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(57) Abstract

The present invention provides a battery~powered tyre pressure sensor including a pressure transducer (10) for sensing a pressure of
a tyre and providing a tyre pressure signal. The tyre pressure sensor is arranged to transmit the signal containing information about the tyre
pressure of an associated vehicle tyre to a cab unit (1) via a transmitter (13) where it is displayed to a driver of the vehicle. The pressure
sensor monitors the pressure of the tyre and provides the vehicle driver with early warning of any deflation, thereby improving safety as
well as reducing tyre wear and improving fuel economy. A timer (19) is included to turn the tyre pressure sensor off when it is not in use

to conserve battery power.
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A REMOTE TYRE PRESSURE MONITORING SYSTEM

Field of the Invention

The present invention relates to a system for monitoring the pressure of tyres in a wheeled
vehicle. In particular. the invention relates to a Iyre pressure monitoring system empioyving
individual battery-powered pressure sensors associated with each tyre for transmitting coded

information to a receiver mounted within the vehicle to provide information about the

condition of the tyres to a driver of the vehicle.

Background to the Invention

It is well known that for commercial vehicles even a small deviation from the correct tyre
pressure can adversely affect tyre wear and substantially increase the fuel consumption of
the vehicle. Constant under inflation can reduce a tyre’s life by up to 50%. A worn
commercial tyre which is in every other sense in good condition can usually be retreaded
twice. However: once the tyre walls are damaged through under inflation this is not
possible. Furthermore, the majority of "blow-outs". tvre shredding and vehicle fires are
caused by tyre under inflation. As a result. many large vehicle fleer operators spend
significant sums on checking tyre pressures regularly. Most of this would be rendered

unnecessary by a reliable automatic pressure monitoring system.

Summary of the Invention
According to a first aspect of the present invention. a battery-powered tyre pressure sensor
comprises:

a pressure transducer for sensing a pressure of a tyre and providing a tyre pressure signal;
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a transmitter:

a signal processor connected 10 the pressure transducer tor providing a signai dependent on
the tvre pressure signal to the transmiteer:

a timing circuit connected to the signal processor which is contigured to automatically switch
the tyre pressure sensor on periodically for a predetermined interval to measure the tyre
pressure and switch off the tyre pressure sensor at all other times 10 conserve battery power.
in which the timing circuit comprises a timer and a switch. the timer being contigured to
periodically actuate the switch and thereby connect the pressure sensor to the bartery to turn

the tyre pressure sensor on for said predetermined interval.

The tyre pressure sensor of the present invention is suitable ror all types of vehicles. but is
especially suited for fitting to commercial vehicles such as buses. coaches. trucks. and
lorries. The pressure sensor monitors the pressure of a tyre and gives the vehicle driver
eariv warning of any deflation. thereby improving sarety. as well as reducing tyre wear and
improving fuel economy. An important aspect of the present invention is that the pressure
sensor is only switched on periodically under the control of a timer to sample the tyre
pressure. This feature allows battery power to be conserved and therefore effectively extend

the life of the battery or otherwise allow a smailer battery to be used.

Preferably. the pressure sensor further comprises a non-volatile memory device for storing
an identification code used to identify transmissions from the pressure sensor. Preferably,
the non-volatile memory device also stores calibration information which is used to
determine an accurate tyre pressure. In particular, during manufacture each pressure sensor

may be tested at atmospheric pressure. maximum rated pressure. and at several points
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between. and the results of the calibration routine stored in the non-volatile memory device
as variables which characterize the response of the pressure sensor. The advantage of a

non-voiatile memory is that data is not lost when the pressure sensor is switched off in the

interval between pressure measurements.

Preferably. the sensor unit further comprises a temperature transducer connected to the
signal processor to provide a iemperature signal to the signal processor. wherein the signal
processor is adapted to apply a temperature compensation to the tyre pressure signal in
dependence on the temperature signal. This feature allows the signal processor to correct
the output of the pressure transducer to ensure accuracy over a range of. for example. -40°C
10 +60°C. In addition. if the air temperature falls below say 3°C. this information can be

transmitted by the pressure sensor to warn the vehicle driver that road conditions may be

hazardous.

Preferably. the signal processor is a microcontroller having an embedded computer program
for controlling the operation of the pressure sensor. Preferably, the microcontroller is
configured to record battery voltage and operating temperature each time it makes a pressure
measurement and. when necessary, encode this information together with the pressure sensor

identification code for transmission via the transmitter.

Preferably. the transmitter. comprises a surface acoustic wave (SAW) resonator. Suitable
radio frequencies for use in the United Kingdom include 418 MHz and 433 MHz in

accordance with the radio specifications for MPT 1340 of the Radio Communications

Agency. These frequencies are currently licence exempt.
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In a preterred example of the present invention, the pressure sensor is adapted to be screwed
onto the valve stem of a venicie tyre. This allows the pressure sensor to be retro-fitted to

existing vehicles. As an alternative. the pressure sensor may be adapted for mounting

within a vehicle tyre.

Preferably. the pressure sensor is configured so that it does not make any transmissions until
it is connected to an inflated tvre. This feature ensures that battery power is conserved

during transport and storage of the pressure sensor betore fitting to a tyre.

According to a second aspect of the present invention. a remote tyre pressure monitoring
system for mounting on a vehicle comprises a plurality of tyre pressure sensors according
to the first aspect of the present invention in combination with a cab unit for mounting
within the vehicle cab. the cab unit comprising:

a receiver for detecting transmissions from the respective transmitters of the tyre pressure
sensors: and.

a display for providing a driver with information about the tyres on the vehicles in

dependence on the received transmissions from the pressure Sensors.

According to a third aspect of the present invention. a transponder unit for use in a remote
tyre pressure monitoring system for a vehicle which includes a plurality of remote tyre
pressure sensors connected to respective tyres. wherein each pressure sensor is adapted to
transmit a signal with information about the condition of its respective tyre. the transponder
unit comprising:

a receiver for receiving the transmitted signals from the individual pressure sensors:



(]

10

15

WO 99/61265 PCT/GB99/01625
5
a signal processor for processing signals from the pressure sensors and generating a coded
signal for transmission which identifies the transponder unit and tyre location: and.
a transmitter for transmitting the coded signal to a remote receiver where information can

be displayed to a driver about the tyres associated with the transponder unit.

The transponder unit of the present invention allows a cab unit within a vehicle cab 0
distinguish between transmissions from the remote tyre pressure sensors of a trailer and
other pressure sensors without requiring the driver to individually register each pressure
sensor of the trailer whenever the vehicle cab and trailer are first connected. This is usetul
since a lorry driver may change trailer frequently. The cab unit within the vehicle cab is
able to "learn" the unique identifier for the trailer transponder unit so that it can recognise
subsequent transmissions forwarded by the transponder unit which encode information from

the tyre pressure sensors connected to the trailer tyres.

According to a fourth aspect ot the present invention. a remote tyre pressure monitoring
system comprises a transponder unit according to the third aspect of the present invention
in combination with a cab unit. wherein the cab unit comprises:

a receiver for receiving the coded signal from the transponder unit:

a signal processor for detecting and decoding the coded signal: and.

a display for providing the driver with information about the condition of the tyres

associated with the transponder unit.

Preferably. the remote tyre pressure monitoring system comprises a vehicle trailer on which

the transponder unit is mounted.
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Preferably. the remote tyre pressure SENsors are tyre pressurc Sensors in accordance with

the first aspect of the present invention.

The present invention combines simplicity of operation with the most advanced solid-state
electronic design. It is proposed that the valve dust cap for each wheei of a vehicle is
repiaced by a pressure sensor in accordance with the present invention which monitors the
tyre pressure and reports to a compuier controlled unit in the vehicle cab. Should. for
example. the pressure in any tyre drop by more than say 12.5%. a radio signal is then sent
to a display in the cab to warn the driver as to which of his tyres is losing air. The driver
then has time to act before the tyre is damaged. thereby saving on tyre wear and fuel. and
perhaps avoiding the expensive results of complete tyre failure. It is also intended that the
driver should be warned if any pressure sensor is suffering from low battery power or is
missing or malfunctioning in any other way. Furthermore. if the air temperature at road
level approaches freezing point the sysiem warns of possible road icing. For articulated
rigs. a radio transponder unit mounted on the front of the trailer relays messages trom
pressure sensors connected to the trailers wheels to the vehicle cab. With aerials and‘
cabling supplied. the system of the present invention is as easy to fit as a car radio. In
addition. there is nothing to connect or disconnect when changing trailer. The cab unit is

pre-programmed to accept the new set of trailer wheels but will not respond to pressure

sensors from other rigs.

An important aspect of the present invention is that the pressure sensors have a long life.
typically up to three years. This is achieved by the use of the timing circuit which ensures

that the pressure sensor is switched off most of the time. Typically, each pressure sensor
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will draw a current of significantly less than 1 uA between pressure measurements. and

draw only a small current of the order of 4.5 mA when switched on.

The present invention will lead to significant savings in running costs for commerciai vehicle
operators; savings within the rirst year which should represent four times the purchase price.

Added to this are the safery advantages. greater reliability. and reduced levels of tyre

maintenance.

Brief Description of the Drawings

Exampies of the present invention will now be described in detail with reference to the
accompanying drawings, in which:

Figure 1 is a block diagram of a tyre pressure monitoring system according to the present
invention:

Figure 2 is a block diagram of an example of a tyre pressure sensor for use in the tyre
pressure monitoring system of Figure 1.

Figures 3 shows a circuit implementing a temperature transducer. a pressure transducer and
a reference voltage generator for use in the tyre pressure sensor of Figure 2:

Figure 4 shows a timing circuit implementing a timer and switch for use in the tyre pressure

sensor of Figure 2;

Figure 5 shows an example of a transmitter and antenna circuit for use in the tyre pressure

sensor of Figure 2:

Figure 6 shows an example of a non-volatile memory device tor use in the tyre pressure

sensor of Figure 2:

Figure 7 shows an example of a microcontroller for use in the tyre pressure sensor of Figure
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Figure 8 is a riow chart showing the sequence of operations for a calibration routine:
Figure 9 is a riow chart showing the sequence OT operations for a tyre pressure measurement
routine:

Figures 10 and 11 show a cab unit for use in the tyre pressure monitoring system of Figure
l: and.

Figure 12 is a block diagram of a transponder unit tor use in the tyre pressure monitoring

svstem of Figure 1.

Detailed Description

Figure 1 shows an example of a tyre pressure monitoring system according to the present
invention. The system is suitable for mounting on the tyres of a vehicle such as a truck.
bus. or coach. and also on lorries which have a vehicle cab (tractor) and a separate trailer.
As shown. the svstem includes a cab unit 1 and a first set of tyre pressure Sensor units 2,
to 2,. When applicable. the system includes a trailer transponder unit 3 and a second set

of IyTe pressure SEnsor Units 4y to 43 associated with a trailer.

As will be described below. each of the sensor units 2, to 2, and 4; to 43 has a radio
transmitter for transmitting a coded signal which carries information relating to the
condition of a respective tyre to a receiver in the cab unit 1. The information is used to
inform the vehicle driver about the pressure and temperature of each of the tyres by way of
an audio/-visual display forming part of the cab unit 1. The transponder unit 3 is designed
to be mounted on a lorry trailer and it detects transmitted signals from each of the second

set of sensor units 4, to 45 associated with respective tyres of the trailer. The transponder
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unit 3 transmits a coded signal to the cab unit | conwaining information about each of the
traijer tvres. The cab unit 1 is adapted to decode the transponder signai and distinguish
between the transponder signal and any other signai so that the driver can be aierted or any

fault that has occurred in relation to any of the tyres on the lorry trailer as well as the cab.

Figure 2 shows a schematic representation of an exampie of a battery-powered tyre pressure
sensor in accordance with the present invention. The pressure sensor comprises a pressure
transducer 10. a temperature transducer 11, a reference voltage generator 12. a transmitter
13 and a non-volatile memory device 14. all connected to a microcontroller i5. The device
also houses a battery 16 as the power supply. The pressure sensor is periodically activated
by a timing circuit [7. The timing circuit 17 comprises a switch 18 and a timer 19. The
timer 19 is configured to cause the pressure sensor (o sample periodically the pressure of
the tyre to which the device is connected. but otherwise disconnect the other elements of the
pressure sensor from the battery 16 at all other times to conserve battery power. Finally.
a calibration switch 20 is provided to calibrate the pressure sensor betore shipping, as will
be described below. The pressure sensor is implemented on a printed circuit board and,

together with the barttery, sealed with a housing adapted to be screwed onto a tyre valve

stem.

The pressure transducer 10 is arranged to measure the pressure of the tyre and provide an
output (PRESSURE) to the-microcontroller 15. A suitable device is a piezo-resistive sensor,
the resistivity of which changes with changes in pressure. An example of a suitable circuit

which implements a pressure transducer is shown in Figure 3.
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The temperature rransducer 11 is configured to measure the temperature or the air
surrounding the sensor and provide an output (TEMP) to the microcontroiler i3. This
output signal is used to provide a temperature compensation to the pressure signai output
from the pressure transducer 10 so that an accurate pressure reading can be derived tfor
comparison with a reference value stored in the non-volatile memory device i4 (which is
obtained when the pressure sensor is first connected t0 a tyre - the tvre having been
previously correctly intlated). The temperature signal may also be used to provide a driver
of the vehicle with information about related driving conditions. An example of a suitable

circuit which impiements a temperature sensor is shown in Figure 3.

The reference voitage generator 12 is configured to generate a stable reference voitage signai
(VREF) which is provided as an input to the microcontroller 15. The microcontroiler 15
compares the reference voitage with the battery voltage (VOLTS) and generates an output
signai dependent on this comparison. If the battery voltage is less than the reference voltage
this means that a new battery is required and a signal is generated to convey this to the
driver. Furthermore. in this event, the frequency of ‘the sampling of the tyre pressure may
automatically be reduced to prolong the life of the battery until a new pressure sensor or
battery can be fitted. An example of a suitable circuit which implements a reference voltage

generator is shown in Figure 3.

As described above. the timing circuit 16 comprises a switch 18 and a timer 19. The timer
19 runs all the time and periodically engages the switch 18 to start a pressure measurement
cycle. At all other times the remaining components of the pressure sensor are switched off

to conserve battery power. Furthermore. as described above. the frequency at which the
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pressure Sensor 1s switched on is dependent on the battery voltage. When this starts to fall.
the microcontroiler 15 generates a warning message in the next routine status transmission
and at the same time reduces the sensor sampiing frequency to conserve the remaining
bauerv iife. An example of a suitable circuit which impiements the timer and swiich
functions is shown in Figure 4. The batery 16 is a lithium device having a diameter of

16mm with a rating of typicaily 60-70 mAh.

The function of the radio transmitter 14 is to send messages from each tyre pressure sensor
10 a receiver in either the cab unit 1 of the vehicle cab or in the transponder unit 3 of a
rrailer. For the United Kingdom. it is proposed that the rransmitter 14 transmits the signal
generated by the microprocessor 1S at a frequency of either 418 MHz or 433 MHz in
accordance with the MPT1 340 specification. These frequencies are currently licence
exempt. A suitable type of transmitter 15 is based on a surface acoustic wave (SAW)

device. An example of a suitable circuit can be seen in Figure 3.

The non-volatile memory 15 stores information about the tyre and also contains a unique
pressure sensor identification code. programmed during manufacture as part of a calibration
process. as will be described below. One advantage of having a non-volatile memory device
15 in the pressure sensor is that when the sensor unit is switched off information is not lost.
This is important since it enables power to be completely shut down to the main COmpOoNEents
of pressure sensor in the “interval between sensor readings. An example of a suitable

memory device is shown in Figure 6.

The microcontroller 15 accepts a signal from each of the pressure transducer 10, the
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temperature transducer 11 and the reference voltage generator 12. It processes these signais
and provides an output signai to the transmiter i+ which includes the unique sensor
identification code for the pressure sensor. An example of a suitable microcontroiler is
snown in Figure 7. Each time the microcontroiler !5 receives a signal from the pressure
rransducer- 10 it aiso records the battery voitage and temperature. Thus. with the appropriate
programming. it is able to determine an accurate pressure measurement for the tyre. The
tvre pressure measurement is compared with a stored (notionally correct) rererence vaiue
and if the tyre pressure is determined to deviate from this by a prédetermined amount a
message is generated by the microcontrotler 15 for transmission. In addition to. or even in
the absence of. any message relating to the condition of the tyre or driving conditions. the
microcontroller 15 is arranged periodically to generate an identification message for
rransmission which serves to confirm that the pressure sensor remains operational. Failure
to transmit such a message will eventually cause a warning t0 be displayed on the cab unit

| 1o indicate to the driver that the pressure sensor has either failed or been removed.

A computer program is embedded within the microcontroller 15 which controls the operation
of the pressure sensor. The computer program is executed when power is applied to the
microcontroiler 15 by the timing circuit 16, initiated by the timer 19. The computer
program contains two distinct parts. One part executes during a calibration cycle and the
other part executes at all other times. The microcontroller 15 decides which part to execute
by examining the state of the MODE input pin (pin 7 in Figure 7). As shown in the
pseudocode below and the flow chart of Figure 8. during calibration the MODE pin is
initially set to a low state by a calibration jig (not shown). At all other times it is kept in

a high state. Once calibration commences the MODE pin is used as a bi-directional path



10

WO 99/61265 PCT/GB99/01625

13

for signals between the microcontroller 15 and the calibration jig.

START orf PROGRAM
Carry out system initialising tasks

Read the status of the MODE pin

[F MODE pin is in low state THEN
Execute Calibrate_Code
ELSE
Execute Normal_Code

ENDIF

The pseudocode below and flow chart of Figure 8 detail the calibration procedure ror a

pressure sensor:

Calibrate_Code

Wait for the MODE pin to signal that the calibration jig has stabilised the pressure at a low
reference value. Provide a high excitation voltage to the pressure transducer. via OUTB of
the D-A converter of the pressure transducer 10 (Figure 3). Adjust OUTA of the D-A

converter to provide zero output between the pressure transducer outputs (OUT+

and OUT-).

Store the digital value required to achieve the zero output in the Non-Volatile Memory (Step

XX).
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Wait for the MODE pin to signal that the calibration jig has stabilised the pressure at the

high reference value.

Adjust OUTA or the D-A converter 10 provide a standard output between the pressure

transducer outputs (OUT+ and OUT-).

Store the digital value required to achieve the standard output in the Non-Volatile Memory

(Step YY).

Wait for the MODE pin to signal thar the calibration jig has swabilised the pressure at one
of several intermediate pressure reference values. For each pressure step:
Using the calibration coefficients stored in Non-Volatile memory (Steps XX and YY
above) calcuiate the expected pressure transducer output: and.

Measure the output of the pressure transducer and compare it with the calculated

value.

Set a tlag bit in memory to indicate agreement betweeen the measured and calculated

values.

The MODE pin is driven by the calibration jig (not shown) which provides manufacturing
date code. the identification code for the unit. an initial reference pressure of zero. multi-
count value. percentage pressure band limits. battery condition tlag and other information

that may be required to be stored. This data is routed to and stored in the non-volatile

memory.
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The pseudo code beiow and flow chart of Figure 9 details the normal operation of the

pressurc Sensor:

Normal_Code

Recover the vaiue or the Reference Pressure from the Non-Volatile Memory.

IF the stored Reference Pressure is zero THEN

ELSE

Recover the pfessure calibration coetficients from the Non-Volatile Memory.

Read the temperature transducer to determine the current temperature.

Read the current pressure and apply temperature corrections.

[f the corrected current pressure is less than a small figure (typicaily 2 PSI) THEN
Do nothing

ELSE
Write the current pressure into a Reference Pressure location in the Non-
Volatile Memory.
Recover the unit identification code trom the Non-Volatile Memory.
Transmit the sensor identification code to the Cab Unit via the transmitter and
antenna together with a message indicating that this is an initial transmission
from the particular sensor. Repeat the transmission several times to increase
the probability of correct reception by the Cab Unit.

ENDIF

Disable the Power Switch (Sleep)

Recover the multi-count value from Non-Volatile Memory

[F the multi-count is not zero THEN
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Recover the current cycle-counter value

[F the value of the cycle-counter is not zero THEN
Decrement the cvcle-counter value
Write the cycle-counter value back into Non-Volatile Memory
Disable the Power Switch (Sleep)

ENDIF

ENDIF

ENDIF

Recover the battery low flag from Non-Volatile memory
IF the battery low tlag indicates a healthy battery THEN

Write the multi-count value into Non-Volatile Memory to initialise a new count down

sequence.

ELSE

Write an increased multi-count value into Non-Volatile Memory to initialise a new
larger (battery conserving) count down cycle.

ENDIF

Recover the calibration coefficients from the Non-Volatile Memory.

Send the calibration coefficients to the D-A converter where they will be converted t0

voltages at OUTA and OUTB.

Read the temperature transducer to ascertain the current temperature.
Set the temperature warning flag if the temperature is low enough to merit warning the
driver that road conditions are becoming hazardous.

Read the current output from the pressure transducer circuit and apply temperature
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Recover the acceptable percentage band limits rrom the Non-Voiatile Memory.

Compare the reference pressure with the pressure reading that has just been taken and

corrected for temperature etfects.

IF pressure is outside acceptabie percentage limits THEN

ENDIF

Set a flag Pressure Warning tlag

Determine the battery volitage using the voltage reference and potential divider.

Determine if the voltage is above a threshold that indicates a healthy battery.

IF the barttery voltage check indicates that the bartery is beginning to tail THEN

ENDIF

Compose a message containing the sensor identification code. the result of the pressure

Set a battery-low flag into Non Volatile Memory.

check. the temperature flag and the battery condition.

Transmit the message to the Cab Unit via the transmitter and antenna together with a header

indicating that this is a routine transmission.

IF the pressure reading was outside the acceptable percentage band limits THEN

ENDIF

Repeat

the transmission several times to increase the probability of reception.

IF the pressure reading was zero THEN

ENDIF

Set the reference pressure stored in the Non-Volatile Memory to zero.
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Disable the Power Switch (Sleep)

Figure 10 shows a schematic representation pf an exampie of a cab unit | suitable tor use
in the tyre pressure monitoring system. The cab unit | comprises a receiving antenna 30.
a microcontroiler 31. a driver’s display 32 o dispiay information about the tyres to the
driver. and a memory 33. The microcontroiler 31 is able to distinguish between signals and
identify. by way of its unique identification code. which pressure sensor or transponder unit
is sending each signal. In normal operation. each pressure sensor periodicaily transmits an
"all’s-well" signal. [f the cab unit | detects two consecutive missing signals from the same
unit. an LED will flash to tell the driver to check that tyre. The cab unit 1 can display
warnings whenever any tyre is suffering from any of low pressure. low temperature. low

battery or a missing sensor unit. The drivers cab display 32 is shown in detail in Figure 11.

The drivers cab dispiay 32 has the following items:

- a two digit wheel number indicator 40 with two small adjacent LED indicators. One
LED illuminates when the wheel number displayed relates to the cab and the other
illuminates when the wheel number relates to a trailer:

- further LEDs 41 to 44 provide "low temperature”. "low pressure”. "low battery”,
and "unit missing" warnings, respectively; and.

- a switch 45 with positions. LEARN CAB, LEARN TRAILER and NORMAL. with

small LEDs to indicate a teaching process (to be described below) is being carried

out.

An acoustic sounder (not shown) is included in the cab unit 1 and sounds for ten seconds
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after a warning message is received and every five minutes thereafter. When the ignition
is turned on the sounder makes a short chirp. If a warning message has been received
during driver absence it will sound for ten seconds. Power is suppiied continuously by the
vehicle bauery or via the ignition circuit. A "cancel” button (not shown) is also provided

which can disable a warning entry until the next ignition off-on cycle.

Figure 12 shows a schematic representation of an example of a rransponder unit 3 for a
trailer. The transponder unit comprises a receiver 51. a microcontroiler 52 and a transmitter
53. The receiver 51 periodicaily receives signals transmitted by individual tyre pressure
sensors and couples the signals to the microcontroiler 32. The microcontroller 52 processes
a signal and generates a new message which incorporates a unique identification code
associated with the transponder unit 3 as a header which is transmitted by the transmitter 53

and which can be detected by the cab unit. This identification code. as with the pressure

sensors. is stored in a memory 34.

Referring to Figure 11 ébove. when fitting pressure sensors to a single vehicle or a cab. the
driver selects the LEARN feature to indicate that pressure sensors are about to be installed
on the wheels. The cab unit 1 then wipes out all stored information (if any) relating to
previous wheels. The driver then walks around the vehicle fitting pressure sensors to each
of the valves of the wheels in a predetermined order. Once fitted. a pressure sensor
recognises it has lifted off from 0 psi and sends its identification code several times. After
each pressure sensor is fitted the driver must wait for the cab unit 1 to sound to indicate that
it has recognised the new sensor unit successfully before proceeding to the next wheel.

After all the wheels have been fitted with a pressure sensor. the driver then selects the
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NORMAL featre. At this stage the cab unit 1 now knows how many wheels are present

and their identification codes. znd the monitoring system is then ready for use.

When fitting pressure sensors © a trailer. the driver selects a corresponding LEARN
TRAILER feature on the trailer transponder unit 3 (not shown). The driver then walks
around the trailer in the same manner as for a cab unit. fitting each of the wheels in turn
with a pressure sensor so that the trailer transponder unit 3 knows how many wheels are
present and their identification codes. When the trailer is then connected to the vehicle cab.
the driver selects the LEARN TRAILER feature on the cab unit | so that any previous
information reiating to trailers is deleted. After the ignition is trned on. when the brake
pedal is first depressed the trailer transponder unit 3 recognises that it should identify itself
to the cab unit 1 because this is the first time it has had power supplied and the brake light
line is active. It then transmits its unique identification code to the cab unit 1 to identity
itseif as a new trailer. This identification code for the trailer is then stored in the cab unit

1. The driver subsequently selects the NORMAL feature and the system is now ready tor

use.

As an alternative. the "learn trailer” step can be automated so that the driver does not even

need to select this on the cab unit - the registration process is carried out automatically atter

ignition is switched on.

The cab unit | receives transmissions from the cab’s wheels. which are recognised. and
trailer wheel messages which are ignored. The trailer transponder unit 3 receives

transmission from its own wheels, which are recognised. and the cab wheels which are
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ignored. As described above. information from the trailer wheels is stored in the trailer
transponder unit 3 and warning and other messages from the trailer transponder unit 3 are
relaved to the cab with a message header so that they are recognised by the cab. It 1
proposed that warning messages are passed to the cab immeaiately by the transponder unit

3 whereas routine "all’s well” messages are oniy sent periodicaily.

It is possible to build on the tyre pressure monitoring system of the present invention [0
provide a compiete tyre management system for a fleet operator. The idea is that as each
vehicle returns to a depot. the cab unit is automatically interrogated to determine the
condition of each tyre. The vehicle depot keeps a computer database wiich provides a
record of the vehicle movements and a list of which tyres on which vehicies need attention.
In this way, the need to rely on driver trip reports is reduced. The depot system could also
be programmed to interrogate vehicles as they leave a depot as a double check that anv

defective tyres have been duly corrected.
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CLAIMS

l. A battery-powered tyre pressure sensor. comprising:

a pressure transducer ror sensing a pressure of a tyre and providing a tyre pressure signal:
a transmitter:

a signal processor connected 10 the pressure transducer ror providing a signal dependent on
the tyre pressure signal to the transmitter:

a timing circuit connected to the signal processor which is configured to automatically switch
the tvre pressure sensor on periodically for a predetermined interval to measure the tyre
pressure and switch off the tyre pressure sensor at all other times to conserve battery power,
in which the timing circuit comprises a timer and a switch. the timer being configured to
periodically actuate the switch and thereby connect the pressure sensor to the battery to turn

the tvre pressure sensor on for said predetermined interval.

2 A battery-powered tyre pressure sensor according to claim 1, further comprising a

non-volatile memory device for storing an identification code used to identify transmissions

from the pressure sensor.

3. A battery-powered tyre pressure sensor according to claim 2. in which the non-

volatile memory device also stores calibration information which is used to determine the

tyre pressure.

4. A battery-powered tyre pressure sensor according to any preceding claim. further

comprising a temperature transducer connected to the signal processor to provide a
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temperature signal to the signal processor. wherein the signal processor is adapted to apply

a temperature compensation o the tyre pressure signai in dependence on the temperature

signai.

3. A battery-powered tyre pressure sensor according to any preceding claim. in which
the signal processor is a microcontroller having an embedded computer program for

controlling the operation of the pressure sensor.

6. A battery-powered tyre pressure sensor according to claim 5, in which the
microcontroller is configured to record battery voitage and operating temperature each time
it makes a pressure measurement and. when necessary. encode this information together with

the pressure sensor identification code for transmission via the transmitter.

7. A bartery-powered tyre pressure sensor according to any preceding claim. in which

the transmitter comprises a surface acoustic wave (SAW) resonator.

8. A battery-powered tyre pressure sensor according to any preceding claim. contigured

so that it does not make any transmissions until it is connected to an intlated tyre.

9. A battery-powered tyre pressure sensor according to any preceding claim, adapted

to be screwed onto the valve stem of a vehicle tyre.

10. A remote tyre pressure monitoring system for mounting on a vehicle, comprising a

plurality of tyre pressure sensors according to any preceding claim in combination with a
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cab unit for mounting within the vehicle cab. the cab unit comprising:
4 receiver for detecting transmissions from the respective transmitters of the tyre pressure
sensors: and.
a display for providing a driver with information about the tyres on the vehicles In

dependence on the received transmissions from the pressure SEnsors.

11. A transponder unit for use in a remote tyre pressure monitoring system for a vehicle
which includes a plurality of remote tyre pressure SEnsors connected to respective tyres.
wherein each pressure sensor is adapted to transmit a signal with information about the
condition of its respective tyre. the transponder unit comprising:

a receiver for receiving the transmitted signals from the individual pressure sensors:

a signal processor for processing signals from the pressure sensors and generating a coded
signai for transmission which identifies the transponder unit and tyre location: and.

3 transmitter for transmitting the coded signal to a remote receiver where information can

be displayed to a driver about the tyres associated with the transponder unit.

12

A remote tyre pressure monitoring system comprising a transponder unit according
to claim 11. in combination with a cab unit. the cab unit comprising:

a receiver for receiving the coded signal from the transponder unit;

a signal processor for detecting and decoding the coded signal: and.

a display for providing the driver with information about the condition of the tyres

associated with the transponder unit.

13. A remote tyre pressure monitoring system according to claim 12, further comprising
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a vehicle trailer on which the transponder unit is mounted.

4. A remote tyre pressure monitoring system according 1o ciaim 12 or i3. in which the

1

remote yre pressure SENSOrs are tyre pressure Sensors according to any of claims 1 to 9.



PCT/GB99/01625

WO 99/61265

1/13

€1

cl

[

SLINN

EERREN

AV 1d4SIA
H3aAIHd

Vl
H JE
< E
T <
' m o
\
/ |
/ >
AN H3IANOJSNYHL
\ HI vyl
e I / y ‘
e € “ , *
’ /
v ;7
! ¥ s
| / /
....... | o101 aNy | \\ ! %
H3AIZ03Y Ly -
| s _
\\ ¥/\f * _\ / mw\
I/ /s
£ Z 0 > SA\\
w N e —
VNNILNVY

IGNITIO

BRAKE
BATTER

I "Old

2l .,
€l p
el p
1L ~,

SIINN IHAL



PCT/GB99/01625

WO 99/61265

2/13

\se

\NF

3ON3H3IAIY
FDVLIOA

\:

81 IF/ —
ﬂ/ ............. -1
! 1N0 _
| gawie | - *

AHOW3IN
_

TNVIOA le—7 w_ww_w_\”m YINIL

NON _

!
_ A1ddns +

\ R

bl
A1ddns
+
el lJ \nml.—.
/ { viva
. HILNdWOD
HALLINSNVH L1936 TOHLINOD WILSAS
VNNILNY
LIWSNVHL om\ﬁ\u

H3IONASNVHL
JHN1vH3IdNGL

\op

HOLIMS NOILYH8I'IVO

HO1VSN3adINOO
anv
H3ONASNVYHL
JHNSS3Hd

Ol




PCT/GB99/01625
3/13

WO 99/61265

e vas ozl

ano |-{aND vas|y—
gl2oA 195 M 705 02t
.|_1.-\ s
| 3
DN
AHOWIW 3111V TOA NON
9 'OId
3ON3HIIIH  HIONASNVHL
JOVIIOA  3HNIvHIdWIL anND
] | 1
M ~ - ...-lDO.T -
+ 1NO- 4|, |
3HNSSaHd | + L
ETTER s VINO GND
siont Lo + aino  SOF—gvoTva
gamal < o1 {438 NId—yiygvaxt
51 3 I HOSN3S AAA _M1OS—3[57va
) | JHNSSIHd H31HIANOD V-a
"Md NV NOILYSNIJWNOD ANV
HIONASNVYHL IHNSSIHJ

£ "Il



PCT/GB99/01625

WO 99/61265

4/13

|

/se

HOLIMS

v "OId



WO 99/61265 PCT/GB99/01625 -
5/13

FiGg. 5

TRANSMITTER AND ANTENNA

s

TX_PWR .
TX/DA_DATA
—_— —3
|z
NEE T
I .
GND
32
40
41
TEMP
o Lol || Al tsue
F IG_ 11 TRAILER  CAB LOW
WHEEL WHEEL B__ BATTERY
Y| o773

LEARN LEARN
CAB EEMI]D TRAILER

NORMAL 44

45



PCT/GB99/01625

WO 99/61265

6/13

Viva va/xL 'k | vad egu|[ 01 dMd NV
UMd XL e | sed zau|[ 6 vas oct
avo1 va _ ©F | o8y g[8 105 02l
W10 va _vi | sa4 INVogd [ Z
oo>_.||a| 1St | aan ssA[ 9 ] 1OND
= = 90 | Q0A ssh[ G AON
ozw_|pl;b“m Zt | oM10/20s0  ddagion [ ¥ b
81 | IM1D/10SO IMOOLKYH| € 440 0D
STIOA 61 | ONV/IvH JoIVENV/EVH[ 2 J3HA
SUNSS3dd 02 | INV/bvH eNv/evd[ T EER

0

H31NdNOD TOHINOD WILSAS

Z "Old

3JdON



WO 99/61265 PCT/GB99/01625 -

7/13

(_smr ) FIG. 8(A)

S

LO

Hi

SETUP "OUTB"
OF D-A
CONVERTER
TO MAX

SETUP "OUTA"
OF D-A
CONVERTER
TO MIN

<

ADJUST
"OUTA" OF

IS
TRANSDUCER

D-A

OUTPUT
CONVERTER

=0
YES

STORE INPUT
VALUE OF
"OUTA" IN

N.V. MEMORY | y




WO 99/61265 PCT/GB99/01625

- —— o — - —— - —— w0 Sw— - w—— — — -

LO

MODE ?
’ FiG. 8(B)
-
HI
ADJUST
"OUTB" OF
D-A
CONVERTER
STORE INPUT
VALUE OF
"OUTB" IN
N.V. MEMORY
INPUT AND
STORE OTHER

FIXED DATA




WO 99/61265

K ]

LO

CALCULATE
EXPECTED
PRESSURE

=N

MEASURE
PRESSURE
VIA

TRANSDUCER

WITHIN
LIMITS ?

CLEAR
FLAG
BlT fn N L}

HI

YES

PCT/GB99/01625

__________________ -

OUTPUT
CALIBRATION
DATA

l

OUTPUT
FIXED
DATE

SET
FLAG
BIT "N"

\
INCREASE
STEP
NUMBER
IINII

_

FIG. 8(C)



WO 99/61265 PCT/GB99/01625

( smmT )

10/13

READ REF FiG. 9(A)
PRESSURE
FROM N.V.
MEMORY
READ
PRESSURE
0 /AND CORRECT |—— YES
FOR
TEMPERATURE NO
RECOVER STORE
MULTI COUNT PRESSURE
FROM N.V. AS REFERENCE
MEMORY VALUE
RECOVER
|CYCLE-COUNT
FROM N.V. TRANSMIT
MEMORY TO CAB
"NEW UNIT"
NO | DECREMENT
— ZERO ? AND WRITE
BACK TO
N.V. MEMORY
RECOVER
BATTEY
LOW FLAG TURN OFF
FROM N.V. (SLEEP)
MEMORY

- e wn — - _—-—_——————-——_—.—_—_.—————-———__



WO 99/61265 PCT/GB99/01625

CYCLE COUNT

"LARGE
VALUE"

CYCLE COUNT

MULTI COUNT

-

\

READ
CALIBRATION
DATA FROM

N.V. MEMORY Fvc;.euqa)

CONFIGURE
D_AIIOUT 1]
AND
"OouTB"

SET LOW

YES TEMP

WARNING
FLAG

READ
TEMPERATURE
SENSORS

TEMP <
LOW LIMIT

NO

READ
PRESSURE
SENSORS AND
APPLY
CORRECTIONS




WO 99/61265

PCT/GB99/01625

TURN OF
(SLEEP)

FIG. 9(C)

RECOVER
BAND LIMITS | WITHIN __SET
MEMORY
FLAG
1
T SET
DETERMINE BATTERY Sty
BATTERY OK? WARNING
VOLTAGE v
RECOVER
SERIAL
NUMBER
FROM N.V.
MEMORY REPEAT
l SRESSURE TRANSMISSION
FLAG SET ? SEVERAL
TRANSMIT TIMES
FLAGS AND
SERIAL NO
Numgfga TO "
PRESSURE

=ZERO ?

STORE ZERO

AS PRESSURE
REFERENCE IN

N.V. MEMORY

NO




vmt\

AHOWaw| H3ImMOd 1INOHIO

JTO0IHIA IMVvHE

PCT/GB99/01625

H3LLINSNVHL
olavd

H + + H3AI3034d

VNNI LNV
JINWSNVHL

13/13

WO 99/61265

o/

AV1dSId

HITTOHLNOOQHIIN olavy \_/

. \ s 5\ VYNNILNV

dAI303H

cl "Old

AHOWAW
mm\

4

\ S.HINIHA
ce

HITIOHLNODOHOIN <

— \ \.\
F\ 1€ 08— UNNILNY
3AI303Y

oL "OId



INTERNATIONAL SEARCH REPORT inte .onal Application No

PCT/GB 99/01625

CLASSIFICATION OF SUBJECT MATTER

TPC6 B60C23/04

According to International Patent Classification (IPC) or to both nations

sisification and IPC

B. FIELDS SEARCHED

IPC 6 B60C

Minimum documentation searched (classification system followad by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

30 May 1996 (1996-05-30)

;MCCLELLAND STEPHEN (GB))

page 6, line 16 - page 8, line 7; figures

X WO 92 14620 A (TRUCK TECH CORP) 1,2,5,6,
3 September 1992 (1992-09-03) 8-14
page 14, 1ine 30 - page 18, line 38
page 20, line 7 - line 37
page 39, line 20 - line 32
page 62, line 1 - line 34
page 84, line 20 - line 26; figures
6,12,18,30,35
Y 3,4,7
Y WO 96 15919 A (SCHRADER AUTOMOTIVE INC 3,4,7

D Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the internationat
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"0" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the internationai filing date but
later than the priority date ctaimed

“T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the international search

13 July 1999

Date of mailing of the international search report

20/07/1999

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

Fax: (+31-70) 340-3016

Authorized officer

Hageman, L

Form PCT/ISA/210 (second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

Information on patent family members

inte

Jonal Apptication No

PCT/GB 99/01625

Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 9214620 A 03-09-1992 us 5231872 A 03-08-1993
AU 1209692 A 15-09-1992
CA 2104696 A 22-08-1992
CA 2221174 A 22-08-1992
us 5335540 A 09-08-1994

WO 9615919 A 30-05-1996 BR 9408496 A 26-08-1997
AU 1256795 A 17-06-1997
EP 0793579 A 10-09-1997
JP 10508264 T 18-08-1998

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

