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(57) Abstract: The present invention relates to methods, systems and devices for
recording and storing identification information of tire pressure monitoring
sensors (12) and transmission of the stored identification information to a tire

pressure monitoring system (54) of a vehicle (1 6). In a first aspect, the present

invention provides a method of integrating one or more tire pressure monitoring
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sensors (12) with a tire pressure monitoring system (14) of a vehicle (16). The
method includes utilizing a configuration tool (18) to cause a tire pressure monit-
oring sensor (12) to generate a signal including an identifier. The method further

42 > includes recording the identifier on a memory device (46) of the configuration
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tool (18). The method also includes transmitting the recorded identifier from the
configuration tool (18) to a memory device ot a vehicle (16).
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METHODS, SYSTEMS AND DEVICES FOR RECORDING AND TRANSMITTING
IDENTIFICATION INFORMATION OF TIRE PRESSURE MONITORING SENSORS

TO A VEHICLE

TECHNICAL FIELD
{001 The present invention relates to methods, systerms and devices for recording
and storing identification information of tire pressure monitoring sensors and transmission of the

stored identification information to a tire pressure monitoring system of a vehicle,

BACKGROUND

[B082] Commercial and non-commercial vehicles now have tire pressure monitoring
systems (TPMS) which include a central module, integrated or in communication with an
clectronic control unit of the vehicle, and tire pressure monitoring sensors {(TPM sensors) for
cach vechicle wheel unit. In gencral, the TPM sensors monitor tire pressure within a respective
tire and transmit a wircless signal to the central module which at 2 minimum includes tire
pressure data.  Should the sensed pressure be outside of an acceptable range or a substantial
change in tire pressure occur, an alarm is generated and transmitted to the user of the vehicle.

[6083] Over time, TPM sensors require replacement by scervice technicians duc to
damage, depleted battery or otherwise. This requires installation and integration of new TPM
sensors with a TPMS of a vehicle. During this process, in one configuration, the technician

places the TPMS receiver of the vehicle in a learning mode and triggers cach TPM sensor for
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identification purposes. The technician then sequentially triggers cach TPM sensor utilizing a
TPMS configuration fool, causing cach sensor, new or existing, to transmit a wireless signal
including an identificr to a control module of the TPMS. These tools communicate with a sensor
through low frequency sigoals which in turn communicate with the TPMS through a higher
frequency radio signal. The control module records the identificr, which may comprise numbers,
letters, a combination of numbers and lfetters or any other identifyving indicator, of ¢ach signal so
as to interpret the location of TPM sensor data during operation thergof,

[B0a4] In a learning process of a typical TPMS, a technician places the TPMS
receiver of the vehicle in learning mode by performing one or more steps, such as cycling an
ignition key, pressing remote buttons, depressing a brake pedal, utilizing door lock switches,
utitizing headlight switches, combinations thereof, or otherwise. As should be appreciated, this
can be a laborious task. Once the lcarning processes is inttiated, the TPMS tool indicates which
tire pressure monitoring sensor installed on the vehicle should be triggered.  The service
technician moves to the specified wheel unit and utilizes the TPMS configuration tool to causc a
corresponding TPM scnsor to transmit a signal inchluding an identifier.  Once the signal is
received by the control module, the control module confirms the learning of the TPM scnor by
cither an audible signal or visual signal. The TPMS tool also reccives the sensor data and
indicates which TPM sensor is to be triggered next. This continues until all of the TPM sensors
have been sequentially triggered, which requires the technician to walk to cach wheel unit and
place the tool next to a corresponding TPM sensor so as to trigger the sensor.,

[B06S8] By design, the TPMS provides a limited amount of time for triggering each
sensor. Unfortunately, should the signal not be received within the allotted time, the technician

2
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must start the learning process over. This occurs when the sensor fails to receive and process the
iriggering sigoal in the allotted time, the control module fails fo receive and process the
iriggering signal in the allotied time, or the technician s interrapted or otherwise not able to

move between the wheel units in the allocated time as indicated by the control module.

SUMMARY

[B806] The present approaches provide methods, systems and devices for integrating
one of more tire pressure monitoring {TPM) sensors with a tire pressure monitoring system
{TPMS) of a vehicle. In one aspect, the features of the present invention are predicated upon, in
part, recording and storing identifiers of tire pressure monitoring sensors and transmission of the
identificrs to a TPMS of a vehicle. In another aspect, the identifiers are stored on a TPM
configuration tool that is configured to automatically or manually transmit the stored identifiers
and associated data to a TPMS. In one further particular configuration, the TPM configuration
tool includes necessary protocol data for communication with the TPMS.

(66871 Using the present approaches, the probability of having to reinitiate a learning
process of a vchicle is substantially reduced duc to the climination of relying on the timely
triggering of a TPM scansor and reception of a signal generated by the TPM scnsor by the TPMS.
This is because it is no longer necessary to fravel to cach TPM sensor, within g prescribed time
period, for the purpose of triggering the same. Further, with wdentification of TPM sensor being
stored on a TPMS configuration tool, it is possible to climinate walking about a vehicle and
additional triggering of TPM sensors. This climination increasing efficiency in the replacement

of TPM sensors thereby saving time and reducing costs to the service shop and customers.
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[B088] In view of the foregoing, in a first aspect, a method of integrating one or more
tire pressure monitoring sensors with a fire pressure montforing systern of a vehicle 15 provided.
The method includes utilizing a configuration tool to cause a tire pressure monitoring sensor to
generate a signal mcluding an 1dentificr. The method further includes recording the identifier on
a memory device of the configuration tool. The method also includes transmutting the recorded
identifier from the tool to a memory device of a vehicle.

[B089] In another aspect, a tool for integrating one or more fire pressure monitoring
sensors with a tire pressure monitoring system of a vehicle is provided. The tool inchudes a low
frequency wirgless transmitter and a high frequency wireless transmitter.  The tool further
includes a high frequency wircless receiver. The tool further includes a contral processing unit
and a memory device including software instructions for: i} causing the low frequency wireless
transmitter to transmit a signal suitable for generating a response signal from a tire pressure
monitoring sensor, ii) storing an identificr of the response signal onto a memory device, and 11}
causing the high frequency wireless transmitter to transmit the recorded identifier and associated
received data.

6616 In another aspect, a computcr-readable memory device storing computer
program instructions is provided. Which, when executed by a computer comprising at least one
processor, the result is: 1) the transmission of a signal suitable for causing a tire pressure
monttoring sensor to transmit a responsc signal; i1} the storing of an identifier included with the
response signal into a memory device; and 111} the transmitting the stored identifier to a vehicle.

(6011} In another aspect, a fire pressure roontforing sensor i provided. The tire
pressure monttoring sensor includes a pressure sensor configured for monitoring air pressure and

4
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generating signals indicative thereof. The tire pressuare moniforing sensor further ncludes a
recetver configured for receiving wireless signals from a configuration tool. The tire pressure
monitoring sensor further includes a processing onit and memory device including suitable
software for causing transmugsion of an identifier of the tire pressure moniforing sensor o a
configuration tool in response to a request by the configuration tool. The tive pressure
monitoring sensor further includes a wireless transmitter configured to transmit the identifier to a
configuration tool,

[B0312] These and other features can be best understood from the following

specification and drawings, the following of which is a brief description.

BRIKF DESCRIPTION OF THE DRAWINGS
[B3313] Fig. 1 illustrates a schematic view of an cxemplary TPM sensor integration
system for integration of a tire pressure monitoring sensor with a tire pressure monitoring system
according to various embodiments of the present invention.
[6014] Fig. 2 illustrates a top view of an cxcmplary configuration tool for a tire
pressure monitoring sensor according to various embodiments of the present invention.
[B315] Fig. 3 illustrates a schematic view of an exemplary configuration tool for a tire

pressure moniforing sensor according to various ermnbodiments of the present invention.
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[8016] Figs. 4A and 4B illustrate a plurality of screenshots of a configoration tool
daring a recording process of a plurality of tive pressure monitoring sensors according to various
erobodiments of the present invention,

(8017} Fig. 5 tllustrates a flow chart illustrating an exemplary method of integrating a
tive pressure monitoring sensor with a tire pressure monitoring system according to various
embodiments of the present invention.

[B0318] Fig. 6 illustrates a top view of a tire pressure monitoring sensor inchiding an

integrated circuit according to vartous ermbodiments of the present invention.

DETALED BESCRIPTION

[B3319] Referring to Figs. 1 through 3, excemplary integration systems 18 for
integration of a tire pressure monitoring (TPM) sensor 12 with a tire pressure monitoring system
{TPMS) 14 of a vehicle 16 are shown. The integration systems 10 include a configuration tool
18 for communication with a TPM scensor 12, via a first communication link 20, with a TPMS 14
of the vehicle 16, via a second comumunication link 22, and again with the TPMS scnsor, via a
third communication link 34. For example, in one cxample, the configuration tool 18 includes a
first transmitter 24 configured to form the first wircless communication link 20 with a TPM

or 12. The configuration tool 18 further includes a sccond transmitter 28 counfigured for
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forming a sccond wircless communication link 22 with the vehicle 16, The configuration tool 18
further includes a receiver 26 configured for forming a third wircless communication link 34

with the TPM sensor. The configuration tool 18 further includes a user imterface 32 for
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inferacting with program software of the configuration tool and for imitiating commumnication
tinks 20, 22.

{36261 In one general exemplary method of operation, an individual, such as a
technician, generates a first comynunication link 20 between the configuration tool 18 and a TPM
sensor 12 for the purpose of programming, configuring, integrating or reintegrating the TPM
sensor with the TPMS 14 of the vehicle 16, In one particular configuration, the first
communication link 20 comprises a wircless communication fink.  The uvser utilizes the
configuration tool 18, via user interface 32, to transmits a signal through the first commmication
fink 20 to the TPM sensor 12 for the purpose of generating and recetving a response signal from
the TPM sensor, including an identificr, such as numbers, lctters, combinations of mimbers and
ietters or otherwise, through the third communication link 34, The identifier is stored on a
memory device of the configuration tool IS in relationship to a particular wheel unit of the
vehicle 16, such as left front, right front, left rear, right rear, spare, or otherwise. This process is
repeated until all of the identifiers of the TPM sensors 12 are recorded and associated with a
particular wheel unit of the vehicle.

(66211 The individual next places the vehicle in a learning mode for the purposc of
integrating and/or reintegrating the TPM sensor 12 with the TPMS 14 of the vehicle 16, In one
example, the individual causcs the TPMS 14 to enter a learning mode according to original
cquipment manufacturers (OEM) procedures. Placement of the TPMS 14 into a learning mode is
achicved through the performance of onc or more steps, such as cycling an ignition key, pressing

remote buttons, depressing a brake pedal, utilizing door lock swiiches, utihizing headlight
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switches, combinations thercof, or otherwise. In one example, the configuration tool 1§ causes
the TPMS 14 to enter a learning mode.

(8022} Once n a learning mode, the TPMS 14 1s configured to reccive and inferpret
wireless data having a particular data format, e.g. frequency, rate of data transmission, order of
data transmission, or otherwise, as preseribed by original equipment manufachurers of the TPMS
or vehicle 16, The TPMS 14 is configured to receive a particular number of responses based
upon the mumber of TPM sensors being utilized by the vehicle 16, e.g. 4. The TPMS 15 further
configured to receive the responses in a particular order. As an example, once in the learning
mode the TPMS 14 anticipates the receipt of a first wireless signal from a front passenger wheel
unit, a second wireless signal from a rear passenger wheel unit, a third wircless signal from a rear
driver wheel unit and the fourth wircless signal from a front driver wheel unit. Once received,
the TPMS assigns a wheel position to an identifier transmitted with cach wircless signal so as to
identify the origination of cach wircless signal received thercafter.

166231 Once in the learning mode, the configuration tool 1¥ cstablishes a second
communication link 22 with the TPMS 14 to transmit the identifier of @ TPM sensor 12 to a
control module 38 of the TPMS, electronic control unit 40 of the vehicle, or both.  This process
is repeated until all of the identifiers of the TPM sensors 12 are transmitied. Further, the
identifiers are transmitted in a particular order according to the original equipment
mantfacturer's specification of the TPMS 14 or vehicle 16, In onc example, the configuration
tool is manually actuated, via the user interface 32, to transmit the TPM sensor identification
information. In another exarmople, the configuration tool 18 automatically transnuts the TPM

sensor identification information,
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[8024] Advantageously, features of the present invention Improve upon prior systems
by removing the requirement of fraveling to cach wheel unit of a vehicle for the purpose of
iriggering an associated TPM sensor during a TPMS sensor learning process. Insicad, the a user
is provided the ability to trigger TPM sensors at their own pace and location, which may be
before or after the TPM sensors are mounted to a vehicle wheel unit. The removal of this step
not only reduces learning time for a TPMS but also reduces or eliminates errors enconntered
during the learning process such as failure to timely trigger a TPM sensor according the original
equipment manufactarers specification.

[B025] In greater detail, with reference to Figs. 2 and 3, examples of the configuration
tools 1¥ arc shown. The configuration tools 18 include first transmitter 24 and receiver 26 for
forming the first communication link 20 and the third communication link 34 with onc or more
TPM sensors 12, cither sequentially or simultancously. In one example, the first communication
fink 20 and third communication link 34 comprise wireless communication links formed between
the configuration tool 18 and the TPM sensor 12, In this example, the first transmitter 24
compriscs a wireless transmitter and the recetver 26 comprises a wireless receiver. The first
transmitter 24 and rcceiver 26 are configured to send and reccive signals suitable for
communication with a TPM scnsor 12, Accordingly, in onc cxample, the first fransmitter 24
transmits low frequency signals such as low frequency signals in the range of about 30 to 300
kHz. In onc example, the receiver 26 receives high frequency signals such as signals commonly
transmitted by TPM sensors 12, In onc cxample, the high frequency signal comprises an ulira
high frequency signal such as signals greater than about 300 MHz or in the range of about 300
MHz to 3 GHz. Nown-limiting examples of signals receivable by the recetver includes between

9
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about 315 to 433 MHz and in certain particular configurations around 315 MHz, around 433
MHz or higher.

[8026] The configuration tools 18 further include second transmiiter 28 for forming
the second commumication link 22 with the vehicle 16, such as with the control module 38 of the
TPMS 14 or electronic control umit 40 of the vehicle 16. In one example, the second
communication link 22 comprises a wircless communication link formed between the
configuration tool 18 and the vehicle 16. Iu this example, the second transmitier 28 comprises a
wireless transmitter.  The second transmitter 28 is configured to send signals sutable for
communication with the vehicle 16, Accordingly, in one example, the second transmitter 2&
transmits ultra frequency signals. In one example, the high frequency signal comprises an ulira
high frequency signal. It should be appreciated that ultra freguency signals are greater than
about 300 MHz or in the range of about 300 MHz t0 3 GHz. In one particular configuration, the
second transmitter 28 transmits signals in the range of between about 315 to 433 MHz and in
certain particular configurations arcund 315 MHz, around 433 MHz or higher. In another
example, the second communication link 22 comprises or includes a physical connection formed
between the configuration tool 18 and vehicle 16, In this configuration, the configuration tool 18
includes a wire, or connection for a wire, such as an on-board diagnostic connector 42, that is
configured to connect and communicate with the components of the vehicle 16,

I6627] Referring to Fig. 3, the configuration tool 18 further inchudes a suitable central
processing unit 44 and a computer-readable memory device 46 for controlling various
components of the configuration tool.  The central processing unit 44 is configured for
generating signals through the first transmitter 24 and secound transmiticr 28, and processing

10
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and/or storing signals received by the receiver 26 into a memory device, such as computer-
readable memory device 46 or otherwise. The central processing unit 40 further executes
operating instructions for the configuration tool 18 for communication with the various devices,
generation and/or interaction with a user interface 32 of the configuration tool or otherwise,

[B828] Referring to Fig. 2, the configuration tool 18 includes user interface 32 for
facilitating in operation of the configuration tool including imtiating commands of configuration
tool operation software stored on the computer-readable memory device 46, In one example, the
user interface 32 comprises display screen 50 and buttons 52, 34, 56, 58, 60, 62, 64 and 66 for
initiating operation commands. For example, in one configuration the display screen 50 displays
information reccived from the TPM sensor 12, In another example, the display screen 50
displays information pertaining to programming or configuration of a TPM sensor to be
integrated with a vehicle 16, For cxample, in one configuration the display screen indicates
identificrs of the TPM sensor, vehicle make, model and/or year of manufacture, which the TPM
sensor was of s to be mounted to, wheel unit position, which the TPM sensor was or is to be
mounted to, tire data recorded by a TPM scnsor, TPM sensor configuration information, TPM
sensor programming information, TPM sensor make, model and/or year of manufacturer, or
otherwise.

66291 In onc example, referring to Figs. 4A and 4B, the display screen 50 displays
various information for view or selection during configuration or programming of a TPM sensor
12. The configuration tool 18 includes a touch screen and/or scroll buttons for sclection and
manipulation through the varions screens. For example, in a first screenshot 68, the display
screen 50 lists the vehicle make to which a TPM sensor 12 is to be programuned or configured

it
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for. In a second screenshot 70, the display screen 50 hists the models of the selected vehicle
make. Tn a third screenshot 72, the display screen 50 lists years of manufacture of the selected
vehicle make and model. Tn a fourth screenshot 74, the display scereen 50 lists the wheel unit the
TPM sensor was or is to be utilized for. In a fifih screenshot 76, the display screen 50 provides
the ability to program or trigger the TPM sensor 12, In a sixth screenshot 78, the display screen
50 indicates that the TPM sensor 12 has been triggered and the identifier of the TPM sensor from
a response signal.  In a seventh screenshot 80, the display screen 50 provides the ability to
program or trigger the TPM sensor 12 and displays the identifier obtained during the trigging
step. In an cighth sereenshot 82, the display screen 50 provides the ability to program or trigger
another TPM sensor 12 and displays the identifier obtained during  trigging step. In a ninth
screenshot 84, the display screen 50 dispiays the location and identifier of a TPM sensor 12 that
is to be transmitted to the TPMS 14 of the vehicle 16, In a tenth screenshot 86, the display
screen 50 displays the location and identifier of another TPM sensor 12 that is to be transmitted
to the TPMS 14 of the vehicle 16, It should be appreciated that additional screenshots would be
generated for triggering and programuming of additional TPM sensors, and for transmitting
identification and location information of previously triggered TPM scnsors. Other screcnshot
can also be generated.

[6036] Referring again to Fig, 2, alternatively or in conjunction with the screenshots,
the user interface 32 includes buttons 52-66 for performing similar and/or additional functions to
that of the screenshots. For example, in one example, the configuration tool 18 includes a Signal
TPM Sensor bution 52 which initiates the transmission of a trigger signal through the first

transmitter 24, As previously indicated, the display screen displays the response fransmission
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from the TPM sensor including the TPM scosor wdentifier. The user interface 32 further inclodes
a Select Vehicle button 54 for selecting a configuration or program software for a TPM sensor.
The user interface 32 further inclades a Program TPM Sensor button 56 which intiates
programming of one or more TPM sensors based upon the selected vehicle, make, model and
year of manufacture. The user interface 32 further inchades Select TPM Sensor Position button
38 for indicating which wheel unit 36 the TPM sensor 12 was or is to be mounted to. The vser
interface 32 firther includes a Record TPM Sensor 1D 60 for recording in a memory device of
the configuration tool the TPM sensor identifier and wheel unit position. The user interface 32
further includes an Activate TPMS Learning Mode button 62 for placing the vehicle in learning
mode thereby causing the TPMS to transmit signals requesting TPM identifier for particular
wheel units. The user mterface 32 further includes a Transmit TPM Sensor ID button 64 for
transmitting one or more TPM sensor identifiers through the sccond transmitter 28, The user
interface 32 further includes an On/Off button 66, It should be appreciated that more or less
buttons may be used, in view of the teachings herein, and may be configured to act with the
screenshots shown and described with reference to Figs. 4A and 4B.

[6631] With respect to Sclect Vehicle button 54, in one example, the configuration
tool 18 includes or is in communication with a databasc of program softwarc and/or
configuration data for programming and/or configuring of a TPM sensor 12, In this cxample, the
central processing unit 44 is adapted to program and/or configure a TPM sensor with suitable
program softwarc for interacting with a particular TPMS of a particular vehicle. The program
software may include a single picce of code or multiple picces of code. Such software or pieces
of code can include comumunication protocols such as transmission frequency, data format or

i3
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otherwise. Such software or pieces of code can alternatively inchide operation mstructions for
function of the TPM seunsor.  Still further, the software or picces of code can include a
combination of communication protocols and operation instruction, or otherwise.

[8032] In one example, the operating instructions mcludes a single software program
{or routing) or multiple software programs {or routines or subroutines) for causing the sensor o
operate, which may be according to original manufactirers specification for a TPM sensor or a
tive pressure monitoring system. For example, it is contemplated that the one or more software
programs causes: 1) tire pressure to be measured, i) temperature of air within a tire fo be
measured, i) tire pressure data to be calibrated based upon temperature, 1v) a signal to be
generated and transmitted according to original manufacturers specification, v} analysis of
signals received by a recciver of the TPM sensor, viy generation of a response signal to a signal
received by a receiver of the TPM sensor, vii) formation of communication protocols (such as
data structure, computer instructions or otherwise., viii) combinations thereof, or X} otherwise.
in one example, once the TPM sensor is programmed with the program software the program
software becomes permancently, or semi-permanently, embedded within a memory device of the
TPM sensor to prevent change or substantial change of the program software.

[6033] In one cxample, the protocol compriscs data structure of signals being
generated and analyzed by the TPM sensor.  The protocol can be implemented by program
software received by or existing within a memory device the TPM sensor. The protocol may be
automatically implemented when reccived by the TPM scnsor, the protocol may include
instruction for implerentation, or otherwise. By example, the protocol may inchide one or more
of: 1} data structure, 1) computer structions, 1) transmission {requency, v} data frames per

i4
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ransmission, v) fime periods between fransmission, or vi} otherwise. In one particular example,
the transmission received by the TPM sensor includes an indication that the sigonal comprises a
protocol signal and inchudes commmunication protocol for the TPM sensor to operate, includes the
data structure of signals to be generated including placement of wakeup signals, pressure data,
temperature data, and/or otherwise. The signal also indicates frequency of transmission and
number of frames to be transmitted per transmission, wherein cach frame includes wakeup
signal, pressure data, temperature data and/or otherwise. The protocol signal also indicates time
periods between transmission. [t should be appreciated that other communication protocols and
configurations can be included.

(30334 The program software can vary based upon the vehicle make, model and/or
year of manufacture. Alternatively, the program software can be configured for multiple
applications, ¢.g. multiple vchicle makes, models and/or years of manufacture.  As such,
programming of the TPM sensor can include transfer of multiple communication protocols
and/or operation instructions for multiple tire pressure monitoring systems. Also, programming
or configuration of the TPM sensor can include sclection of communication protocols and/or
operation instruction from a databasc located with the TPM sensor.,

[B035] Referring to Fig. 6, an cxemplary TPM scosor 12 is shown. The scnsor
includes an integrated circuit board 8¥ including a processing unit 90, onc or morc computer-
rcadable memory device 92, pressure sensor 94, recciver 96 and wircless transmitter 98, The
TPM sensor 12 further includes a suitable power supply, such as battery 99, for providing power
to various components of the integrated circuit board 88 including processing umit 30, wircless

transmitter 98 or otherwise. The pressure sensor 94 of the TPM sensor 12 generates raw data
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indicative of air pressure within the associated tire. The raw data is fransmitted to the processing
unit 90 and stored on the corputer-readable memory device 92 of the TPM sensor 12, In one
example, the memory device 92 further stores the unique identifier for the TPM sensor 12,

[3036] The recetver 96 is configured for receiving wireless signals from the
configuration tool 18, The signals received by the recetver 96 are fransmitted to the processor 90
where it is evaluated in part through suitable software stored on the computer-readable memory
device 92. Should the signal be interpreted as a request for a transmission of the unique
identifier then the processor 90 transmits the identifier through the transmitter 98, Examples of
signals that can be interpreted as a request for a transmussion of an identifier include signals
having a particular frequency, code or both.  Such signals may inchude signals commonly
transmitted by a configuration tool for causing triggering of a TPM sensor or a signal including
instructions for transmission of the unique identifier, or otherwise. Similarly, response signals
initiated by the processor 90 and software stored on the computer-readable memory deviee 92
may include a signal including data commonly transmitted by the TPM sensor {(e.g. tire pressure
data, transmission formats, temperature, identificr or otherwisce}, alternatively the response signal
may solcly, or substantially solely, include the unique identificr, or aliernatively the response
signal may include a combination of the unique identifier and data commuonly transmitted by the
TPM sensor. Other configurations are possibic,

(66371 In onc example, the wircless transmitter 98 transmits low frequency signals
such as low frequency signals in the range of about 30 to 300 kHz. In one example, transmitier
98 transmits high frequency signals soch as signals commmonly transmitied by TPM sensors 12
sach as signals greater than about 300 MHz or in the range of about 300 MHz to 3 GHz, such as

io
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between about 315 to 433 MHz and in certain particular configurations around 315 MHz, around
433 MHz or higher.

[B038] Retferring to Fig. 5, roethods 100 of integrating TPM sensors 12 with a TPMS
14 of a vehicle are provided. Tn one example, the method includes a step 102 of sclecting
identification information of a vehicle 16 with a TPMS configuration tool 1K, In one particular
exemplary configuration, the selection process comprises the selection process shown in Fig. 4A.

[B8039] The method includes a step 104 of generating communication links between a
TPMS configuration tool 18 and a plurality of TPM sensors 12 mounted or configured to be
mounted to wheel units 36 of a vehicle 16, In one configuration, this comprises a technician or
user walking about a vehicle to cach wheel unit and placing the TPMS configuration fool 1¥
proximate with a corresponding TPM sensor 12 of cach wheel unit 36. At each wheel unit, the
technician or user utilizes the user interface 32 of the TPMS configuration tool 18 to form first
communication links 20 with the TPM sensors 12, by transmitting a signal through the first
transmitter 24. In one alternate configuration, one or more of the TPM sensor 12 may not yet be
mounted to a wheel unit 36 but instead be configured for mounting to a wheel unit.  Such
condition may arise when onc or more TPM sensors are being replaced with new TPM scnsors.

(6040 The method includes a step 106 of utilizing the TPMS configuration tool 18 to
cause the TPM sensors 12 to generate signals including identificrs of cach TPM scnsor. This
step 1s performed at cach wheel unit, proximate to cach TPM sensor 12, or combination thereof,
in onc configuration, the TPM scnsors gencrate signals, and in particular responsc signals, based

upon the signals transmitted by the TPMS counfiguration 18 through the first transmitter 24, In

17
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one particular configuration, the signal trarsmitted by the TPMS configoration 18 comprises
what is commonly called a TPM sensor trigger signal,

{604 1] The method mcludes a step 108 of recording the wdentifiers of cach TPM
sensor 12 on a computer-readable memory device 46, or other memory device, of the TPMS
configuration tool 18, In one configuration, the signals received by the TPMS configuration
tools 18 are analyzed, through the usc of the central processing unit 44 and software stored on a
computer-readable memory device 46, to determine the identifiers. In another configuration, the
signal received by the TPMS configuration tool 18 is simply recorded on the computer readable
memory device 46, or other memory device, inclading wdentification information of the TPM
sensor 12, tire pressure data or otherwise. In either configuration, the identifiers and/or signal is
associated with a particular wheel unit 36 position of the vehicle 16 utilizing the TPMS
configuration tool, as shown in Figs. 4A.

(30421 The method includes a step 110 of placing the TPMS 14 of the vehicle 16 na
icarning mode, as described hercin,  In onc configuration this is achieved utilizing original
cquipment manufacturers procedures. In another configuration, this is achieved through the use
of the TPMS configuration tool 18, In cither configuration, the TPMS 14 of the vehicle is ready,
and cxpected, to receive a signal, inchuding identificrs, from a particular TPM sensor 12 of a
particular wheel unit 36 in a prescribed amount of time,

[6043] The method includes a step 112 of transmitting the recorded identificrs to a
memory device of the vehicle 16, such as a momory device of the TPMS 14, clectronic control
unit 40 or otherwise. In one configuration, the technician or user utilizes the user interface 32 of
the TPMS configuration tool 18 to sclectively transmit the recorded TPM seosor 12 signals,

i&
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identifiers, or both, to the TPMS 14 in a prescribed order according to original equipment
manufacture's procedures, ¢.g. right front, right rear, left rear, left front or other combinations
thereof. In another configuration, the TPMS configuration tool 18 automatically transmuts the
recorded signals, identifiers, or both, to the TPMS 14 in a prescribed ovder. This automatic
transmission can be based upon an indication received from the vehicle, technician or otherwise.
As previously mentioned, the recorded signals, identifiers, or both, can be transmitted by the
second transmitter 28 of the TPMS configuration tool 18 or through an oun-board diagnostic
connector 42, It should be appreciated that more or less steps may be included, as shown and
described herein.

{30344 While the invention has been described with reference to a preferred
embodiment it will be understood by those skilled in the art that various changes may be made
and cquivalents may be substituted for clements thereof without departing from the scope of the
invention., In addition, many modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing from the essential scope thereof
Therefore, it is intended that the invention not be limited to the particular embodiment disclosed
as the best mode contemplated for carrving out this invention, but that the invention will include

all embodiments falling within the scope of the appended claims.
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CLAIMS
i. A method of infegrating one or more tire pressure monitoring sensors {12) with a tire

pressure monitoring system (14} of a vehicle (16}, the method comprising:
utilizing a configuration tool (I8} to cause a tire pressure monitoring sensor (12) to
generate a signal inchiding an identifier;
recording the identificr on a memory device of the configuration tool (18}); and
transmitting the recorded identifier from the configuration tool (18} to a memory device

of a vehicle (16},

2. The method of claim 1, wherein the tire pressure monitoring sensor {12} is mounted to a
wheel unit (36} of the vehicle (16) prior to generation of a communication link {20} with the

configuration tool {18).

3. The method of claim 2, wherein a communication link (20} is formed between the tire
pressure monitoring sensor {12) and the configuration tool (18), the communication link (20)

comprises a wireless conumunication link.

4. The method of claim 1, wherein the signal further includes tire pressure data.
5. The method of clairn 1, wherein the identifier of the tire pressure monitoring sensor {(12)

is transmitied to the memory device of the vehicle (16) through a wireless communication hnk.
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6. The method of claim 1, wherein the identifier of the fire pressure monitoring sensor (12)
is transmitted to the memory device of the vebicle (16} through an on-board diagnostic connector

(42).

7. The method of claim |, further comprising the step of placing a tire pressure monitoring
system (14} of the vehicle (16} in a learning mode prior to transmitting the recorded identifier to

the memory deviee of the vehiele (16).

&. The method of claim 1, further comprising the step of assigning the identifier to a wheel

unit {36) of the vehicle (16},

9. The method of claim 1, wherein the configuration tool (18} includes a user interface (32)

for causing the recorded identificr to be transmitted to the memory device of the vehicle (16},

10. The method of claim 1, whercin the configuration tool (18} includes a wircless receiver

{26) configured to reccive the signal transmitted by the tire pressure monitoring sensor {12).

11, The method of claim 1, further comprising:

gencrating a plurality of communication links between a plurality of tire pressure
monttoring sensors {12) and the configuration tool {(18);

utilizing the configuration tool (18} to cause cach of the plurality of tire pressure
monttoring sensors (12) to transmit a signal including an 1dentifier;

3
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recording cach identifier on the memory device of the configuration tool 918}); and

transmutting cach of the recorded identifiers to the vehicle (16}

12. The method of clairn 11, wherein each of the plurality of tire pressure monitoring sensors
{12} arc mounted to a wheel unit {36) of the vehicle (16} prior to generation of the plurality of

communication links.,

13. The method of claim 11, wherein at least one of the plurality of tire pressure monitoring
sensors (12} are mounted to a wheel onit (36} of the vehicle (16) prior to generation of the

plurality of communication links.

14. The method of claim 11, wherein the identifiers of cach of the plurality of tire pressure
monitoring sensors {12} are stored on the memory device of the configuration tool (18) prior to

the vehicle {16) entering a learning mode.

5. The method of claim 2, further comprising the step of associating the recorded identifiers

to wheel units (36} of the vehicle (16).

19. A configuration tool {18) for integrating onc or more ir¢ pressure monitoring Sensors
{12) with a tirc pressure monitoring system {14} of a vehicle (16), comprising:
a low frequency wircless transmitter (24);

a high frequency wireless receiver (26);
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a high frequency wircless transmutier (28); and
a central processing unit (44) and a memory device (46) including software instructions
for:
causing the low frequency wircless transmitter {24) to fransioit a signal suitable
for generating a response signal from a tire pressure monitoring sensor (12);
storing an identifier of the response signal onto a memory device; and
causing the high frequency wirgless transmitter (28} to transmif the recorded

identifier,

i7. The configuration tool {1&) of claim 16, wherein the low frequency wircless transmitter

{24) transmits a low frequency wireless signal in the range of between about 30 to 300 kHz.

1&. The configuration tool (18} of claim 16, wherein the high frequency wircless transmitter

{28) transmits a high frequency wircless signal greater than about 300 MHz,

9. The configuration tool (18} of claim 16, further comprising a user interface (32) for
interacting with the software instructions and causing the low frequency wireless transmitter (24)
to transmit the signal suitable for generating the responsc from the tire pressure monitoring

sensor {12}
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20.  The configuration tool {18} of claim 19, wherein the user interface {32) is configured for
interacting with the software instructions and causing the high frequency wireless fransmitter

{28) to transmit the recorded identifier.

21 The configuration tool (18} of claim 16, wherein the central processing unit (443 and
memory device (46} including software instructions are configured to record identifiers received

by the high frequency receiver (28}

22. The configuration tool (18} of claim 16, further comprising a user interface (32) for

interacting with the software instructions and displaying the recorded identificr.

23. The configuration tool (18} of claim 16, further comprising a user interface (32)
configured for assigning wheel unit positions of a vehicle (16} for cach of the identifiers reccived

by the high frequency receiver (26).

24, The configuration tool (18} of claim 16, further comprising an on-board diagnostic
connector {42} for establishing communication with an electronic control unit (40) of the vehicle

(16).

25. The configuration tool {18} of claim 24, whercin the user interface (32) is configured for
transmitting the recorded identifier to the clectronic control unit (40} through the on-board

diagnostic connector {42).
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26. A computer-readable memory device (46} storing coroputer program instructions which
when execuied by a computier comprising at least one processor results in:

transmission of a signal suitable for causing a tire pressure monitoring sensor {12} to
transmit a response signal;

storing of an tdentifier included with the response signal into a memory device; and

transmitting the stored identifier to a vehicle (16},

27.  The computer-readable memory deviee (46) of claim 26, wherein the signal fransmitted
to the tire pressure monitoring sensor {12} comprises a low frequency wircless signal in the range

of about 30 to 300 kHz.

28. The computer-readable memory device (46} of claim 26, wherein the stored identifier is
transmitted to the vehicle (16) through a high frequency wireless signal in the range of greater

than about 300 MHz.

29, The computer-readable memory device {46) of claim 26, further resulting in display of

the identifier on a user interface (32).

30.  The computer-readable memory device (46} of claim 26, further resulting in assigning the

identifier to a wheel unit (36} of a vehicle (16).



WO 2015/009599 PCT/US2014/046472

31. The computer-readable memory device (46) of claim 26, further resolting 1o

transmission of a plorality of signals suitable for causing a plurality of tire pressure
monitoring sensors {12) to transroit response signals;

storing of an identifier included with cach of the plurality of response signals into the
memory deviee (46); and

transmitting the stored identifiers to the vehiele (16},

32 A tive pressure montforing sensor, comprising:

a pressure sensor (94) configured for monitoring ailr pressure and generating signals
indicative thereof;

a receiver {96} configured for receiving wircless signals from a configuration tool (18};

a processing unit (90} and memory device (92} including suitable software for causing
transmission of an identifier of the tire pressure monitoring sensor (12} to a configuration tool
{18} in response to a request made by the configuration tool (18}); and

a wircless transmitter {98} configured to transmit the identifier to a configuration tool
{18) for storage onto the configuration tool (18} and cventual transmission to a memory storage

unit of a vehicle (16).

33, The tire pressure monttoring sensor (12} of claim 32, wherein the receiver (96} comprises
a low frequency receiver configured to reccive wireless signals in the range of about 30 to 3060

kHz.
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34. The tire pressure monitoring sensor (12) of claim 32, wherein the wireless transmitter
{98) comprises a low frequency transmitter configured to transmit wireless signals in the range of

about 30 to 300 kHz.

35, The tire pressure monitoring sensor (12) of claim 32, wherein the wireless transmitter
{98) comprises a high frequency transmuitier configured to transmit wireless signals in the range

of about 300 MHz to 3 GH=.

36. The tire pressure wonttoring sensor {123 of claim 32, wherein processing unit {90) and
memory deviee (92} including suitable software further transmits recorded data from the pressure

sensor {94),

37. The tire pressure monitoring sensor {123 of claim 32, wherein processing unit {90) and
memory device (92) including suitable software transmits only the identifier to a configuration

tool {18).
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