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Description

FIELD OF INVENTION

[0001] The present invention relates generally to com-
munications systems and more particularly to systems
and methods for facilitating efficient and reliable commu-
nications between a plurality of tire sensors and a central
vehicle control module.

BACKGROUND OF THE INVENTION

[0002] It is known in the automotive industry to provide
for wireless monitoring of vehicle tire parameters, partic-
ularly tire pressure. In such tire pressure monitoring sys-
tems, tire pressure sensors and radio frequency (RF)
transmitters are mounted inside each tire, typically adja-
cent the inflation valve stem. In one prior art system im-
plementation, the tire pressure sensed by the tire pres-
sure sensor is transmitted by the transmitter to a central
receiver/controller located on-board the vehicle. The tire
pressure information delivered to the receiver/controller
by the RF signals from the transmitters is subsequently
conveyed to a vehicle operator or occupant, typically in
the form of a display.
[0003] To recognize the particular tire location associ-
ated with an RF signal received from a tire transmitter
(e.g., front left (FL), front right (FR), rear left (RL), rear
right (RR)), such tire pressure monitoring systems are
programmed in an initialization or sign-up operation. That
is, in order to provide a vehicle operator with information
specific to each vehicle tire, programming of the tire pres-
sure monitoring system is undertaken, typically by a tech-
nician, so that each RF signal from a tire transmitter will
be associated with a particular tire location. In the above
manner, if a "low tire pressure" indicator is provided to
an occupant of the vehicle, the indication will also include
an indication of which tire has such condition.
[0004] In one prior art example, the tire pressure mon-
itoring system uses a magnetic reed switch in each tire
for such programming. More particularly, after the
on-board vehicle/controller is placed into a program, in-
itialization, or "learn" mode, the magnetic reed switch in
each tire is activated by a technician using a magnet.
Such activation causes the tire transmitter in the tire to
transmit a tire pressure signal to the controller on the
vehicle. In that regard, each pressure sensor and/or
transmitter has a unique identification code associated
therewith, which identification code is transmitted with
the tire pressure signal. Using such identification codes
the controller associates each received tire pressure sig-
nal with a particular tire location.
[0005] Such operation, however, can create problems
when tires are subsequently rotated or changed from
their initial locations to new locations, or a vehicle tire is
replaced (e.g., a tire replacement or use of the spare tire).
Each time the vehicle tires are rotated or a tire is replaced,
the manual initialization procedure must be repeated to

ensure that the system continues to operate properly by
conveying accurate information, including tire location,
to the vehicle operator. This initialization requirement
makes tire rotation (or other tire changes) more complex,
and increases the possibility of inaccurate operation of
the system.
[0006] The tire transmitters used in such tire pressure
monitoring systems are typically battery powered. As a
result, a tire transmitter has a limited amount of function-
ing time before its battery must be replaced. To help con-
serve battery power, the transmitters typically transmit
tire pressure information at short, predetermined time in-
tervals (as opposed to continuously) when the vehicle is
moving. In addition, once the vehicle has been stationary
for a predetermined amount of time, the transmitters may
transmit tire pressure information at longer predeter-
mined time intervals.
[0007] Conventional tire monitor modules employ an
accelerometer to increase the periodic rate at which
transmissions are made to vehicle controller/receiver.
Consequently, when the vehicle is at rest, a rate at which
tire data is transmitter may be at a first, relatively long
time interval, such as 30 minutes. Alternatively, as the
accelerometer senses the vehicle increasing in speed
above a threshold value, the tire transmitter may transmit
tire data at a second, relatively short time interval, such
as about 1 minute. Typically, the accelerometer is a me-
chanical or micro-electromechanical (MEM) device that
can be prone to fail. Further, some accelerometers have
difficulty meeting the stringent system tolerances. Lastly,
the accelerometer adds to the complete solution cost.
[0008] In any event, each prior art tire transmitter op-
erates independently of the other transmitters. Conse-
quently, when two or more tire transmitters associated
with a vehicle transmit tire pressure signals or data si-
multaneously, a data collision can result at the vehicle
central receiver/controller, which can adversely affect
proper operation of the tire pressure monitoring system.
One prior art solution to the above collision problem in-
volves implementation of anti-collision algorithms,
wherein each tire transmitter transmits the tire data in a
redundant manner that is spaced apart from each other
in time (e.g., eight transmissions). In addition, each tire
transmitter spaces apart the redundant data with a dif-
ferent time interval. Consequently, when data is sent,
although data collisions are not necessarily avoided, the
redundant data transmissions ensure that at least some
of the data finally gets through to the vehicle receiver/
controller. This prior art solution is effective, however,
since more time is employed to transmit the data, more
battery current is employed, thereby resulting in a shorter
battery life of the tire sensor module. In addition, the re-
dundant transmissions increase the average radiated
emissions that are measured by governmental regulators
in selected regions, and thus in some instances are un-
desirable. Lastly, since the vehicle controller/receiver is
required to stay active for a longer period of time, more
current is required of the vehicle batter, which in some
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instances may be undesirable.
[0009] Another prior art solution employed to commu-
nicate tire pressure data from each sensor to the vehicle
controller/receiver employs low frequency (LF) initiators
that are local to each tire pressure sensing module at
each respective tire. Each LF initiator module includes
an antenna that transmits a low frequency initiation signal
to the tire monitor module, thereby "awakening" the mod-
ule for transmission of tire data therefrom. Because the
low frequency signal (e.g., about 125 KHz) power decays
extremely quickly, only the tire module local to the re-
spective LF antenna is activated. By having each LF in-
itiator module operating at distinct, different timing inter-
vals, data collisions are avoided.
[0010] The prior art LF initiator solution, however, may
require additional certification from various regulator
commissions due to the LF transmissions, and requires
LF antennas to be located at each wheel location. Fur-
ther, the LF initiator requires some form of module and
wiring to each antenna location. In addition, to generate
and transmit the LF initiation signal, a high current and/or
high voltage driver is required to generate sufficient field
strength for the LF receiver at the tire sensor. Lastly, each
tire sensor module requires continuous current from its
local battery to activate the LF receiver in the module.
[0011] Further prior art is disclosed in documents WO
03//061995 A1, US 2004/017291 A1 and US
2002/101340 A1. The prior art described in these docu-
ments has either the same problems as the prior art de-
scribed above or does at least not include or render ob-
vious satisfying solutions of these problems.
[0012] Thus, there exists a need for an improved sys-
tem and method for remote tire pressure monitoring.

SUMMARY OF THE INVENTION

[0013] According to the present invention the above
mentioned problems are solved by the system claimed
in claim 1 and by the method claimed in claim 4.
[0014] Advantageous embodiments of the inventions
claimed in claims 1 and 4 are claimed in the subclaims.
[0015] The following description and annexed draw-
ings set forth in detail certain illustrative aspects and im-
plementations of the invention. These are indicative of
only a few of the various ways in which the principles of
the invention may be employed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1 is a system level block diagram illustrating a
system for acquiring and transmitting tire data in a
vehicle according to one exemplary embodiment of
the present invention;
Fig. 2 is a flow chart diagram illustrating a plurality
of differing available modes of operation of the sys-
tem of Fig. 1 according to another embodiment of

the invention;
Fig. 3 is a flow chart diagram illustrating a method
of acquiring and transmitting tire data from a plurality
of tire sensor modules to a vehicle control module
within a vehicle in accordance with an exemplary
embodiment of the invention;
Fig. 4 is a flow chart diagram illustrating an additional
act of updating predetermined time intervals accord-
ing to another optional embodiment of the invention;
Fig. 5 is a flow chart diagram illustrating a method
of locating each of the tire sensor modules in the
vehicle according to another embodiment of the
present invention;
Fig. 6 is a plan view of a vehicle having five tire sensor
modules and a vehicle control module associated
therewith, wherein one of the tire sensor module lo-
cations is identified using the received signal trans-
mission strength according to an exemplary embod-
iment of the invention;
Fig. 7 is a plan view of a vehicle similar to Fig. 6,
wherein a second tire sensor module location is iden-
tified using the received signal transmission
strength;
Fig. 8 is a combined graph and vehicle graphic illus-
trating how a periodic amplitude modulated signal
may be employed to identify other tire sensor module
locations according to another exemplary embodi-
ment of the invention; and
Fig. 9 is a plan view of a vehicle similar to Figs. 6
and 7, wherein the vehicle is moving in a turn pattern,
and illustrating how such a turn pattern may be em-
ployed in identifying the tire sensor module locations
of remaining modules according to an alternative
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0017] One or more implementations of the present in-
vention will now be described with reference to the at-
tached drawings, wherein like reference numerals are
used to refer to like elements throughout. The invention
relates to a tire monitoring system and associated meth-
od wherein tire data is acquired and transmitted from one
or more tire sensor modules to a vehicle control module
in a reliable and efficient manner.
[0018] Turning to Fig. 1, a block diagram illustrates a
tire monitoring system 10, wherein one of one or more
tire sensor modules 12 is operably associated with a ve-
hicle control module 14. In one example, each tire of a
vehicle (not shown) has a tire sensor module 12 associ-
ated therewith, wherein the tire sensor module is config-
ured to acquire one or more tire parameters (e.g., a tire
pressure), and transmit the tire data to the vehicle control
module 14. In the exemplary embodiment of Fig. 1, each
tire sensor module 12 comprises a battery 16 that is op-
erable to provide power to various tire sensor module
components. The module 12 further comprises a param-
eter sensor 18 such as a pressure sensor that is powered
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by the battery 16 and configured to measure a tire pa-
rameter (in this case, the tire pressure), and provide such
tire data to a tire sensor module controller 20.
[0019] The tire sensor module controller 20 is also op-
erably coupled to the battery 16, and is configured to
transfer the acquired tire data to a module transceiver 22
based on a predetermined timing as provided or ascer-
tained by a clock circuit 24 (or real-time clock (RTC)). In
the above example, the clock circuit 24 is a part of the
tire sensor module controller 20, however, it should be
understood that in alternative embodiments the clock cir-
cuit 24 may be a stand-alone component or associated
with another component in accordance with the inven-
tion. As will be further discussed in greater detail below,
the clock circuit 24 operates to dictate a timing in which
acquired tire data is transmitted from the transceiver 22
via an antenna 26 to the vehicle control module 14. In
one embodiment of the present invention, the transceiver
22 and antenna 26 cooperatively operate to transmit tire
data wireless at a UHF frequency, for example, about
315 MHz.
[0020] Each tire sensor module employed in the tire
monitoring system 10 is operable to enter a low power
mode, wherein the power of the battery 16 is minimized
and thus conserved. In one example, in the low power
mode, all the components except for the clock circuit 24
are switched off. The clock circuit 24, upon reaching a
predetermined time interval (as will be discussed and
more fully appreciated infra), activates the other compo-
nents, wherein, for example, the pressure sensor 18 ac-
quires tire pressure data and transfers such data to the
transceiver 22 via the tire sensor controller 20. In one
example, the tire parameter sensor 18 only acquires tire
data during the respective predetermined time interval,
however, in alternative embodiments, the sensor may
periodically activate, acquire data and save such data
locally. Subsequently, during the predetermined time in-
terval, multiple segments of tire data may be transmitted.
[0021] In one exemplary embodiment of the present
invention, the transceiver 22 contains a modulator/de-
modulator (not shown) that is configured to receive the
tire data and modulate such data for UHF transmission.
In one embodiment of the invention, the tire data is fre-
quency modulated and up-converted for transmission to
the vehicle control module.
[0022] The vehicle control module (which may also be
called a central control module (CCU)) 14 comprises a
transceiver 30 that is configured to receive transmitted
tire data from the various tire sensor modules via an an-
tenna 32. The transceiver 30 contains a modulator/de-
modulator that, upon receipt of tire data, demodulates
the data and provides such demodulated data to the ve-
hicle control module controller 34. The controller 34, in
one embodiment, comprises a master clock 36 (which
may be called a real-time clock (RTC)), that is employed
by the controller for synchronizing the clock circuits of
the various tire sensor modules thereto. Since such
clocks 24 and 36 are synchronized, both the vehicle con-

trol module and the various tire sensor modules operate
synchronously with respect to the transmission and re-
ceipt of the tire data, as well as other information.
[0023] The vehicle module controller 34 is operably
coupled to a vehicle bus interface 38 that is operably
associated with a central vehicle controller (not shown)
via a vehicle bus 40. For example, if the vehicle module
controller 34 receives tire data from one or more tire sen-
sor modules 12 that is outside a proscribed range, the
controller may send an alarm or status message over the
vehicle bus 40 for communication of the status condition
to a user, for example. Each of the vehicle control module
components is coupled to the vehicle battery via a voltage
regulator 42 in order to prevent voltage or current swings
due to changed loading, etc.
[0024] In accordance with one embodiment of the
present invention, the vehicle module controller 34 is con-
figured to assign unique predetermined time intervals to
each of the tire sensor modules 12, wherein each of the
predetermined time intervals are at different times and
do not overlap one another in the time domain. Such time
intervals are then employed by each tire sensor module
12 to awaken from a low power mode, acquire tire data,
and transmit such tire data back to the vehicle control
module. By having each predetermined time interval
unique, tire data collisions will not occur at the vehicle
control module. Consequently, the present invention
eliminates the inefficient conventional anti-collision algo-
rithms, wherein various modules send multiple blocks of
redundant data, etc. In addition, since each block of data
need only be sent once during a predetermined time in-
terval, reduced electromagnetic transmissions occur,
which may be advantageous in complying with various
emission regulations in certain regulatory jurisdictions.
Further, since each tire sensor module 12 has a prede-
termined time allocated thereto, the various components
associated therewith can be switched off (except for the
clock circuit 24), so that minimal current is drawn from
the battery, thereby substantially improving the life of the
various tire sensor modules.
[0025] Fig. 2 is a flow chart diagram 50 that illustrates
various modes in which the tire monitoring system 10 of
Fig. 1 may reside according to one exemplary embodi-
ment of the invention. For example, initially the tire mon-
itoring system may reside within a factory mode 52,
wherein each of the tire sensor modules 12 associated
with the vehicle are in a low current mode of operation.
In the factory mode, the low current mode of operation
is maintained until a general wake-up command is trans-
mitted by the vehicle control module 14 to all the tire
sensor modules 12. The general wake-up command is
issued by the vehicle module controller 34 and transmit-
ted via the transceiver 30 and antenna 32. Upon receiving
the general wake-up command, each tire sensor module
12 enters the learn mode 54, wherein the tire module
controllers 20 of each module provide instructions for a
periodic transmission be sent from each respective trans-
ceiver 22 via the antenna 26. In one example, each tire

5 6 



EP 2 314 468 B1

5

5

10

15

20

25

30

35

40

45

50

55

sensor module transmits a unique identification signal
that identifies the respective module, and such identifi-
cation signal is amplitude modulated and transmitted on
a periodic basis during the learn mode. Each tire sensor
module 12 will continue transmitting the signal until the
vehicle control module will communicate back that the
module has been identified. As will be discussed below
in greater detail, the vehicle control module performs an
analysis based on the received signals from the various
tire sensor modules to identify both the identity and lo-
cation of each of the modules.
[0026] Upon each tire sensor module being identified,
the tire monitoring system 10 exits the learn mode 54
and enters a program mode of operation 56, as illustrated
in Fig. 2. In a first portion of the program mode 56 the
clock circuit 24 in each of the tire sensor modules 12 is
synchronized to the master clock circuit 36 in the vehicle
control module 14. Upon synchronization, the vehicle
control module 14 will then transmit time/date information
that will let each tire sensor module 12 know how long it
must remain in a low power mode of operation prior to
waking up for transmission of new tire data to the vehicle
control module. In the above manner, each tire sensor
module receives a unique predetermined time interval
associated with the time/date information, wherein the
predetermined time intervals are different from one an-
other and do not overlap one another in the time domain.
[0027] Each of the tire sensor modules 12 then enter
the low power mode 58, wherein, in one example, all of
the components except for the clock circuit 24 are
switched off in order to reduce current draw on the tire
sensor module battery 16. Then, based on the arrival of
the predetermined time interval, each of the tire sensor
modules will selectively enter the send mode 60. That is,
if the first tire sensor module received time/date data for
a first time period, when that first time period arrives, it
awakens into the send mode while the other tire sensor
modules remain in the low power mode 58. In the send
mode 60, the selected tire sensor module activates or
turns on its various components, acquires tire data via
the tire parameter sensor 18 (e.g., a tire pressure), and
transmits such data to the vehicle control module 14 via
the transceiver. In one example, the acquired tire data is
frequency modulated and up-converted in the transceiv-
er 22 and transmitted via the antenna 26. Upon trans-
mission being completed, the selected tire sensor mod-
ule 12 returns to the low power mode 58 and awaits its
next predetermined time interval.
[0028] In accordance with another embodiment of the
invention, during the send mode 60, after the tire data
has been received at the vehicle control module 14, the
vehicle control module transmits back an updated
time/date information that dictates the next predeter-
mined time interval. In one example, the next predeter-
mined time interval is the same type of interval as used
previously, wherein a frequency at which the data is col-
lected from the tire sensor modules 12 remains relatively
constant. In another example, the predetermined time

interval changes, for example, based on one or more
characteristics associated with the vehicle in which the
tire monitoring system 10 resides. For example, the ve-
hicle control module 14 may receive updated vehicle
speed information via the vehicle bus 40, wherein at low
speeds (or in a parked condition), the frequency at which
tire data is acquired and transmitted may be reduced
substantially (e.g., about once per hour), while at vehicle
speeds above a given threshold the tire data may be
acquired and transmitted at a substantially higher fre-
quency (e.g., about once per minute). By sending the
new time/date information based on one or more vehicle
characteristics, the vehicle control module dynamically
varies the next predetermined time intervals to collect
the needed data while concurrently reducing the power
drawn from the various tire sensor modules 12 when such
high frequency tire data collection is not needed.
[0029] In yet another alternative embodiment of the
present invention, when the system is acquiring tire data
infrequently (e.g., once per hour), the system may ac-
count for potential changes during the low power mode
time frame by periodically awakening and checking if the
vehicle condition (e.g., speed) has changed. If not, the
tire sensor modules do not see a general awaken com-
mand from the vehicle control module, and they then re-
turn to their low power mode. The periodic wake-up and
check for a change in vehicle conditions may be per-
formed at any predetermined time interval (e.g., every
five (5) minutes).
[0030] Turning now to Fig. 3, a method 100 of obtaining
a transmitting tire data in a tire monitoring system (such
as the system 10 of Fig. 1, for example) is provided. Al-
though the method 100 is illustrated and described below
as a series of acts or events, it will be appreciated that
the present invention is not limited by the illustrated or-
dering of such acts or events. For example, some acts
may occur in different orders and/or concurrently with
other acts or events apart from those illustrated and/or
described herein, in accordance with the invention. In
addition, not all illustrated steps may be required to im-
plement a methodology in accordance with the present
invention. Furthermore, the methods of the present in-
vention may be implemented in association with various
types of tire monitoring components and systems, and
any such system or group of components, either hard-
ware and/or software, incorporating such a method is
contemplated as falling within the scope of the present
invention.
[0031] The method 100, in one example, starts at 102,
wherein an initialization and/or synchronization proce-
dure takes place. As will be described in greater detail
infra, the initialization 102 may include the identification
of the identity and/or location of each of the tire sensor
modules associated with the vehicle, wherein in the
present example, each of the tire sensor modules are
identified as PTM sensor #N. Further, in the initialization
process, each of the tire sensor modules is provided time/
date information that dictates a predetermined time in-
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terval associated therewith, wherein each of the time in-
tervals for the various modules are unique and do not
overlap one another in time. In the present example, a
tire sensor module is associated with each tire of the
vehicle, including the spare tire, and therefore in a typical
vehicle there may be five (5) such tire sensor modules.
It should be understood, however, that the present in-
vention is also applicable to tire monitoring systems that
employ fewer or a larger number of tire sensor modules,
and such alternatives are contemplated as falling within
the scope of the present invention.
[0032] Each of the tire sensor modules reside in a low
power mode at 104. In one example of the invention, the
low power mode comprises a system condition where
each of the components of the tire sensor module are
switched off, except for a clock circuit associated there-
with. In such an instance, the current draw from the tire
sensor module battery is reduced to a minimal level,
which advantageously improves the battery life of the
module. The method 100 proceeds to 106, wherein the
vehicle control module initializes a count associated with
the identity of the various tire sensor modules. In the
present example, the count initialization is a one (1).
[0033] At 108, the relevant tire sensor modules make
an evaluation whether the clock circuit associated there-
with (e.g., a timer) has identified the predetermined time
interval. Since N=1, the clock circuit of tire sensor module
#1 makes the determination at 108, and if the determi-
nation is negative (NO at 108), the clock circuit continues
the evaluation. If, however, the determination is in the
affirmative (YES at 108), the vehicle control module
(CCU) and the tire sensor module (module #1) wake-up
at 110. The tire sensor module #1 then acquires the tire
data and transmits the data to the vehicle control module
at 112 during the predetermined time interval assigned
thereto. The vehicle control module, upon receipt of the
tire data, re-synchronizes the clock circuit of the tire sen-
sor module #1 with the master clock at 114.
[0034] Further, the vehicle control module generates
and transmits new time/date information (an updated pre-
determined time interval) for the next time the sensor
module #1 is to awaken and acquire/transmit data at 116.
The vehicle control module may simply maintain the fre-
quency at which such data is acquired/transmitted, or
alternatively, may alter the frequency thereof based on
one or more vehicle characteristics. For example, as il-
lustrated in Fig 4, the vehicle control module may obtain
vehicle information via the vehicle bus, such as the ve-
hicle speed at 118, and generate a new time/date infor-
mation in response thereto. For example, at higher
speeds, it may be desirable to obtain tire data more fre-
quently, and thus the new time/date information may re-
quest that the next time the tire sensor module #1 should
re-awaken and provide such data will be sooner than
previously.
[0035] After the tire sensor module #1 receives the up-
dated time/date information at 116, the tire sensor mod-
ule goes back to sleep (e.g., into a low power mode of

operation) at 122, and the tire sensor module counter at,
for example, the vehicle control module increments at
124. At 126, a check is made to ensure that the count
variable N has not exceeded a predetermined threshold
(e.g., N=5 for a standard vehicle). If the variable has not
exceeded the threshold (NO at 126, the method 100 con-
tinues at 108 and the next module determines when its
predetermined time interval has arrived, etc. If the thresh-
old has been exceeded (YES at 126), the variable N is
set back to one (1) at 128, and the method continues
back at 108.
[0036] The method 100 then proceeds through acts
108 through 128 as described above until all the tire sen-
sor modules have transmitted their tire data to the vehicle
control module, and then the method continues by going
back to the first tire sensor module and repeating the
process. In the above manner, tire data is transmitted in
a wireless fashion from each tire sensor module to the
vehicle control module. Further, by providing each tire
sensor module with its own predetermined time interval
in which the tire data is to be transmitted, tire data colli-
sions at the vehicle control module are eliminated. Lastly,
since each tire sensor module is preferably in a low power
mode at all times except for during its predetermined time
interval, the amount of power drawn from the tire sensor
module battery is substantially reduced over convention-
al solutions.
[0037] As alluded to above, the tire monitoring system
10 and the method 100 of the present invention each
contemplate an identification of a location of each tire
sensor module in the vehicle. Fig. 5 is a flow chart dia-
gram illustrating a method 150 of identifying the tire sen-
sor module location in accordance with one exemplary
embodiment of the present invention. Fig. 5 will be de-
scribed in conjunction with Figs. 6-9 in order to facilitate
an understanding of this exemplary embodiment.
[0038] The method 150 begins at 152, wherein the ve-
hicle control module 14 is located physically closer to one
of the tire sensor modules than the others. For example,
the vehicle control module may be located close to the
right front tire where one of the tire sensor modules is
located. The method 150 then continues at 154, wherein
each of the tire sensor modules 12 transmit a signal to
the vehicle control module. In one example, each tire
sensor module transmits a periodic unique identification
code that is FSK modulated, however, other signals may
be employed and are contemplated as falling within the
scope of the present invention. The vehicle control mod-
ule 14 receives the various signals from the tire sensor
modules, and the transceiver 30 includes a receiver sig-
nal strength indicator (RSSI) circuit 31 that generates a
signal that is a function of the radiated power from each
tire sensor module, and the RSSI signal is evaluated at
156. Therefore the received signals from the tire sensor
modules will each produce a different RSSI signal based
on a distance they are away from the vehicle control mod-
ule. Since the vehicle control module 14 is located phys-
ically closer to one of the tire sensor modules than the
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others, the RSSI signal associated therewith will have
the largest amplitude and will identify the tire sensor mod-
ule at module #1 located at the right front tire at 158 of
Fig. 5. For example, as illustrated in Fig. 6, a vehicle 200
is provided, wherein the vehicle control module 14 is clos-
est to the right front tire 202, and the tire sensor module
associated therewith is identified by the RSSI signal in-
dicating the largest signal strength. At 158, not only is
the first tire sensor module identified, but the vehicle con-
trol module may be configured to transmit thereto a pre-
determined time interval at that time, as may be desired.
[0039] The method 150 continues at 160, wherein the
vehicle control module 14 identifies the location of the
next tire sensor module (module #2) by identifying the
RSSI signal having the next greatest amplitude. In the
above example, as illustrated in Fig. 7, the tire sensor
module associated with the left front tire 204 is identified
since it is substantially closer to the vehicle control mod-
ule 14 than the remaining tire sensor modules. In one
example, the already identified tire sensor module is de-
activated so that the number of signals at the vehicle
control module is reduced. At 160, the signal identifica-
tion is noted and a unique predetermined time interval is
transmitted thereto.
[0040] The above manner of identifying the tire sensor
modules may be employed for all the tires in one exam-
ple, wherein the RSSI signal is evaluated and the tire
sensor module locations are determined based upon the
strength of the signal transmission as a function of their
distance from the vehicle control module. However, in
some instances, since the transmitted signal decays rel-
atively rapidly over distance, it may be difficult to have
sufficient read margin between the remaining tire sensors
to distinguish the differing locations with sufficient confi-
dence. In such an instance, the method 150 of Fig. 5
contemplates moving the vehicle in a turn pattern to de-
termine the location of the remaining tire sensor modules
in one alternative embodiment of the invention.
[0041] At 162, the vehicle 200 is moving and placed in
a turn pattern, for example, a left turn. As stated above,
each of the remaining tire sensor modules that have not
transitioned into the low power mode are periodically
transmitting a unique identification signal that is being
FSK modulated. With the vehicle in motion and in a turn
pattern, the path loss associated with the transmitted sig-
nals to the vehicle control module 14 are attenuated as
the wheels rotate through 360 degrees. This path loss is
seen as a low frequency amplitude (AM) modulation that
can be detected by sampling the RSSI signal at the ve-
hicle control module. While in the turn pattern, the inner
wheel (e.g., in a left turn the left rear wheel) will rotate at
a lower speed than the outer wheel. Therefore by eval-
uating the RSSI signal, one can determine the remaining
wheel locations. This characteristic may be more fully
appreciated by evaluating the signals in Fig. 8.
[0042] Initially, at 164 of Fig. 5, the spare tire is easily
identified because it is not turning, and therefore is not
moving during the turn pattern. The tire sensor module

associated with the spare tire is thus identified as the
signal that is not experiencing any path loss in its trans-
mission. The vehicle control module 14 then notes the
identification signal associated therewith, notes the tire
sensor module as module #5, and sends a unique pre-
determined time interval thereto for its transmission of
tire data at a later time.
[0043] The remaining tire sensor modules (modules
#3 and #4) are then identified at 166 based on evaluating
the modulation effects during the turn, as discussed
above. One exemplary way in which the vehicle control
module may determine the turn direction is by having a
technician use the turn signal during the process, and
communicating that information to the vehicle control
module 14 via the vehicle bus 40. As illustrated at 168 in
Fig. 5 and in Fig. 9, when in a left turn pattern, the AM
modulation will occur at a higher frequency from the tire
sensor module associated with the right rear tire 206 than
the tire sensor module associated with the left rear tire
208. Upon identifying the right rear tire sensor module,
the vehicle control module notes the tire sensor identifi-
cation signal as module #3, and transmits a unique pre-
determined time interval thereto. At 170, the last tire sen-
sor module (module #4) is identified by default as the
remaining tire sensor module, and the vehicle control
module 14 notes the identification signal associated
therewith, and transmits its unique predetermined time
interval thereto.
[0044] As highlighted above, the present invention
eliminates tire data collisions at the vehicle control mod-
ule 14 by assigning unique predetermined time intervals
to each of the tire sensor modules 12 during which such
modules may acquire and transmit their data. Since each
of the predetermined time intervals differ from one an-
other and do not overlap in the time domain, the data
collisions are avoided. Further, since each tire sensor
module 12 now knows when it needs to operate, each
module can enter a low power mode at times not asso-
ciated with its respective predetermined time interval,
thereby substantially reducing the battery draw for each
module. Also, the present invention removes the need
for an accelerometer at each tire sensor module. Since
the vehicle control module obtains speed information (or
other vehicle information) from the vehicle bus 40, the
vehicle control monitor dictates the frequency at which
each tire sensor module acquires and transmits its data.
By eliminating the need for an accelerometer in each tire
sensor module, the cost and complexity of such modules
is reduced.
[0045] According to still another embodiment of the
present invention, a networked sensor system is dis-
closed, wherein each of the sensor components wire-
lessly transmit data to a wireless control component, for
example, for diagnostic or preventive maintenance pur-
poses. The wireless control component is operable to
assigned unique predetermined time intervals to each of
the wireless sensor components. The wireless control
components then transmit data to the wireless control
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component during their respective predetermined time
intervals so as to eliminate data collisions with respect
to such data at the control component.
[0046] For example, such a system may comprise a
networked home or business, wherein a plurality of wire-
less sensors are operable to monitor various functions
therein. For example, each of the wireless sensors are
configured to monitor a given function and transmit an
alarm if a given threshold is exceeded or a predetermined
system condition is detected. For example, for a security
sub-system, the wireless sensor components may com-
prise a motion detector or a security alarm associated
with the state of a door or window. Further, the wireless
sensor components may comprise smoke alarms or oth-
er safety or security devices that are wirelessly associ-
ated with a central wireless controller. Other networked
items may include thermostats, appliances, lighting sys-
tems, entertainment systems, etc.
[0047] One or more of the various wireless sensor
components may further be operable to perform an in-
ternal diagnostic or generate/acquire preventive mainte-
nance or other type information about the given sensor
component that is to be transmitted to the central control
component. For example, such information may include
remaining battery life, status indicator functions (lights,
sounds, etc.), collected historical or trend data over time,
etc. Instead of various sensor components transmitting
such diagnostic or other data asynchronously where data
collisions at the control component may occur, one or
more (or each) of the wireless sensor components are
assigned a unique predetermined time interval during
which the respective sensor component transmits such
data to the control component. Because each predeter-
mined time interval is unique, data collisions at the control
module with respect to such data is eliminated.
[0048] Each of the various sensor components also
transmit alarm information or special status information
to the central control module, and such data is not nec-
essarily transmitted during a predetermined time period,
but rather may be transmitted at any time, and preferably
is transmitted immediately upon detection of an alarm
condition.
[0049] In one embodiment of the present invention, a
wireless time stamp system may be configured in a man-
ner similar to that illustrated in Fig. 1, wherein instead of
the sensor module being uniquely dedicated to a tire sen-
sor, the sensor module may comprise any type of wire-
less sensor component that is operable to sense a given
system condition. For example, if such sensor compo-
nent is a smoke detector, the sensor portion associated
therewith is configured to sense a smoke condition that
exceeds a predetermined threshold. Further, the sensor
component may collect other data associated therewith,
for example, information relating to the remaining battery
life of a battery (if applicable), or other type diagnostic
information generated locally by a controller associated
with the wireless sensor component (e.g., data relating
to system integrity). In such an instance, it may be ad-

vantageous to periodically transmit such diagnostic in-
formation relating to the sensor to another component
such as a wireless control component. By establishing
unique predetermined time intervals for one or more sen-
sor components in the system, the transceiver of each
wireless sensor component does not need always be ac-
tivated, but instead the sensor module can be in a low
power or standby mode until the predetermined time in-
terval, thereby reducing current draw in the battery.
[0050] Various wireless sensor components may also
comprise an individual controller and transceiver to col-
lect and transmit data therefrom in a wireless fashion.
While the sensor components are configured to transmit
diagnostic, configuration or other type information on a
periodic basis, an alarm is another piece of data that, in
some cases needs to be transmitted immediately. When
an alarm condition (or other relatively urgent condition)
is detected by the sensor component, the alarm data (ac-
companied by an identification signal to identify the sen-
sor that sent the alarm) is transmitted by the transceiver
associated with the component to the wireless control
module. Because the time instance in which such alarm
data is sent may coincide with a predetermined time in-
terval of another wireless sensor component, the alarm
data is sent a plurality of times, for example, in a periodic
manner so as to ensure the alarm data is received in the
event of a data collision. Further, in one alternative em-
bodiment, the wireless control module, upon receipt of
the alarm data, transmits back a confirmation signal to
disable the wireless sensor component from continuing
to transmit the alarm.
[0051] In such an instance, if the wireless control mod-
ule detects that an alarm transmission interfered with oth-
er information within a predetermined time interval, the
wireless control module may generate and assign updat-
ed, unique predetermined time intervals for that particular
wireless sensor component and/or all the sensor com-
ponents within the network in a network system re-initial-
ization, as may be desired.
[0052] In the above exemplary system, the wireless
control module may act like a master network compo-
nent, while the wireless sensor components behave as
slaves. However, the master/slave relationship is not to
be interpreted in a limiting fashion, and is contemplated
to cover other network configurations such as mesh net-
works, etc.
[0053] The wireless time stamp system may further be
configured to operate in multiple modes. For example,
upon a network first being configured (or upon any
re-configuring or re-initialization thereof), the wireless
control component may transmit a configuration mode
signal globally (or individually during each predetermined
time interval or general status update period) to all the
wireless sensor components in the network. In response
to such a signal, each of the wireless sensor components
generates a unique identification signal associated there-
with, and transmits such identification signal (e.g., iden-
tifying the sensor type, serial number, and location which
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may be manually configured at sensor installation) re-
peatedly with, for example, the time periods between suc-
cessive transmissions being spaced in a random fashion.
The wireless control module, upon distinctly identifying
one of the wireless sensor components, transmits an
identification confirmation signal and a unique predeter-
mined time interval thereto for subsequent data trans-
mission, after which the sensor component can go into
a low power mode.
[0054] Alternatively, the wireless sensor component
may learn the identity of the various sensor components
at network installation by a technician assisted manual
procedure, as may be desired. In addition, system
re-configuration may be performed at predetermined re-
configuration intervals, wherein each wireless sensor
component awakens and looks for a re-configuration sig-
nal from the wireless control component. If no such signal
is found, each of the components return to the low power
mode.
[0055] In yet another embodiment of the invention, a
method of transmitting data in a wireless fashion from a
plurality of sensor components to a wireless control com-
ponent is provided. The wireless control module assigns
unique predetermined time intervals for transmission of
certain forms of data thereto to each of the wireless sen-
sor components. The wireless sensor components then
wirelessly transmit the data to the control component dur-
ing their respective predetermined time interval, thereby
avoiding data collisions with respect to that data.

Claims

1. A multi-mode tire monitoring system associated with
a vehicle (200), comprising:

a plurality of tire sensor modules (12), each tire
sensor module (12) comprising:

a battery (16);
a tire parameter sensor (18) coupled to the
battery (16);
a tire sensor controller (20) coupled to the
battery (16) and having a clock circuit (24)
associated therewith;
a transceiver (22) coupled to the battery
(16); and

a vehicle control module (14) operably associ-
ated with the plurality of tire sensor modules
(12),
wherein in a factory mode of operation each of
the tire sensor modules (12) are in a low current
mode of operation, and wherein each of the tire
sensor modules (12) are further configured to
exit the low current mode of operation based on
a wake-up command transmitted thereto from
the vehicle control module (14),

characterized in
that each of the tire sensor modules (12) are
associated with one of the tires (202, 204, 206,
208) of the vehicle (200) and are configured to
enter a learn mode of operation upon receipt of
the wake-up command,
that in the learn mode each of the tire sensor
modules (12) send periodic FSK modulated
transmissions, and
that the vehicle control module (14) employs an
analog to digital converter (ADC) to monitor the
RSSI signal to identify an identity and location
of the tire sensor modules (12) on the vehicle
(200) based upon signal strength.

2. The multi-mode tire monitoring system of claim 2,
wherein the vehicle control module (14) is located
physically closer to one of the tire sensor modules
(12) than the others, and wherein the vehicle control
module (14) is configured to ascertain the location
of at least two of the tire sensor modules (12) based
on a signal strength of the periodic FSK modulated
transmissions.

3. The multi-mode tire monitoring system of claim 2,
wherein the vehicle control module (14) is further
configured to ascertain the location of the remaining
tire sensor modules (12) based on a RSSI signal
change due to path loss as the vehicle (200) is mov-
ing in a turn pattern.

4. A method of configuring a tire data acquisition sys-
tem, comprising:

maintaining each of a plurality of tire sensor
modules (12) in a low power condition in a fac-
tory mode of operation; and
activating the plurality of tire sensor modules
(12) in a learn mode of operation by transmission
of a wake-up command from a vehicle control
module (14),
characterized in
that during the learn mode of operation each of
the tire sensor modules (12) sends periodic FSK
modulated transmissions to the vehicle control
module (14), and
that the location of the tire sensor modules (12)
is identified by sensing at the vehicle control
module (14) a transmission signal strength of
transmissions from the tire sensor modules (12)
during the learn mode.

5. The method of claim 4, further comprising:

locating the vehicle control module (14) closer
to one of the tire sensors modules (12) than the
others; and
identifying a location of at least two of the tire
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sensor modules(12) based on an evaluation of
a transmission strength of the periodic ampli-
tude modulated transmissions received at the
vehicle control module (14).

6. The method of claim 5, further comprising identifying
the location of the remaining unidentified ire sensor
modules (12) based on an evaluation in a change in
the periodic modulated transmissions received at the
vehicle control module (14) when the vehicle (200)
is moving in a turn pattern.

Patentansprüche

1. Multimodus-Reifenüberwachungssystem, das zu ei-
nem Fahrzeug (200) gehört, das Folgendes auf-
weist:

eine Vielzahl von Reifensensormodulen (12),
wobei jedes Reifensensormodul (12) Folgendes
aufweist:

eine Batterie (16),
einen Reifenparametersensor (18), der mit
der Batterie (16) gekuppelt ist,
einen Reifensensorcontroller (20), der mit
der Batterie (16) gekuppelt ist und mit dem
eine Takterzeugungsschaltung (24) ver-
bunden ist,
einen Transceiver (22), der mit der Batterie
(16) gekuppelt ist und
ein Fahrzeugsteuermodul (14), das betrieb-
lich mit der Vielzahl von Reifensensormo-
dulen (12) verbunden ist,
wobei jedes der Reifensensormodule (12)
in einer werkseitigen Betriebsart in einem
Niederstrombetrieb ist, und wobei jedes der
Reifensensormodule (12) ferner konfigu-
riert ist, den Niederstrombetrieb basierend
auf einem Aufwachbefehl, der zu ihm von
dem Fahrzeugsteuermodul (14) übertragen
wird, zu verlassen,
dadurch gekennzeichnet,
dass jedes der Reifensensormodule (12)
mit einem der Reifen (202, 204, 206, 208)
des Fahrzeugs (200) verbunden und konfi-
guriert ist, in einen Lernbetriebsmodus bei
Empfang des Aufwachbefehls einzustei-
gen,
dass jedes der Reifensensormodule (12) in
dem Lernbetriebsmodus periodische FSK-
modulierte Übertragungen sendet, und
dass das Fahrzeugsteuermodul (14) einen
Analog-DigitalWandler (ADC) verwendet,
um das RSSI-Signal zu überwachen, um ei-
ne Identität und eine Lage der Reifensen-
sormodule (12) auf dem Fahrzeug (200) ba-

sierend auf der Signalstärke zu identifizie-
ren.

2. Multimodus-Reifenüberwachungssystem nach An-
spruch 1, wobei sich das Fahrzeugsteuermodul (14)
physisch näher an einem der Reifensensormodule
(12) als an den anderen befindet, und wobei das
Fahrzeugsteuermodul (14) konfiguriert ist, die Lage
von mindestens zwei der Reifensensormodule (12)
basierend auf einer Signalstärke der periodischen
FSK-modulierten Übertragungen zu bestimmen.

3. Multimodus-Reifenüberwachungssystem nach An-
spruch 2, wobei das Fahrzeugsteuermodul (14) fer-
ner konfiguriert ist, die Lage der restlichen Reifen-
sensormodule (12) basierend auf einem RSSI-Si-
gnalwechsel aufgrund des Wegverlusts zu bestim-
men, während sich das Fahrzeug (200) in einem
Wendemuster bewegt.

4. Verfahren zum Konfigurieren eines Reifendatener-
fassungssystems, das Folgendes aufweist:

Halten jedes einer Vielzahl von Reifensensor-
modulen (12) in einem Niederstromzustand in
einem werkseitigen Betriebsmodus und
Aktivieren der Vielzahl von Reifensensormodu-
len (12) in einem Lernbetriebsmodus durch
Übertragung eines Aufwachbefehls von einem
Fahrzeugsteuermodul (14),
dadurch gekennzeichnet,
dass während des Lernbetriebsmodus jedes
der Reifensensormodule (12) periodische FSK-
modulierte Übertragungen zu dem Fahrzeug-
steuermodul (14) sendet, und
dass die Lage der Reifensensormodule (12)
durch Erfassen an dem Fahrzeugsteuermodul
(14) einer Übertragungssignalstärke von Über-
tragungen von den Reifensensormodulen (12)
während des Lernmodus identifiziert wird.

5. Verfahren nach Anspruch 4, ferner aufweisend:

Anordnung des Fahrzeugsteuermoduls (14) nä-
her an einem der Reifensensormodule (12) als
an den anderen, und
Identifizieren einer Lage von mindestens zwei
der Reifensensormodule (12) basierend auf ei-
ner Beurteilung einer Übertragungsstärke der
periodischen amplitudenmodulierten Übertra-
gungen, die an dem Fahrzeugsteuermodul (14)
empfangen werden.

6. Verfahren nach Anspruch 5, das ferner das Identifi-
zieren der Lage der restlichen nicht identifizierten
Reifensensormodule (12) basierend auf einer Beur-
teilung in einem Wechsel in den periodisch modu-
lierten Übertragungen, die an dem Fahrzeugsteuer-
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modul (14) empfangen werden, wenn sich das Fahr-
zeug (200) in einem Wendemuster bewegt, aufweist.

Revendications

1. Système de surveillance de pneumatique multimo-
dal associé à un véhicule (200), comprenant :

une pluralité de modules de capteur de pneu-
matique (12), chaque module de capteur de
pneumatique (12) comprenant :

une batterie (16) ;
un capteur de paramètre de pneumatique
(18) couplé à la batterie (16) ;
un dispositif de commande de capteur de
pneumatique (20) couplé à la batterie (16)
et ayant un circuit d’horloge (24) associé à
lui ;
un émetteur-récepteur (22) couplé à la bat-
terie (16) ; et
un module de commande de véhicule (14)
associé en fonctionnement à la pluralité de
modules de capteur de pneumatique (12) ;
dans lequel dans un mode de fonctionne-
ment d’usine, chacun des modules de cap-
teur de pneumatique (12) est dans un mode
de fonctionnement à faible consommation
de courant et dans lequel chacun des mo-
dules de capteur de pneumatique (12) est
en outre configuré pour sortir du mode de
fonctionnement à faible consommation de
courant sur la base d’une commande d’ac-
tivation lui étant transmise par le module de
commande de véhicule (14) ;
caractérisé en ce que :

chacun des modules de capteur de
pneumatique (12) est associé à un des
pneumatiques (202, 204, 206, 208) du
véhicule (200) et est configuré pour
passer dans un mode de fonctionne-
ment d’apprentissage à réception de la
commande d’activation ;
dans le mode d’apprentissage, chacun
des modules de capteur de pneumati-
que (12) envoie des transmissions mo-
dulées FSK périodiques ; et
le module de commande de véhicule
(14) utilise un convertisseur analogique
vers numérique (ADC) pour surveiller
le signal RSSI servant à identifier l’iden-
tité et l’emplacement des modules de
capteur de pneumatique (12) sur le vé-
hicule (200) sur la base de la force du
signal.

2. Système de surveillance de pneumatique multimo-
dal selon la revendication 2, dans lequel le module
de commande de véhicule (14) est positionné phy-
siquement plus près d’un des modules de capteur
de pneumatique (12) que des autres et dans lequel
le module de commande de véhicule (14) est confi-
guré pour vérifier l’emplacement d’au moins deux
des modules de capteur de pneumatique (12) sur la
base d’une force de signal des transmissions modu-
lées FSK périodiques.

3. Système de surveillance de pneumatique multimo-
dal selon la revendication 2, dans lequel le module
de commande de véhicule (14) est en outre confi-
guré pour vérifier l’emplacement des modules de
capteur de pneumatique (12) restants sur la base
d’une variation de signal RSSI due à la perte de si-
gnal sur le trajet lorsque le véhicule (200) se déplace
en suivant un modèle en courbes.

4. Procédé de configuration d’un système d’acquisition
de données de pneumatique, comprenant : le main-
tien de chacun des modules, parmi une pluralité de
modules de capteur de pneumatique (12), dans un
état de faible consommation de courant dans un mo-
de de fonctionnement d’usine ; et l’activation de la
pluralité de modules de capteur de pneumatique (12)
dans un mode de fonctionnement d’apprentissage
par transmission d’une commande d’activation pro-
venant d’un module de commande de véhicule (14) ;
caractérisé en ce que :

dans le mode de fonctionnement d’apprentissa-
ge, chacun des modules de capteur de pneu-
matique (12) envoie des transmissions modu-
lées FSK périodiques au module de commande
de véhicule (14) ; et
l’emplacement des modules de capteur de
pneumatique (12) est identifié par détection au
niveau du module de commande de véhicule
(14) d’une force de signal de transmission des
transmissions provenant des modules de cap-
teur de pneumatique (12) dans le mode d’ap-
prentissage.

5. Procédé selon la revendication 4, comprenant en
outre :

le positionnement du module de commande de
véhicule (14) à plus grande proximité d’un des
modules de capteur de pneumatique (12) que
des autres ; et
l’identification de l’emplacement d’au moins
deux des modules de capteur de pneumatique
(12) sur la base de l’évaluation de la puissance
de transmission des transmissions modulées en
amplitude périodiques reçues au niveau du mo-
dule de commande de véhicule (14).
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6. Procédé selon la revendication 5, comprenant en
outre l’identification de l’emplacement des modules
de capteur de pneumatique (12) non identifiés res-
tants sur la base d’une évaluation de la variation des
transmissions modulées périodiques reçues au ni-
veau du module de commande de véhicule (14) lors-
que le véhicule (200) se déplace en suivant un mo-
dèle en courbes.
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