where to send data to, and where to expect data from}. As an example, a
device (e.g.. a transceiver) configured for communicating using an IEEE 802 11 standard can
be configured with a network name, a network security tyvpe, and a password. Some devices
auto-negotiate this information through a discovery mechamism (e.g., a cellular phone
technology}.
10662] I accordance with the example embodiments, the MD 12 can include a real-time
clock (RTC) such that the MD 12 does not have to request time information from a remote
device. The RTC can be included within the processor 53 or can be scparate from the
processor 33, The power supply 34 can provide power to the RTC constantly for #s
operation. F1G. 1 shows an RTC 34 and a line connecting the RTC 34 to the processor 33 and
the transceiver 55, FIG | shows the RTC 34 outside of the MD 12. In accordance with an
example embodiment, the MBP 12 does not include the RTC 34, but the MD 12 requests and
receives time data from the RTC 34, The transceiver 35 can receive the time data via the
network 129 In accordance with an example embodiment, the M} 12 includes the RTC 34,
In that case, the RTC 34 can be connected to the processor 33 or can be part of the processor
53, for example.
{8063f The power supply 54 can be configured in anv of a variety of configurations or
combinations of the variety of configurations. As an example, the power supply 54 can
recetve AC current from an AC electrical sapply 10 (shown m FIG. 14) and convert the AC
current to a DC current for supplyving €0 one or more of the components within the MD 12,
13
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Ag another example, the power supply 54 can include a battery or be battery operated. As vet
another example, the power supply 54 can include a solar cell or be solar operated. The
power supply 54 can comprise electrical circuits to distribute electrical current throughout the
MDD 12, Other examples of the power supply 54 are also possible.

[0064] The display 75 13 configured to display mformation, such as information useful to a
technician mstalling the MD 12, Such information can comprise some or alf of the MD ID 74,
for example. The display 75 can comprise any type of display described in this deseription or
another type of display.

B. Example Sensors

[0065] As discussed, the measurement device 12 can include one or more on~board sensors
{c.g., sensor 52} or can connect 10 one or more oft-board sensors {e.g., sensor 61). Several
examples of sensors and features of the example sensors are discussed clsewhere in this
description. The PS 130 can receive the output signals or values from the MD 12, such as an
array of oufput signals or values sent to the processing svsiem over the network 129, and
determine data values pertaining to use or non-use of an EST,

{8666} 'The sensor 52 or the sensor 61 can provide outputs to the processor 33 indicative of
using an EST associated with the MD 12, As an example, the outputs indicative of use can
melude a voltage output, an amperage output {(¢.g., a direct current (BC) amperage}, a pulse
width modulated signal, or a digital value. The outpats indicative of use may indicate a
position, an aceeleration, a velocity, or a speed of a component of the EST. The PS 130 can
use two or more output signals and time data to determine use of the EST. For example, the
PS 130 can determine a speed or velocity of the EST component from two position values
cutput from a sensor and time data.

{8067} As an cxample, the sensor 52 or the sensor 61 can include or be configured to
melude one or more of the sensors lfisted in the following fifleen enumerated sensor
examples.

{1y A single data point sensor, such as an ammeter, configured to output a single
value, such as one current reading, per time period. The processor 53 can cause cach single
value, output by the single data point sensor, to be stored along with time data mdicative of
the time period associated with the single output valoe,

(2} A position sensor configured to cutput signals or values indicating a position
pertaining to an EST. The position can be linear, rotary (angular), contmuous, or discrete
{e.g., a home position or an end position). As an example, the positon sensor can comprise a
fmit switch. For an embodiment in which the EST comprises a vehicle Lift, the position
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sensor can be installed at a particular position on a frame of the vehicle Lift such that a signal
cutput by the position sensor can indicate the lift arms of the vehicle 1ift have been moved to
a particular vertical position. For a multiple post (¢.g., two post or four post) vehicle Lift, cach
post may include one or more position sensors. The PS 130 can process measurement data
mdicative of signals or values output by the position sensor{s} on the vehicle lift to determine
the operating characteristics of the vehicle Lift {e.g., lifting at each post is equal or unequal
with respect to hifting at the other vehicle lift post{s}). The postton sensor(s) on a vehicle Lift
can output signals that indicate a height of a vehicle Lft component with respect to a
reference position {e.g.. a floor of the repair shop).

(3) A ult sensor can be configured to output signals or values indicating
orientation or inclination of an EST or some portion of an EST. As an example, the EST can
comprise a vehicle 1ift and the portion of the Bift can comprise a lift aro.

{4y A velocity sensor configured to output signals or values indicating a linear
velocity or angular velocity of a component of the EST. As an cxample, the component can
be a motor shaft of an electrical motor.

(5} An acceleration sensor configured o output signals or values indicating a
lincar acceleration or angular acceleration of a component of the EST. As an cxample, the
component can be a motor shaft of an electrical motor.

{6y A voltage sensor configured to output a voltage signal or value pertaining to
an EST.

{7y A power sensor that includes a current sensor and a voltage sensor to output
signals or values that can be used to calculate a power value pertaiming to an EST or that
mdicate a power value pertaining to the EST.

(8) A thermal scnsor configured to ouwtput signals or values indicating a
temperature or heat detection pertaining to an EST.

{9y A volume flow sensor configured to output signals or values indicating a
volume, velocity, or acceleration pertaining to an EST. As an example, the volume flow
sensor can be positioned to detect a pressure within a transport hine, such as a line for
transporting air compressed by an air compressor or a line for transporting a hquid flnid m a
hydraslic system.

(10) A vibration sensor configured to gencrate a vibration signal, The vibration

signal can be responsive to vibrations experienced by the EST. The vibration sensor can
comprise a microphone as described in US. Patent No. 8,140,430, which is incorporated
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herein by reference. In accordance with an embodiment m which the EST comprise a brake
lathe, the PS5 130 can process the vibration signals to determine use parameters pertaining to
the brake lathe, such as an amount of time the brake lathe is machiming brake parts, a total
amount of time the brake lathe has been used to machine brake parts during a particular time
period, or an amount of time a motor of the brake lathe is operating in the on state bot the
brake lathe is not machining a brake part.

(11} A motion sensor configured to output signals or values to measure velocity,
acceleration, or jerk (a first derivative of acceleration). The signals or values from this type of
sensor can be summarized {¢.g., using Fast Fourier Analysig or another sammarizing process)
to gencrate an array of frequencies and amplitudes for storage in the measurement data 72,

(12) A pressure sensor configured to output signals or values mdicative of a
pressure within some portion of an EST. As an cxample, the pressure sensor can be
positioned to detect a pressure within a storage tank (such as a storage tank of an air
compressory, of a transport bing {(such as a line for transporting air compressed by an air
compressor or a line for transporting a hiquid fluid m a hydrashic system}. The pressure sensor
can output signals or values that indicate a pressure within the EST has exceeded a threshold
pressure at which a pressure relief valve within the EST relieves pressure within the EST.

(13} A microphone configured to capture audio. A sensor includimg a nucrophone
can mchude or connect to electrical circuitry configured to convert the captured audio into an
output audio signal.

(14} An image sensor configured to capture images and output images. Multiple
captured images or multiple output images can be configured as a video signal.

(153) A current sensor coufigured to sense a current within some electrical
conductor within an EST or extending to or from the EST. As an example, the current sensor
can comprise a current transformer or a current sensor with a Hall sensor.

[8668] In accordance with an embodiment in which the sensor 52 or 61 includes a current
sensor comprising a current transformer, the current transformer can comprise or be
configured as a CR8300 series current transformer from CR Maguetics, St. Louis, Missourn.
In accordance with that example, the current transformer can be a vertical printed circuit
board (PCB) mounted current transformer. The current transformer can include a condactive
coil with first and second transformer leads. The current transformer can be configured with a
central passageway through which a conductor carrving aliemating current to or from the
EST can pass. As an example, that conductor can be the clectncal circuit 17 shown m FIG. 14

-
ol

or one of the electrical circuits 31, 32, or 33 shown m FIG. 15 The first and sccond
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transformer leads can be connected to the electrical circuits within the sensor connection 39
or the sensor connection 60.
{8069} In accordance with an embodiment in which the sensor 52 or the sensor 61 includes
multiple sensors, each of the multiple sensors can comprise a current transformer. Multiple
conductors carrving an alternating current of a multi-phase electrical supply can pass through
the passageways of coils of multiple current transformers. For instance, a first AC line circuit
of a three-phase AC supplv passes through a first cotl of a first current transformer, a second
AC hne circuit of a three-phase AC supply passes through a coil of a second cuwrrent
transformer, and a third AC line of a three-phase AC sapply passes through a coil of a third
current transformer.
[B870] MNext, FIG. 2 shows an example sensor 80. The sensor 80 includes a central
passageway 81 through which a conductor 85 can pass. The conductor 85 can include or be
configured at the electrical circuit 17 shown i FIG. 14 or one of the electrical circuits 31, 32,
or 33 shown in FiG. 15. The conductor 5 can carry an AC clectrical current to or from an
EST. The sensor 80 can mclode a trangformer lead 82, a transformer lead 83, and a
conduactive coil 84, The conductive cotl 84 can wind around the central passageway 81 one or
more times. The conductive cotl 84 15 connected to the transformer lead 32 and to the
transformer Iead 83, The sensor 52 and the sensor 61 can be arranged or include the sensor
30.
C. Example Processing Systems and Data
{0071} Next, FiG. 3 1s a block diagram showing components of a system 100 m accordance
with the example crmbodiments. The system 100 mclades the PS5 130. The PS 130 can receive
measurement data, such as measurement data pertaining to the use of an EST. The
measurement devices that transmit measurement data to the PS 130 can be located at or in
one or more repair shops. FIG. 3 shows repair shops 101, 102, 103, and 134, and varicus
ways in which an MD within a repair shop can connect to the network 129, Sinee an EST can
comprise an MD (such as one of the MD chowsn m FIG. 3}, FIG. 3 also illustrates various
ways in which an EST within a repair shop can connect to the network 129 Each and every
EST shown m FIG. 3 can include or be configured as any EST described in this description
{c.g., the EST 11 shown in FIG. 14 or the EST 25 shown in FIG. 15). The PS 130 can be
referred 1o as a “computing system.”
{0072} The repair shop 101 represents an example embodiment in which a repair shop
mclodes maltiple EST connected to a respective measurement device and mualtiple
measurement devices are connected {0 a common gateway to the network 129, In particular,
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the repair shop 101 mclades a gateway 104, an EST 103, an EST 106, an MD 107, and an
MD 108. The MD 107 is connected to the EST 105 and the gateway 104. The MD 108 is
connected to the EST 106 and the gateway 104. Both of the MD 107 and the MDD 108 can be
configured like the MD 12,

88731 A egateway, such as the gateway 104 or any other gateway discussed in this
description, can comprise one or more devices for receiving data transmitted over the
network 129 and for outputting {c.g., transmitting) data onto the network 129 for transmission
over the network 129. A gateway, such as the gateway 104 or any other gateway discussed in
this description, can comprise one or moic devices for receiving data and routing the received
data to another device. As an example, a gateway can include one or more of a modem, a
router, a mobile hotspot, a wireless access point or a personal display device {e.g., a mobile
phone or tablet device). As an example, a3 modem and router can be arranged as an ARRIS
Touchstone TG862G/CT DOCSIS 3.0 cable modem and wireless router available from
ARRIS Group, Inc. Suwanee, Georgia. As an example, a mobile hotspot can comprise a MiFI
® 3352 mtelligent mobile hotspot available from Novatel Wireless, San Diego, Califorma.
{8674} An MD and a gateway to the network 129 can be coupled together to allow the MD
and the gateway o communicate with one another. The MD and the gateway can be coupled
together 1n any of a variety of ways. As an example, the MD and the gateway can be coupled
together by way of a personal area network (PAN). A PAN can couple two or more devices
together by an air interface or a wire. A PAN can be configured according to any of a variety
of standards, protocols, or specifications. For example, a PAN can be configured according to
a universal sertal bus (USB) specification 2.0, 3.0, or 3.1 developed by the USB
Implementers Forum. As another exampie, a PAN can be configured according to an IEEE
standard, such as an IEEE 802.11 standard {(c.g., 802.11a, 802.11b, 802.11g, or 802.11n} or
an [EEE 802 15 standard (e.g., 802.15.1, 802.15,3, 802.13 .4, or 802.15.5) for wircless PAN,
Personal area networks operating according (o those two standards are sometimes referred to
as WI-FI ® network and a BLUETOOTH ® network, respectively. As yet another example,
communication between an MD and a gateway can be carried out over a low power wireless
PAN using 1Pv6 packets. In that regard, the commumications can be carned out according to
Network Working Group, Request for Comments: 4944 {Transmission of IPv6 Packets over
1EEE 802.15 4 Networks).

[B675] The gateway 104 and the MD 107 and the MD 108 can be coupled together by way
of a commumication network 111, The communication network 111 can comprise a wireless
PAN, a wired PAN, a wired local area network, a wireless area network or some other type of
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communication network. The MDP 107 and the EST 103 can be coupled together asing an
clectrical circuit 109 similar to the manner in which the EST 11 is connected to the MD 12
via the electrical circuit 17 {(as shown in FIG. 14) or the manner in which the EST 25 15
connected to the MD 12 via the electrical circunt 33 (as shown n FIG. 15). The MD 108 and
the EST 106 can be coupled together using an ¢lectrical circuit 110 similar to the manaer in
which the EST 11 is connected to the MD 12 via the ¢lectrical circuit 17 {(as shown in FIG.
14) or the manner in which the EST 25 is connected to the MD 12 via the electrical circuit 33
{as shown in FIG. 15}, Other examples of how the EST 105 connects to the MD 107 and how
the EST 106 connects to the MD 108 are also possible.

[8676] An MD, such as the MD 107, can request time mformation from a gateway, such as
the gateway 104, An MD, such as the M} 107, can receive time information from a gateway,
such as the gateway 104, Additionally or altematively, an MD, such ag the MD 107, can
request time information from another device. such as an EST or the PS 130. An MD, such as
the MD 107, can receive time mformation from another device, such as an EST or the PS
130.

{86777 The repair shop 102 represents an embodiment in which a repair shop imchides
multiple EST connected to a single measurement device and the single measurement device
is connected to a single gateway to the network 129, In particular, the repair shop 102
mclodes a gateway 112, an EST 113, an EST 114, and an MD 115, The MD 115 15 connected
to the EST 113, the EST 114, and the gateway 113. The MB 115 can be configured like the
MD 12

{8078] The gateway 112 and the MD 115 can be coupled together by way of a
communication network 118. The communication network 118 can comprise a wircless PAN,
a wired PAN, a wired local area network, a wireless arca network or some other type of
cornmunication network., The MD 115 and the EST 113 can be coupled together using an
glectrical circuit 116 similar to the manner in which the EST 11 1s connected to the MD 12
via the electrical circait 17 (as shown 1n FIG. 14} or the manner in which the EST 25 s
connected to the MD 12 via the clectrical circuit 33 (as shown n FIG. 15). The MDD 115 and
the EST 114 can be coupled together using an elecirical circuit 117 similar 1o the manner in
which the EST 11 is connected to the MD 12 via the electrical circuit 17 {as shown m FIG.
14} or the manner in which the EST 25 is connected to the MD 12 via the electrical circuit 33
{as shown in FIG. 15}, Other examples of how the EST 114 connects to the MD 115 and how
the EST 114 connects to the MD 115 are also possible.
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{8679} The repair shop 103 represents an embodiment i which a repair shop inchides
multiple EST connected to a respective measurement device and multiple measurement

devices are connecied to a respective gateway to the network 129 In particular, the repair

an MD 124, One or more of the MD 123 and the MD 124 can be configured hike the MD 12,
10080] A gateway {(such ag the gateway 119 or the gateway 120} can be coupled to an MD
(such as the MDD 123 and the MD 124, respectively) using anv of a variety of wired or
wirgless communication networks. For example, the gateway 119 and the MD 123 can be
coupled to each other by way of a communication network 127, and the gateway 120 and the
M 124 can be coupled together by way of a conmmunication network 128, In particular, the
communication network 127 and the communication network 128 can comprnise a wireless
PAN, a wired PAN, a wired local arca network, a wireless area network or some other type of
commumnication network.
{6681} The MDD 123 and the EST 121 can be coupled together using an electrical circuit
125 similar to the manner i which the EST 11 is connected to the MD 12 via the ¢lectrical
circutt 17 {as shown in Fi(z. 14} or the manner in which the EST 25 is connected to the MD
12 via the clectrical circuit 33 (as shown i FIG. 15). The MD 124 and the EST 122 can be
coupled together using an clectrical cirenit 126 similar to the manner in which the EST 11 1s
connected to the MD 12 via the electrical circuit 17 {(as shown in FIG. 14) or the manoer in
which the EST 23 is connected to the MDP 12 via the electrical circuit 33 (as shown in
FI1G 10}, Other examples of how the EST 121 connects to the MDD 123 and how the EST 122
connects to the MD 124 are also possible.
{8682} 'The network 129 can comprise a wide area network (WAN). The WAN can inchide
one or more network segments. A network segment of the WAN can carry data using at least
one of a packet-switched technology or a circuit-switched technology. A network segment of
the WAN can carrv data wirelessly using radio signals or over one or more wired conductors,
such as a coaxial cable, a CAT 5 or CAT 6 cable, or a fiber optic cable. The various network
segments can be interconnected by a network device, such as a router, a relay station, a
gateway or some other network device.
{80831 The system 100 can comprise a display device {BD). FIG. 3 shows a DD 131, a BD
132, and a BD 133 The DD 131, the DD 132, or the DD 133 can be registered by the PS 130
as being associated with at least one of a person (such as a person with a particular role), a
repair shop, an EST, and a measurement device. A DD can be registered with one or more
repair shops. A DD can be registered with one or more EST. A DD can be registered with one
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or more measurement devices. The PS 130 can transmit notifications onto the network 129
for debvery to a BD to which cach nctification is addressed. A display device can output a
notification or other data audibly or haptically as an alternative or in addition to outputiing
the notification or other visible data on a display.

[0084] A registered DD can be deregistered. For example, the DD 133 can be registered
with the repair shop 102, the EST 113, or the MD 115 because the B 133 is owned by a
person that works at the repair shop 102, At a point in time after the DD 133 is registered
with the repair shop 102, the EST 113, or the MD 113, the person stops working at the repatr
shop 102 such that the repair shop no longer wants the BD 133 to be registered with the
repair shop 102, the EST 113, or the MD 115, Another device, such as the DD 131, can
cornmunicate with the PS5 130 to deregister the DD 133 so that the DD 133 18 no longer
registered with the repair shop 102, the EST 113, or the MD 115,

10085] A DD, such as the BD 131, the DD 132, or the BD 133 can include or be
mmplemented as a portion of a small-form factor portable (i, mohile) electronic device such

as a smartphone (e.g.

=

an IPHONE® smartphone from Apple Ine. of Cupertino, California, or
a GALAXY 5® smartphone from Samsung Electronics Co., Lid. of Maetan-Dong,
Yeongtong-Gu Suwon-51, Gyeonggi-Do, Republic of Korea), a tablet device (e.g., an IPAD®
tablet device from Apple Inc., or a SAMSUNG GALAXY TAB tablet device from Samsung
Electronics Co., Ltd ), or a wearable computing device (e.g., a wirgless web-watch device or
a personal headset device). Additionally or alternatively, a BD, such as the DD 131, the DD
132, or the DD 133, can include or be implemented as a personal computing system
(mcluding both laptop computer and non-laptop computer configurations). A DD that
receives a notification from the PS 130 can output the notification via a user imterface
coraponent, such as a display configured to displav the notification. A DD can include an
EST. An EST can include a DD, In that regard, an EST can include a display device to output
the received notification{(s). Furthermore, multiple DD can be grouped and associated with
function groups, such as repair shop owners, equipment users, service staff, sales staff)
calibration staff, etc. The actions indicated bv an analysis of an EST can be routed to a group
of users {(e.g., the display devices of the group of users), or to an individual DD of a user that
is given a DD user group associated with a particular action.

{0086f Hach repair shop including an MD and EST can mclude a DD to receive
notifications from the PS 130. The DD of the repair shop can connect to the network 129 via

a gateway at the repair shop. For example, the DD 133 can connect to the network 129 via the
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gateway 112, The other example repair shops can also mclude DD that connect to the
network 129 via a gateway at that repair shop.
{0087] A person having ordinary skill in the art will understand that repair shops including
an EST and MD in accordance with the example embodiments can be arranged in
configurations different than those shown 1n FIG. 3. For example, a repair shop can include
only ong mnterconnected EST, MP and gateway. That repair shop can look like the repair
shop 103 without any of the gateway 120, the EST 122, the MDD 124 the clectrical circuit 126,
and the PAN 128. As another example, a repair shop can include an arrangement like the
repair shop 101 and have one or more additional MD connected to the gateway 104 and a
respective EST connected to cach of the one or more additional MD. As vet another example,
a repair shop can include an arrangement like the repair shop 102 and have one or more EST
connected to the ME 115,
{0088]  Although FIG. 3 shows the MD 107, the MD 108, the MD 115, the MDD 123 and the
MD 124 connected to onc of the gatewavs 104, 112, 119, and 120 via onc of the
communication networks 111, 118, 127, and 128, a person having ordimary skill in the art
will understand that a MP can include the gateway to the network 129, For example, the
transceiver 55 of the MD 12 can include a gateway to a cellular network segment of the
network 129,
[0089] The repair shop 134 illustrates an example in which a repair shop does not include a
gateway to the network 129 or in which an MD 135 within the repair shop 134 connects to
the network 129 via a gatoeway (not shown) located outside of the repair shop 134, As an
example, the gateway used by the MD 135 can comprise a cellular telephone network base
transceiver station (BTS) within the network 129 and the transceiver within the MD 135 can
cormnmunicate via the BTS using a cellular wurcless communication standard. Other examples
of how an MD connecis to the network 129 by means other than a gateway located in a repair
shop where the MD is located area also possible.
10090]  The system 100 includes a programming device 137. The programming device 137
can include a processor to execute CRPI for setting up {c.g., registering) a measurement
device (¢.g., the MD 12) for use with the PS 130. Those CRPI may be stored within a CRM
within the programming device 137, and can comprise or be arranged as a mobile application
executable by the processor and usable by a technician installing an MD within the system
100, The processor can create data to link the wnigue ID of the MD with an MD attribute of
or associated with that MB, which the installing technician can input using the programming
device when configuring the MD. The programming device can include a smartphone, a table
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device, a wearable computing device, a personal computing system, or some other device
configured for setting up the MD 12
{0091] The system 100 also comprses an application server 138 connected fo the network
129. The application server 138 mcludes a CRM 139 and can comprise one or more of the
components of the example computing svstem shown in FIG. 25, The CRM 139 can store
applications executable at another computing systenmy, such as a display device or a
programming device shown in FIG. 3. The applications can be downloaded to the other
computing system over the network 129,
8692} Next FIG. 4 s a block diagram of the PS 130, The PS 130 can comprise at least one
of a processor 152, a transceiver 153, and a CRM 134, Two or more of those components can
be communicatively coupled together via a system bus, network, or other connection
mechanism 155, The network of the connection mechanism 155 can comprise a portion of the
network 129, In that regard, the PS 130 can be implemented as a distributed hardware system.
Muorcover, the PS5 130 can be configured as a data center within the network 129 {which can
be referred to as “the cloud”™). In the distributed hardware system, the processor 152 can
compnse multiple processors, transceivers, or CRM 154, For example, the distributed
hardware systern can comprise a first processor, a first transceiver, and a first CRM at a first
network connection of the network 129 and a second processor, a second transceiver, and a
second CRM at a second network connection of the network 129, Other examples of the PS
130 as a distributed hardware system are also possible.
{0093]  Anv component of the PS 130 comprising the processor 132 can comprise 2 single
processor or multiple processors. One or more of the multiple processors can be configured
for redundancy in case ancther one of the processors is inoperative or busy, for example.
Additionally or alternatively, the nwiltiple processors can perform different functions, such as
a first processor configured to perform functions for a particular firmware version and a
second processor configured to perform functions based on different use levels.
{0094} The processor 152 can perform a vanety of functions. Examples of functions the
processor 152 can perform are discussed throughout this description. Those functions can be
carried out by the processor 152 executing computer-readable program instructions or by a
combination of hardware, firmware, or software.
{8693} The processor 152 can determine that data received by the transceiver 153 inchides
data for registering a measurement device. The processor 152 can cause the data deternuned
to be registration data to be stored within the CRM 154 as registration data 157 50 as to
register the measurement device at the PS 130, The data for registering an MD can comprise
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data regarding an EST connected to the MD, such that the processor 152 can register the EST
connected to the MD.

{0096] The CRM 154 can comprise at lcast one of CRPI 156, the registration data 137,
reference data 158, measurement data 159, analyzed measurement data 160, and MD
software updates 161, The measurement data 159 contains the measurement data received
from one or more measurcment devices {2.g.. one or more measurement devices registered
with the PS 130). The received measurement data can comprise measurement data that is
determined by the MD and subsequently transmitted to the PS 130, The processor 152
executes the CRPL 156,

{8097} The transceiver 153 is configured to roceive data {(¢.g., measurement data) sent over
the network 129 The transceiver 133 can receive measurement data from one or more
measurement devices. The measurement data received by the transceiver 153 can be provided
to the CRM 134 for storage as the measurement data 159, The measurement data received by
the transceiver 153 can include one or more data values representing a respective
measurement made by a measarement device. The measurement data recetved by the
transceiver 153 can inchide one or more time stamps. For ¢xample, each data value of the
measurement data can include a separate time stamap. As another example, the measuroment
data can include data values ordered in a sequence in which the measurements were made
and one time stamp assoctated with one of the data values. Time stamps for cach of the other
data values can be determined based on the provided time stamp and a sample rate at which
measurements were made to generate the data values. As another example, the measurerment
data can include an array of data associated with a time period or time stamp. For mstance,
the measurement data can comprise an output of a Fast Founer Transform (FFT) for a
complex vibrational signal (c.g., sound) or an output of some other data compression
ajgorithm to reduce the burden on transceiver (by reducing the guantity of data to be
recetved} or to reduce the guantity of data to be stored in the CRM 154, (ther examples of
representing a time-series set of measurement data are described elsewhere hergin,

{0098} The transceiver 153 is also configured to transmut data onto the network 129 for
transmission to another deviee connected to the network 129, That other device connected to
the network can be a destination for a notification. As an example, the data transmitted by the
transceiver 153 can comprise a notification destined for a display device. As another
example, the data transmutted by the transceiver 153 can comprise an MD software update

destined for an MD including an earlier level of software,
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{8699} The processor 152 can determine that data received by the transceiver 153
compnses data for registering an MD. That determination can include determining that the
received data includes an MD 1D, a notification 1D (NID), an EST 1D or an MD version 1D,
The processor 152 can register the MD. Registermg the MD can include the processor 152
controlling the CRM 134 to store the data for registering the MD as registration data 157.
{3108] The processor 152 can determine that an MD has requested time information,
deternune the time information, and cause the transceiver 153 to transmit tume mformation
onto the network 129 for transmission to an MD that requested the time information. The
processor 132 can cause the transceiver 133 to tfransmit data, such as the time information, by
outputting the data to the transceiver 153, The data output to the transceiver 133 can include
an address of the destination for the data. The address {(e.g., an IP address) can be mcluded or
assoctated with an ID of a destination device (¢.g., an MDD [D or a NID).
10101} The processor 1532 can determine the analyzed measurement data 160 from the
measurcrent data 159, Determining the analvzed measurement data can include the
processor 152 perforniing an aggregate function (e.g., a sum, count, maximum, minimum,
mean, median, or mode function) on the measurement data 159 pertaining to a particular EST
or to multiple EST. Performing the aggregate functions resulis in aggregate measurcments
that can be stored as part of the analvzed measurement data 160, The aggregate
measurements can be stored for various amounts of time, such as a shori-term amount of time
{e.g.. for the duration of a relevant guery or action} or a long-term amount of time (e.g., for
being available for a subsequent query afier an initial relevant query or action). The analyzed
measurement data pertaining fo multiple EST can comprise data mdicative of a determination
of data regarding two or more EST, such as a determination indicating one of the two or more
EST 15 used significantly more or less than another of the two or more EST.
[3102] The measurcment data 159 and the analvzed measurement data 160 can comprise
multiple data points. Each data point, for example, can comprise an MD 1D {e.g., a globally
wigue 1D value associated with an individeal MDY, a date and time {cg., a value
representing a coordinated universal time (UTC), and a data value {¢.g., an amperage value).
For a given MD 1D, multiple data points can be grouped together and sorted by date and time
as a data series (e.g., a machime cycle or a job). The date and time value may be evenly or
unevenly spaced. In a particular embodiment where the date and time values are unevenly
spaced, the data pomnts are updated only when the MD determines there 15 a change from a
previous data value {g.g., an amperage)}. A device data stream (DDS) comprises a set of the
result values.
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[8103] A job is an estimate of operator interaction or logical work cvcle of an EST. As an
example, a job can be defined as a power ¢ycle of the EST {e.g., the EST powers on and then
powers off). As another example, a job based on current amperage to the EST can be based
on the data values representing the current amperage. As vet another example, a job can be
based on whether or not the current amperage fo the EST exceeds a defined threshold
amperage {TA) and whether a next machine cycle of the EST occurs within a time threshold
(TT) defined for grouping machine cvcles as a job. For the example embodiments, a job
comprises a group of data points that have contiguous time and date values and may or may
not include data points having a value of zero. For embodiments in which the data poinis
represent amperage, a job may or may not include data points that represent zero amps. A
processor, such as the processor 53 or 152, can group data points using the following two
factors: whether or not the data valoc exceeds a minimom data vahse threshold, and whether
or not an amount of time clapsed since a data value exceeded the minimuom value exceeds a
time threshold (TT). The mimumum threshold value can equal zero or can be greater than
zero. For data point representing amperage, the minimum threshold value can be referred to
as a TA. A job can comprise data points having a value of zero. If the clapsed time between
(1) a time when a prior data point exceeded the miminum data value threshold and (31} a next
data pomt that exceeded the mimimum data value threshold is greater than the TT, then the
next data point is not part of an earlier job. On the other hand, if the clapsed time between (1)
a time when a prior data point exceeded the minimum data value threshold and (i) a next
data point that exceeded the minimum data value threshold is less than the TT, then the next
data point can be part of an earlier job.

{0104} For some embodiments in which the MD measures amperage with respect to an

EST, the TA can be used for embodiments in which the EST uses power in small amounts

determination of a job is essentially to estimate worker / EST inferaction periods, it may be
preferable to not report data pertaining to times the EST was idle with only minimum
amperage.

[0105]  As an example, an aggregate measurement can include a count of transitions from
“off 7 to “on” during a given time peried (g.g., a predetermined amount of time) for a
particolar EST. As an example, the processor 152 can deternune a trapsition from “off” to
“on” by determining that a data value within a stream of data stored in the measurement data
159 15 above a first threshold value and follows (i.¢., occurring after} data values within the
stream of data that are below a second threshold value less than the first threshold value or at
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least less than the first threshold value. As an example, the first threshold value could be a
value greater than zero and the second threshold could be zero.

{0106] As another example, an aggregate measurement can include a “total time on” value
mdicating an amount of time pertaining to an EST. In particular, the “total time on” value can
represent an amount of time represented by data values within the stream of data that are
above the first threshold value. The amount of time pertaining to an EST can be associated
with an amount of time {¢c.g., an amount of time since the MD associated with the EST was
registered by the processing system, an amount of time since the MB associated with the EST
was last serviced). The total time on for an EST mchiding an clectrical motor or pump can
mdicate how long the electrical motor or pump was on during the identified amount of time.
{3187} 'The processor 152 can compare the aggregate measurements {(e.g., aggregate
measurements determined by the processor 152) with respect to some variable or attribute
{e.g.. time, current, or EXT use positions). The processor 132 can contrast the results of
companng the aggregated measurements to determine correlation{s} or rclationship(s)
between two or more aggregated measurements 30 as to determine variation(s} or trend(s} in
the aggregated measurements.

{0108] The processor 152 can perform a patiem content analysis. Performing the pattern
content analysis can mclude the processor 152 analvzing data received from an MD to
determine a basic use pattern of an EST indicated by the analyzed data or a specific job
pattern indicated by the analyzed data. Four examples of pattern: content are discussed below.

(1) First example of pattern content analysis:

For measurement data received from an MD connected o an EST arranged as or
mchiding a vehicle Iift. the processor 152 can analvze data values representing an amperage
of current flow to a motor of the vehicle 1t as the motor is started (¢c.g., a large tn-rush
current), amperage of current flow to the motor as the vehicle Lift raises the vehicle ift arms
without any load on the Iift arms (e.g., a relatively low amperage), amperage of current flow
to the motor as the vehicle ift amms engage a vehicle (eg.. an increased amperage with
respect to the relatively low amperage). and amperage of current flow to the motor when the
vehicle bift stops being raised. The various positions of a vehicle 1ift are exampies of EST use
positions. Other examples of basic use positons defimed for a vehicle hift and other examples
of basic use patterns of other EST having an electrical component, such as an ¢lectrical motor
or pump, are also posaible.

{2y Second example of pattern content analysis:
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For measurement data received from an MD connected o an EST arranged as or
mehuding a tire balancer, the processor 132 can analyze data values representing use of the
tire balancer. For mstance, data values mndicating two short use perieds i rapid succession
(e.g., within 20 to 60 seconds of one another) can mdicate a first spin of the tire balancer to
measure imbalance of a tire and wheel, and a second spin of the tire balancer to check
whether the tire and wheel are balanced afier one or more wheel weights have been attached
to the wheel Those two instances of using the tire balancer can be grouped together to
mdicate a single 1ob (e.g., a single instance of balancing a tire and wheel).

{3y Third example of pattern content analysis:

For measurcment data received from an MD connected to an EST armanged as or
meluding a brake lathe, the processor 152 can analvze data values representing use of the

brake lathe. For instance, a short period of no corrent flow to the brake lathe (e.g., an off

period of 15 o 45 seconds) between two long pericds of current flow to the brake lathe (e g,
on periods of at least 90 scconds) to determine that one brake component has been machined
by the lathe. The off period can allow a user of the brake lathe to apply an accessory brake
silencer after a depth cut has been set. Those two on periods and an mtermediate off period
can be grouped together to indicate a single job {(c.g., a single instance of machining a brake
component}.

{4y Fourth example of pattern content analysig:

For measurement data received from an MD connected to an EST arranged as or
mcluding a vehicle Lift, the processor 132 can analyze data values representing use of the
vehicle 1ift. For mstance, a long period of vehicle lift usage (e.g., 10 seconds) followed by a
short pericd of non-use of the vehicle lift (e.g., 3 scconds) followed by a short peniod of
vehicle 1ift usage (¢.g., 1 second) can indicate the vehicle 1ift was raised to a furst height and
then adjusted 1o a second height. Those two period of vehicle Iift usage and the short period
of non-use can be grouped together to indicate a single job {¢.g., a single nstance of raising a
vehicle on the vehicle Lift). The processor 132 can perform an aggregate function {(c.g., a
count) to determine a total number of single iobs (c.g.. balancing a tirve and wheel, machining
a brake component, or raising a vehicle) performed by the EST for a given time period or
during a given amount of time.

{0109} The processor 132 can analyze a single data stream of measurement data received
from a single MD. The processor 152 can determine an average use of an EST for a particular

time period based on the single data stream.
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18118}  The processor 152 can perform a comparative analysis or a multivariate analysis.
Performing the comparative analysis or the multivariate analysis can include the processor
152 comparing and contrasting two or more data valucs from two or more data streams from
one or more measurement devices. The processor 152 can detect correlation or causation
between multiple vanables within the data streams. Ag an example, results of a comparative
analysis of data strearns from an MD connected to a vehicle lift can show that an amperage of
current flow to a motor of the vehicle ift when the vehicle Uft anms were being raised
without a vehicle load has increased from a first measurement time pernod to a second
measurement time period. The mcreased current flow could indicate that there is a lack of
lubrication m the vehicle Lift that results in the increased current flow. Three examples of
comparative analysis or a multivanate analysis are discussed below.

{1y First example of comparative analysis or a multivariate analysis

The processor 152 can compare actual user pattoms, time or pattern content o
expected values of the patterns. The processor 152 can determine a deviation between the
compared patterns. A deviation from the expected values could indicate extreme use of the
EST associated with the measurement data. A notification including an indication of the
extreme use could be sent to a DD, such as a DD associated with an owner of the over-used
EST or a DD associated with a sales person that services the repair shop where the over-used
EST s located. A deviation from the expected values could indicate the lack of using the
EST. A notification including an indication of the under-use of an EST could be sent to a DD,
such as a DI associated with an owner of the under-used EST or a DD associated with a
sales person that services the repair shop where the under-used EST 15 located. A deviation
from the expected values could be used to set an expected equipment life for an EST. A

notification including an expected equipraent life value could be sent to a DD associated with

person that services the repair shop where the EST 15 located.

(23 Second example of comparative analysis or a multivariate analysig

The processor 152 can compare use patierns of an EST connected to an MD
providing measurement data to the PS 130 to determine that a business where the EST 15
located is closed on a particular day of the week (g.g., Sunday) or a particular time of day
{c.g., 800 PM to 6:00 AM} because the measurement data for the particular day or the
particular time of day represents that the EST is not used. This comparison can be carried out
for a calendar period including multiple mstances of the particolar data of the week or the
particular time of day.
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(3) Third example of comparative analysis or a multivanate analysis

The processor 152 can compare use patterns of an EST to determine a decrease in
the average use of the EST on a particular day of the week (¢.g., Thursdays). The processor
152 can cause the transceiver 153 to send a notification to a DD associated with that EST or
the MD connected to that EST mdicating the use pattern or including a suggestion. As an
example, the suggestion can indicate that the particular day of the week is a day to carry out a
sale or discount on services at the repair shop where the EST is located,
{8111} The processor 152 can perform a time serigs analysis based in part on one or more
of the example aggregate functions. The time series analysis may include a statistical method
such as a two-sided test versus a one-sided test, an F-test, a t-Test, a lincar correlation and
regression, an analvsis of vanance (ANOVA), or another statistical method. Furthermore, the
processor 152 can perform these time series analyses based on data provided from one MD or
from multiple MD.
{0112} The processor 152 can determine existence of a condition that is defined to cause a
notification o be sent to a display device. At least some of the conditions are bascd on the
measurement data or measurement calculations pertaining to a measurement device
associated with the display device. The processor 152 can provide the notification to the
transceiver 133 to cause transmission of the notification. The processor 152 can determine a
destination for the notification by referring to the registration data 157,
10113} The processor 152 can deternune that updated software is available for an MD.
Making that deterounation can include the processor 152 comparing a software level for the
MD stored in the registration data 157 to the software level recently added to the MD
software updates 161. The processor 152 can cause the updated sofiware to be provided to the
transceiver 153 so as to cause the transceiver 153 to transmit the sofiware update to the MD
over the network 129,
B Example Data
10114} The CRM 154 can comprise data the processor 152 uses to determing aspects
pertaining to generating or sending a notification. These aspects can mclude a person 1D, a
name of a person, a role associated with a person, a destination identifier {¢.g., an ¢-mail
address, an SMS (text) number, or an account handle, etc.) for the notification, the MD or
EST associated with the person, a notification threshold (e g, frequency threshold or urgency
threshold) established for the person, a brand, type or model of the EST, or some other
preference registered for the person. Determining what MD is associated with the person can
be based on a location ID or a termtory ) associated with the person. The role associated
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with a person can be that of a sales person, a service technician, a sales manager, a service
manager, a shop owner, a shop manager, a shop technician, or some other role pertaining to
the system 100, For this description, a service technician is a person that typically services an
MDD or an EST at different repair shops, and a shop technician is a person that tvpically uses
an EST to service vehicles at a repair shop.
10115}  FIG. 3 shows an example of data the processor 132 can use to determine the aspects
pertaining to sending a notification. The tvpes of data shown in FIG. 5 can be stored as or as
part of the registration data 157 or some other data within the CRM 134 In FI(. 5, cach of
the first six rows below the underlined column headers represents registration data for
measurement devices (MDs) associated with an MD 1D 1, 2, 3, 4, 5, and 6, respectively. The
next four rows represent registration data for an MD associated with an MD ID 7. The
registration data 157 may include registration data for a different number of MBPs.
10116}  As shown in FIG. 5, the registration data for cach registered MDD can mehude at keast
one of an MD 1D, an EST identificr (EST 1D, a MD version 1D, a location 1D, a terrtory 1D,
and a person ID (PID). The example embodiments include embodiments in which the
registration data for an MDP includes a subsct of the identifiers shown in a single row in FIG.
5. For example, the registration data for an M can include an MD 1D, and the EST ID, the
MD version ID, the location ID, the territory ID or the PID. As another example, the
registration data for an MD can include an MD ID, and two or more EST 1D for two or more
EST that provide data to the MD identified by the MD ID. That example registration data
may or may not include an MD version D,
{81177 The MD ID associated with each MD can be umguoe with respect to every other MD
1D registered by the PS 130, The ME ID can comprise a globally unique stning of characters
{c.g., alpha-numeric characters). The MD 1D can be a permanent 1D for the MD.
[0118] 'The EST D can be unique with respect to a group of similar EST, such as a group
of EST associated with an identical model identifier. The EST ID can be a permanent 1D for
the EST. In an alternative embodiment, the EST ID associated with each EST can be unique
with respect to every other EST 1D registered by the PS 130, such as a serial number
associated with the EST.
{8119} The MD version ID can be mdicative of a hardware level or software level
associated with the registered MD. FIG. 5 shows those levels by an H term and an S term,
respectively. The H term {e.g., H1) in the MD version 1D can represent a hardware level, a
release date, or a build date, or a serial number associated with the MD. The 5 term {e.g., 54}
m the MD version 1D can represent a software level or a release date of the software
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associated with the MD. For purposes of this description, the number in a hardware or
software version increases cach time a new version becomes available although other ways to
represent new versions can also be used.

[31206] 'The location 1D comprises data representing a location. The location 1D and the
location can be associated with an MD, an EST, or a person. For example, the associated
location I} or location can indicate where an MD or EST is located or registered as being
mstalled or where a person works. The location 1D can represent a location tn any of a variety
of ways. For example, the location can be represented using any of the following types of
location identifiers: a latitude and longitude, an address {e.g., a street number and a street
name), geopolitical identifier (c.g., a country, a state or a provinge, a county, a cify, or a
postal or zip code), a GOOGLE® Place ID that is associated with a location shown on a
GOOGLE® map, or a location area identifier {¢.g., a polvgon cuthining a location on a map).
The location ID can comprise data representing a business name. For simplicity, FIG. §
shows the location 1D data with the prefix “L” followed by a whole number, such as “1.1.7
{8121} The territory 1D comprises data representing a terniory. The territory 1D or territory
can pertain o an arca of Earth that comprises a group of locations represented by a location
1D, A territory or group of locations can comprise geopolitical data groups. such as a postal
or zip code or multiple postal or zip codes. A terrfory 1D or territory can be defined for a
person that sells or services an MD or an EST. A temritory can be associated with an EST
brand. For example, a terrtory represented by a territory 1D can be associated with the
ACME EST brand shown in the figures. A territory can be associated with an EST model.
For example, a territory represented by a territory 1D can be associated with the example Pro-
Lift 778 vehicle Lft model. A torritory can be associated with a type of EST. For example, a
territory can be associated with the cxample EST tvpe referred to as brake lathe. For
simplicity, FIG. 5 shows the territory 1D data with the prefix “T7 followed by a whole
nymber, such ag “T1.7

10122) A person 1D i3 a umque wlentifier associated with a person registered with the
processing svstem 1o receive notifications. For simplicity, FIG. 5 shows cach person 1D as a
whole number. The person D can be mapped to other datum, such as any of the datum
shown m FIG. 11 and FIG. 12

0123} Next, FIG. 6 shows example reference data 165 that can be stored as part of the
reference data 158, The reference data 165 comprises data mapped to EST ID for ¢leven EST
registered by the PS 130, The reference data 165 comprises data mapping hardware levels of
an MD to sofiware levels of an MD. The weference data 165 can mchude data mapped 1o a
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different number of EST 1D or a different number of hardware and software fevels of an MD
than shown in FIG. 6.
{0124] The PS 130 can determine what tvpe of EST is associated with the measurements
provided by the MD by referring to the EST ID associated with a registered MD within the
registration data 157 and then referring to the reference data 158 to determine the type, brand,
model 1D, current hardware level available for the EST, and the current software level
available for the EST. For example, the PS 130 can determine the measurement data for an
EST having an EST ID of AAS6 pertains to an EST known as a vehicle lift, and that has a
model number Pro-Lift 778 and a brand name ACME.,
{0125] The reference data 158 can comprise other data regarding an EST. For example, the
reference data can comprise a serial number associated with an EST, an operating voltage
{e.g., 120 VAC) of the EST, an clectrical frequency {¢.g., 60 Hz} of the EST, a normal
amperage value for the EST, a maximum amperage value for the EST, an stallation date
mdicating when the EST was mstalled at its current location, a service date indicating the last
date on which the EST was serviced, a sales person visit date indicating the last date on
which a sales person visited a shop where the EST i3 mstalled, a warranty start date, a
warranty end date, a warranty time period, or job definition values. As an example, the job
definition values can comprise a TA, a TT, or an MIT. The processor 152 can refer to the
reference data 158 to determine parameters to aggregate with a notification template, such as
a notification iemplate shown w FIG. 10
{0126} The processor 152 can determine whether a sofiware update is available for a
registered MD. The MD version 1D shown in FIG. 3 indicates hardware and software levels
of a registered MU such as the MD with the MD 1D 1. The reference data 165 comprises data
166 mdicating the latest software levels for the hardware level of the MD. For example, as
shown in FIG. 5, the software level for the MD associated with the MD 1D 1 having hardware
fevel HI 1s §1, and as shown in FIG. 6, the latest software level available for the same
version of hardware HI is 84 In response to determining a software update is available for an
MDD, the processor 152 can gencrate a notification and transmit a notification to a service
technician or salesman that can reprogram the MD. That notification can be generated using a
notification template, such as the notification template associated with notification 1D 23
shown i FIG. 10,
[3127)  Next, FIG. 7 shows example measurement data 90 and 190 v accordance with the
example embodiments. Each row of the measurement data 90 pertamns to a different time
period {(e.g.. a time period extending from a start time till an end time). Each row of the
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measurement data 190 pertains to different instance of time. An MD or two more MDs can
transmit measurement data that pertains to the same time pericd or the same mstance of time.
The measurement data that pertains to the same time period or same instance of time can
comprise measurement data for multiple electrical shop tools comnected to the MD.

{3128} The data in each row of the measurement data 90 and the data in each row of the
measurement data 190 can be (1) transmitted to the PS 130 over the network 129 from an
MD, (1) received by the PS 130, and {(ui) stored as part of the measurement data 159, The
MD 12 can transmit one or more rows of the measurement data 90 or 190 simultaneously.
[0129] The measurement data 90 includes MD 1D data 91, date data 92, start time data 93,
end time data 94, and data values 95, The measurement data 72 for an MD can include the
date data 92, the start tume data 93, the end time data 94, and the data values 95. The MD 12
can add the MD} ID data 91 {e.g., ©“17) to a stream of data including the date data 92, the start
time data 93, the end time data 94, or the data values 95 so that the PS 130 can determune
which measurement device transmitted cach row of the measurement data 90, The
measurement data 159 stored by the PS 130 can include the MD 1D data 91, the date data 92,
the start time data 93, the end time data 94, or the data values 95. The PS 130 can determune
whether the MDD that transmitted the measurement data 90 is online or offline {e.g., connected
or not connected to the network 129} and store the online status data 96 regarding the
measurement device that transmitied the measurement data 90, and the measurement data 90
as measurement and online status data 97, The data value for a particular time period can be
set 1o “null” or “0” or some other value when the online status for that particular time period
is offhne.

{0138} 'The date data 92 can include data indicating ong or more dates. For example, the
date can include a first date on which the start time in the start time data 93 occurred and a
seccond date on which the end fime in the end time date 94 occurred. For an occurrence, n
which the start time and the end time occurred on the same date, mformation ndicating a
single date can be stored to represent both the first date and the second date. The dashed lines
for the end time and data value in the bottom row of the measurement data 90 can indicate
that a value has not vet been received or that the measurement device associated with MD ID
1 1s offtine as represented by the online status data 96 for that bottom row. Multiple dates are
pseful where the measurement period end time falls on a date different than the date on which
the measurement time period began. Furthermore, the date can include time zone

mformation, or it may be unified date such as a UTC date.
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{8131} The online status data 96 can be stored with or separately from the measurement
data 159. A transmission of online status data to the PS 130 can be accompanied by the MD
1D 74 (e.g., the unigue 1), date information, time information, and the data values.
[3132] The measurement data 190 includes MD D data 191, date data 192, time data 193,
and data values 195, The measorement data 72 for an MD can include the date data 192, the
tme data 193, and the data values 195 The MD 12 can add the MD ID data 191 (e g, “27 10
a stream of data mcluding the date data 192, the time data 193, or the data values 195 so that
the PS 130 can determine which measurement device transmitted each row of the
measurement data 190. The measurement data 159 stored by the PS 130 can include the MD
1D data 191, the date data 192, the time data 193, or the data values 195 The PS 130 can
determine whether the MD that transmitted the measurement data 190 1s online or offline
{e.g., conmnected or not connected to the network 129y and store the online status data 196
regarding the MD that transmitted the measurement data 190, and the measurement data 190
as measurement and online status data 197, The data value for a particular instance of time
can be set to “null” or “07 or some other value when the onhine status for that particular
mstance of time is offline.
{3133} 'The date data 192 can mclude data indicating one or more dates. Each date of the
date data 192 mdicates the date on which the time m the time data 193 occurred. The dashed
limes for the time and data value i the bottom row of the measurement data 190 can indicate
that a vabue has not vet been received or that the measurement device associated with MD 1D
7 is offlinc as represented by the onlime status data 196 for that bottom row. The date can
melude time zone mformation, or it may be umfied date such as a UTC date.
{0134} 'The onhne status data 196 can be stored with or separately from the measurement
data. A transmission of online status data to the PS 130 can be accompanied by the MD 1D 74
{c.g., the unique 1D}, date mformation, tme imformation, and the data values.
{3135 Next, FIG. 8 depicts graphs 500 and 520 indicative of data points grouped as
machine ¢ycles or jobs. A data point can exist at cach end of a horizontal line segment within
a graph. For graph 500, the threshold amperage is greater than zero and the time threshold
508 18 greater 1s zero, whereas for graph 520, the TA 1s zevo and the TT 1s zero.
[8136] Graph 500 shows machine cycles 501, 502, 503, 504, 5035, and 506. Each of those
cveles begins when the measured amperage exceeds the TA and ends when the measured
amperage does not exceed the TA. Machine cyveles 501 and 502 are grouped as job 307 as
amount of time 511 between machine cyeles 301 and 502 is less than the TT 509, Machine
cycles 503, 504, 504, and 506 are grouped as job 308 since amounts of time 312, 513, and
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514 between machine cycles 503 and 504, 504 and 505, and 505 and 506, respectively do not
exceed the TT 509, The job 507 does not include any machine cycles after machine cvele 502
since the amount of time 310 between the end of machine cycle 502 and the start of machine
cvele 503 exceeds the TT 509,

{8137} Graph 520 shows machine cyeles 5321, 522, and 523, Each of the machme cycles
521, 522, and 523 starts when current usage by the EST is above zero amperes and ends
when current usage by the EST returns to zero amperes. Each of the machine cycles 521, 522,
and 523 18 a separate job. The machine cycles 521, 522, and 323 can be machine cycles of an
[F COMPressor as air compressors typically use zero amperes of current when the awr
compressor is off,

[0138] A usage cvcle time for cach type of EST typically has a different pattern. For
example a vehicle lift may have a short “on” period when the shop technician moves hifts
arms of the vehicle 1ift upward and then checks the lift pad positioning relative to the vehicle
frame, and then a longer “on” period in order to ift the vehicle off of the ground to a desired
working height. A brake lathe, however, may have an initial period where its motor 18 run to
adjust the lathe to the vehicle having brake components to be machined, and then a short
“off” period where the shop techuician places a chip deflector or silencer, and then tum the
lathe “on” to machine the brake component. As another example, an air compressor turns
“on” when the pressure of air in its storage tank is below a low pressure threshold and tums
“off” when the pressure of air in 1is storage tank reaches a high pressure threshold. The usage
cycle time the air compressor can take into account whether shop technicians are using
poeumatic tools while the air compressor ts on.

{0139} In the brake lathe example, if the TT is set to an amount of tme longer than an
expected “off” time between different wheels on a vehicle, but shorter than an amount of time
expected to move the lathe from a firet vehicle to a second vehicle, then the job would pertain
to a single vehicle. If the TT is set to an amount of time less than the espected “off” time
between different wheels on the vehicle, then the job would pertain to machining a brake
component at a first wheel position.

[8148] The PS 130 can generate and store data regarding jobs in the analyzed measurement
data 160, for example. Each job (also known as a job history} can comprise data regarding the

EST associated with the MDD that measured current usage by the EST. In one respect, the job

comprise an EST type, the TA and TT values for the EST type, and a minimum job time
(MIT) vahie for the EST type. In another respect, the job can be based on values for a
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particular EST model. In that respect, the data regarding the EST can comprise an EST
model, the TA and TT values for the EST model, and the MJT value for the EST model.
{0141] Next, FIG. 9 15 a table of mapped data 540 the processor 152 can use to deternune
which notification 1s applicable o sending in response to determiming occurrence of an
actionable condition. The reference data 158 or another part of the CRM 154 (such as the
CRPE 156} can store or inchude mapped data that the processor 152 can use to determine the
applicable notification. The mapped data 340 includes notification 1D 1 to 25 'The
notification 1D 1 to 10 pertain to a first EST referred to as an Acme brand Pro-Lift 778
vehicle Liff, seven different conditions, and four different roles. The notification ID 11 1o 20
pertain to a second EST referred to as a Brake-cut brand brake lathe model number 45899,
seven different conditions, and four different roles. The notification 1D 21, 23, 24, and 25
pertain to any type of EST, any EST brand, and any EST model. The notification 1D 22
pertains to a third EST referred to as an Al Tools brand air compressor mode! number 77845,
10142} An MD can be configured to be connected to a first EST and later disconnected
from the first EST and connected to a second EST. The PS 130 can store data i the CRM
154 that 1s indicative of a start date indicating when the MD is registered with the first EST
and an end date indicating when the MD is deregistered (e.g., no longer registered with the
first EST) with respect to the first EST. The MD may no longer be registered with the first
EST on the start date indicating when the MD s registered with the sccond EST. The end
date for the MD can be a null value if the MDB is still registered with the second EST.
{0143} A iob the processor 152 determines from the measurement data can be stored in the
analvzed measurement data 160. A job stored in the analvzed measurement data 160 can
comprise an MD 1D a start date or time, an end date or time, a time on during the job, a ime
off during the job, and amperage sunuvary statistics {e.g., a sum value, a mean value, a
minunum value, a maxunum value, efc.).
{4144} The processor 152 can evaluate and summarize the jobs based on measurements by
a single M and based on comparisons with jobs based on measurements by one more other
MD. As an example, the job summarics can indicate a percentage of an hour, day, week, or
month that an EST is active with jobs versus the EST bemng inactive. As ancther example, the
Job summaries can comprise a companson of the usage of an EST versus the average usage
of a similar EST in the same repair shop, or a similar EST used in a different repair shop, or
compared to sinular EST m a group of other repair shops. As vet another example, the job
summaries can comprise a comparison of jobs performed by an EST during a recent time
period to jobs performed by the EST during prior time peniods of similar duration to indicate
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whether usage of the EST has increased or decreased. As yet another example, the job
summarics can comprise an ndication that usage of the EST for a given time period is zero.
A notification indicating no usage of the EST can lead to an inference that the EST is broken
or the employees at the repair shop require traiming, for example. As vet another example, the
job summaries can comprise an indication that one model of an EST type at a repair shop 18
used more frequently than another model of the same EST type at the repair shop. As still vet
another example, the job sununaries can comprise an indication of usage of an EST for a
given time period, such as a wecek, month or year.
{0145} 'The processor 152 can summarize jobs for a particular EST and compare the job
summary to data represcnting a condition {or more simply “condition data” or a “rufe”). The
condition (i.¢., a rule) can be stored as part of the reference data 158 or in another part of the
CRM 154. The condition data can comprise a threshold, such as a life expectancy threshold
or a service interval threshold. The threshold can indicate an amount of time or a count of a
number uses, for cxample. The condition data can be conunon to all EST having the same
model number, or the same model number and the same hardware or software level.
10146} Aklernatively, the condition data can be vnigque to different instances of EST having
the same model number, or the same model number and the same hardware or sofiware lovel.
In this alternative approach, a first user, such as the owner of a first EST, can select a service
mterval different than a service interval selected by a second user for a second EST similar (o
first EST (e.g., the same tvpe of EST). For mstance, the scrvice interval selected by the first
user can be 1,000 hours and the service mierval selected by the second user can be 2,000
hours. As another example, the service interval selected by the first user can be 2,000 jobs
performed by the EST and the service mterval selected by the second user can be 1,000 jobs
performed by the EST.
{3147}  Other examples of the condition data include a nunimum value, a maximum value, a
mean value, a count, or a diagnostic trouble code. The condition data can be a value in
proximity to some other condition data valae, such as 90% of the life expectancy condition
data value defined for an EST, or 85% of the service micrval condition data value defined for
an EST.
[0148] Next, FIG. 10 i3 a table of mapped data 541 including example notification
templates mapped to example notification 1D numbered 1 to 25. In response to determining
occurrence of a condition, the processor 152 can search the mapping data 341 to determine a
notification mapped to the condition that occurred or exists. The notification [D 23 pertains to
a notification idicating a software update 1s avatlable for an MD.

38



WO 2018/023013 PCT/US2017/044406

{8149} FIG. 10 shows that a notification template, such as the notification template
associated with notification ID 1, can comprise a gap for insertion of a parameter. The gap is
represented by sguare brackets (i.e., “f 17). The paramecter is represented by the prefix “P7
followed bv a whole number. The gap and parameter is one way in which the processor 152
can customize a notification. FIG. 10 also shows that a notification template, sach as the
notification template associated with notification 1D 7, can comprise a complete notification
without parameter gaps for customizing the notification.

{8150} Examples of the parameters shown in FIG. 10 include the following: [P1} =
determined percentage of amount of life of EST used to date; |P2] = most recent date sales
person visited repair shop; [P3] = most recent date sales EST was serviced; [P4] = name of
person at repair shop; [PS] = name of repair shop; [P6] = name of service technician; [P7] =
telephone number; [P8] = most recent date EST was used; [P9] = quantity of jobs; [P10] =
tme period during which quantity of jobs occurred; [P11} = determined percentage in change
of jobs performed with respect to a prior time period; [P12] = EST type, and [P13] = time at
which MD determined to be offline. Other examples of a notfication D, a notification
template, other data mapped to a notification temaplate, or parameters insertable ntc a
notification template are possible.

[S1] Next, FIG. 11 is a table of mapped data 542, The mapped data 542 include datum
mapped to various person [Ds. Each person ID can be mapped to data regarding a person
registered to receive a notification from the PS 130, The person ID can be umique to cach
registered person even if two registered persons have the same name. For simplicity in the
drawings, each person ID 18 shown as a unique whole number. Other examples of a unique
person 1D are also possible.

{3152} As shown in FIG. 11, cach person 1D can be mapped to one or more of a person’s
name, a person’s role, a location 1B, a terntory (D, a brand, an EST type, and an EST model.
The name datum is indicative of a person associated with the person IB. The processor 152
can refer to the name datum to customize a notification. The role datum ig indicative of a
person’s job or position. The processor 152 can use the role data to determine whether a
person is to receive a notification for a particular actionable condition or what notification is
to be sent for the particolar actionable condition. For example, the processor 152 can
determine that a person acting in a sales person role 1s €0 receive a notification mdicating an
EST has not been used enough such that training on how to use the EST mayv be necessary.

As another example, the processor 152 can determine that a person acting in a service
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technician role is to receive a notification indicating that the EST experienced more than a
threshold amount of use such that servicing of the EST is recommended.
{3153} 'The location ID datum is indicative of a location, such as a location at which the
person works, a location at which the shop owner’s business is located, or a location at which
an MD or EST associated with the person is located. The territory ID datum 1s indicative of a
terrtory associated with a person, such as a sales person or service technician. Examples
formats of a location 1D and a terntory 1D are descnbed in other parts of this application.
[8154] The brand datum is indicative of a brand of an EST associated with a person.
Example brands are shown in FIG. 6, FIG. 9, and FIG. 11, A brand can be mdicative of &
manufacturer of the EST. The ES8T type is mdicative of a type of EST associated with the
person. The EST model is indicative of a particular EST model associated with a person. A
person can be associated with an EST type based on the person being trained or certified o
operate an EST, or to sell or service the EST indicated by the EST type. A person can be
associated with a brand or EST model based on the person being trained or certified to
operate that brand or model of the EST, or to sell or service that brand or model of the EST.
{8155 Next, FIG. 12 15 a table of mapped data 543, The mapped data 543 mchude datum
mapped to various person 1Ds. The person 1Ds 1 FIG. 12 correspond to the matching person
1Ds shown i FIG. 11, As shown in FIG. 12, each person 1} can be mapped to one or more of
a nottfication hierarchy, a destmation 1D, a notification 1D, a maximum notification per
period, a time penod, and a notification count. A person identified by a person ID can
generate or be provided with a user 1D and password to select or modify a personal setiing for
that person, such as any of the parameters shown in FIG. 12,
{8156} A notification hicrarchy can indicate an order of a type of notification to send to a
destination. As an example, the tvpes of notification can comprise a SMS message, an e-mail
message, a social media (SM) application notification, an MMS message, a web application
notification, or some other type of notification. The processor 152 can use the notification
hierarchy to send a second type of notification if the sending the first type of notification to a
destination was unsuccessful. The SM application notification or the web application
notification can be displaved on a display device operating as a client to a server that is
serving the display device a web application.
{0157} A person ID can be mapped to one or more destination IDs. Fach destination D can
be associated with the tvpe of notification{s) associated with the person 1D, such that a single
person 1D can be associated with multiple destination IBs. For example, the person 1D “17
can be associated with a telephone number 555-123-3458 to which a notification can be sent
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via an SMS message, and an e-mail address to which a notification can be sent via an e-mail
message. As an example, the destination IDs mapped to a person 1D can comprise an e-mail
address to which a notification in the form of an ¢-mail message can be sent and an account
handie (c.g., (c.g., a TWITTER® handle} to which a notification can be addressed. The PS
130 can determine where to send a notification by referring to the destination 1D
{3158] A person D can be mapped to one or more notification 3. The processor 152 can
deternune a notification template to use to generate a notification based on the notification 1D
mapped to the person 1D and the mapped data 541,
{8159} A person 1D can be mapped to a maximum nctifications per period. The processor
152 can refer to the maximum notifications per period and data indicative of a current period
to determine whether or not a maximum number of notifications have been sent to a
particudar destination during that time period. The processor 152 can refer to the period 1D to
determine how long the time period is for the maximum notification per period identifier. The
notification count can indicate how many votifications have been sent to the destination
during a current fime pericd. As an example, the mapped data 543 shows that sixteen e-mail
notifications have been sent to destination ¢-mail address for the person 1D “37 cut of the
maximunm number (fifty) of e~-mail notifications to be sent to that person daily.
[168] Next, FIG. I3 1s a table of mapped data 544 for use in a rule to determime an
actionable condition. The mapped data 544 includes parameters (1.¢., a service micrval and a
life expectancy) that can be used as a part of a condition, such as a condition shown in FIG. 9.
Other examples of parameters for use in a condition to determine an actionable condition are
possible.
{8161} The parameters in the mapped data 544 are mapped to at least one of an EST type
1D, an EST manufacturer 1D, or an EST model 1D, Those parameters could be mapped to
other data such as a hardware or software level of an EST, a role 1D, or a person 1D, for
example. The processor 152 can determing the rules for comparing against measurement data
pertaining to a particular EST with reference the mapped data 544 Rows A E, and | include
nudl values for EST manutacturer 1D and the EST model 1D such that the service interval and
Life expectancies of rows A, E, and I are applicable to rules pertaining to any brake lathe, any
vehicle Iift, and any air compressor, respectively. Row D includes a noll value for the EST
model such that the service mterval and life expectancy for row D is applicable to a rule
pertaining to any brake lathe manufactured by or for Al Tools. Rows B and C include a
service mterval and a life expectancy for brake lathes having a particular manufacturer and
model identificr. Rows F, G, and H mclude a service interval and a life expectancy for
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vehicle lifts having a particular manufacturer and model identifier. Rows J and K include a
service interval and a life expectancy for air compressors having a particular manufactarer
and model identifier.
E. Example Electrical Connections
{162} FIG. 14 shows a block diagram depicting conngction views 1, 2, and 3 of an AC
clectrical supply 10 and example connections to the AC electrical supply 16, The AC
clectrical supply 10 can be located in a structure, such as a vehicle repair shop or a building
used for other purposes. The AC electrical supply 10 can be connected to an electrical grid
that supplies AL clectricity to other stractures as well. Additionally or altermatively, the AC
clectrical supplv 10 can be connected to an clectrical generator configured for providing
electricity to electrical civcuits and devices at the structure. The AC electrical supply 10 can
cutput single-phase electricity or mudti-phase electnicity with a physical frequency. The
physical frequency, for example, can be 50 hertz (Hz) or 60 Hz. The electricity output by the
AC clectrical supply 10 can have a root-mean-squared (RMS) voltage value of approximately
120 volts AC, 240 volts AC, or 480 volts AC, and a peak voltage value of approximately 170
volts AC, 340 volis AC, or 680 volts AC, respectively. Other examples of the physical
frequency, BRMS voltage values or peak voltage values of electricity provided by the AC
electrical supply 10 are also possible.
{#163] The AC electrical supply 10 can include an electrical panel at which electrical
circuits can be connected to terminals within the electrical pangl FIG. 14 shows four
terminals T1, T2, T3 and T4 of the AC clectrical supply 10. An clectrical panel of the
example embodiments can include a number of terminals greater than or fewer than four
terminals. The connection view 1 represents a situation in which terminals T1 to T4 are not
connected outside of the AC electrical supply 10
[3164] DNext, the connection view 2 shows an EST 11 baving circuit leads 13 and 14
connected to the AC electrical supply 10 via electrical circuits 15 and 16. The circuit leads 13
and 14 can be connected to an clectrical motor at or within the EST 11 The electrical motor
at the EST 11 can include a single-phase AC motor. In ong case, the ternuinal T1 is connected
to an AC hne (i.¢., hot) circurt, and the termimal T4 1s connected to an AC neutral circuit. In
another cage, the terminal T1 15 connecied to an AC neutral circuii, and the terminal T4 15
connected to an AC hine (e, hot) circuit. In vet another case, the termimal T1 and the
termunal T2 are connected to AC hine (i.e., hot circuits) without a neutral wire connected 1o
the EST 11, although a ground wire (not shown) can be connected to both the EST and a
ground within the AL electrical supply 10, The EST 11 can be used one or more times before
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a MD 12 is mstalled within an electrical cirawt connected to the AC electrical supply 10,
Alternatively, the EST 11 may have never been used before the MD 172 is installed within an
clectrical circutt connected to the AC electrical supply 10.

{1168} The EST 11 can comprise any of a vanety of EST. In a first respect, the EST 11 can
comprise one or more electrical motors. This type of EST can be referred to as a motorized
EST or motorized shop tool. In this first respect, the EST 11 can comprise a vehicle Lift
configured 1o raise and lower vehicles, a wheel balancer, a brake lathe, a tire changer, a brake
dynamometer, a vehicle frame straightening machine, or a vehicle exhaust pipe bending
machine, for example. In a second respect, the EST 11 can comprise one or more clectrical
pumps. fn the second respect, the EST 11 can comprise an air conditioning service machine, a
fluid exchanger, a part washer, or an air compressor, for example. The thud exchanger could
be configured to exchange transmission fhud, brake system fluid, engine coolant, engine fuel,
or power steering system fluid, for example. In a third respect, the EST 11 can comprise an
EST without an clectrical motor and without an electrical pump. In the third respect, the EST
11 can comprise a battery charger, for example. In a fourth respect, the EST 11 can comprise
at least part of a hydraulic system, such that the EST comprises an electro-hydraulic system.

[3166] Table 1 provides more particular examples and detads regarding some of the
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EST Example Model Seller Details
Alr compressor BRA15312H SNAP-ON® Stationary, 120 gallon storage
tank, 15.0 HP / 3 phase pump -
175 max, PSI
AC service EEAC324B SNAP-ON® | ECO™ Plus A/C service center
maching {R134a} — 0.25 HP vacuum
punp
Brake 500/1 MAHA® Single roller dynamometer, 22
dynamometer EW motor
Brake lathe PFM 9.1 DRO PRO-CUT™ 1.OHP - 120 VAL / 1 phase /

60hz motor

Fluid exchanger EEFT304B SNAP-ON® Heavy duty transmission fluid
exchanger, with power steering
flaid exchanger foatures
Fluid exchanger EEBR311A SNAP-ON® Brake fluid flush system
Flaid exchanger EEFS305A SNAP-ON® Fuelkare' " Fuel service system
= 12VDC pump
Part washer PBD3222A SNAP-ON® 120 VAC / 60hz pump - rate 325
gallons per hour
Pressure washer SEPW30SHDE SNAP-ON® Cart mounted, cloctric power
{230 VAC /34A /| phase) / oil
fired - 3,000 max. PS1
Tire changer EEWH320A SNAP-ON® Swing arm tire changer
¥Vehicle exhaust 1302-BA-202 BENDPAK® Digital pipe bender
pipe bender
Vehicle frame Power-Pro 3000 | BLACKHAWK® 120 VAC - 1 phase - 60 Hz.
straightener SLHD
Yehicle Lift IBCs099MC SNAP-ON® JOHN BEAN® mobile column
automotive lift — 96,000 Ib.
capacity
Wheel balancer EEWBS17A SNAP-ON® JOHN BEAN® portable truck

wheel balancer

Table |

Other examples of the EST 11 are also possible.

10167

The examples 1 the details column in Table 1 shows different EST can have

different clectrical connections and different electrical ratings, such single phase or three

phase alternating current voltage. As a result, measurements of current used by the different

types of EST can be compared to different measarement profiles to determine whether or not

an actionable condition exists with an EST that was subject to measurements in accordance

with this description. Each measurement profile can comprise or represent a waveform over

tme {such as an electrical current waveform over a time), for example.

[0168]

In addition to having different measurement profiles for different types of EST, an

mdividual type of EST can be associated with different measurement profiles. For example,

an EST comprising a 64,000 pound vehicle lift can be associated with a measurement profile
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to compare to measurements of the vehicle lift when the vehicle 1ift s raising a vehicle, and a
measurement to compare {c measurements of the vehicle 1ift when the vehicle 1ift is lowering
a vehicle. Furthermore, a single type of EST, such as the 64,000 pound vehicle lifi, can be
associated with multiple measurement profiles based on a weight of a vehicle positioned on
the vehicle lift.

13169]  Ag another example, an EST comprising 3 battery charger can be associated with
multiplc measurement profiles, such as a measurement profile to compare to measurements
of the battery charger when the battery charger is charging a lead acid battery, a measurement
profile o compare tc measurements of the battery charger when the battery charger is
charging a lithium 1on battery, a measurement profile to compare to measurements of the
batterv charger when the batterv charger is charging a 12 volt battery, or a measurement
profile to compare to measurements of the battery charger when the battery charger is
charging a 42 volt battery, for example.

{0176} Next, the connection view 3 shows the EST 11 with the circuit lead 13 connected to
the termimal T1 via the electrical circuit 15, and the circuit lead 14 connected to a first portion
{c.g., a first end} of an electrical circwit 17, The termunal T4 1s connected to a second portion
{c.g., a sccond cnd) of the clectrical circuit 17, An imtermediate portion {¢.g., a portion
between the first end and the second end) of the electnical circuit 17 15 at the M 12, Since
the termunal T4 19 connected to a bot or neutral AC cirawt, the MD 12 can measure electrical
values pertaining to the hot or neutral AC circwt.

{0171}  Next, FIG. 15 shows a block diagram depicting connection views 4, 5, and 6 of the
AC clectrical supply 10 and cxample comnections to the AC electrical sopply 10, The
connection view 4 represents the situation i which terminals T1 to T4 are not connected

outside of the AC clecirical supply 10. The connection views 5 and 6 represent an example of

multi-phase system, different amperages can oceur on different phases, but the total amperage
is the sum of current through N-1 circuit leads excluding the ground feads. For accurate
measurcment of amperage in a multi-phase system neluding an EST and a measurement
device, the measurement device measures N-1 number of wires in the AC connections to the
EST excluding any ground connection. For example, if the EST includes a three-phase motor
in a Y-configuration using four circuit leads, signals on three of the four circuit leads are to
be sampled by the measurement device.

{8172}  In particular, the connection view 5 shows an EST 25 having circuit leads 26, 27,
28, and 29 connected to the AL electrical supply 10 via electrical circuits 30, 31, 32, and 33.
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The circuit leads 26, 27, 28, and 29 can be comnected (o an clectnical motor at or within the
EST 23, The electrical motor at the EST 25 can include a multi-phase AC motor, such as a
two-phase or three-phase motor. In one example case, the termunals T1, T2, and T3 care
connected to AC line (i.e., hot) circumts, and the terminal T4 is connected to an AC neutral
circuit. In ancther example case, the terminal T1 is connected to an AC neutral circutt, and
the terminals T2, T3, and T4 are coungcted to AC lHne (i.e, hot) circuts. In ancther example
case, one of termunals T1, T2, and T3 15 connected to a ground cirenit and the other two
circuits are each comnected to a respective AC hine circuit or an AC line circuit and an AC
neutral eircuit, and the terminal T4 is connected to an AC neutral circuit if the termunals T1 to
T3 arc cach connected to a respective AC line circuit or an AC line circutt if onc of the
terminals T1 to T3 1s connected to an AC neutral circuit. The EST 25 can be used one or
more times before the MD 12 15 installed for measuring electrical values pertaining use of the
EST 25,
10173} The EST 25 can include various motorized shop tools. For example, the EST 25 can
mehude a vehicle 1ift configured to raise and lower vehicles. As another example, the EST 25
can mclude one of the followmg machines: a wheel balancer, a brake lathe, an air
corapressor, a tire changer machine, a brake dvnamomcter, a fluid flushing machine, a battery
charger, a vehicle frame straighteming machine, an air conditioning service machine, or a
vehicle exhaust pipe bending machine. The EST 25 can include at least part of a2 hydraslic
system, such that the EST comprises an electro-hydraulic system. Other examples of the EST
25 are also possible.
[8174] Next, the connection view 6 shows the EST 25 with the circuit lead 26 connected to
the terminal T1 via the electrical circuit 30, the circuit lead 27 connected to the terminal T2
via the electrical circuit 31, the circutt lead 28 connected to the terminal T3 via the electrical
circuit 32, and the circwit fead 29 connected to the clectrical circuit 33, Portions of the
glectrical circuits 31, 32, and 33 are positioned between the EST 25 and the MD 12, and other
portions of the electrical circuits 31, 32, and 33 are positioned between the MD 12 and the
AC clectrical supplv 10. Since the terminal T4 can connect to a hot or neuiral AC circuit, the
MD 12 can measure electrical values pertamning to the hot or neutral AC circuit. In another
example embodiment, one or more of the electrical circuits 31, 32, and 33 may extend
between the AL electrical supply 10 and the EST 25 without extending to the MD 12,
[H18 EXAMPLE OPERATION
[3175] FIG. 16 18 a flowchart depicting a set of fonctions 200 {or more simply “the set
2007 that can be carried out in accordance with the example embodiments described in this
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description. The set 200 inclades the functions shown in blocks labeled with whole numbers
201 through 203 mclusive. The following description of the set 200 wcludes references to
clements shown in other figures, but the functions of the set 200 are not lumited to being
carnied out only by the referenced elements. A vanety of methods can be performed using all
of the functions shown in the set 200 or any proper subset of the functions shown m the set
200. Any of those methods can be performed with other functions such as one or more of the
other functions of the set 220 (shown i FIG. 17), an “a tunction pertaining to the set 2007
discussed elsewhere in this description, or another function discussed in this description. One
or more of the functions shown in the set 200 can be carned out multiple times in performing
a method n accordance with the example embodiments.
[8176] 'The set 200 refers to an EST. That EST can comprise any EST discussed o this
description or another EST. The set 200 provides for reporting data pertaining to use of the
EST.
{01771 Block 201 includes sampling, periodically by at least one processor (e.g., the
processor 533, a sensor signal gencrated or output by a sensor {e.g., sensor 52 or 61)
pertaining to use of an EST. The MD 12 can cutput a voltage reference signal {e.g., a five
voit DC signal) to the sensor that generates or outputs the sensor signal.
[3178] As an example, the sensor signal can include a voltage, a current, an audio signal, an
tmage, or computer-readable binary data. In accordance with an embodiment in which the
sensor 32 or 61 comprises a current transformer, the sensor signal can comprise a voltage
differential across a first transformer lead and a second transformer lead of a first current
transformer wncluding a first conductive coil with the first transformer lead and the second
transformer lead. The first conductive coil is configured with a ceniral passageway through
which a first conductor carrying alternating current to or from the clectrical shop can pass.
[8179]  As another example, the sensor signal can include a signal representing a detected
position [X(1}], velocity diX{t)], acceleration d"2[X(G3V/dt"2, or jerk d"3[X())/de"3. The
detected position, velocity, acceleration, or jerk pertains to an EST or some portion of an
EST, such as a shaft of a motor, a lift arm of a vehicle Lift, or some other portion of an EST.
A received sensor signal can be continuous {¢.g., zero 10 a maximum value), discrete (e.g.,
positions A, B, C), angular, or linear,
{0188f A function pertaining to the set 200 can comprise the processor 53 receiving timing
signals to deternine when to sample the sensor signal, record a time when each data value
mdicating a sampled sensor signal was sampled, or determine when the fransceiver 55 is to
transmit data indicating the sampled sensor signal In one respect, processor 53 can receive
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the timing signals from a real-time clock within the MD 12. In another respect, the processor
33 can cause the transceiver 33 to request the timing signals from a remote device within or
attached to the network 129, and the processor 53 can receive the timing signals received by
the transceiver n response to that request.

[3181] A function pertaining to the set 200 can comprise the processor 53 determining an
amperage value corresponding to each voltage differential sample. The stored data valoes
represent the determined amperage values.

[8182] Next, block 202 includes storing, at a non-transitory CRM 51, data values based on
the sensor signal sampled by the processor 53, The data values can be stored as the
measurement data 72,

{1183} A function pertaining to the set 200 can comprise the processor 53 determimung a
sampled sensor signal value for each periodic sample of the sensor signal, and the processor
53 scaling the sampled sensor signal values using a linecar scale to determine the data valoes
based on the sensor signal sampled by the processor 33, The CRM 31 can store these scaled
data values.

{0184] A function pertaining to the set 200 can comprise the processor 53 determining a
sampled sensor signal value for cach periodic sample of the sensor signal, and the processor
scaling the sampled sensor signal values using a non-linear scale to determune the data values
based on the sensor signal sampled by the processor 53. The CRM 51 can store these scaled
data values.

{0185} A function pertaining to the set 200 can comprise the processor 53 determining a
sampled sensor signal value for each periodic sample of the sensor signal, and summarizing
the sampled sensor signal values into an array or other data structure. The CRM 51 can store
this array or other data structure of data valucs.

[3186] A function pertamming to the set 200 can comprise the processor 53 determuning
values indicative of how a sensor signal changes over time such as a derivative, partial
derivative, integral, otc. of a sensor signal. The CRM 51 can storg the determined values
mdicating how a sensor signal changes over time.

{8187} Next, block 203 include transmitiing by the transceiver 55, the data values based on
the sensor signal sampled by the at least one processor 33 for transmission to the PS 130 for
determining an actionable condition of the EST based on the transmitted data values. The
actionable condition may mclude any of the actionable conditions discussed elsewhere in this

description or another actionable condition. Transmission of the data valaes based on the
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sampled sensor signal can including transmission of the data values directly to the network
129 or mdirectly to the network 129 via a gateway.
[3188] In one respect, the transceiver 35 can transmit the data values stored during a
preceding time interval at a next transmuission time occurring at an end of the preceding time
mterval if at least one data value stored during the preceding time wmterval represents a
current flow to the motor exceeded 0.0 amperes. In ancther respect, the transceiver 35 can
transmit the data values stored dunng a most-recent data coliection period upon a maximum
report-to-report time has elapsed.
{0189} In vet another respect, the processor 53 can postpone the transceiver 55 from
transmitting the data valucs stored during at least one preceding tume mterval at a next
transmission time occurring at an end of each of the at least one preceding time mterval if
each data value stored during stored during each of the at least one preceding time interval
represents a current flow o the motor was 0.0 ampercs. The transceiver 55 can transmit the
data values stored during a next preceding time interval at a next transmission time ocCuIring
at an end of the next preceding time interval if at least one data value stored during stored
during the next preceding time interval represents a current flow to the motor exceedad 0.0
amperes. The next preceding time interval occurs tmmediately after the at least one preceding
time interval.
3190} A function pertaining to the set 200 can comprise the network transceiver 55
transmitiing a device identifier and at least one time indicator along with the transmitied data
values. That device identifier 1s associated with at least one of the EST and a device including
a substrate on which the first corrent transformer, the at least one processor, and the first
network transceiver are mounted. The at least one time mdicator is associated with the
transmitied data values.
{3191} A function pertaming to the set 200 can comprise the processor 152 determining
the at least one actionable condition of the EST based on the data values transmitted by the
transceiver 35, the transceiver 153 transmitting notification of the at least one actionable
condition to at least one destination associated with the EST, and a display device associated
with the destimation receiving and displaying the notification of the at least one actionable
condition.
10192f Next, FIG. 17 is a flowchart depicting a set of functions 220 {or more simply “the
set 2207) that can be carried out in accordance with the example embodiments described in
this description. The set 220 includes the functions shown m blocks labeled with whole
numbers 221 through 224 inclusive. The following description of the set 220 includes
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references to elements shown in other figures, but the functions of the set 220 are not himited
to being carried out only by the referenced elements. A variety of methods can be performed
using all of the functions shown in the set 220 or any proper subset of the functions shown in
the set 220, Any of those methods can be performed with other functions such as one or more
of the other functions of the set 200 (shown in FIG. 16) or the set 330 (shown in FI(z. 21), an
“a function pertaining to the sct 2207 discussed elsewhere in this description, or another
function discussed in this description. One or more of the functions shown in the set 220 can
be carried out multiple times in performung a method in accordance with the example
embodiments.

{3193} The st 220 refers to at feast one processor and an EST. The at least one processor
can comprise the processor 152, The EST can comprise any EST discussed in this description
or ancther EST. The set 220 allows for providing a notification pertaining to an actionable
condition of the EST. The processor 152 can perform the set 220 for one or more different
EST. The processor 152 can repeat performing one or more functions of the set 220 for those
EST(s).

0194} Block 221 mchides receiving, by at least one processor {e.g., the processor 152},
measurement data transmitied by a measurement device {¢.g., the MD 12) connected 1o the
EST. The received measurement data can be stored i the CRM 154 as the measurement data
139.

10195}  Recciving the measurement data can comprise the transceiver 153 receiving a
comumunication {¢.g., ONC 0T MOTC COMMUBICALIONS) comprising a measurement datum. A
communication comprising a measurement datum or data can be arranged i any one of a
variety of configurations. As an example, a communication comprising a measurement datam
can comprise a 3-maple having a time stamp, a source identifier, and the measurement datum.
The source identifier can comprise at least one of an MD ID and an EST D

[3196] The measurement data can inchide the raw data the processor 53 samples from the
signal, data values output by the sensor 52, or data values generated by the sensor 52, The
measurement data can mclude a data valuc representing one or more digitized values of a
voltage differential sampled by the measurement device or at least one time value pertaiming
to the sampled voltage differential. As an example, the analyvzed measurement data can
mchide data representing one or more sets of at least two voltage differential samples
associated with one or more electrical circuits connected to one or more sensors, and cach of

the one or more sets represents a respective instance of using the EST,
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181971 Tumung to FIG. 18, example 3-tuples 350 that can be mcluded in a communication
compnsing a measurement daturn are shown. Each value Tx represents a time stamp, such as
a UTC time stamp. The time stamp can represent a tune when the MD determined the
associated measurement datum. For embodiments m which the measurement datum
represents multiple measurements, the time stamp can represent a start time mdicative of
when a first of the multiple measurements was made or an end time indicative of when a last
of the multiple measurements was made. For purposes of this description, the greater the
number X in Ty the more recent in time the time stamp. A communication including a
measurement datum or data can compnse a stat time and an end time pertaining to
measurement(s} made to obtain the measurement datum or data.

[0198] Each value 1Dy (where X equals 1, 2, or 3) represents an wdentificr, such as an MD
D of an MD that transmitted the communication comprising the measurement data or an
EST ID of an EST connected to that MD. For purposes of this description 13, can be the MD
with 1D “17 shown in FIG. 5, {3, can be the MD with ID “2” shown in FIG. 5, and ID+ can be
the MD with 1D 37 shown i FIG. 5

{8199} Each numeric datum following an 1Dy in a 3-tuple represents a measurement datum.
For simplicity, the measurement data arc shown as whole numbers 0 to 10. Other values of
the measurement datum, such as one or more hexadecimal bvites of data, are possible. As an
example, cach measurement datum can comprise a data value representing one or more
digitized values of a voltage differential sampled by the MD 12. The units associated with the
measurcrent datum can be implied based on the EST associated with the IDx. As an
example, the units associated with the measurement datum can be amperes, volts, or some
other units.

{02084} The 3-tuples 550 inclade some 3-tuples with an “X” folowing an 1Dy The value
X7 represents a value the processor 152 can use to determine whether an MDD 1s online. At
time stamp Ty, the 3-tuples for 1Dy, 1D, and ID: include an X following the [Dx. The
processor 152 can use those 3-tuples to determine that the measurement devices with 1D ©17,
“27 and 37 were online at the time associated with the time stamp T4 In one respect, a
communication the processor 132 uses to deternune the MD 1s online can be sent m response
to a request the PS 130 transmits o reguest a status of an MD being online. In another
respect, a communication the processor 152 uses to determine the MD is online can be sent to
the PS 130 without being requested by the PS 130, Tn this latter respect, that conununication

can be sent as a heartbeat signal to provide notice the MD is online. The communications the
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processor 152 uses to determine online connectivity of measurement device need not be sent
at the same time, such as the communications sent at timme stamps Trg, 177, and Tog.

{0201} 'The processor 152 can deternune an MDD s offline in various ways. As an example,
the processor 152 may request an MD to send a commumication to indicate the MD 1s online.
If the processor 152 does not receive a response to that request 1n a threshold amount of time,
the processor 152 can determine the MD is offline. As another example, processor 152 can
determine that an MD if offline by deternmining the processor 152 has not received a
communication from the MD within a threshold amount of time {¢.g., 24 hours). For instance
if the 3-tuple at time stamp To7 represents 12:01 AM on 4 July 2017 and time stamp Toy
represents 12:01 AM on 35 July 2017, the processor 152 can determine that the MD with 1D
*27 is offline since the processor 132 had not received any communication from the MD with
1D “27 within 24 hours of 12:01 AM on 4 July 2017, Other examples of a time threshold to
determine the MD is offline are also possible.

10202} Next, FIG. 19 shows a subset of 3-tuples 551 including 1D, from among the 3-tuples
550. FIG. 19 shows groups of 3-tuples 552, 553, 554, 555, 556, 557, and 358. As an example,
those groups of tuples can include all the measurement data the processor 152 received from
the ME» with 1D “1” during equal time periads, such as an hour, day, week, or month, but at
different times. Companing the measurement data within the 3-tupple 551, the processor 152
can determine that the amount of use of the EST connected to that MD differ for cach of the
time periods associated one of the groups of 3-tuples 552 1o 538,

10203} As another cxample, a communication comprising a measurement datum can
comprise a 4-tuple having a time stamp representing a measurement start time, a time stamp
representing a measurement end time, a source identifier, and a measuwrement datum
representing a convuon measurement value for cach of multiple measurements made by the
MDD during the start time and the end time. The common measurement value can represent
two or more measurements of a voltage differential associated with one or more electrical
circuits connected to one or more sensors. For example, the voltage different could comprise
a voltage differential across two clectrical circuits of the MD 12 or a voltage ditferential
assoctated with electrical circuits connected to one or more of sensors 52 and 61.

[0204] As another example, the measurement data can comprise an array of datum. The
array can be arranged as a 2o+1 tuple where o equals a number of separate measurement
datum contained in the commumication. Each measurement datum can be associated with a
separate measurement time. As an oxample, a commuonication arranged as a Zn+l tuple
comprising twelve separate measurcment datum from the group of 3-tuples 553 could be
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arranged as follows: HD}, T}g 6, Tlf) 3, Tzo 05 Tg], 6, Tjj 3, Tgkg 0, TM 7, T25 3, ng; 05 Tg’; 7, Tjg
3, T 0.
[0205] As another example, the measurcment data can comprise one or more sets of at feast
two measurements made by the MD 12, such as measurements of a voltage differential
associated with one or more electrical circuits connected to one or more sensors. Each of
those sets of measurements can represent a separate job or machine cycle of the EST
connected to the MI» 12, As another example, a communication comprising measurement
data can comprise one or more images captured using an image sensor. Other examples of a
communication comprising a measurement datum or data are alsc possible.
[0206] Returning to FIG. 17, block 222 includes determining, by the at least one processor
{c.g., the processor 152), an actionable condition of the EST based on the measurement data.
Determining the actionable condition can comprise the processor 152 determining that the
measurement data matches a condition defining the actionable condition. As an example, the
actionable condition can comprise a condition of an EST that warrants transmitting at least
one of a notification regarding servicing the EST, a notification regarding the expected life of
the EST, a notification pertaining to financial benefit of an EST, a notification regarding a
sales opportunity pertaining to an EST, a notification regarding use or non-use of an EST,
and any other notification described in this desceription.
{02077 The condition defining the actionable condition can be referred to as a rule. The rule
can be arranged as logic executable by the processor 152, The processor 132 can evaluate the
rule by comparing a single measurcment datum to the rule or an aggregate of measurement
data to the rule. Accordingly, the actionable condition can be based on a single measurement
datom or an aggregate of multiple measurement values contained within the received
measurement data.
[0208] A rule can be applicable to all types of EST, such as a rule pertaining to use of the
EST or a rule pertaining to non-use of the EST. A rule pertaimning to use of the EST can
comprise a rule to determine a number of machine cyeles or jobs performed by the EST
during a particular time period. A rule to deternvine the number of machine cvcles or jobs can
define a machine cycle or job as described with respect to FI{G. 8. A rule pertaining to non-
use of the EST can comprise a rule to determing an amount of time since the EST last
performed a machine cycle or job. A role can be applicable to a particular type of EST, such
as a rule pertaining to all types of brake lathes, a rule pertaining to all tvpes of on-vehicle
brake lathes, a rule pertaining to all types of vehicle lifis, or a rule pertaining to all types of
two-post vehicle lifis. A rule can be applicable to a particular brand of an EST. A rule can be
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applicable to a particalar brand and model number of an EST. A rule can be applicable to a
particelar brand, model number and hardware or sofiware level of an EST.
{3209} 'The processor 152 can refer 1o the reforence data 158 to determine a data value for
use i a rule. For example, the reference data 158 can compnse a hife expectancy of a
particudar type of EST or a particular brand and model of EST {(see notification ID 1, 2, 11,
and 12 i FIG. 9). As ancther example, the reference data 158 can comprise time data
mdicating the last day a particular EST was serviced (see notification 1D 3, 4, 13, and 14 in
FIG. 9). As vet another example, the reference data 158 can comprise an expecied average
current value for a particular brand and mode! of EST (se¢ notification 1D 21 and 22 n FIG.
9.
[8216] As vet another example, the reference data 158 can comprise data indicative of
normal operating hoors for a repair shop at which the MD and EST are located or data
mdicative of additional MD and EST within a particular repair shop that include the MD and
EST. The processor 152 can use such reference information for a rule regarding uncxpected
ase of an EST. For mstance, the MD 12 can be connected to an EST compnising an air
compressor. The processor 152 can evaluate the rule to determine that the air compressor i
running at a time well beyond an expected operating hour. The rule can include a condition to
determine that other EST connected to a registered MDD are not used outside the expecte
operating hours. If the conditions of the rule are met, the processor 152, by evaluating the
rule, can determine the actionable condition is to report the unexpected use of the EST as the
unexpected use could mean that the air compressor has an air leak that causes the air
compressor to run pertodically even thoagh no other devices are using the air compressed by
the air comprossor.
{0211}  As vet another example, the processor 152 can evaluate a rule with respect to usc or
non-use of multiple similar EST in a repair shop using refercnce data mdicating the repair
shop has multiple similar EST. For instance, a repair shop can have three brake lathes and the
processor 152 can determine aggregates of measurement data for at least one of the brake
lathes and apply a rule based on those aggregates to determine, for example, that one of the
brake lathes s rarelv used compared to the other two brake lathes. A notification based on
such determination can be sent to a destination associated with a person having a sales or
service role to see if the rarely used EST requires service or if technicians at the repair shop
require training, for example.
[212] Smnce the processor 152 can evaluate a rule by comparing an aggregate of
measurement data to the rule, the processor 152 can be arranged to determine an aggregate of
34



WO 2018/023013 PCT/US2017/044406

the measurement data {e.g., multiple measurement values}. As an example, the aggregate of
multiple measurement values determined by the processor can comprise a count of pairg of
measurement values indicating the EST transitioned from an off state to an on state or the on
state to the off state during a particular time period. As another example, the aggregate of
multiple measurement values comprises a valoe indicating an amount of time the EST has
been operated in an on state. As yet another example, the aggregate of multiple measurement
values compriscs a value indicating an average time the EST was used on cach Sunday,
Monday, Tuesday, Wednesday, Thursday, Friday, and Saturday over a time period of one or
more weeks. Ag still vet another example, the aggregate of multiple measurement valaes can
corpnse a value indicating an average time the EST was used during a first time period for
comparison to at jeast one other aggregate of multiple measurements values for one or more
other ttme periods equal to the first time period, and the first time period is an hour, a day, a
week, a month, a quarter of year, or a year, for example.

{0213} The processor 152 can aggregatc measurement data by grouping the measurement
data into a machine cycle or a job. Accordingly, the processor 152 can aggregate
measurement data by grouping the measurement data into multiple machine cycles or
multiple jobs. An example of determming this type of aggregated data is discussed with
respect to FIG. 8 The processor 152 can determine an aggregate of multiple measurement
values contained within the received measurement data breaches a threshold associated with
an actionable condition.

{0214} Next, block 223 includes determining, by the at least one processor (e.g., the
processor 152), a notification indicative of the actionable condition. The CRM 154 can store
data that maps a notification to the acticnable condition. The notification mapped to the
actionable condition can comprisc a complete notification ready for transmission or a
notification template with a gap to be filled with a parameter before a completed notification
pertaming to the actionable condition is ready for transmission. The processor 152 can refer
to the stored data, such as the registration data 157 and the reference data 158 to determine
the notification indicative of the actionable condition and a paramecter if needed for
completing a template.

0215} Determuning the notification indicative of the actionable condition can include the
processor 152 following a rile (2.g., one or more rules) structured for determining the
notification. The rule can be included within the CRPI 156 or can be mcluded within the
stored data, such as the registration data 157 and the reference data 158, As an example, the
rule can comprise a rule to determine a notification associated with at least one of an HST
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type associated with the EST, a manufacturer of the EST, a model number of the EST, and a
role of a person associated with the MDY or the EST. If the notification regarding the
actionable condition depends on a version level of the EST (such as a hardware or sofiware
level), the preceding rule can include the version level in order for the processor 152 1o
determine the applicable notification to be transmitted.
10216}  As an example, cach row in the mapped data 541 can represent a rule or part of a
rule, such as a rule compnsing a Boolean operator. For example, based on the first row afier
the headers in FIG. 9, a first particular example rule could be wntten as: Determined
notification = notification 1D 1 IF (EST type = vehicle 1ift) AND (EST brand = ACME) AND
{EST model = Pro-Lift 778) AND (condition = usage > threshold % of life expectancy) AND
{role of person = sales person).
[9217F  As another example, based on the fifteenth row after the headers in FIG. 9, a second
particular example rule could be written as: Determined notification = notification ID 15 IF
{(EST tvpe = brake lathe} AND (EST brand = Brake-Cut) AND (EST model = 45899) AND
{condition = fault detected} AND (role of person = shop owner OR shop technician).
10218} Determining the notification can comprise the processor 132 determining the
notification based on the registration data associated with a particular person associated with
MD or the EST. FIG. 11 and FIG. 12 show example registration data for example people
associated with an MD or an EST conmected to an MD. As an example, the processor 152 can
determine the notification to be sent based on one or more of a notification hierarchy,
destination 1D, or notification 1D associated with a person registered with the PS 130. For
mstance, the processor 152 can refer to the mapped registration data shown i FIG. 11 and
FIG. 12 to determine the notification 1D 1 is applicable for sending to the person named Jane
Doc as an SMS message to the destination mobile identification mnber 555-123-3458,
{3219} The notification can pertain to an actionable condition of the EST or any other
actionable condition discussed in this description. As an example, the actionable condition
mcludes a maintenance condition of the EST, a sales phone call, an email of return-on-
mvestment data to the owner of the EST, or a warranty issue regarding the EST. Others that
may receive the notifications include, for example, sales staff, service staff, calibration staff,
lease companies, billing staff, etc.
{0228} Furthermore, the processor 152 can refer to the registration data 157 associated with
a registered person to determine whether or not to fransmit a notification to the registered
person based on ancther preference of the person such as a maximum notification per period
preference.
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{8221} Next, block 224 includes transmitthing, by the at lgast one processor {e.g., the
processor 152), the notification to the communication network 129, The notification is
addressed to destination identificr associated with at least one of the MDD 12 and the EST. The
PS5 130 can receive the destination identifier during performance of a function of the set 330,
such as the function 333, or otherwise. The processor 152 can determine the destination
identifier from the registration data 157 or the reference data 158, As an example, the
destination address can comprise an e-matl address, a short message service text message
number, a multimedia messaging service number, a mobile 1dentification number, 8 landhine
telephone number, or a social media account handle. A registrant can be associated with
multiple destination identificrs such that a notification is sent to multiple destinations or
according to a hierarchy of destinations preferred by the registrant.

10222} Determinng the destination identifier can comprise determining the destination 1D
is associated with a person associated with the MD 12 or the EST connected to the MD 12
Determining the destination identificr can comprise determining the location of the MD 12 or
the EST 13 within the territory associated with the person associated with the MD 12 or the
EST and determining the destination identifier is associated with the person associated with
the MD 12 or the EST.

[6223] A function pertaining to the set 220 can compnise receiving, by the at least one
processor 152 prior to receiving the measurement data, an identifier indicative of the
measurement device, an wdentifier mdicative of the EST, and the destination identificr, and
registering the MD 12, Registering the MD 12 can comprise storing within the CRM 154
registration data that associates the identifier indicative of MD 12 and the identifier indicative
of the EST to cach other and that associates the destination identificr with at least one of the

M 12 and the EST. In this way, the processor 152 can determine the destination identificr

wdentifier received with the measuwrement data. The identifier received with the measurement
data comprises at least one of the identifier mdicative of ME 12 and the identifier indicative
of EST. The processor 152 can address a notification with the destination identificr associated
with at ieast one of the MDD} 12 and the EST.

{0224} A function pertaming fo the set 220 can comprise receiving, by a destination
mdicated by the destination identifier, the notification. For example, a display device {e.g..
the DD 131, the DD 132, or the DD 133} can be associated with a mobile identification

number. The display device can receive the notification and output the notification via an

37



WO 2018/023013 PCT/US2017/044406

output device of the display device. Gutputting the notification can comprise displaying the
notification on a display.
{0225} A function pertaining to the set 220 can comprise the PS 130 providing a display
device with analysis data for viewing on the display device. For example, the PS 130 may
determine and provide a display device (associated with an owner of a repair shop or
otherwise} data indicating use of one or more EST (such as all EST owned by the owner}
over the course of a day or some other time period or by different categorics of EST.
[8226] A function pertaining to the set 220 can comprise the processor 152 determining a
status of the MD 12 being online or offline the network 129, and the CRM 154 storing the
status of the M 12, Examples of making that determination are described with respect to
FI(G. 18 and FIG. 19. The deternunation can be made for multiple MD at a single repair shop.
The MD 12 being offline can be considered an actionable condition of the MD 12, All
registered MD from a single repair shop being offline could indicate to the processor 152 of
another actionable condition. The processor 152 can determine whether or not a registrant s
to receive a notification {sach as the notification ID 24 or 25} regarding the MD(s) being
offline. An action taken in response o receiving such aotification can comprise modifying
the network data 77 in the MD 12 so that the MD 12 is arranged to comanmunicate via the
network 129,
{02277 A function pertaining to the set 220 can comprise deternining a destination
wdentifier of a destination for the notification. The processor 152 can determine the
destination identifier from the registration data 157 or the reference data 1538 The processor
152 can address the notification with the destination identifier.
10228} A function pertamning 1o the set 220 can comprise performing an action pertaining o
the actionable condition. As an cxample, the action can comprisc communicating the
actionable condition to another person. Communicating the actionable condition fo another
person can comprise placing a phone call, such as a sales phone call. During the phone call,
the discussing selling of another EST could ocour. Communicating the actionable condition
to another person can comprise generating and sending an e-mail message, such as an ¢-mail
comprising return-on-investment data.
8229} A function pertaining to the set 220 can comprise servicing the EST based on the
actionable condition. For example, servicing the EST can comprise repairing a fault with the
EST or a connection 1o the EST, such as wired connection between the EST and MD 12, Asg
another example, servieing the EST can comprise performing a maintenance function to the
EST when the actionable condition pertaing to a service interval associated with the EST. A
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maintenance function can comprise mspection function, such as inspecting a safety latch on a
vehicle Hft, or cleaning a slideway on a brake lathe. As vet another example, servicing the
EST can comprise receiving, by a device associated with the destination to which the
notification 1s addressed, the notification, and the device displaying or otherwise oufputting
the notification. As vet ancther example, servicing the EST can comprise addressing a
warranty issue regarding the EST.

v EXAMPLE DISPLAY DEVICE AND OPERATION

{8230} Next, FIG. 20 is a block diagram of an example display device 300, Any display
device or programuning device described in this description or shown in the other figures can
be arranged like at least a portion of the DD 300, The DD 300 can comprise at least one of a
processor 301, a user interface 302 a CRM 303, and a transceiver 304, Two or more of those
components are communicatively coupled together via a system bus, network, or other
connection mechanism 305. The DD 300 can comprise a power supply 306 and an electrical
circuit 307 that connects the power supply 306 to one or more components within the DD
300. Any display device described in this description can be referred to as a “computing
systern.” The DD 300 can be used to register an MDD connected to an EST. The DD 300 can
be used to display notifications determuned by the P5 130 with respect to an EST connected
to a registered MD.

[8231] A user mterface such as the user interface 302 or any other user mterface discussed
m this description can include one or more user interfaces. Each user interface can wnclude
one or more user interface (U1) input components 308 configured so that a user of a system or
device that includes the user interface can inpot data to or for ase by a processor or another
item of the systerm or device including the user interface 302, As an example, the Ul inpwt
components 308 can comprise a touch screen display, a user mput section having one or more
mput keys, a pomnting device such as a compuiing syvstem mouse, a kevboard {eg., a
OQWERTY kevboard}, a display pomter (eg.,

a computer mouse nput device}, or a
microphone for receiving spoken inputs. The Ul mput components 308 can comprise a
camera or some other capture device to capture images or multi-dimensional codes {e.g.,
guick response (QR) codes).

18232} A user interface such as the user interface 302 or any other user interface discussed
i this description can include one or more user interface (UL output components 309
configured for outputting {e.g., presenting} data to a user of the system or device including
the user mterface. As an example, the Ul output elements 309 can include a display for
visuaily presenting data, such as a notification, a data entry screen, a graphical user interface,
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measurement data, or analyzed measurement data. The display can compnse a display
implemented vsing any of a variety of technologies, such as a light emitting dicde (LED)
display, a liquid crystal display (L.CD), an organic LED (OLED) displav, an active-matrix
OLED display or some other type of display. As another example, the Ul output components
309 can nchude an apdio speaker to audibly present data to a user of the system or device
mcluding the user mterface. Some components, such as a touch screen display, can function
as both a Ul input component 308 and as a Ul output component 309,

18233} The CRM 303 can comprise at least one of computer-readable program instructions
310 and system data 311, The CRPI 310 can comprise one or more apphications 312
cxecutable by the processor 301, The CRPI 310 can comprise an operating system exccutable
by the processor 301, The application exccutable by the processor 301 can comprise a
browser application, such as the SAFARI®R wternct browser application, or the CHROMER
mternet browser application, for example. The browser application can request and display an
application served by a server, such as the PS 130. As an example, the browser application
can comprise a registration application by which a user of the DD 300 can register an MD or
EST with the PS 130, Ag ancther example, the browser application can comprise an
application by which the DD 300 can display a notification geverated by the PS 130 for the
person using the DD 300.

[0234] 'The system data 311 can comprise registration data for registering the DD 300 or a
person (such as a user of the DD 300) at the PS 130, As an cxample, the registration data can
comprise a mobile wdentitication number {¢.g., a telephone mumber} associated with the DD
300. As another example, the registration data can comprise a aser name, an ¢-mail address,
an employee number or some other data associated with a person to be registered. As vet
another example, the registration data can comprise data captured from an MD, such as an
mmage of the MD or a multi-dimensional code captured from the MD. As still vet another
example, the registration data can comprise a password associated with the DD 300 or an
account associated with a person. Registration of the DD 300 or any other DD to an MD can
occur at various times during life of a MD, such as while the MD 1s being mstalled at a repair
shop, after the MD 15 installed but prior to being used at the repair shop, or after the MD is
mstalled and has been used at the repair shop, for example.

10235] The system data 311 can comprise data received at the transceiver 304 from the PS
130, such as data pertaining to the use of an EST connected to a MD to which the DD 300 1g

registered. A display application 314 can be executed to cause at least a portion of the system
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data 311 to be displaved on a display of the Ul cutput components 309. Execution of the
display application 314 can cause a GUI to be displayed on the display.

{0236] An application within the applications 312 can be downloaded to the DD 300 by
way of the transcciver 304, As an example, the transceiver 304 can receive an application
downloaded to a transcerver 304 from the APP STORE® online retail store, from the
GOOGLE PLAY® onlineg retail store, or ancther source of the application. As an example, an
application can comprise a registration apphication 313 that is exccutable to request
registration of the DD 300, the MD 12, or an EST connected to the MD 12,

{0237} The power supply 306 can be arranged in various configurations. For example, the
power supply 306 can receive AC current from an AC elecirical supply and convert the AC
current to a DC current for supplying 1o one or more of the components within the DD 300
via the electrical circuit 307, As another example, the power supply 306 can include a battery
or be battery operated. As yvet ancther example, the power supply 54 can include a solar cell
o1 be solar operated.

[8238] Next, FIG. 19 18 a flowchart depicting a set of functions 330 {or morg simply “the
set 3307} that can be carried out in accordance with the example embodiments described in
this description. The set 330 includes the functions shown in blocks labeled with whole
numbers 331 through 337 inclusive. The following description of the set 330 includes
references to clements shown in other figures described in this description, but the functions
of the set 330 are not limited to being carried out only by the referenced elements. A variety
of methods can be performed using all of the functions shown in the set 330 or any proper
subset of the fimctions shown n the set 330, Any of those methods can be performed with
other functions such as one or more of the other functions of the set 200 (shown in FIG. 16}
or the set 220 (shown in FIG. 17}, a “function peraining to the set 3367 discussed clsewhere
m this description, or another function discussed m this description. One or more of the
functions shown n the set 330 can be carried out multiple times in performing a method in
accordance with the example embodiments.

10239]  Block 331 mcludes recetving a registration application. The DD 300 or a component
of the DD 300 (such as the processor 301, the CRM 303, or the transceiver 304) can receive
the registration application.

{0248} In one respect, the registration application can comprise a web application served by
a server (such as the PS 130 acting as a server, or the application server 138). The DD 300,

operating as a client, can via the processor 301 execute a browser application to request the
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registration application from the server. The transceiver 304 can receive the registration
application from the server.
{0241} In another respect, the registration application can comprise a vative application,
such as a registration application 313. As an example, the registration application 313 can be
stored i the DD 300 at the tume the DD 300 is manufactured. As another example, the
processor 301 can exccute a browser application to request and receive the registration
application 313 from the apphication server 138 via the network 129. The transceiver 304 can
receive the registration application 313 and then provide the registration application 313 to
the CRM 303 for storage.
{0242] The registration application 313 can comprise program instructions exccutable by
the processor 301 to perform one or more functions of the set 330, After the registration
application 313 has been stored in the CRM 303, a user can select the registration application
313 to be executed by the BD 300. Execution of the registration application 313 can include
the processor 303 initiating the registration application 313, lInitiating the registration
application can occur in response to selection of an icon representing the rogistration
application 313 from a display of the DD 300, The icon can be one of several displayed icons
representing muliiple applications that can be mitiated and executed by the processor 301,
Initiating the registration application 313 can include outputting a GUI to the display of the
DD 300 The GUI can compnise a menu with multiple selectors pertaiming to registration of
an MD {e.g., the GUI 355 shown in FIG. 23). The processor 301 can continue to execute the
registration application after initiation of the registration application until such time that a
user selects to end execution of the registration application {¢.g., by selection of an end
selector}.
{0243} Next, FIG. 22 shows details of the DI 300 and the MD 12 m accordance with an
example embodiment. The MD 12 can include a visible MD identifier that uniquely identifies
the MD 12, such as a visible MD identificr 78 or 79, The MD identifier 78 includes an alpha-
numernic identifier of the MDD 12, The MD identifier 78 or 79 can bg permanently or
temporartly associated with the MDD 12, A temporary M identifier can be provided to the
MD 12 and displayed on the display 75 during the process of registering the MD 12, The MD
wlentifier 79 comprises a multi-dimensional code indicative of the MD 12, The mult-
dimensional code can comprise a two-dimensional bar code, a data matrix code {¢.g., a quick
response (QR) code), or some other multi~-dimensional code. One or more of the MD
wdentifiers 78 and 79 can comprise an adhesive label with the MD identifier printed onto the
label. One or more of the MD identifiers 78 and 79 can comprise a metal tag with the MD
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wdentifier printed, stched or otherwise applied to the metal tag. Other examples of a visible
MD identifier are possible.
{0244} As shown in FIG. 22, the DD 300 comprises a capture device 350 {c.g., a scanner or
a camera). The capture device 350 can be connected to the processor 304 shown in FIG. 20,
The capture device 350 can comprise or be connected to a lens 352 that allows Light reflecting
from the visible MD identifier 78, the visible MD identifier 79, or some other chject to be
received at an tmage sensor of the capture device 350, A data file representative of a captured
tmage can be stored n the system data 311,
10245} The Ul output components 309 can compnse a display that displays a GUI 354 and
kevboard 356. The GUI 354 can comprise the keyboard 356. The GUI 354 can display one or
more data fields. For example, the GUI 354 can display an MD ID data ficld 358, an EST
data field 359, a display device 1D data field 360, or a user ID data field 362, The MD 1D
data field 358 can display an ID of the MD 12 entered via the kevboard 356 or captured by
the capture device 350, The EST data ficld 359 can display an 1D of the tvpe of EST
connected to the MD 12, The display device 1D data field 360 can display an ID of a display
device {e.g.. a display device for receiving notifications regarding the registered MD} entered
via the kevboard 356 or read from the CRM 303, The user 1D data ficld 362 can display an
wdentifier of a person entered via the keyboard 356 or read from the CRM 303, The person,
for example, can be an owner or emplovee affiliated with a repair shop at which the MD 12
and an EST connected to the MD 12 are located. The identifier of the person can comprise
that person’s name or an account associated with that person, such as an ¢-mail message
account.
10246} The GUI 354 can display various selectors. The processor 304 can determine
selection of a display selector has occurred and responsively perform one or more functions
associated with the selector. As an example, the selectors displaved on the GUI 354 can
comprise a capture selector 364, a register selector 366, an end selector 3638, a clear selector
370, or a menu selector 372, A function associated with the capture selector 364 comprises
capturing an image or scanncd representation of an M identifier. A function associated with
the register selector 366 is transnutting, by the transceiver 304, a registration reguest to the
PS 130 for registering the MD 12, The registration request can comprise data entered into the
MD ID data ficld 358, the display device ID data field 360, or the user 1D data field 362. A
function associated with the end selector 368 comprises ending execution of the registration
application 313. A function associated with the clear selector 370 is clearing data displaved in
one or more of the data fields {e.g.. the MD 1D data field 358, the display device 1D data ficld
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360, or the user 1D data field 362). Afterwards, different data can be entered nto the field
whose data was cleared. A fonction associated with the menu selector 372 is switching the
1313 300 to display 2 menu (¢.g.. the menu shown n FIG. 23).
{9247} Tuming to FIG. 23, the figure shows the user interface 302 of the DD 300
displaying a GUI 355, The GUI 355 displays a menu 375 and the keyboard 356, The menu
375 can be displaved during or in response to initiating the registration apphlication 313, The
menu 375 can also be displaved after mitiation of the registration application 313, such as
after selection of the mena selector 372, The mena 375 can display various selectors. The
processor 304 can determine selection of a selector displayed 1 the menu 375 has occurred
and responsivelv perform one or more functions associated with the selector. As an example,
the menu selectors can comprise at least one of) a register MD selector 376, a select user
selector 377, a display notifications selector 378, a register EST selector 380, a de-register
MD selector 387, a de-register EST 388 selector, and a reset service interval selector 389.
10248} A function associated with cach of those selectors comprises switching the contents
displayed on the display of the user mterface 302. Upon determining the register MD selector
376 has been selected, the user interface 302 can, for example, switch to displaying the GUI
354 and the MD 1D data field 358, Upon deternuning the sclect user selector 377 has been
selected, the user interface 302 can, for example, switch to displaying the GUI 354 and the
user 1D data field 362, Upon determining the display notifications selector 378 has been
selected, the user interface 302 can, for example, switch to displaying a GUI 357 and
notifications {as shown in FIG. 24). Upon determining the register EST selector 380 has been
selected, the user mterface 302 can, for example, switch to displaying a GUI with fields for
entering registration formation regarding an EST. Upon determining the de-register MD
selector 387 has been selected, the user interface 302 can, for example, switch to displaying a
GUI providing a selector to cause a registered MD to become de-regisiered. Upon
determining the de-register EST 388 selector has been selected, the user interface 302 can, for
example, switch to displaying a GUI providing a selector to cause a registered EST to
become de-registered. Upon determining the register reset service interval sclector 389 has
been selected, the user interface 302 can, for example, switch to displaying a GUI to allow a
user to reset a service interval for a particular EST. The menu 375 can include an end selector
379. A function associated with the end selector 379 comprises ending execution of the
registration application 313,
102491  Although FIG. 23 shows selectors described as being displayed after initiation of the
registration application 313, during an nstance of cxecuting the registration application 313,
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the processor 152 could perform functions other than registering an MD or EST, such as
displayving notifications, de-registering an MD or an EST or resetting a service interval for an
EST.
[02536] Tuming to FIG. 24, the user interface 302 of the DD 300 is shown displaying a GUI
357, The GUI 357 can be displaved by the DD 300 after the MD 12 has been registered, the
MDD 12 has provided data to the PS 130, and the PS 130 has determined a notification with
respect to the MDY 12, The GUI 357 displays user identification mformation 381, EST
mformation 382, notifications 383, a notifications graph 384, a menu selector 385, and an end
selector 386, The user identification information 381 can, for example, comprise a name of a
repair shop (e.g., “Al Auto Repair™) at which the MDD 12 is located, a geographical location
reference {e.g., Phoenix, Arizona, or a GPS location), and a name of a person affihiated with
the repair ship (¢.g., Butch Hamilton}. The EST information 382 can, for example, comprise
mformation that identifies the type of EST connected to the MD 12 {(e.g.. a vehicle Lift} and a
mode!l number of the EST {(e.g., model XL 44). The notification 383 can comprise any
notification the PS 130 determined with respect to the MD 12 or the EST comnected to the
MD 12, As an example, the notification 383 can indicate an expected hife expectancy of the
EST connected to the MD 12 or a date indicating the last time the EST was serviced. The
notifications graph 384 can, for example, mclude a graph representing an aggregate
measurement or a time series analysis performed by the PS 130. A function associated with
the menu selector 385 is switching the DD 309 to display a menu (e.g., the menu shown in
FIG. 23). A function associated with the end selector 386 comprises ending execution of the
registration application 313,
{0251} Returning to FIG. 21, block 332 comprises recetving input to request registration of
an MDD at the PS 130, Recetving the input to request registration of the MDD can comprise the
processor 301 determining an icon representing the registration application 313 has been
selected. Recetving the nput to request registration of the MD can include displaying the
GUI 355 mcluding the register MD selector 376, and the processor 301 determining selection
of the register MD selector 376 has occurred.
{8252} Next, block 333 comprises determining, a registration input to associate with the
MD. The processor 301 may determine the registration tnput by determining data entered into
a data field displayed in the GUI 354, For instance, the processor 301 mav determine
mformation regarding the EST connected to the MD or an MD that 1s to be connected to the
MD, the mformation indicating the owner or emplovee affiliated with a repair shop at which
the MD 12 and an EST connected to the MD 12 are located, or the information mdicating the
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display device at which notifications regarding the EST or the registercd M are to be sent.
The processor 301 may determine the information input into any of those ficlds is associated
with the MD by determining which MD is identified i the MD 1D data ficld 358,
[82533] Next, block 334 comprises determining an MD 1D of the M. As an example, the
processor 301 determunes the MD 1D by receiving an image of the visible MD 1D 78 or the
visibic MD 1D 79 from the capture device 332 and performing optical character recognition
of the image or converting the multi-dimensional code of the M} D, As another example,
the processor 301 determines the MD 1D from data entered using the Ul inpat components
308. For instance, the MD 1D can be entered by typing the MD 1D on the kevboard 338 as a
cursor in located within the M 1D data ficld 340, As vet another example, the MD 12 can
transmit its MD identifier to the transceiver 304 of the DD 300, The processor can store the
MD 1D 1n the CRM 303 {c.g., as part of the svstem data 311).
10254] Next, block 335 comprises outputting a registration request for the MD to be
regisicred at the PS 130, The registration request comprises a registration input {c.g., the
registration nput deternuned at block 333) and an MD identifier {¢.g., the MD identifier
determined at block 334} Accordingly, the registration request can comprse data displayed
within the data fields of the GUI 354. For example, the registration moput can comprise the
mformation regarding the type of EST connected or connectable to the MD, and the contact
mformation associated with or to be associated with the MD. The contact information can
mclude the display device identifier or mformation regarding the person affiliated with the
repair shop. The type of EST connectable to the MD would typically be a type of EST
expected to be connected to the MD for situations in which the MD 1s registered at the remote
processing system prior to conngcting an EST of that type to the MD.
{0255] Outputting the registration request can comprise the processor 301 transmutiing the
registration request to the transceiver 304 and the transceiver 304 transmutting the registration
request over the network 129 to the PS 130, For an embodiment in which the transceiver 304
i part of the processor 301, outputting the regisiration can request the processor 301
outputting the registration request directly to the network 129 for transmission to the PS 130,
The registration request can comprise a destination address of the PS 130 and a source
address of the BD 300. The transceiver 153 can receive the registration request transmitied
over the network 129 and can provide the registration request or content of the registration
request to the processor 152 for registering the MD.
[0236] Next, block 336 comprises registering the MD at the PS 130, Registering the MD at
the PS 130 can include the PS 130 receiving the registration request, determining the MD 1D
66



WO 2018/023013 PCT/US2017/044406

for the MD and the EST associated with or to be associated with the MD, and storing at least
a portion of the mformation within the registration request info the registration data 357.
Another function of the set 330 mcludes the PS 130 transmitting to the DD 300 over the
network 129 a notification indicating that the MD device has been registered.

{32871 Next, block 337 comprises receiving a notification the MD device has been
registered. The notification can be received by the transceiver 304, provided to the processor
301, and output by the processor 301 to a display of the Ul output components 309, The
notification can be displayed on the display.

{0258} Registering the MD allows the PS 130 to subsequently determing notifications with
respect to the MD or an EST connected to the MDD based on measuremnents the MD transmits
to the PS 130 and to send the notifications to a display device associated with the MD orto a
user account of a user associated with the registered MD. Additicnally, a salesperson may
have responsibilitics with respect to mohiple repair shops that inchide one or more registered
MDD and with respect to the EST connected to those registered MD. The notifications sent to
the display device associated with the MD can also be sent to the salesperson’s display device
so that the salesperson can view the notifications sent to multiple display devices associated
with the registered Ms.

[82539] A DD can be associated with a particular tvpe of EST built or sold by a particular
busingss entity, That DD can further be associated with a particular geographic area such that
the DD receives notifications pertaining to the particular tvpe of EST within the particuiar
geographic arca. For example, the particular type of EST can be brake lathes sold by Snap-
on® and located within Chicago, lllinots and surrounding counties in IHinois known as Kane
county and Lake Country.

V. EXAMPLE COMPUTING SYSTEMS

0260} As described above, the computing systems described herein can be any of a
number of different types of computing systems. FIG. 23 18 a functional block diagram
tHustrating an example computing system 450 used in a computing system that is arranged in
accordance with at least some embodiments described herein. In a basic configuration 451,
the computing system 450 can typically include one or more processors 432 and system
memory 454. A memory bus 459 can be used for commuunicating between the processor 452
and the system memory 454, Depending on the desired configuration, processor 452 can be
of any type mcluding but not limited to a microprocessor {uP}), a microcontroller (u(), a

digital signal processor {DSP), or any combination thereof. A memory controlier 453 can also

67



WO 2018/023013 PCT/US2017/044406

be used with the processor 452, or in some implementations, the memory controller 453 can
be an internal part of the processor 452.
{0261} Depending on the desired configuration, the system memory 454 can be of any
type mncluding but not limited to volatile memory (such as RAM), non-volatile memory (such
as ROM, flash memory, ete.} or any combination thereof. System memory 454 can nclude
one or more applications 435, and program data 457. The application 455 can include an
algorithm 456 that is arranged to perform the functions described as being performed by
execution of the CRPE 71, 156, or 310 or other functions described in this description. The
program data 457 can include system data 453 that can be directed to any number of types of
data, such as one more of the following types of data: the measurement data 72, the timing
data 73, the MD D 74, the registration data 157, the reference data 158, the measurement
data 159, the analyzed measurement data 160, the MD software updates 161, or the system
data 311, In some example embodiments, the applications 455 can be arranged to operate
with the program data 457 on an operating svstem exccutable by the processor 452.
[0262] The computing system 450 can comprise additional features or functionality, and
additional interfaces to facilitate comumunications between the basic configuration 451 and
any devices and interfaces. For example, data storage devices 460 can be provided mcluding
removable storage devices 461, non-removable storage devices 462, or a combination
thereof. Examples of removable storage and non-removable storage devices include magnetic
disk devices such as flexible disk drives and hard-disk drives (HDD), optical disk drives such
as compact disc {CD) drives or digital versatile disk (DVD) dnives, solid state drives (S5D),
and tape drives to name a few. Computer storage media can include volatile and nonvolatile,
non-transitory, removable and non-removable media implemented in any method or
technology for storage of mformation, such as compuier-readable program instructions, data
structures, program modules, applications, or other data such as the aspects described as
being stored i the CRM 51, the CRM 154, and the CRM 303,
10263} The system memory 454 and the storage devices 460 are examples of a CRM. The
system memory 434 and the storage devices 460 can inchide, but 1s not hinmited to, RAM,
ROM, EEPROM, flash memory or other memory technology, CDB-ROM, digital versatile
disks {(DVD) or other optical storage, magnetic cassettes, magnetic fape, magnetic disk
storage or other magnetic storage devices, or any other medivm which can be used to store
the desived mformation and which can be accessed by the computing svstem 450, The CRM
51, the CRM 154, or the CRM 303 can comprise the system memory 454 or the storage
devices 460.
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{8264} The computing system 450 can include or be implemented as a portion of a small-
form factor portable (1.2, mobile) electronic device such as a smartphone (¢.g., an IPHONE®
smartphone trom Apple Ine. of Cupertino, California, or a GALAXY S® smariphone from
Samsung Electronics Co., Ltd. Of Maetan-Dong, Yeongtong-Gu Suwon-Si, Gyeonggi-Do,
Republic of Korea}, a tablet device (¢.g., an IPAD® tablet device from Apple Inc, or a
SAMSUNG GALAXY TAB tablet device from Samsung Electronics Lo, Lid), or a
wearable computing device (e.g., a wireless web-watch device or a personal headset device).
The CRPI 71, 156, or 310, the apphication 455, or the program data 457 can include an
application downloaded to a transceiver 35, 153, or 304, or the communication interfaces 467
from the APP STORE® online retail store, from the GOOGLE PLAY® online retail store, or
another source of the applications or the CRPT described herein.

[(3265] Additionally or alternatively, the computing system 450 can include or be
implemented as a personal computing system (including both laptop compuier and
non-laptop computer configurations), or a scrver. In some embodiments, the disclosed
methods can be implemented as CRPI encoded on a non-transitory computer-readable storage
media m a machine-rcadable format, or on other non-transitory media or articles of
manufacture. FIG. 26 15 a schematic illustrating a conceptual partial view of an example
coraputer program product 480 that mcludes a computer program for executing a computer
process on a compuating system, arranged according to at least some embodiments presented
herein.

{0266] The computing svstem 450 can also include output intertaces 463 that can include
a graphics processing unit 464, which can be configured to communicate to various external
devices such asg display devices 466 or speakers via one or more A/V ports 465 or a
communication wmterface 467, The communication intertace 467 can include a network
controller 468, which can be arranged to facilitate communications with one or more other
computing systems 470 over a network communication via one of more communication ports
469 The communication connection is one example of a communication media.
Communication media can be embodied by computer-readable program instructions, data
structures, program modides, or other data in a modulated data signal, such as a carrier wave
or other transport mechamism, and includes any information dehvery media. A modulated
data signal can be a signal that has one or more of its characteristics set or changed 1o such a
manner as to encode information in the signal. By way of example, and not hnutation,

communication media can mclude wired media such as a wired network or direct-wired
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connection, and wireless media such as acoustic, radio frequency (RF), infrared (IR} and
other wircless media.

[0267] In one embodiment, the example computer program product 480 is provided using
a signal bearing medium 481, The signal beanng mediuim 481 can include one or more
programming instructions 482 that, when executed by one or more processors can provide
functionality or portions of the functionality described above with respect to FiGs. 1-13. In
some examples, the signal bearing medium 481 can encompass a CRM 483, such as, but not
hmited to, a hard disk drive, a Compact Disc (CD), a Dhgital Video Disk (DVD), a digital
tape, or any other CRM described herein. In some implementations, the signal bearing
medium 481 can cncompass a compuier recordable medium 484, such as, but not limited to,
memory, read/write (RAW) CDs, R/W DVDs, eic. In some implementations, the signal
bearing medium 481 can encompass a communications medivm 485, such as, but not limited
to, a digital or an analog communication medium {¢.g., a fiber optic cable, a waveguide, a
wired communications link, a wircless communication link, etc.). Thus, for example, the
signal bearing medium 481 can be conveyed by a wircless form of the commumications
medium 485 {e.g., a wireless commuunications medium conforming to the IEEE 80211
standard or another transpuission protocol).

[3268] The one or more programming mstructions 482 can be, for example, computer
gxecutable or logic mmplemented instructions. In some examples, a computing system sach as
the computing system 450 of FiG. 25 can be configured to provide varicus operations,
functions, or actions m respounse to the programming mnstructions 482 conveved to the
computing system 450 by one or more of the CRM 483, the computer recordable medium
484, or the communications medium 483,

{0269} (Oue or more of the processors 33, 152, or 301 can be configured as the processor
452. One or more of the CRM 51, 154, or 303 can be configured as part of or all of the
system memory 454 or the storage devices 460. The aser interface 302 can be configured as
part of or all of the sutput interfaces 463 and the display device(s) 466, One or more of the
transceivers 535, 153, or 304 can be configured as part of or all of the comumunication
mterfaces 467.

VI DEFINITIONS AND CONCLUSIONS

3

10278}  In this description, the articles “a,” “an,” or “the” are used to introduce clemeunts of

the example embodiments. The mtent of using those articles is that there 1s one or more of the

clements. In this description, the mtent of using the term “or” within a list of at least two

clements or functions and the intent of using the terms “at least one of” and “one or more of”
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mnmediately preceding a list of at least two components or functions is to cover each
embodiment including a listed component or function ndependently and cach embodiment
compnsing a combination of the listed compovents or functions. For cxample, an
embodiment described as comprising “A, B, or C,” or “at least one of A, B, and C,” or “one
or more of A, B, and {7 is intended to cover each of the following possible embodiments: (i}
an embodiment comprising A, but not B and not , {i1) an embodiment comprising B, but not
A and not C, (i11) an cmbodiment comprising C, but not A and not B, (iv) an embodiment
comprising A and B, but not C, (v} an embodiment comprising A and €, but not B, {v} an
embodiment comprising B and C, but not A, and {vi) an embodiment comprising A, B, and
. For the embodiments comprising component or function A, the cmbodiments can
coraprise one A or multiple A. For the embodiments comprising component or function B,
the embodiments can comprise one B or multiple B. For the embodiments comprising
component or function €, the embodiments can comprise one C or multiple C. The use of
ordinal numbers such as “first.” “second.” “third” and so on is to distinguish respective
clements rather than to denote a particular order of those clements unless the context of using
those terms explicitly indicates otherwise.
{0271} In this description, the terms “data,” “wnformation,” and “content” are used
mterchangeably. The data can be transmitied and received. As an example, the transmission
of the data can occur directly from a transmitting device (e.g., a transmitier) o a receiving
device {e.g., a receiver). As another example, the transmission of the data can ococur indirectly
from the transmitier to a roceiver via one of one or more intermediary network devices, such
as an access point, an antenna, a base station, a hub, a modem, a relay, a router, a switch, or
some other network device. The transmission of the data can include transmutting the data
over an air interface {e.g., using radio signals {i.¢., wirclessly)). The transmission of the data
can include transmitung the data over a wire {¢.g., a single wire, a twisted pair of wires, a
fiber optic cable, a coaxial cable, a wiring hamess, a power line, a printed circuit, a CATS
cable, or CAT6 cable). The wire can be referred to as a “conductor” or by ancther term. As
an example, transmission of the data over the conductor can occur clectrically or optically.
{8272} The data can represent vanious things such as objects and conditions. The objects
and conditions can be mapped to a data stracture {¢.g., a table). A processor can refer to the
data structure to determine what cobject or condition is represented by the data. As an
example, the data received by a processor can represent a calendar date. The processor can
determineg the calendar date by comparing the data to a data structure that defines calendar
dates.
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182731 The data can comprise a set of images. A transcetver can transmit or receive a set of
images. Each image of a set of images can comprise a respective image fike, such as a file
with a “JPEG” extension {i.c., a JPEG file). The set of images can comprise multiple images
arranged as a video. Each video can comprise a respective video file, such as a file with an
“MPEGT extension (1.e., an MPEG filg). Transmission of a video can be referred to as
“streaming a video.” Streaming a video can occur using a real-time transport protocol (RTP)
o1 some other protocol.

{0274} This description refers to a vehicle and a vehicle repair shop. A vehicle 1s a mobile
machine that can be used to transport a person, people, or cargo. Auny vehicle described
herein can be driven or otherwise guided along a path {c.g., a paved road or otherwise) on
land, in water, in the air, or in outer space. Any vehicle described herem can be wheeled,
tracked, railed, or skied. Any vehicle described herein can include an automobile, a
motoreyele, an all-terrain vehicle (ATV) defined by ANSI/SVIA-1-2007, a snowmobile, a
personal watercraft {c.g., a JET SKI® personal watercraft), a light-duty truck, a medium-duty
truck, a heavy-duty truck, a semi-tractor, or a farm machine. As an example, a vehicle guided
along a path can include a van {such as a dry or refrigerated van}, a tank tratler, a platform
tratier, or an automobile camrier. Any vehicle described herein can include or use any
appropriate voltage or current source, such as a battery, an alternator, a fuel cell, and the hike,
providing any appropriate current or voltage, such as abouat 12 volts, about 42 volts, or the
like. Any vehicle described herein can mchude or use any desired system{s) or engine{s) o
provide its mobility. Those systen{s) or engine(s) can include vchicle components that use
fossil fuels, such as gascohine, natural gas, propane, or the like, electricity, such as that
gencrated by a batterv, magneto, fuel cell, solar cell or the like, wind and hybrids or
combinations thereof. Any vehicle described herein can include at lcast one of an clectronic
control unit (ECU}, a data hink connector (BLC), and a vehicle communication link that
comnects the DLC to the ECU.

10275}  Some vehicles can be identified by characteristics of the vehicle such ag when the
vehicle was built {e.g., a vehicle model yvear), who built the vehicle (c.g., a vehicle make),
marketing names associated with vehicle {e.g., a vehicle model name, or more simply
“model™), and features of the vehicle {e.g., an engme type). The intent of using an
abbreviation YMME or Y/M/M/E is that cach letter in the order shown represents a model
vear, vehicle make, vehicle model name, and engime type, respectively. The mtent of using an
abbreviation YMM or Y/M/M is that each letter in the order shown represents a model vear,
vehicle make, and wvehicle model name, respectively, Ao example Y/M/M/E s
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2004/ Tovota/Camry/4Cyl, in which “2004” represents the model vear the vehicle was built,
“Toyota™ represents the name of the vehicle manufacturer Toyota Motor Corporation, Aichi
Japan, “Canuy” represents a vehicle model built by that manufacturer, and “4Cvyl” represents
a an engine type (1.e., a four cvlinder mnternal combustion engine) within the vehicle. A
person skilled 1 the art will understand that other featares in addition to or as an alternative
to “engine type” can be used to identify a vehicle. These other features can be identified
various manners, such as a regular production option {RPQ) code. such as the RPO codes
defined by the General Motors Company LLC, Detroit Michigan.
{0276} Example embodiments have been described above and relate to one of the
cnumeraicd example embodiment (EEEs) lListed below. Those skilled i the art will
understand that changes and modifications can be made to the described embodiments
without departing from the true scope and spirit of the present invention, which 1s defined by
the claims.
{02777 EEE Al 1s a system for reporting data pertaining to an actionable condition of an
clectrical shop tool, the system comprising: a sensor to output or generate a sensor signal
pertaining to use of the electrical shop tool; at least one processor to periodically sample the
sensor signal; a non-transitory computer-readable medium to store data values based on the
sensor signal sampled by the at least one processor; and a first network transceiver o transmit
the data values based on the sensor signal sampled by the at least one processor to a network
for transmission to a processing svstem for determining an actionable condition of the
clectrical shop tool based on the transmitted data values.
18278} EEE A2 is the system of EEE Al, wherein the at least one processor s configured
to determine a sampied sensor signal value for cach periodic sample of the sensor signal, and
wherein the at least one processor 1s configured to scale the sampled sensor signal values
using a linear scale to determine the data values based on the sensor signal sampled by the at
least one processor or using a non-linear scale to determine the data values based on the
sensor signal sampled by the at least one processor.
10279} EEE A3 is the system of EEE Al, wherein the at least one processor determings a
sampied sensor signal value for each periodic sample of the sensor signal, and wherein the at
least one processor is configured to scale the sampled sensor signal values using a non-lingar
scale to determine the data values based on the scosor signal sampled by the at least one
PrOCESSOT,
[0280] EEE A4 system of EEE Al whercin the sensor signal represents a detected position,
velocity, acceleration, or jerk, wherein the at least one processor is configured to determine a
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sampled sensor signal value for each periodic sample of the sensor signal, and whergin the at
least one processor is configured to summarize the sampled sensor signal values into an
array.

[0281] EEE AS system of EEE Al, wheren the sensor includes a first current transformer
mclading a first conductive coil with a first transformer lead and a second transformer lead,
wherein the first conductive coil is configured with a central passageway through which a
conductor carrying aliernating current to or from the clectrical shop tool can pass, and
wherein the sensor signal represents a voltage differential across the first transformer lead
and the second transformer fcad.

{0282} EEE A6 systom of EEE A5, wherein the at least one processor determines an
amperage value comresponding to each voltage differential sample, and wherein the stored
data values represent the amperage values determined by the at least one processor.

10283} EEE A7 system of EEE AS or A6, wherein the conductor is an alternating current
hot wire.

[0284] EEE A8 system of EEE AS or A6, wherein the conductor is an alternating current
neuiral wire.

{0285] KEEE A9 system of any one of EEEs A1-A8, wherein the clectrical shop tool
coraprises a vehicle Lift, a wheel balancer, a brake lathe, an air compressor, a tire changer
machine, a brake dynamometer, a fhud flushing machine, a battery charger, a vehicle frame
straightening machine, an air conditioning service machine, or a vehicle exhaust pipe bending
machine.

[0286] EEE AlO system of any one of EEEs Al-A8 wherein the clectrical shop tool
compnses a vehicle lift.

{0287} EEE All svstem of any onc of EEEs Al-A8, wherein the clectrical shop tool
comprises a wheel balancer.

[0288] EEE Al2 system of any one of EEEs Al-A8, wherein the electrical shop tool
comprises a brake lathe,

10289} EEE Al3 system of any one of EEEs AI-AS8, wherein the clectrical shop tool
COMPTISES an air COMpressor.

{0290} EEE Al4 gystem of any one of EEEs Al-A8 wherein the clectrical shop tool
comprises a tirg changer machine.

[3291] EEE A3 svstem of anv one of EEEs Al-A8, wherem the electnical shop tool

comprises a brake dynamometer.
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182927 EEE Al6 system of any one of EEEs Al-A8 wherein the clectrical shop tool
compnses a fluid flushing machine.

{0293} EEE A17 system of any one of EEEs Al-A8, wherein the cloctrical shop tool
comprises a battery charger.

0294} EEE AIR system of any one of EEEs Al-A8, wherein the electrical shop tool
comprises a vehicle frame straightening machine.

10295} EEE Al9 system of any one of EEEs AI-AS8, wherein the electrical shop tool
comprises an air conditioning service machine.

10296} EEE A20 gystem of any one of EEEs A1-AS8, wherein the shop electrical equipment
coraprses a vehicle exhaust pipe bending machine.

{8297} EEE A21 svstem of any one of EEEs A1-A20, further comprising: a substrate; and a
power supply to receive an aliemnating current as an imput and to output a direct current to the
at least one processor and the first network transceiver, wherein the power supply, the at least
one processor, and the first network transceiver arc mounted on the substrate and connccted
to cach other.

[0298] FEFE AZ2 svstem of any ong of EFEs A1-A20, further comprising: a substrate; and a
housing, whercin the at least one processor, the computer-readable medium, and the first
network transceiver are mounted on the substrate, and wherein the substrate, the at least one
processor, the computer-readable mednum, and at least a portion of the transceiver are located
within the housing.

[0299]  EEE A23 svstem of anv one of EEEs A1-A22, further compnsing: a real-time clock
to output timing signals for use by the at least one processor to perform at least one of the
following functions: (1) determine when to sample the sensor signal, (i1} record a time when
cach data value mndicating a sampled scnsor signal was sampled, and (311) determine when the
first network transceiver is to transmit data indicating the sampled sensor signal,

[8300] EEE A24 system of any ong of EEEs A1-A23, wherein the non-~transitory computer-
readable medium comprisgs program nstructions exccutable by the at least one processor to
cause the first network transcciver to roquest time information from a remote device
comprising a sccond network transceiver, and fo use the time mformation as a basis to
perform at least one of the following functions: (1) determine when to sample the sensor
signal, (it} record a time when gach data value mndicating a sampled sensor signal was
sampied, and (11) determine when the first network transceiver is to transmit data indicating

the sampled sensor signal.



WO 2018/023013 PCT/US2017/044406

18301} EEE A25 system of any one of EEEs A1-A24, whercin the first network transceiver
transmits the data values stored during a preceding time inferval at a next transmission time
occurring at an end of the preceding time interval if at least one data value stored during the
preceding time interval represents a current flow to the motor excecded 0.0 amperes.
{3302] EEE A26 system of any one of EEEs A1-A24, wherein the first network transceiver
transmits the data values stored during a most-recent data collection period vpon a maximuim
report-to~-report time has elapsed.
18303} EEE A27 system of any one of EEEs A1-AZ4, wherein the at least one processor
postpones the first network transcerver transmitting the data values stored during at least ong
preceding time mtcrval at a next transmission tune occurring at an end of each of the at least
one preceding time interval if each data value stored during stored duning cach of the at least
one preceding time interval represents a current flow to the motor was 0.0 amperes, wherein
the first network transceiver transmits the data vahies stored during a next preceding time
mterval at a next transmission time occwring at an end of the next preceding time vderval 1f
at least one data value stored during stored during the next preceding time interval represents
a current flow to the motor exceeded 0.0 amperes, and wherein the next preceding time
nterval occurs immediatelv after the at least one preceding time interval.
[3304] EEE A28 system of any one of EEEs A1-A27, further comprising: the processing
aystem, wherein the processing system comprises at least a second processor, at least a
second computer-readable data storage device, and a second network transceiver {0 reccive
the data values transmitted by the first network transceiver, wherein the at least the second
processor 18 configured to determine at least one actionable condition of the electrical shop
tool based on the data values transmitted by the first network transceiver.
{6305} EEE A29 svstem of EEE AZ8, wheremn the at least the second processor is
configured 1o cause the second network transceiver to transmit notification of the at least one
actionable condition to at least one destination associated with the electrical shop tool.
10306} EEE A30 system of EEE A2¥, wherein the clectrical shop tool comprises a vehicle
fift, and wherein the at least one actionable condition indicates the vehicle ift has been raised
at least a threshold number of times since mstallation of the vehicle 1ift or a prior servicing of
the vehicle lift.
{8307} EEE A31 is the system of EEE AS, wherem the first network transceiver transmits a
device identifier and at least one time indicator along with the transmitted data values,
wherein the device identifier is associated with at feast ong of the electrical shop tool and a
device mchuding a substrate on which the first corrent transformer, the at least one processor,
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and the firet network transceiver are mounted, and wherein the at least one time mmdicator 18
associated with the transmitted data values.

[3308] EEE A32 is the system of any one of EEEs A1-A31, wherein the electrical shop tool
comprises at least one electrical motor.

{3309] EEE A33 is the system of any one of EEEs A1-A32, wherein the electrical shop tool
comprises at least one pump.

103106} EEE A34 is the system of any one of EEEs A1-A32, wherein the clecirical shop tool
does not include an glectrical motor and a pump.

{0311} EEE A35 is the svstem of any one of EEEs A1-A34, whercin the transmitted data
valucs represent use of the clectrical shop tool during one or more time periods occurring
prior to transmission of the data values.

{312} EEE A36 is the system of EEE A33, whercin the transmitted data values further
represent non-use of the clectrical shop tool during one or more time periods occurring prior
to transmission of the data values.

18313} EEE A37 is a method for reporting data pertaining to an acticnable condition of an
clectrical shop tool, the method comprising: sampling, periodically by at least one processor,
a sensor signal generated or outpui by a sensor pertaining to use of the electrcal shop tool;
storing, at a non-transitory compuier-readable medium, data values based on the sensor signal
sampled by the at least one processor; and transmutting, by a transceiver, the data values
based on the sensor signal sampled by the at least one processor to a network for transmission
10 a processing system for determining an actionable condition of the clectrical shop tool
based on the transmitted data values.

{8314} EEE A38% ig the method of EEE A37, further comprising: determining, by the at
least one processor, a sampled sensor signal value for each periodic sample of the sensor
signal, and scaling, by the at least one processor, the sampled sensor signal values using a
Iimear scale to determine the data values based on the sensor signal sampled by the at least
one processor or using 3 non-linear scale to determine the data values based on the sensor
signal sampled by the at least one processor,

{6313} EEE A39 is the method of EEE A37, further comprising: determining, by the at
least one processor, a sampled sensor signal value for gach periodic sample of the sensor
signal, and scaling, by the at least one processor, the sampled sensor signal values using a
non-hingar scale to determine the data values based on the sensor signal sampled by the at

feast one processor.
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18316} EEE A401g the method of EEE A37, wherem the sensor signal represents a detected
position, velocity, acceleration, or jerk, wherein the method further comprises: determining,
by the at lcast one processor, a sampled sensor signal value for cach periodic sample of the
sensor signal, and summarizing the sampled sensor signal values mnto an array.

{8317} EEE A4l is the method of EEE A37, wherein the sensor includes a first current
transformer mchiding a first conductive coil with a first transformer lead and a second
transtormer lead, wherein the furst conductive coil is configured with a contral passageway
through which a conductor carrving alternating current to or from the electrical shop tool can
pass, and wherein the sensor signal represents a voltage differential across the first
transformer lead and the sccond transformer lead.

[6318] EEE A42 is the method of EEE A41, further compnsing: deternuning, by the at
least one processor, an amperage value corresponding to each voltage differential sample, and
wherein the stored data values represent the amperage values determined by the at least one
Processor.

183197 EEE A43 15 the method of EEE A4l or A42, wherein the conductor is an alternating
current hot wire.

[63208] EEE A44 15 the method of EEE A41 or A42, wherein the conductor is an alicraating
current neutral wire.

{8321} EEE A45 1s the method of any one of EEEs A37-Ad4, wherein the clectrical shop
tool comprises a vehicle 1ift, a wheel balancer, a brake lathe, an air compressor, a tire changer
machine, a brake dynamometer, a fluid tflushing machine, a batiery charger, a vehicle frame
straightening machine, an air conditioning service machine, or a vehicle exhanst pipe bending
maching,

{03221 EEE A46 1s the method of any one of EEEs A37-A44, wherein the electrical shop
tool comprises a vehicle ift.

[8323] EEE A47 1s the method of any one of EEEs A37-A4d4, wherein the clectrical shop
tool comprises a wheel balancer.

10324} EEE A48 is the method of any one of EEEs A37-A44, wherein the cloctrical shop
tool comprises a brake lathe.

18325} EEE A49 1s the method of any one of EEEs A37-A44, wherein the electrical shop
tool comprises an air COMpPressor.

[3326] EEE AS30 1s the method of any one of EEEs A37-A44, wherein the clectrical shop

tool comprises a tire changer machine.
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183271 EEE AS!1 is the method of any one of EEEs A37-A44, wherein the electrical shop
tool comprises a brake dynamometer,
[3328] FEEE AS52 is the method of any one of EEEs A37-A44, wherein the electrical shop
tool compnises a fluid flushing machine.
183297 EEE AS3 1s the method of any one of EEEs A37-Ad4, wherein the clectncal shop
tool comprises a batterv charger.
10330} EEE A54 is the method of any one of EEEs A37-A44, wherein the clectrical shop
tool comprises a vehicle frame straightening machine.
{8331} EEE AS55 is the method of any one of EEEs A37-A44, wherein the electrical shop
too! comprises an air conditioning service machine.
[6332] EEE A36 1s the method of any one of EEEs A37-A44, wherein the shop electrical
equipment comprises a vehicle exhaust pipe bending machine,
108333} EEE AS57 is the method of any one of EEEs A37-A56, wherein a power supply, the
at least one processor, and the first network transceiver are connected to cach other and
mounted on a substrate, wherein the method further comprises: receiving, by the power
supply, an alternating current as an input, and ouvtputting, by the power supply, a direct
current to the at least one processor and the first network {ransceiver.
[3334] EEE A58 is the method of any one of EEEs A37-AS7, further comprismg:
cutputting, by a real-time clock, timing signals for use by the at least one processor to
perform at least one of the followmg functions: {1} determine when to sample the sensor
signal, (it} record a time when cach data value indicating a sampled sensor signal was
sampled, and (111} determine when the first network transcetver is (o transmit data indicating
the sampled sensor signal.
{3335} EEE A59 is the method of any one of EEEs A37-A38, wherein the non-transitory
computier-readable medium comprises program instructions executable by the at least one
processor to cause the first network transceiver to request time mformation from a remote
device comprising 3 second network transceiver, and to use the time nformation as a basis to
perform at least one of the followmmg functions: (i) determine when to sample the sensor
signaj, (1t} record a time when ecach data value indicating a sampled sensor signal was
sampled, and (111} determine when the first network transcetver is (o transmit data indicating
the sampled sensor signal.
[8336] EEE A60 is the method of any one of EEEs A37-AS9, further comprismg:
transmitting, by the first network transceiver, the data values stored during a preceding time
mterval at a next transnussion time occurring at an ond of the preceding time interval if at
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least one data value stored during the preceding time mterval represents a current flow to the
motor excesded 0.0 ampergs.

{6337} EEE A61 is the method of any one of EEEs A37-A59, further comprising:
transmitting, by the first network transceiver, the data values stored durning a most-recent data
collection period upon a maximum report-to-report tme has elapsed.

13338} EEE A62 15 the method of any one of EEEs A37-A59, wherein the at least one
processor postpones the first network transceiver transmitting the data values stored during at
least one preceding time interval at a next transmission time occuming at an end of cach of
the at least one preceding time interval if each data value stored during stored during each of
the at least one preceding time interval represents a current flow to the motor was 0.0
amperes, wherein the first network transceiver transmits the data values stored during a next
preceding time interval at a next transmission time occurnng at an end of the next preceding
ume interval if at least one data value stored during stored during the next preceding time
mterval represents a current flow to the motor exceeded 0.0 ampercs, and wherein the next
preceding time tnterval occurs immediately after the at least one preceding time interval.
{8339} EEE A63 15 the method of any ong of EEEs A37-A62, wherein the processing
system comprises at least one other processor, at least one computer-readable data storage
device, and a second network transceiver to receive the data values transmitted by the first
network transceiver, the method further comprising: determining, by the at least one other
processor, the at least one actionable condition of the clectrical shop tool based on the data
values transmitted by the first network transceiver.

18348} EEE A64 1s the method of EEE A63, further comprising: transmitiing

e

by the
second network transceiver, notification of the at least one actionable condition to at least ong
destination associated with the clectrical shop tool.
[3341] EEE A65 is the method of EEE A63, wherein the electrical shop tool comprises a
vehicle fift, and wherein the at least one actionable condition indicates the vehicle lift has
been raised at least a threshold number of times since mstallation of the vehicle lift or a prior
servicing of the vehicle hift.
18342} EEE A66 1s the method of EEE A63, further comprising: transmitting, by the first
network fransceiver, a device identifier and at least one time indicator along with the
transmitted data values, wherein the device identifier is associated with at least one of the
electrical shop tool and a device including a subsirate on which the first current transformer,
the at least one processor, and the first network transcetver are mounted, and wherein the at
least one time indicator is associated with the transmitted data values.
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18343} EEE A67 1s the method of any one of EEEs A37-A66, wherein the electrical shop
tool comprises at least one electrical motor.

[0344] FEE A68 is the method of any one of EEEs A37-A67, wherein the electrical shop
tool comprises at least ong pump.

18345} EEE A69 1s the method of any one of EEEs A37-A67, wherein the clectnical shop
tool does not include an electrical motor and a pump.

10346} EEE A70 is the method of any one of EEEs A37-A69, wheremn the transmitted data
values represent use of the electrical shop tool during one or more time periods occunrring
prior to transmission of the data values.

{6347} EEE A71 is the method of EEE A70, wherein the transmitted data values further
represent non-use of the electrical shop tool during one or more time perniods occurring prior
to transmission of the data valees.

10348} EEE A72 is a computer readable medium having stored thereon instractions
exccutable by at least onc processor to causc a computing svstem to perform functions
comprnising: sampling, periodically, a sensor signal generated or output by a sensor pertaining
to use of an electrical shop tool; storing data values based on the sensor signal sampled by the
at least one processor; and transraitting the data values based on the sensor signal sampled by
the at least one processor to a network for transmission to a processing system for
determining an actionable condition of the electrical shop tool based on the transmitied data
values.

{06349} EEE A73 is the computer readable medium of EEE A72, wherein the functions
further comprise: deternuning a sampled sensor signal valae for each periodic sample of the
sensor signal, and scaling the sampled sensor signal values using a hnear scale to determing
the data valucs based on the sampled sensor signal or using a non-finecar scale to determine
the data values based on the sampled sensor signal.

{83530} EEE A74 is the computer readable medium of EEE A72, wherein the functions
further comprise determining a sampled sensor signal value for each periodic sample of the
sensor signal, and scaling the sampled sensor signal values using a non-linear scale to
determine the data values based on the sampled sensor signal.

{8351} EEE A7S is the computer readable medium of EEE A72, wherein the sensor signal
represents a detected position, velocity, acceleration, or jerk, wherein the functions further
comprise: determuning a sampled sensor signal value for each periodic sample of the sensor

signal, and summarizing the sampled sensor signal values into an array.
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18352} EEE A76 is the compuier readable mediom of EEE A72 wherein the sensor
meludes a first current transformer including a first conductive coil with a first transformer
lead and a sccond transformer lead, wherein the first conductive cotl is configured with a
central passageway through which a conductor carrving aliemating current to or from the
electrical shop tool can pass, and wherein the sensor signal represents a voltage differential
across the first transformer lead and the second transformer lead.

10353} EEE A77 is the computer readable medium of EEE A76, wherein the functions
further comprise: determining an amperage value corresponding to each voltage differential
sample, wherein the stored data values represent the amperage values determined by the at
least one processor.

[3354] EEE A7R 1s the computer readable medium of EEE A76 or A77, wherein the
conductor 13 an alternating current hot wire.

13355} EEE A79 is the computer readable medium of EEE A76 or A77, wherein the
conductor s an alternating current neutral wire.

[8356] EEE ABO is the computer readable medium of any ong of EEEs A72-A79, wherein
the electrical shop tool comprises a vehicle hBft, a wheel balancer, a brake lathe, an air
corapressor, a tire changer machine, a brake dynamomcter, a fluid flushing machine, a battery
charger, a vehicle frame straighteming machine, an air conditioning service machine, or a
vehicle exhaust pipe bending machine.

13357} EEE A1 s the computer readable medium of any one of EEEs A72-A79, wherein

=2

¢ electrical shop tool compnses a vehicle hift.

{8358} EEE A2 is the computer readable medium of any ong of EEEs A72-A79, wherein
the electrical shop tool comprises a wheel balancer.

{0359] EEE AS3 is the computer readable medium of any one of EEEs A72-A79, wherein
the clectrical shop tool comprises a brake lathe.

[3368] EEE A4 is the computer readable medium of any one of EEEs A72-A79, wherein
the electrical shop tool comprises an air compressor.

{0361] EEE ARS is the computer readable medium of any one of EEEs A72-A79, wherein
the electrical shop tool comprises a tire changer machine.

183621 EEE A86 is the method of any one of EEEs A72-A79, wherein the electrical shop
tool comprises a brake dynamometer.

{3363} EEE AR7 is the computer readable medium of any one of EEEs A72-A79, wherein

the electrical shop tool comprises a fluid flushing machine.
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{0364} EEE ABS is the computer readable medium of any ong of EEEs A72-A79, wherein
the electrical shop tool comprises a battery charger.
{0365} FEEE AR9 is the computer readable medium of any one of EEEs A72-A79, wherein
the clectrical shop tool comprises a vehicle frame straightening machine.
{8366] EEE A90 is the computer readable medium of any one of EEEs A72-A79, wherein
the electrical shop tool comprises an air conditioning service machine.
{0367} EEE A91 is the computer readable medium of any one of EEEs A72-A79, wherein
the shop electrical equipment comprises a vehicle exhaust pipe bending machine.
{0368] EEE A92 is the computer readable medium of any one of EEEs A72-A%1, wherein
the functions further comprise requesting time information from a remote device comprising
a network transceiver, and using the time intormation as a basis to perform at least one of the
following functions: (i1} determining when to sample the sensor signal, {1} recording a time
when ¢ach data value indicating a sampled sensor signal was sampled, and (10} determining
when to transmoit data indicating the sampled sensor signal.
{6369} EEE A93 is the computer readable medium of any one of EEEs A72-A82,
wherein the functions further comprise: transmitting the data values stored during a preceding
time inferval at a next transmission time occurring at an end of the preceding time interval 1f
at least one data value stored during the preceding time interval represents a current flow to
the motor exceeded 0.0 amperes.
13370} EEE A94 is the computer readable medium of anv one of EEEs A72-A92,
wherein the functions further comprise: transnutting the data values stored during a most-
recent data collection peried upon a maximam report-to-report time has elapsed.
{8371} EEE AS9S5 is the computer readable medium of any one of EEEs A72-A92, wherein
the functions further comprise: postponing transmission of the data values stored during at
cast one preceding time interval at a next transmission time occurring at an end of each of
the at least one preceding time interval if each data value stored during stored doring each of
the at least one preceding time inderval represents a current flow to the motor was 0.0
amperes, wherein transmission of the data values stored during a next preceding time interval
at a next transmussion time occurring at an end of the next preceding time interval occurs if at
least one data value stored during stored during the next preceding time interval represents a
current flow to the motor exceeded 0.0 amperes. and wherein the next preceding time interval
occurs immediately after the at least one preceding time interval.
3372} EEE A96 is the computer readable medium of EEE A72, wherein the electrical
shop tool comprises a vehicle lift, and wherein the at least one actionable condition indicates
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the vehicle 1ift has been raised at least a threshold number of times since mstallation of the
vehicle Lift or a prior servicing of the vehicle lift.
{3373} EEE A97 15 the computer readable medium of EEE A72, wherein the functions
further compnise: transmitting a device identifier and at least one time indicator along with
the transmutted data values, wherein the device dentifier 1s associated with at least one of the
glectrical shop tool and a device mcluding a circuit board on which the first current
transformer, the at least one processor, and the first network transceiver are mounted, and
wherein the at least one time indicator is associated with the transnutted data valoes.
{0374f EEE A98 is the computer readable medium of any one of EEEs A72-A%97, wherein
the electrical shop tool comprises at least one clectrical motor.
{3375} EEE A99 is the computer readable medium of any one of EEEs A72-A98, wherein
the electrical shop tool comprises at least one pump.
108376} EEE A100 is the computer readable medivm of any one of EEEs A72-A98, wherein
the electrical shop tool does not include an electrical motor and a pumap.
183771 EEE A101 is the computer readable medm of any one of EEEs A72-A100,
wherein the transmutted data values represent use of the electrical shop tool during one or
more tune periods occurring prior to transmission of the data values.
{6378} EEE A102 is the computer readable medium of EEE A101, wherein the transmitted
data values further represent non-use of the clectrical shop tool during one or more time
periods occurring prior to transmission of the data values.
{6379} EEE B! is a method for providing a notification pertaining to an actionable
condition of an electrical shop tool (EST}, the method comprising: receiving, by at least one
processor, measurement data transmitted by a measurcment device comnected to the EST,
determining, by the at least one processor, the actionable condition of the EST based on the
measurement data; determining, by the at least one processor, a notification indicative of the
actionable condition; and transmitting, by the at least one processor, the notification 1o a
communication network, wherein the notification is addressed to a destination identifier
assoctated with at least one of the measurement device and the EST.
{6386} EEFE B2 1s the method of EEE B, wherein the measurement data includes a data
value representing one or more digitized values of a voltage differential sampled by the
measurement device, and wherein the measurement data mcludes or accompanies at least one
time value pertaining to the sampled voltage differential.
{3381} EEE B3 is the method of EEE B2, wheremn the at least one time value mnclades at
cast one of a start time of a sample period when the one or more digitized values equals a
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common value, and an end time of the sample period when the one or more digitized values
equals the common valug.

{6382} EEE B4 is the method of EEE B1, wherein the measurement data comprise ong or
more sets of at least two measurements of a voltage differential associated with one or more
electrical airautts connected 1o one or more sensors, and wherein cach of the one or more sets
of at least two measurements represents a separate job or machine cycle of the EST.

10383} EEE B35 is the method of any one of EEEs B1-B4, further comprising: receiving, by
the at least one processor prior to recetving the measurement data, an identifier indicative of
the measurement device, an wdentifier indicative of the EST, and the destination identifier;
registering, by the at least one processor, the measurement device, wherein registering the
measurement device comprises storing within a non-transitory memory registration data that
assoctates the wdentifier indicative of measorement device and the identifier indicative of the
EST to each other and that associates the destination identifier with at least one of the
measurcment device and the EST, determining, by the at least one processor based on the
registration data and an wdentifier received with the measurement data, the destination
wentificr associated with at least one of the measurement device and the EST, wherein the
identifier reccived with the measurcment data comprses at least one of the identifier
mdicative of measurement device and the identifier indicative of EST, and addressing, by the
at least one processor, the notification with the destination identifier associated with at least
one of the measurement device and the EST,

[0384] EEE B6 is the method of EEE BS, wherein the identifier indicative of the EST
comprises or 18 associated with at least one of an EST type identifier, an EST brand identifier,
an ENT model identifier, an ENT hardware level identifier, and an EST software level
identifior.

{3385} EEE B7 15 the method of EEE BS or B6, wherein the registration data further
comprises a role identificr that indicates a role of a person associated with the measurement
device or the EST, and whercin determining the notification comprises determining the
notification 1s associated with the role of the person associated with the measurement device
or the EST.

{0386} EEE B8 is the method of any one of EEEs B3-B7, whergin the registration data
further comprises a location identifier that indicates a location of the measurement device or
the EST, the method further comprising: determining, by the at least one processor, the

destination identificr for addressing the notification, wherein determining the destination
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wentifier comprises determining the destination identifier s associated with a person
associated with the location of the measurement device or the EST.
{0387] EEE B9 is the method of any one of EEEs B5-B7, wherein the registration data
further compnises a location identifier that indicates a location of the measurement device or
the EST, and wherein the registration data further comprises a territory identifier that
mdicates a territory associated with the person associated with the measurement device or the
EST, the method further comprising determining, by the at least one processor, the
destination identifier for addressing the notification, whercin determining the destination
wlentifier comprises determining the location of the measurement device or the EST is within
the territory associated with the person associated with the measurement device or the EST
and determining the destination identifier 1s associated with the person associated with the
measurement device or the EST.
13388} EEE B10 is the mecthod of any one of EEEs B3-BY, further comprising:
determining, bv the at least ovc processor, the measurement device is offline the
communication network for at least a threshold amount of time, wherein the actionable
condition pertains to notifving a person associated with the MD or the EST that the
measurement device s offline the communication network for at least the threshold amount
of time.
[3389] EEE Bl is the method of any one of EEEs B5-Bl0, further comprising:
determuning, by the at least one processor, an aggregate of multiple measurement values
contained within the received measurement data, wheremn the actionable condition 1s based on
the aggregate of multiple measurement values contained within the received measurement
data.
{6390} EEE Bi12 is the method of EEE Bll, whercin the aggresate of multiple
measurement values comprnises a count of pairs of measurement values indicating the EST
transitioned from an off state to an on state or the on state to the off state during a particular
time period.
{6391} EEE B13 is the method of EEE Bil or B12, wherein the aggregate of multiple
measurement values comprises a value indicating an amount of time the EST operated in an
on state during a particular time period.
{8392} EEE Bl4 is the method of any one of EEEs B11-B13, wherein the aggregate of
multiple measurement values comprises a value indicating an average time the EST was used
on cach Sunday, Monday, Tuesday, Wednesday, Thursday, Frdav, and Saturday over a time
period of one or more weeks,
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18393} EEE BI15 1s the method of any one of EEEs B11-B14, wheremn the aggregate of
multiple measurement values comprises a first aggregate value indicating an amount of time
the EST was used during a first time period and a second aggregate value indicating an
amount of time the EST was used during one or more other time periods eqgual n length to
the first ime period, and wherein a duration of the first time period is an hour, a day, a week,
a month, a quarter of vear, or a vear.

{0394} EEE Bl16 is the method of any one of EEEs B11-B15, further comprising:
determining the aggregate of multiple measurement values contained within the received
measurement data breaches a threshold associated with the actionable condition.

{6395} EEE B17 is the method of any one of EEEs B11-B16, wherein determining the
aggregate of multiple measurement values contained within the received measurement data
comprises grouping the received measurement data into data representing multiple jobs or
machine cycles.

{0396} EEE BIS is the method of any one of EEEs Bi1-B17, wherein the actionable
condition inchides a maintenance condition of the EST, a sales phone call, an email of return-
on-investment data of the EST, or a warranty issue regarding the EST.

{6397} EEE B19 13 the method of any one of FEEs B11-B13, wherein the destination
wdentifier comprises an ¢-mail address, a short message service text message number, a
multimedia messaging service number, a mobile identification mumber, a landline telephone
number, or a social media account handle.

{0398} EEE B20 is the method of any one of EEEs B11-B19, whercin determining the
notification comprises determining the notification is associated with at least one of an EST
tvpe associated with the EST, a manufacturer of the EST, a model number of the EST, and a
role of a person associated with the measurement device or the EST.

{6399} EEE B21 1s the method of anv one of EEEs B11-B20, wherein the EST comprises a
vehicle lift, a wheel balancer, a brake Iathe, an air compressor, a tire changer machine, a
brake dvnamometer, a fluid flushing machine, a battery charger, a vehicle frame straightening
machine, an air conditioning service machine, or a vehicle exhaust pipe bending machine.
{8406} EEE B22 1s the method of any one of EEEs B11-B21, further comprising: servicing
the EST based on the determined actionable condition of the EST.

{0401f EEE B23 is a computing sysiem comprising: a data storage device comprising a

measurement device connected to the EST; and at least one processor configured to refer to
the data storage device and programmed to) receive measurcment data transmitted by the
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measurement device connected to the EST, determine the actionable condition of the EST
based on the measurement data; determine a notification indicative of the actionable
condition; and transmit the notification to a communication network, wherein the notification
is addressed to a destination identifier associated with at least one of the measurement device
and the EST.

1#402] EEE B24 is the computing system of EEE B23, wherein the measurement data
mchudes a data valuc ropresenting one or more digitized values of a voltage differential
sampled by the measurement device, and wherein the measurement data includes or
accompanies at feast one time value pertainiog to the sampled voltage differential.

{0403] EEE B2S5 is the computing svstem of EEE B24, wherein the at least one time value
meludes at least one of a start time of a sample period when the one or more digitized values
equals a common value, and an end time of the sample period when the one or more digitized
values equals the common value.

[0404] EEE B26 is the computing system of EEE B23, wherein the measurement data
comprise one or more sets of at least two measurements of a voltage differential associated
with one or more clectrical circuits connected to one or more sensors, and wherein cach of
the one or more sets of at least two measurements reprosents a separate job or machine cvele
of the EST.

{3405] EEE B27 is the computing system of any one of EEEs B23-B26, whercin the at
least one processor is further configured to! receive, prior to recetving the measurement data,
an identifier indicative of the measurement device, an wdentificr indicative of the EST, and the
destination identifier; register the measurement device, wherein registering the measurement
device comprises storing within a non-transitory memory registration data that agsociates the
wdentifier indicative of measurement device and the identifier indicative of the EST to cach
other and that associates the destination identifier with at least one of the measurement device
and the EST,; determine, based on the registration data and an identifier received with the
measurement data, the destination identifier associated with at least one of the measurement
device and the EST, wherein the identifier received with the measurement data comprises at
least one of the identifier mdicative of measurement device and the dentifier indicative of
EST: and address the notification with the destination identificr associated with at least one of
the measurement device and the EST,

[3406] EEE B28 1s the computing svstem of EEE B27, wherein the identifier mdicative of

the EST comprises or is associated with at least one of an EST type identifier, an EST brand
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entifier, an EST model identifier, an EXT hardware level identifier, and an EST software
level identifier.

{0407] EEE B29 is the computing system of EEE B27 or B28, whercin the registration data
further comprises a role identifier that mmdicates a role of a person associated with the
measurement device or the EST, and whercin deternuning the notification comprises
determining the potification is associated with the role of the person associaied with the
measurcment device or the EST.

{0408] EEE B30 1z the compating system of any one of EEEs B27-B29, wherein the
registration data further comprises a location identifier that indicates a location of the
measurement device or the EST, wherein the at least one processor is further configured to:
determine the destmation wdentifier for addressing the notification, wherein determining the
destination identifier comprises determining the destination identifier 18 associated with a
person associated with the location of the measurement device or the EST.

Es B27-B29, wherein the

[0409] EEE B31 is the computing systom of anv onc of E
registration data further compriscs a location identifier that indicates a location of the
measurement device or the EST, and wherein the registration data further comprises a
territory identifier that indicates a territory associated with the person associated with the
measurement device or the EST, wherein the at least one processor 1s further configured 1o
determine the destination identifier for addressing the notification, wherein determining the
destination identifier comprises determining the location of the measurement device or the
EST is within the territory associated with the person associated with the measurcment device
or the EST and determining the destination identifier 1 associated with the person associated
with the measurement device or the EST.
{0418] EEE B32 1s the computing system of any one of EEEs B27-B31, whercin the at
cast one processor is further configured to: determine the measurement device is oftline the
commuunication network for at least a threshoeld amoont of time, wherein the actionable
condition pertains to notifying a person associated with the MD or the EST that the
measurcment device 18 offline the communication network for at least the threshold amount
of time.
{0411} EEE B33 1s the computing system of any one of EEEs B27-B32, wherein the at
least one processor is further configured to: determmine an aggregate of multiple measurement
values contained within the received measurement data, wheremn the actionable condition is
based on the aggregate of multiple measurcment values contained within the received
measurcment data.

&9



WO 2018/023013 PCT/US2017/044406

18412} EEE B34 is the computing system of EEE B33, wheremn the aggregate of multiple
measurement values comprises a count of pairs of measurement values indicating the EST
transitioned from an off state to an on state or the on state to the off state during a particular
time period.
{3413} EEE B35 15 the computing sysiem of EEE B33 or B34, wherein the aggregate of
multiple measurement values comprises a value indicating an amount of time the EST
operated in an on state during a particular time period.
{0414] EEE B36 1z the compating system of any one of EEEs B33-B35, wherein the
aggregate of multiple measurement values comprises a value indicating an average time the
EST was used on cach Sunday, Monday, Tuesday, Wednesdayv, Thursday., Friday, and
Saturday over a fime penod of one or more weeks,
{3415] EEE B37 is the computing system of anv onc of EEEs B33-B36, whercin the
aggregate of mukltiple measurement values comprises a first aggregate value indicating an
amount of time the EST was used during a first time period and a sccond aggregate value
mdicating an amount of time the EST was used during ong or more other time periods equal
in length to the first time period, and wherein a duration of the first time period is an bhour, a
day, a week, a month, a quarter of year, or a year.
{3416] EEE B3% 1s the computing system of any one of EEEs B33-B37, whercin the at
least one processor is further configured to: determine the aggregate of maltiple measurement
values contained within the received measurement data breaches a threshold associated with
the actionable condition.
{8417} EEE B39 is the computing system of any onc of EEEs B33-B38, whercin
determining the aggregate of multiple measurement values contained within the received
measurement data comprises grouping the received measurement data into data representing
multiple jobs or machine cyeles.
{3418] EEE B40 is the computing system of anv onc of EEEs B33-B39, whercin the
actionable condition includes a maintenance condition of the EST, a sales phone call, an
emai) of retum-on-mvestment data of the EST, or a warranty issuc regarding the EST.
{04191 EEE B4l 1s the computing system of any one of HEEs B33-B40, wherem the
destination identifier comprises an e-mail address, a short message service text message
number, a multimedia messaging service aumber, a mobile identification mumber, a landiineg
telephone number, or a social media account handle.
{3428] EEE B42 13 the computing systemn of any one of EEEs B33-B41, wherein
determuning the notification comprises determining the notification is associated with af least
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one of an EST type associated with the EST, a manofacturer of the EST, a model number of
the EST, and a role of a person associated with the measurement device or the EST.

{0421] FEEE B43 1s the computing svstern of any one of EEEs B33-B42, wherein the EST
coraprises a vehicle Lift, a wheel balancer, a brake lathe, an air compressor, a tire changer
machine, a brake dynamometer, a fhud flushing machine, a battery charger, a vehicle frame
straightening machine, an air conditioning service machine, or a vehicle exhaust pipe bending
machine.

184221 EEE B44 1s the computing system of any one of EEEs B33-B43, wherein the at
least one processor is further configured to service the EST based on the determined
actionable condition of the EST.

[8423] EEE B45 is a computer readable medium having stored thereon instructions
executable by at least one processor to cause a computing system to perform functions
comprising receiving, by the at least one processor, measurement data transmitied by a
measurement device connected to the EST; determining, by the at least one processor, the

actionable condition of the EST based on the measurement data; determuining

o0

by the at least
ong provessor, a notification indicative of the actionable condition; and transmitting, by the at
least one processor, the notification to a communication notwork, wherein the notification is
addressed to a destination identifier associated with at least one of the measurement device
and the EST.
13424} EEE B46 1s the computer readable medivm of EEE B45, wherem the measurement
data includes a data valuc representing one or more digitized values of a voltage ditferential
sampled by the measurement device, and wherein the measurement data includes or
accompanies at feast one time value pertainiog to the sampled voltage differential.
[0425] EEE B47 is the computer readable medivm of EEE B46, wherein the at least one
time value includes at least one of a start time of a sample period when the one or more
digitized values equals a common vahie, and an end time of the sample period when the one
or more digitized values equals the common value.
10426} EEE B48 is the computer rcadable medium of EEE B4S, wherein the measurement
data comprisc one or more sets of at least two measurements of a voltage differential
associated with one or more elecirical circuits connected to one or more sensors, and wherein
cach of the one or more scts of at least two mcasurements represents a scparate job or
machine cvcle of the EST.
{34271 EEE B49 is the computer readable mediom of any one of EEEs B45-B48, wherein
the functions further comprise: receiving, by the at feast one processor prior to receiving the
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measurement data, an identifier indicative of the measurement device, an identifier indicative
of the EST, and the destination identifier; registering, by the at least one processor, the
measurement device, wheren registering the measurement device comprises storing withio a
non-transitory  memory registration data that associates the identifier mdicative of
measurement device and the identifier indicative of the EST to each other and that associates
the destination identifier with at lcast one of the measurcement device and the EST,
determining, by the at least onc processor based on the registration data and an identifier
recerved with the measurement data, the destination ideniifier associated with at least one of
the measurement device and the EST, wherein the identifier received with the measurement
data comprises at least one of the identifier indicative of mcasurement device and the
wdentifier indicative of EST; and addressing, by the at least one processor, the notification
with the destination identifier associated with at least one of the measurement device and the
EST.
10428} EEE B30 1s the computer readable medium of EEE B49, wherein the identifier
mdicative of the EST comprises or s associated with at least one of an EST type identifier, an
EST brand identificr, an EST model identifier, an EST hardware level identifier, and an EST
software level identifier.
{3429} EEE B51 1s the computer readable medium of EEE B49 or B30, wherein the
registration data further comprises a role identifier that indicates a role of a person associated
with the measurement device or the EST, and wherein determining the notification comprises
determining the notification is associated with the role of the person associated with the
measurement device or the EST.
{0438f EEE BS5Z is the computer readable medium of anv one of EEEs B49-B51, wherein
the registration data further comprises a location identifier that indicates a location of the
measurement device or the EST, wherein the functions further comprise: determining, by the
at least one processor, the destination identifier for addressing the notification, wherein
determining the destination identifier comprises determining the destination identifier is
assoctated with a person assoctated with the location of the measurement device or the EST.
104311 EEFE B33 is the computer readable medium of any one of EEEs B49-B52, wherein
the registration data further comprises a location identifier that indicates a location of the
measurement device or the EST, and wherein the registration data further comprises a
territory identifier that indicates a terntory associated with the person associated with the
measurement device or the EST, wherein the functions further comprise determiming, by the
at least one processor, the destination wdentifier for addressing the notification, wherein
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determining the destination identificr comprises determining the location of the measurement
device or the EST 1s within the territory asscciated with the person associated with the
measurement device or the EST and determining the destination identifier is associated with
the person associated with the measurement device or the EST.
{3432] EEE B34 is the computer readable mediom of any one of EEEs B49-B33, wherein
the functions further comprise: determining, by the at least one processor, the measurement
device 1s offline the commumication network for at least a threshold amount of time, wherein
the actionable condition pertains to notifying a person associated with the MD or the EST
that the measurement device is offline the communication network for at least the threshold
amount of time.
[3433] EEE B35 is the computer readable medium of anv one of EEEs B49-B34, wherein
the functions further comprise: deternuining, by the at least one processor, an aggregate of
multiplc measurement values contained within the received measurement data, wherein the
actionable condition 1s based on the aggregate of multiple measurcment values contained
within the received measorement data.
{0434]f EEE BS56 is the computer readable mediom of EEE B35, wherein the aggregate of
multiple measurement values comprises a count of pairs of measurcment values indicating
the EST transitioned from an off state to an on state or the on state to the off state during a
particular time period.
13435} EEE B57 is the computer readable medium of EEE B33 or B56, wherein the
aggregate of multiple measuroment values comprises a value indicating an amount of time
the EST operated in an on state during a particular time period.
{0436] EEE B35S is the computer readable medium of anv one of EEEs B55-B57, wherein
the aggregate of multiple measurcment values comprises a value indicating an average time
the EST was used on cach Sunday, Monday, Tuesday, Wednesday, Thursday, Friday, and
Saturday over a time penod of one or more weeks.
134371 EEE B39 is the computer readable medivm of any one of EEHs B55-B38, wherein
the aggregate of multiple measurement values comprises a first aggregate value indicating an
amount of time the EST was used during a first time period and a second aggregate value
mdicating an amount of time the EST was used during ong or more other time periods equal
in length to the first time period, and wherein a duration of the first time period is an bhour, a
day, a week, a month, a quarter of year, or a year.
{3438] EEE B60 is the computer readable mediom of any one of EEEs B35-B39, wherein
the functions further comprise: determining the aggregate of multiple measurement values
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contained within the received measurement data breaches a threshold associated with the
actionable condition.

[0439] FEE B61 is the computer readable medium of anv one of EEEs B35-B60, wherein
determining the aggregate of multiple measurement values confained within the recerved
measurement data comprises grouping the received measurement data into data representing
multiplc jobs or machine cveles.

{0449] EEE Bo62 is the computer readable mediuvm of any one of EEHs B55-B61, wherein
the actionable condition inclodes a mantenance condition of the EST, a sales phone call, an
email of return-on-investment data of the EST, or a warranty issue regarding the EST.

[0441] FEE B63 is the computer readable medium of anv one of EEEs B35-B62, whercin
the destination identificr comprises an e-mail address, a short message service text message
number, a multimedia messaging service nomber, a mobile identification number, a landhine
telephone number, or a social media account handle.

{0442] EEE Bo64 is the computer readable mediuvm of any one of EEHs B55-B63, wherein
determining the notification comprises deternuining the notification 1s associated with at least
ong of an EST type associated with the EST, a manofacturer of the EST, a model number of
the EST, and a role of a person associated with the measurement device or the EST.

[3443] EEE B65 is the computer readable medium of anv one of EEEs B55-B64, wherein
the EST comprises a vehicle ift, a wheel balancer, a brake lathe, an air compressor, a tire
changer machine, a brake dyvnamometer, a fluid flushing machine, a battery charger, a vehicle
frame straightening machine, an air conditioning service machine, or a vehicle exhaust pipe
bending machine.

{0444] EEE B66 is the computer readable medium of anv one of EEEs B55-B65, wherein
the functions further comprise: servicing the EST based on the determined actionable
condition of the EST.

18445} EEE C1 1s a method comprising: receiving, by at least one processor of a display
device, an input to request registration of a measurement device by a remotc processing
system; determining, by the at least one processor, a registration input o associate with the
measurement device; deternuning, by the at least one processor, a measurement device
wlentifier of the measurement device; and outputting, by the at least one processor, a
registration request for the measurement device to be registered at the remote processing
system, the registration request comprising the registration input and the measurement device

wdentifier.
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{8445} EEE (2 is the method of EEE Cl, whercin the registration input comprises an
wlentifier of an clectrical shop tool connected or connectable to the measurement device,
{0447} EEE (3 15 the method of EEE C2, whercin the registration mput comprises an
wdentifier of a second display device configured to receive a notification from the remote
processing system with respect to the electrical shop tool.
13448} EEE (4 is the method of EEE (3, wherein the notification indicates an actionable
condition of the electrical shop tool.
18449} EEE (5 is the method of any one of EEEs C1-C4, wheren the registration input
compnses an identifier of a person affiliated with a repair shop at which the measurement
device and the clectrical shop tool are located.
[8450] EEE C6 15 the method of any one of EEEs C1-C35, further comprising: captunng, by
the at feast one processor, an image of a visible identifier of the measurement device, wherein
determining the measurcment device identifier comprises determining the measurement
device identifier from the capturcd image of the visible identifier.
18451} EEE C7 is the method of EEE C6, wherein the visible identifier compnises a multi-
dimenstonal code that encodes the measurement device identifier.
{0452} EEE C8 is the method of EEE C6, wherein the visible identifier comprises an alpha-
numernic measurement device identifier.
[84533] EEE (€9 1s the method of any one of EEEs C1-C8, further comprising: displaying,
by a display connected to the at least one processor, a first graphical user interface with a
menu selector; deternuning, by the at feast one processor, the menu selector has been
selected; and displaying, by the display, a second graphical aser interface with one or more
data fields for displaying the registration ioput.
[0454] EEE C10 15 the method of anv one of EEEs C1-C9, further comprising: receiving,
bv a transceiver connecied to the at least one processor, a registration application executable
by the at least one processor to perform the method of EEE Cl; and storing, by the computer-
readable medium, the registration application.
10455} EEE Cl11 is the method of any one of EEEs C1-C19, further comprising: receiving,
by the at least one processor, a notification indicating the measurement device has been
registered by the remote processing system: and displaying, by the display device, the
notification.
[8456] EEE C12 is the method of any one of EEEs C1-Cli, wherein receiving the mput (o
request registration of the measurement device includes receiving an input to sclect a
registration application to be opened by the display device.
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184571 EEE €13 is the method of any one of EEEs C1-C12, further comprising: displaying,
by the display device, a graphical user interface, the graphical user interface including a data
field at which the registration input is entered or displayed.

[3438] EEE Cl4 1s the method of EEE C13, wherein the input to select the registration
application to be opened by the display device comprises a request for a web page served by
the remote processing system.

{0459 EEE C15 13 a computing system comprising: a display; a computer-readable
medium; and at least one processor programmed to: receive an input fo request registration of
a measurement device by a romote processing system; determing a registration input to
associate with the measurement device; determine a measurcment device identifier of the
measurement device; and output a registration request for the measurement device to be
registered at the remote processing svstem, the registration request comprising the
registration input and the measurement device identifier.

10468] EEE Cl16 is the computing system of EEE Cl13, wherein the registration input
comprises an identifier of an electrical shop tool connected to or connectable o the
measurement device.

{0461} EEE C17 1s the computing system of EEE C16, whercin the registration jnput
comprises an identifier of a second computing svstem configured to receive notifications
from the remote processing system with respect to the electrical shop tool.

13462} EEE €18 is the computing system of EEE C17, wherein the notifications indicate an
actionable condition of the clectrical shop tool.

{8463] EEE Cl19 18 the compating system of any one of EEEs C15-C18, wherem the
registration input comprises an identifier of a person affiliated with a repair shop at which the
measurement device and the electrical shop tool are located.

[3464] EEE C20 1s the computing system of any one of EEEs C15-C19, whercin the at
least onc processor i3 programmed to captwre an mmage of a visible identifier of the
measurement device, and wherein determining the measurement device identifier comprises
determining the measurcment device identifier from the captured image of the visible
identifier.

{8465] EEE C21 is the computing system of EEE (€20, wherein the visible identifier
comprises a multi-dimensional code that encodes the measurement device identifier.

[3466] EEE €22 15 the computing system of EEE (€20, wherein the visible identifier

comprises an alpha-nameric measurement device identifier.
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18467 EEE C23 18 the compating system of any one of EEEs C15-C22, wherem the
computer-readable medivm comprises a registration application, and wherein the at least one
processor is programmed to execute the registration application to (1) reccive the mput to
request registration of the measurement device by the remotie processing system, (i1)
determine the registration input to associate with the measurement device, {111) determine the
measurement device identifier of the measurement device, and (iv) output the registration
request for the measurement device to be registered at the remote processing system.

10468] EEE €24 is the computing system of EEE C23, wherein the at least one processor is
programmed via the registration application to; output to the display connected a first
graphical user mterface with a menu selector, deternine the menu selector has been selected;
and output to the display a second graphical user interface with one or more data ficlds for
displaying the registration input.

13469 EEE (25 1s the computing svstem of any one of EEHs (C23-C24, further
comprising: a transcciver connected fo the at least one processor, whercin the transceiver s
configured to receive the registration application.

{0478f EEE (26 15 the computing system of any one of EEEs C15-C24, wherein the at
least one processor 1s programmed to: receive a notification indicating the measurement
device has been registered by the remote processing svstem; and output to the display the
notification.

13471} EEE €27 is the computing system of EEE (23, whercin the at least one processor is
programmed via the registration application to: cause the display to display a first graphical
user mterface with a meny selector, deternmune the menu selector has been selected; and
cutput to the display a second graphical user interface with one or more data ficlds for
displaying the registration mpug.

{34721 EEE C28 15 the computing system of EEE CI5, wherein the computer-readable
medium comprises a web browser application, wherein the at least one processor is
programmed to (1) receive the input to request registration of the measurement device by the
remote processing system, (i) determine the registration input to associate with the
measurement device, {11} deternune the measurement device identifier of the measurement
device, and output the registration request for the measurement device to be registered at the
remote processing system via a web page from the remote processing server, and wherein
execution of the web browser application comprises requesting the web page from the remote

pfOCBSSiﬂg SCIVEr.
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CLAIMS

We claim:

I. A gystem for reporting data pertaining to an actionable condition of an
glectrical shop tool, the system comprising:

a sensor to output or generaie a sensor signal pertaining to use of the electncal shop
tool;

at least one processor to periodically sample the sensor signal;

a nop-transitory computer-readable medium to store data values based on the sensor
signal sampled by the at least one processor; and

a first network transceiver 1o transmit the data values based on the sensor signal
sampled by the at least one processor to a network for transmission 1o a processing system for
determuning an actionable condition of the electrical shop tool based on the transmitied data

values.

2. The system of claim 1,
wherein the at least one processor i1s configured to determine a sampled sensor signal
value for cach periodic sample of the sensor signal, and

wherein the at least one processor is configured to scale the sampled sensor signal
values using a linear scale t¢ determine the data values based on the sensor signal sampled by
the at feast one processor or using a non-linear scale to determine the data values based on the

sensor signal sampled by the at least one processor.

3 The system of claim 1,

wherem the sensor signal represents a detected posifion, velocity, acceleration, or

jerk,

wherein the at least one processor is configured to determine a sampled sensor signal
value for cach periodic sample of the sensor signal, and

wherein the at least one processor 1s contigured to summarnze the sampled sensor

signal valaes mto an array.

4. The system of claim 1,



WO 2018/023013 PCT/US2017/044406

wherein the sensor inclades a first carrent transformer including a first conductive coil
with a first transformer lead and a second transformer lead, wherein the first conductive coil
is configured with a central passageway through which a conductor carrving alternating
current to or from the electrical shop tool can pass, and

wherein the sensor signal represents a voltage differential across the first transformer

cad and the second transformer lead.

3. The system of claim 4,

wherein the at least one processor determings an amperage value corresponding to
cach voltage differential sample, and

wherein the stored data values represent the amperage values determined by the at

feast one processor.

6. The system of claim 1, wherein the electnical shop tool comprises a vehicle
Lift, a wheel balancer, a brake lathe, an air compressor, a tire changer maching, a brake
dynamometer, a fluid flushing machine, a battery charger, a vehicle frame straightening

machine, an air conditioning service machine, or a vehicle exhaust pipe bending machine.

7. The system of claim 1, further comprising:

a reab-time clock to output timing signals for use by the at least one processor to
perform at least one of the following functions: (i) determine when to sample the sensor
signal, {11} record a time when each data valse indicating a sampled sensor signal was
sampled, and (1) determine when the first network transceiver is to transmit data indicating

the sampled sensor signal.

3. The system of claim 1, whercein the non-transitory compater-readable medium
comprises program instructions executable by the at least one processor to cause the first
network transceiver to request time information from a remote device comprising a second
network transceiver, and to usce the time information as a basis to perform at least one of the
following functions: (1} determine when to sample the sensor signal, (i1) record a time when
cach data value mdicating a sampled sensor signal was sampled, and (314} determine when the

first network transceiver 1s to transmit data mdicating the sampled sensor signal,
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9. The system of claim 1,

wherein the first network transceiver transmits the data values stored during a
preceding time interval at a next transmission time occurring at an end of the proceding time
mierval if at least one data value stored during the preceding time interval represents a
current flow to the motor exceeded 0.0 amperes, or transmits the data values stored during a

most-recent data collection period upon a maximum report-to-report time has elapsed.

10, The system of claim 1,

wherein the at least one processor postpones the first network transceiver transmitiing
the data values stored during at least one preceding time interval at a next transmission time
occurring at an end of each of the at least one preceding time mterval if each data value
stored during stored dunng cach of the at least one preceding time interval represents a
current flow to the motor wag 0.0 amperes,

wherein the first network transceiver trapsmits the data values stored during a next
preceding time mterval at a next transmission time occwrring at an end of the next preceding
time mterval if at least one data value stored dunng stored durng the next preceding time
mterval represents a current flow to the motor exceeded 0.0 amperes, and

wherein the next preceding time interval occurs immediately afier the at least one

preceding time interval.

It The system of claim 1, further comprising:

the processing system,

wherein the processing system comprises at least one processor, at least one
corputer-readable data storage device, and a sccond network transcciver to receive the data
values transmitted by the first network transceiver,

wherein the at least one processor is configured to determine at least one actionable
condition of the electrical shop tool based on the data values transmitted by the first network

1ransceiver.

12, The system of claim 11, wherein the at least one processor of the processing
system is configured to cause the second network fransceiver 1o transmit notification of the at
cast one actionable condition to at least one destination associated with the electrical shop

tool.

160



WO 2018/023013 PCT/US2017/044406

13, A method for reporting data pertaining to an actionable condition of an
clectrical shop tool, the method comprising:

sampling, periodically by at least one processor, a sensor signal generated or output
by a sensor pertaining to use of the electrical shop tool;

storing, at a non-transitory computer-readable medium, data values based on the
sensor signal sampled by the at least one processor; and

transmitting, by a transceiver, the data values based on the sensor signal sampled by
the at least one processor to a nctwork for transmission to a processing system for
determining an actionable condition of the electrical shop tool based on the transmitted data

values.

14. The method of claim 13, further comprising;

determining, bv the at least one processor, a sampled sensor signal value for cach
periodic sample of the sensor signal, and

scaling, by the at least one processor, the sampled sensor signal values using a hincar
scale to determine the data values based on the sensor signal sampled by the at least one
processor or using a non-linear scale to deternmine the data values based on the sensor signal

sampled by the at least one processor,

15, The method of claim 13,

wherein the sensor signal represents a detected position, velocity, acceleration, or

jerk,

wherein the method further comprises:

determining, by the at least one processor, a sampled sensor signal value for cach
periodic sample of the sensor signal, and

sammarizing the sampled sensor signal values into an array.

16. The method of clasm 13,

wherein the sensor inclades a first current transformer including a first conductive coil
with a first transformer lead and a second transformer lead, wherein the first conductive coil
is contigured with a central passageway through which a conductor carrving altemating

current to or from the electrical shop tool can pass, and
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wherein the sensor signal represents a voltage differential across the first transformer

lead and the second transformer lead.

17. The method of claim 13, further comprising:
determining, by the at least one processor, an amperage value corresponding to cach

voltage differential sample, and
wherein the stored data values represent the amperage values determined by the at

least one processor.

18.  'The method of claim 13, wherein the clectrical shop tool comprises a vehicle
Lift, a wheel balancer, a brake lathe, an air compressor, a tire changer machine, a brake
dynamometer, a fluid flushing machine, a battery charger, a vehicle frame straightening

machine, an air conditioning service machine, or a vehicle exhaust pipe bending machine.

19 The method of claim 13, further comprising:

outputting, by a real-time clock, timing signals for use by the at least one processor to
perform at least one of the following functions: (i) determine when to sample the sensor
signal, (i1} record a time when each data value indicating a sampled sensor signal was
sampled, and (1i1) determine when the first network transceiver is to transmit data indicating

the sampled sensor signal.

20, The method of claim 13, wherein the non-transitory computer-readable
mediwm comprises program instructions executable by the at least one processor to cause the
first network transceiver to request time information from a remote device comprising a
second network transcetver, and to use the time nformation as a basis to perform at least one
of the following functions: (1) determine when to sample the sensor signal, (it) record a time
when cach data value mdicating a sampled sensor signal was sampled, and {u1) determine

when the first network transceiver is 1o transmit data indicating the sampled sensor signal.

2L The method of claim 13, further comprising:
transmitting, by the first network transceiver, the data values stored during a

preceding time interval at a next transmussion time occurring at an end of the preceding time
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mterval if at least one data value stored during the preceding time interval represents a

current flow to the motor exceeded 0.0 amperes.

22, The method of clamm 13,

wherein the at least one processor postpones the first network transeeiver transmitting
the data values stored during at least one preceding time interval at a next transmisgion time
occurring at an ond of cach of the at least one preceding time interval if each data value
stored during stored during cach of the at least one preceding time interval represents a
current flow to the motor was 0.0 amperes,

wherein the first network transceiver transmits the data values stored during a next
preceding time miterval at a next transmission time occurring at an end of the next preceding
time interval if at least one data value stored during stored during the next preceding time
miterval represents a current flow to the motor exceeded 0.0 amperes, and

wherein the next preceding time interval occurs wnmediately after the at least one

preceding time interval.

23. The method of claim 13,

wherein the proccssing system comprises at least one other processor, at least one
computer-readable data storage device, and a second network transceiver to receive the data
values transmitted by the first network transceiver,

the method further comprising:

determining, by the at least one other processor, the at least one actionable condition
of the electrical shop tool based on the data values transmitted by the first network

transceiver.

24, The method of claim 13, further comprising:
transmitting, by the second network transceiver, notification of the at least one

actionable condition to at least one destination associated with the clectrical shop tool.

25, A computer readable medium having stored thereon instructions executable by
at least one processor to cause a computing systom to perform functions comprising:
sampling, periodically, a sensor signal generated or output by a sensor pertaining to

use of an electrical shop tock
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storing data values based on the sensor signal sampled by the at least one processor,

and
transmitting the data values based on the sensor signal sampled by the at least one processor

to a network for transmission to a processing system for determining an actionable condition

of the electrical shop tool based on the transmitted data values.
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SAMPLING, PERIODICALLY BY AT LEAST ONE
PROCESSOR, A SENSOR SIGNAL GENERATED
OR OUTPUT BY A SENSOR PERTAINING TO USE
OF AN ELECTRICAL SHOP TOOL

; N~ 201
STORING, BY A NON-TRANSITORY COMPUTER-
READABLE MEDIUM, DATA VALUES BASED ON

THE SENSOR SIGNAL SAMPLED BY THE AT
LEAST ONE PROCESSOR

; N~ 202

TRANSMITTING, BY A TRANSCEIVER, THE DATA
VALUES BASED ON THE SENSOR SIGNAL SAMPLED BY
THE AT LEAST ONE PROCESSOR FOR TRANSMISSION

TO A PROCESSING SYSTEM FOR DETERMINING AN
ACTIONABLE CONDITION OF THE ELECTRICAL SHOP
TOOL BASED ON THE TRANSMITTED DATA VALUES

N~ 203
/!

200 FIG. 16
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RECEIVING, BY AT LEAST ONE PROCESSOR,
MEASUREMENT DATA TRANSMITTED BY A MEASUREMENT
DEVICE CONNECTED TO AN ELECTRICAL SHOP TOOL

; N~ 221

DETERMINING, BY THE AT LEAST ONE PROCESSOR, AN
ACTIONABLE CONDITION OF THE EST BASED ON THE
MEASUREMENT DATA

; - 222

DETERMINING, BY THE AT LEAST ONE PROCESSOR, A
NOTIFICATION INDICATIVE OF THE ACTIONABLE CONDITION

; N~ 223

TRANSMITTING, BY THE AT LEAST ONE PROCESSOR, THE
NOTIFICATION TO A COMMUNICATION NETWORK, WHEREIN THE
NOTIFICATION IS ADDRESSED TO A DESTINATION IDENTIFIER
ASSOCIATED WITH AT LEAST ONE OF THE MEASUREMENT DEVICE
AND THE ELECTRICAL SHOP TOOL

N~ 224

220 FIG. 17
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RECEIVING A REGISTRATION
APPLICATION
v N~-331
RECEIVING AN INPUT TO REQUEST
REGISTRATION OF A MEASUREMENT DEVICE
(MD) AT A REMOTE PROCESSING SYSTEM

+ 332

DETERMINING A REGISTRATION
INPUT TO ASSOCIATE WITH THE MD
v ~~-333
DETERMINING AN MD

ID OF THE MD
v - 334

OUTPUTTING A REGISTRATION REQUEST
FOR THE MD AT THE PROCESSING SYSTEM
v 335

REGISTERING THE MD AT THE

REMOTE PROCESSING SYSTEM
v ~~336

RECEIVING A NOTIFICATION THE MD
HAS BEEN REGISTERED AT THE REMOTE

PROCESSING SYSTEM

337

/
330

FIG. 21
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| { MD ID: XXXX | \_ 19

78 —
2o Al
352
350 | CAPTURE DEVICE [
- 300
| MD ID: XXX | [EST: XXX| N\,
358 J T 3%4
YDISPLAY DEVICE ID: ~——359
360 R
362 YWUSER ID:
N 302
| CAPTURE MENU |
364 379

| REGISTER || CLEAR|[|END |
366 < 368

— 370

KEYBOARD \
~—1— 356

DISPLAY DEVICE

FIG. 22
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RESET SERVICE
INTERVAL \-389

DE-REGISTER EST 388

DE-REGISTER MD 387

REGISTER EST [_3g9 - 300
REGISTER MD 374 \\ 255
SELECT USER 377
DISPLAY _ &_ 379
NOTIFICATIONS | 378 ~— 302
END &379
KEYBOARD \
—1— 356

DISPLAY DEVICE

FIG. 23
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- 300

USER ID \
A1 AUTO REPAIR ~— 357

PHOENIX ARIZONA4™ 58]
BUTCH HAMILTON

EST INFO. 382
VEHICLE LIFT “ L
MODEL: XL44 302

NoTIFicATION 4 583
VEHICLE LIFT AT 90% OF
EXPECTED LIFE

DATE OF LAST SERVICE: 03-
JULY 2016

MENU N

11— 385

384 EAhNERELW

386

DISPLAY DEVICE

FIG. 24
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