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TYRE PRESSURE MONITORING SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of International Appli 
cation No. PCT/GB03/00544 ?led Feb. 12, 2003, the dis 
closures of Which are incorporated herein by reference, and 
Which claimed priority to Great Britain Patent Application 
No. 02032308 ?led Feb. 12, 2002, the disclosures of Which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

This invention relates to a tyre pressure monitoring sys 
tem, especially but not exclusively for use in monitoring the 
pressure Within tyres of a road vehicle. 

It is knoWn to provide a sensor Within each tyre of a 
vehicle Which monitors the pressure Within the tyre and a 
loW-poWered transmitter Which transmits signals indicative 
of the pressure in the tyre to one or more receivers mounted 
to the vehicle. The receiver extracts the pressure signal from 
the received signals and generates a Warning signal to the 
driver of the vehicle in the event that one or more of the 
sensors indicate that a tyre pressure is beloW a preset 
minimum safe level. 

In one knoWn system the vehicle is provided With a 
display Which indicates each of the four tyres of the vehicle 
and their pressure. This can be achieved by placing a 
separate initiator next to each tyre Which prompts the nearest 
transmitter to send out a signal. Initiating each transmitter in 
turn alloWs the receiver to identify Which received signal 
corresponds to Which tyre of the vehicle. 
A disadvantage of such a system is that the cost of 

providing an initiator at each tyre, and the electrical cabling 
needed to connect the initiators to a central processing unit 
is much greater than that needed With a single receiver and 
no initiators. 

In an alternative it is proposed that each transmitter Will 
transmit along With the pressure signal an identity tag to a 
central receiver so that the receiver can distinguish betWeen 
each of the four tyres according to their identity tags. The 
central receiver has access to a pre-stored set of identity tags 
Which correspond to the transmitters of the four tyres of the 
vehicle and only listens to signals from transducers that have 
one of the four tags or codes. If a signal is received that has 
a different tag it can be ignored as it may be assumed to be 
associated With a tyre of a different vehicle. 

This system is cheaper to implement and has a limited 
ability to “auto-leam” the identity of the transmitters Which 
are ?tted to the vehicle on initiation but can not easily cope 
With the situation Where a tyre is removed from the vehicle 
and replaced by another. Either the stored list of codes must 
be updated or a tyre must be ?tted using the original 
transmitter. The Wheels can also not be rotated around the 
vehicle Which is a common practice to ensure even Wear of 

the front and rear road tyres. 
In a re?nement it is further knoWn from EP0769395A1 to 

provide a system in Which the identity of tyres of the vehicle 
is automatically learnt as identity tags are received. In the 
disclosed system, the order in Which tags are received 
determines Which transmitters are assumed to belong to the 
vehicle in a ?rst in/?rst out basis. Subsequently received 
identity tags are held in a reserve list, again using a ?rst 
in/?rst out basis. This is believed by the applicant to be 
unsatisfactory as it is very likely that the ?rst received tags 
Will include a tag from a tyre belonging to another vehicle. 
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2 
Furthermore, if no transmissions are received from a trans 
mitter after a predetermined elapsed time it is removed from 
the list and immediately replaced With the ?rst tag in the 
reserve list. This again is believed to be unsatisfactory. 

SUMMARY OF THE INVENTION 

It should be understood in the context of the present 
invention that transducers suitable for producing informa 
tion required to monitor tyre pressure, and/or transmitters 
for sending the information to a receiver mounted to the 
vehicle, could be mounted physically at the Wheel, or tyre, 
or valve associated With the Wheel and tyre. Hereinafter the 
term tyre When referencing the transmitter, should be read 
such as to include Wheel or valve mounted assemblies. 
According to a ?rst aspect of the invention there is 

provided a tyre pressure monitoring system comprising at 
least one receiver responsive to signals transmitted by 
transmitters associated With one or more tyres, the system 
including a memory Which stores a list of identity tags 
captured by the receiver from signals transmitted by the 
transmitters and a list of associated con?dence values for 
each identity tag indicative of the con?dence that the stored 
identity tag corresponds to a transmitter that belongs to the 
vehicle. 
By con?dence We mean the statistical probability that an 

identity tag belongs to a tyre of the vehicle, based upon the 
information that is made available to the system. A high 
con?dence indicates that a tyre is likely to belong to the 
vehicle and a loW con?dence indicates that a tyre is unlikely 
to belong to the vehicle. 
The system may add neWly received identity tags to the 

list Whenever a signal containing the tag is received by the 
receiver. The identity tags may be ranked in the list accord 
ing to the value of the con?dence value associated With each 
of the stored identity tags. For example, the con?dence value 
may be expressed as a percentage Whereby a high percent 
age indicates that an identity tag is more likely to correspond 
to a transmitter on a tyre that belongs to the vehicle than a 
tag associated With a loWer percentage. A tag With a high 
percentage con?dence Will be ranked above one With a loW 
con?dence. 

This enables the system to capture or learn the identities 
of tyres Which belong to the vehicle over time and distin 
guish from tyres that do not belong to the vehicle. 
The memory may store a list of all the identity tags 

received by the receiver. The identity tags may, for conve 
nience be stored in a list Which comprises a member list and 
a candidate list. Only identity tags that are stored Which have 
attained a corresponding con?dence value that meets a ?rst 
predetermined criterion may be stored in the member list. 
The other stored tags may be kept in the candidate list. The 
?rst criterion may, for example, be that the con?dence value 
is above an acceptable threshold. 

This ensures that the member list only contains identity 
tags Which are considered likely to belong to tyres of the 
vehicle. It is possible, of course, that none of the stored 
identity tags Will have a suf?ciently high con?dence value to 
be allocated to the member list, or that the member list may 
only be partially ?lled. In this case, provision for the 
generation of a Warning signal may be made to alert the 
driver that the system is either at fault or is still “leaming” 
the required identity codes and does not yet have suf?cient 
con?dence. 
The member list may contain as a maximum as many 

identity tags as there are tyres that belong to the vehicle. For 
a typical passenger car, the member list Will therefore 
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contain 5 identity tags (4 road Wheels in use and l spare). 
The system may include means for identifying hoW many 
tyres belong to the vehicle Which may determine hoW many 
corresponding identity tags may be allocated to the member 
list. For example, a number may be pre-programmed into the 
memory. 

In a re?nement, the number of tags that can be allocated 
to the member list may be varied in the event that a trailer 
or caravan is attached to the vehicle. This may be achieved 
by providing a suitable connection betWeen the trailer/ 
caravan and the pressure monitoring system so that the 
presence of a toWed vehicle is automatically detected. Alter 
natively, the driver may be provided With the option of 
manually updating the siZe of the member list. 

Allocation of identity tags to the list and the generation of 
associated con?dence values may be performed by a pro 
cessing unit Which forms a part of the system. This may 
include an input for receiving input signals received by the 
receiver from any transmitters Which are Within its range. 
These transmitters may, of course, not necessarily be asso 
ciated With tyres that belong to the vehicle but may perhaps 
belong to the tyres of another vehicle that is travelling or 
parked alongside it. 

The transducer and/ or each transmitter may be adapted to 
transmit a signal Which comprises a pressure reading for the 
tyre associated With the transducer in addition to an identity 
tag. The tag may, for example, comprise a unique number or 
code Which identi?es a transmitter. 

To determine tyre pressure, each transmitter may be ?tted 
adjacent to or Within a tyre together With one or more 
sensors Which measure pressure and optionally temperature 
Within the tyre. The pressure signal that is transmitted may 
be a pressure value indicative of pressure (once the tem 
perature had also been taken into account Where a tempera 
ture sensor is provided), or it may simply comprise a 
warning signal Which is generated Whenever the pressure 
falls beloW a predetermined safe level. The signal may be a 
radio frequency (RF) signal or may be transmitted by any 
other medium e.g. magnetic or electromagnetic means. It 
may be transmitted periodically together With the identity 
tag. 

The transducer and/ or each transmitter may include 
means for sensing the rotational speed of the tyre Within 
Which it is situated. This may comprise a rotational speed 
sensor associated With the transmitter or the Wheel. Alter 
natively, the receiver may be adapted to analyse received 
transmissions from a transmitter in order to determine the 
rotational speed of the Wheel in Which the transmitter is 
located. In both cases, this alloWs differentiation of the spare 
Wheel With respect to the driven Wheels, as the spare does 
not generally rotate. 

The processing unit may be adapted to extract the pres 
sure and/ or temperature reading from the received signal(s) 
and extract the identity tag. The processing unit may present 
only the pres sure signals extracted from received signals that 
are sent by transmitters that are stored in the member list to 
a display unit. 

The provision of con?dence values provides a reliable 
Way in Which to determine Which tyres belong to the vehicle 
Whilst ignoring signals from tyres ?tted to other vehicles. It 
is envisaged that this Will reduce the amount of time in 
Which the display Will present incorrect information to the 
driver. 

The display unit may have any one of a number of forms 
and may present the pressure readings audibly or visually to 
the driver of the vehicle. 
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4 
Each individual pressure reading for the transmitters in 

the member list may be presented, or a combined value may 
be presented, or a Warning may be presented in the event that 
any one of the pressure readings drops beloW a predeter 
mined level. 
The pressure and/or temperature readings may be pre 

processed prior to being passed to the display unit. 
The processing unit may be adapted to remove stored 

identity tags from either the member list and/or the candi 
date list if they have an associated con?dence value that 
meets a second prede?ned criterion. For example, this 
second criterion may correspond to a minimum con?dence 
value so that tags may be removed from the memory if the 
con?dence value drops beloW a prede?ned level. This alloWs 
for the case of a tyre change Where a tyre that Was ?tted to 
the vehicle is removed. 

If a tag is removed from the member list, the system may 
perform a search of the tags remaining in the memory to see 
if there are any suitable candidates to add to the member list. 
If none exist, an error ?ag may be raised and an alarm issued 
to the driver. 

To determine the con?dence value associated With an 
identity tag (and hence a transmitter) the system may be 
adapted to monitor one or more parameters of the vehicle 
and/or the received signals. If a con?dence value has not 
already been allocated then a value may be produced depen 
dent upon the one or more parameters corresponding to a 
single, or perhaps a series of, received signals With the same 
identity tag. An identity tag may not be added to the memory 
Without an associated con?dence value. 

If a con?dence value already exists then the value may be 
adjusted Whenever subsequent signals are received in accor 
dance With the monitored parameters at the time of receipt 
of the later signals. This alloWs the stored values to move 
into or out of the master list (Where provided) to take into 
account changing of a Wheel and also to alloW identity tags 
that have been learnt in error to be removed from the list. 
The system may be adapted to monitor the speed of the 

vehicle and the con?dence value may be dependent upon 
vehicle speed. The system may determine the vehicle speed 
by monitoring an output from a speed sensor located at an 
appropriate place on the vehicle. 
The system may allocate a higher con?dence value to an 

identity tag Which is extracted from a signal that is received 
When the vehicle speed exceeds a prede?ned threshold. For 
example, a threshold of 10 mph may be chosen. Indeed, the 
system may be arranged such that neW identity tags are not 
added to the memory at all unless the vehicle speed exceeds 
or at least meets the threshold. 

It is recognised by the applicant that the con?dence that 
should be placed in signals received When the vehicle is 
stationary, or moving sloWly, should be loWer than at higher 
speeds as there is a higher probability that signals Will be 
received from transmitters that do not belong to the vehicle. 
For example, if the vehicle is left in a busy car park signals 
from an adjacent vehicle may be repeatedly received over a 
long period Which could otherWise Wrongly be assumed to 
belong to the vehicle. At higher speeds it is more unlikely 
that tWo or more vehicles Will remain alongside one another. 
The processing unit may be adapted to determine the rate 

of change of the vehicle speed over time. Of course, this 
could be determined remotely from the processing unit by 
another unit ?tted to the vehicle, With a rate of change value 
being input to the processing unit. By rate of change We may 
mean the acceleration of the vehicle. 
The con?dence value may be higher (or may be 

increased) if the rate of change of the vehicle at the time of 
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receiving signals exceeds a predetermined threshold. There 
fore, a lower con?dence value may be allocated to received 
signals When the vehicle is travelling at a steady state than 
if it is accelerating or decelerating. 

The applicant has appreciated that a vehicle Which is 
accelerating is less likely to repeatedly receive unWanted 
signals from another vehicle than When it is travelling at a 
steady speed over an extended period When it may be 
alongside another vehicle on a multi-lane highWay. 

The number of times that signals are received Which have 
the same identity tag may be used With the con?dence value 
increasing the more times that a signal is received. For 
example, if a signal containing the same identity tag has 
been received many tens of times it may be given a higher 
con?dence value than an identity tag that has only been 
received once. Where a con?dence value has already been 
allocated a con?dence value in the memory this value may 
simply be increased Whenever a neW occurrence of that 
signal is received. 
The con?dence or increase in con?dence value may also 

be dependent upon the number of other identity tags that are 
already stored in the memory. For example, if the memory 
only contains three tags and a neW identity tag is received it 
is relatively likely that the neW tag identi?es a transmitter 
that is ?tted to a tyre that belongs to the vehicle. If a large 
number of identity tags are already in the memory the it is 
less likely that a single occurrence of a neW tag Will identify 
a transmitter that belongs to the vehicle. 

The con?dence value may also be dependent upon the 
elapsed time betWeen receiving signals having the same 
identity tag. For example, the con?dence values stored in the 
memory may be reduced at set time intervals, and increased 
Whenever a signal is received. In this Way, if a transmitter 
stops sending signals then its con?dence value Will be 
continually reduced, but if it is regularly sending signals its 
value Will not be so reduced. 

The transmitters may be adapted periodically to transmit 
signals containing their identity tag and the period by Which 
the con?dence value is reduced may be chosen to be greater 
than the transmission period. For example, the transmitters 
may send out signals With a period of, say, 1 to 8 minutes, 
and the reduction of the con?dence value may similarly have 
a period of between 1 to 8 minutes. 

The various parameters that are used to determine the 
con?dence value may be input to one or more algorithms 
Which determine either a neW con?dence value for a previ 
ously unknoWn identity tag or to modify an existing con? 
dence value for a tag Which is knoWn and already store in the 
memory. 

The algorithm(s) may include a Weighting factor Which is 
dependent upon the probability of receiving transmitted 
signals. 
The algorithm may determine an additive function for 

each monitored parameter, With each of the additive func 
tions being added together to form a con?dence value. 

The system may include a single receiver, Which may be 
conveniently located at any chosen point on the vehicle, and 
Which receives signals from any transducers Which are 
Within range. The range should be suf?cient for the receiver 
to pick up signals from at least each of the road Wheels ?tted 
to the vehicle. It may also have suf?cient range to pick up 
signals sent from the spare Wheel of the vehicle. 

Such a simple one-receiver system Will have the ability to 
auto-leam, i.e. to automatically learn over time Which trans 
ducers belong to the vehicle. It Will not, hoWever, be able to 
distinguish betWeen a Wheel that is in use and the spare 
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6 
Wheel. This is actually believed to be an advantage in many 
situations as it is Worth knoWing What condition the spare 
Wheel of the vehicle is in. 

In a re?nement, full auto-location may be achieved by 
providing at least one initiator Which is associated With each 
Wheel. For instance, an initiator may be ?tted to each Wheel 
arch of the vehicle so that it is relatively close to the 
transmitter/ sensor associated With each tyre. By initiator We 
mean a device Which sends out a prompt signal to any 
transmitters Within its range, the transmitter being adapted to 
send a signal including its identity tag back to the receiver 
in response to the prompt from the initiator. The initiator 
should have a limited range, or should be directional such 
that it only initiates the transmitter of the vehicle tyre nearest 
to the initiator. 
Where the transmitters comprise loW frequency (LF) 

devices, the initiator may comprise a LF coil Which trans 
mits a burst of LF radiation When energised. The transmitter, 
upon receiving this radiation, issues a “prompted” typically 
RF return signal. 

These “prompted” return signals may be in addition to 
periodic signals Which include the identity tag. For the 
purpose of auto-locating, only the prompted signals may be 
used With the periodic signals being used only for the 
purpose of auto-leaming (i.e. allocating the identity tags to 
the list). This alloWs, for example, the system to learn both 
the location of transmitters at the “prompted” tyres and also 
the spare even When the spare is not provided With an 
initiator since it Will still send out periodic signals Which can 
be learnt. 
The processing unit may be adapted to operate each 

initiator unit in turn and listen for received signals following 
a prompt from an initiator. If no signals are received Within 
a set time duration either an error may be signalled or the 
processing unit may restart the process for that initiator. 
Similarly, if transmissions are received from more than one 
transmitter Within a set time duration (i.e. multiple different 
identity tags are received) either an error may be signalled 
or the processing unit may restart the process for that 
initiator. If transmissions are only received from a single 
transmitter Within a set time duration, either the transmitter 
identity tag is stored in memory as a member together With 
the location of the initiator used and assigned the maximum 
possible con?dence value, or the processing unit may 
require con?rmation of the received identity tag and re 
activate the initiator. 

If more than one signal is received folloWing a prompt 
from an initiator, an error signal may be issued. Similarly, if 
no signals are received folloWing a prompt then an error 
signal may be issued. 

In an advantageous embodiment, a combination of the 
data from the return signal and from the rotational speed of 
the Wheel With Which the transmitter is associated provides 
con?rmation that the correct Wheel (particularly spare as 
against road Wheel) has been located. 
The combination of an auto-locate and an auto-leam 

feature Within a tyre pressure monitoring system forms the 
second aspect of the invention. 

Thus, in accordance With a second aspect of the invention 
there is provided a tyre pressure Warning system comprising: 

an initiator associated With each of the road Wheels of the 
vehicle Which are in use; 

a receiver Which receives signals from any transmitters 
Which are Within an operational range of the receiver, 

a processor Which processes the received signals, and; 
a memory in Which is stored a list of identity tags captured 

by the receiver from the received signals and a list of 
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associated con?dence values for each identity tag indicative 
of the con?dence that the system has that the identity tag 
corresponds to a transducer that belongs to the vehicle; 

the processor being adapted to learn Which transmitters 
belong to the vehicle from the stored con?dence values, and 
to learn Where the learnt transmitters are located on the 
vehicle by monitoring in turn signals received from the 
transmitters in response to a prompt from each initiator. 

The receiver may be adapted to receive signals over a 
range Which includes all tyres ?tted to the vehicle as Well as 
those that are in use. This enables the system to auto-learn 
all the tyres and With the use of initiators to also auto-locate 
the tyres Which are in use. It may further be adapted to 
receive signals from a trailer or caravan ?tted to the vehicle 
by ensuring that it has suf?cient range. This Will, of course, 
also depend on the transmission strength of the signals from 
the transmitters Which must be carefully chosen. 

Each of the tyres ?tted to the vehicle may be provided 
With a transmitter, such as a radio frequency (RF) transmit 
ter. Each transmitter may be poWered by a battery located 
Within the tyre, or by other means. 

According to a ?nal aspect, the invention provides a 
vehicle Which includes a tyre pressure monitoring/Warning 
system, according to the ?rst and/or second aspect of the 
invention. 

Other advantages of this invention Will become apparent 
to those skilled in the art from the folloWing detailed 
description of the preferred embodiment, When read in light 
of the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a schematic plan vieW of a vehicle ?tted 
With the system of a ?rst embodiment of the current inven 
tion; and 

FIG. 2 shoWs details of tWo lists kept by the control unit 
of the system of FIG. 1; 

FIG. 3 shoWs a graph of the con?dence additive function 
on number of transmissions received; 

FIG. 4 shoWs a graph of the con?dence additive function 
on vehicle speed; 

FIG. 5 shoWs a graph of the con?dence additive function 
on vehicle acceleration; 

FIG. 6 shoWs a graph of the con?dence additive function 
on the number of transmitters present; 

FIG. 7 shoWs a schematic plan vieW of a vehicle ?tted 
With the system of a second embodiment of the current 
invention; and 

FIG. 8 shoWs details of tWo lists kept by the control unit 
of the system of FIG. 7. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A vehicle 100 ?tted With a tyre pressure monitor system 
according to a ?rst embodiment of the invention may be seen 
in FIG. 1 of the accompanying draWings, and a more 
detailed system according to a second embodiment is illus 
trated in FIG. 7 of the accompanying draWings. For ease of 
explanation, features of the ?rst and second embodiments 
Which are common to both embodiments have been given 
like numbers. 

The ?rst embodiment is a similar system to that of the 
second embodiment, except that it lacks the features neces 
sary to perform the “auto-locate” feature of the second 
embodiment. Accordingly, the system lacks the initiator 
modules 114 of the second embodiment of the invention. 
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8 
Furthermore, the member list 150 (the lists 150, 152 of the 
?rst embodiment being shoWn in FIG. 2) lacks the indices 
160 given to each item 154 in the second embodiment. 
The system of the ?rst embodiment operates in a manner 

identical to that of the second embodiment of the invention, 
With the exclusion of all auto-locate features. In its simplest 
form, it is therefore not possible to associate the members 
With Wheel positions or to distinguish the spare Wheel 104 
from the road Wheels 102. HoWever, it is possible to display 
tyre pressure data relating to the members as, say, a list of 
?ve pressures, but With no locations associated With them. 

Nonetheless, it is envisaged that in one modi?cation the 
?rst embodiment of the invention may be modi?ed to 
incorporate some, but not all, of the additional features of the 
second embodiment such as the ability to sense the rota 
tional speed of the Wheel in order to learn and distinguish 
betWeen the spare Wheel and the driven Wheels. 

In this speci?c description, reference is made predomi 
nantly to the re?ned system of FIG. 7 With its additional 
functionality. 

FIG. 7 shoWs the more elaborate system ?tted to a vehicle 
100 (such as a family car) ?tted With a tyre pressure monitor 
system according to a second embodiment of the current 
invention. The vehicle 100 is ?tted With four road Wheels 
102a, 102b, 1020, 102d adapted to drive the vehicle 100 
along a road and one spare Wheel 104 for use in case one of 
the road Wheels fails. It is, hoWever, envisaged that the 
system can be extended to a vehicle having any number of 
Wheels. Each of the Wheels 102, 104 is ?tted With a tyre 
supplied With a device comprising a pressure sensor/trans 
ducer, temperature sensor/transducer, rotational speed sen 
sor/transducer and transmitter 106, 107, 108,109 poWered 
by a battery (not shoWn) or alternative means. These devices 
measure and transmit, using radio Waves, the temperature 
and pressure of the air Within the tyre and the rotational 
speed of the respective Wheel 102a-d and 104 and a unique 
ID 156 that identi?es the transducer 106, 107,108,109. The 
spare Wheel is also ?tted With a transducer and associated 

transmitter(not shoWn). 
A processor or control unit 110 is ?tted to the vehicle 100 

and is supplied With a receiver having an antenna 112 that 
picks up the signals transmitted from the transmitters 106, 
107, 108 and 109 as Well as signals from any other nearby 
devices (not shoWn) Which may be ?tted to other vehicles. 
The control unit 110 is also provided With four loW fre 
quency. initiator modules 114 each positioned near one of 
the road Wheels 102 such that each initiator module 114 
transmits a loW frequency signal that causes the transmitter 
of the respective road Wheel 102 to transmit the measured 
pressure signal along With a unique identity tag. The control 
unit 110 performs all the calculations necessary for the 
system to perform, and also stores any necessary data. 
Each transmitter is adapted to transmit periodically (With 

a period of approximately 6 minutes) the pressure and 
temperature Within the tyre of the Wheel 102a-d, 104 With 
Which it is associated. Each transmitter 106, 107,108,109 
Will also transmit When prompted to do so by an initiator 
module 114, the rotational speed of each Wheel. Further 
more, if the temperature or pressure Within the respective 
tyre goes outside predetermined safe limits, then the trans 
mitter enters an alert mode at Which point it transmits four 
consecutive transmissions. Whilst in an alert state, the data 
transmitted by a transmitter includes a signal to that effect. 
Furthermore each transmitter 106, 108 is able to transmit a 
Warning When a fault, such as a loW battery, occurs. 
The system is equipped With vehicle speed sensing means 

116,118 that outputs to the control unit 110 a value indicative 
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of the speed at Which the vehicle 100 is moving. The output 
of this speed sensing means 116 is also used to calculate the 
acceleration or deceleration of the vehicle 100. 

The control unit 110 keeps a record in an area of elec 
tronic memory of a member list 150 and a candidate list 152 
of transmitters 106, 108 from Which it has received trans 
missions, as shoWn in FIG. 2. Each list 150, 152 consists of 
a number of items 154, each item 154 corresponding to one 
transmitter 106, 108 from Which the system has received a 
transmission. The items 154 each comprise a record of the 
ID 156 transmitted by the transmitter 106, 108 (shoWn as a 
six digit number in the attached draWings) and a level of 
con?dence 158 (being an integer betWeen 0 and 100) Which 
the system has that that the transmitter 106, 108 having that 
particular ID 156 belongs to the vehicle 100. 

The member list 150 contains a list of items 154 (here 
inafter “members”) corresponding to transmitters 106, 107, 
108, 109 Which the system has suf?cient con?dence 158 in 
to suggest that they belong to a Wheel 102a-d, 104 associ 
ated With the vehicle 100. The member list 150 has ?ve 
members, that being the number of Wheels 102, 104 being 
associated With the vehicle 100 in this example. Of course, 
if the vehicle had more Wheels the member list may contain 
more items. The member list 150 has an index 160 associ 
ated With each item 154, the index 160 corresponding to a 
position in Which the Wheel 102, 104 having a transmitter 
106, 107 108, 109 With the ID 156 of the item 154 is 
believed to be. Index 160 positions 1 to 4 correspond to the 
four road Wheels 102 Whilst position 5 corresponds to the 
spare Wheel 104. 

The candidate list 152, on the other hand, contains an 
unindexed list of items 154 (hereinafter “candidates”) cor 
responding to transmitters that the system has received 
transmissions from but in Which the system lacks suf?cient 
con?dence 158 to be certain that the transmitters are those 
belonging to Wheels 102, 104 associated With the vehicle 
100. Furthermore, any place (in either list 150, 152) may be 
empty, as shoWn in the ?nal item 154 of the candidate list 
152. Although, for clarity, the exemplary candidate list 152 
shoWn in FIG. 2 of the accompanying draWings shoWs space 
for only 10 items 154, it is envisaged that the maximum 
number of items 154 in the candidate list 152 Will be at least 
25. 

The member list 150 is stored by the control unit 110 in 
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non-volatile RAM (NVR) such that even With the vehicle 45 
switched off and the system poWered done, the member list 
150 is remembered. HoWever, as it is not as important to 
keep track of the possible candidates, the candidate list 152 
is not kept in NVR and as such is forgotten should the 
system be switched off. 

In use, the control unit 110 continually listens out for 
transmissions from any transmitters Which are Within detec 
tion range. The transmitters 106, 107,108, 109 transmit at 
intervals of approximately 6 to 8 minutes. When a trans 
mission is received, the system checks to see if the ID 156 
is already in one of the lists 150, 152. If it is, then the 
con?dence 158 of the corresponding list item 154 is 
increased. The increase only occurs if the speed of the 
vehicle 100 is measured as greater than a predetermined 
“learn speed threshold” (say 10 mph). This prevents the 
system storing many, possibly super?uous, list items 154 
When the vehicle 100 is parked. The increment in con?dence 
158 added to the item 154 corresponding to the received 
transmission, given that the vehicle 100 is moving at a speed 
greater than the learn speed threshold, is the sum of: 

(a) a constant basic learn Weight (of, say, 25); 
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(b) a function of the number of transmissions previously 

received from the ID 156 of the transmission, Which is 
envisaged to be a step function being Zero for numbers 
of transmissions less than a received transmission 
threshold of 3 and being 15 for numbers of transmis 
sions being more than that threshold; 

(c) if the speed of the vehicle 100 moving at a speed of 
more than a loWer speed con?dence threshold, a linear 
function given by 

0%0 
Where lvl is the absolute speed of the vehicle 100 in miles 

per hour, c is a constant speed con?dence tuning 
parameter of say 17 and u a constant upper speed 
threshold Which is the maximum average speed of the 
vehicle 100 in normal use, say 130 mph; 

(d) a linear function of the acceleration of the vehicle 100, 
given by 

@W 
Where lAvl is the change in speed in miles per hour of the 

vehicle 100 betWeen tWo samples of the speed, u is the 
upper speed threshold described above and d is a 
constant acceleration con?dence tuning parameter of 
say 10; and 

(e) if the total number of items 154 in both lists is less than 
or equal to the number of Wheels 102, 104 associated 
With the vehicle 100 (that is, 5), a constant transmitter 
con?dence tuning parameter of, say, 5, otherWise a 
function given by: 

Where n is the total number of items 154 on both lists, and 
t is the transmitter con?dence tuning parameter. 

Term (a) adds a constant to the con?dence 158 of the item 
154 corresponding to the transmission received. This 
ensures that, as the con?dence 158 is determined over time 
as described beloW, the system alWays maintains the con? 
dence 158 of the item 154 if transmissions from the respec 
tive transmitter 106, 108 are received. 

Term (b) increases the con?dence 158 more if transmis 
sions from the respective transmitter 106, 108 have been 
seen several times. The increment due to this term can be 
seen in FIG. 3, Where the x-axis represents the number of 
transmissions from the particular transducer 106, 108 and 
the y-axis represents the con?dence increase. 
Term (c) and term (d) increase the con?dence 158 more 

as the vehicle speed and acceleration increase, as both of 
these factors make it more likely that the system is receiving 
transmissions from the transmitters 106, 108 associated With 
the Wheels 102, 104 of the vehicle 100 rather than those of 
a passing, and hence different, vehicle. The increment due to 
term (c) can be seen in FIG. 4, Where the x-axis represents 
the speed of the vehicle 100 in miles per hour and the y-axis 
represents the con?dence increment, Whilst the increment 
due to term (d) can be seen in FIG. 5, Where the x-axis 
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represents the change in speed in miles per hour between 
tWo speed samples and the y-axis represents the con?dence 
increase. 

Term (e) causes an increase in con?dence 158 if trans 
missions from feWer transducers 106, 108 have been previ 
ously seen. This is advantageous, especially When the sys 
tem is in its “virgin” stateithat is When the system is ?rst 
activated and hence neither list 150, 152 contain any items 
154iand it is desired to increase the increment in con? 
dence 158 in any transmissions that are received, as it is 
likely that the vehicle 100 is in an isolated environment. As 
the number of transmitters 106, 107, 108, 109 seen increases 
it is less likely that any given one is associated With the 
vehicle 100. The increment due to this term can be seen in 
FIG. 6, Where the x-axis represents the number of transmit 
ters 106, 107, 108, 109 seen and the y-axis represents the 
con?dence increment. 

If the transmission indicates that a transmitter 106, 107, 
108, 109 has entered an alert state the increment described 
above is divided by the number of times the transmitter 106, 
108 repeats the alert state transmission. 

The con?dence 158 increase is subject to a maximum 
value of the con?dence 158. It is envisaged that this maxi 
mum con?dence be 100. 

As the con?dences 158 of the candidates increase, the 
system looks to promote those candidates having a con? 
dence 158 greater than a member threshold (say 70) to the 
member list 150. HoWever, there must be a vacancy in the 
member list 150. If there is a vacancy, the item 154 corre 
sponding to the candidate is copied to the member list 150 
and deleted from the candidate list 152. OtherWise, the 
candidate remains on the candidate list 152. 

If the ID 156 is not knoWn and there is a vacancy in the 
candidate list 152, the system creates a neW item 154. To 
this, the system assigns the ID 156 received and a con?dence 
158 according to the variables described for the con?dence 
increase. If there is no vacancy in the candidate list 152 then 
the candidates are checked to see if any of their respective 
con?dences 158 are beloW an over?oW sWap con?dence 
(say 24). If so, a neW item 154 is created and replaces the 
loW con?dence item 154. Otherwise, no neW item 154 is 
added, the transmission is discarded and an error condition 
is signalled. 
A neW item 154 is initially assigned a con?dence 158 of 

Zero, but the system then proceeds to increase the con?dence 
158 of the item 154 as described above for a previously 
knoWn item 154. 

A check is then made Whether any members can be 
demoted to the candidate list 152. This occurs When the 
con?dence 158 of a member falls beloW a member removal 
threshold (say 50) and Where there is a candidate With a 
con?dence 158 above the member threshold. This corre 
sponds to the situation Where the system lacks sufficient 
con?dence 158 in the transmissions from the transmitter 
106, 108 of a given Wheel 102, 104 and there is a different 
transmitter 106, 108 from Which transmissions have given 
the system a greater con?dence that the latter transmitter 
106, 108 is associated With a Wheel 102, 104 Which belongs 
to the vehicle 100. This could happen, for example, if a 
Wheel 102, 104 has been changed. In this case, the member 
moves to the candidate list 152 and the candidate moves to 
the member list 150. OtherWise the system increases the 
con?dence 158 of the member to one unit more than the 
member removal threshold, so as to avoid unnecessary 
checking When the next transmission is received. 
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12 
Performing this check noW, as Well as in the stage Where 

the con?dences 158 are decreased (as described beloW) 
provides for speedy insertion of a replaced tyre’s details into 
the member list 150. 

MeanWhile, the con?dences 158 of all the items 154 on 
both lists 150, 152 are decreased by a set con?dence 
decrement (say 15) at a set interval of approximately 8 
minutes. The decrement is subject to a minimum con?dence 
of Zero. A check, similar to that Which is made When a 
transmission is received, is then made to check Whether any 
members can be demoted to the candidate list 152. This, 
again, occurs When the con?dence 158 of a member falls 
beloW the member removal threshold and Where there is a 
candidate With a con?dence 158 above the member thresh 
old. Once more, if this is true the member is moved to the 
candidate list 152 and the candidate moved to the member 
list 150. 

If the probability of receiving transmissions is only 50% 
then the basic learn Weight should be at least double the 
con?dence time decrement described above such that for an 
item 154 the con?dence 158 is reduced if more than tWo 
consecutive transmissions have not been received. 
A check is then made of candidates to ascertain Whether 

any candidates may be deleted. Any candidate With a con 
?dence 158 of less than a candidate removal threshold (say 
10) is deleted from the candidate list 152 such that an empty 
position on the list 152 becomes available. By these means 
any transmissions from transmitters 106, 108 associated 
With Wheels that do not belong to the vehicle 100 may be 
ignored. 

Additionally, the system uses the initiator modules 114 in 
order to ?nd out or “auto-locate” in Which position each 
Wheel 102, 104 is located. This procedure may be initiated 
as the vehicle 100 is started or, in an alternative, periodically 
at a predetermined period of time. The system uses the 
initiator modules 114 positioned adjacent to each road Wheel 
102 sequentially to periodically request that the transmitter 
106 associated With the respective Wheel 102 transmit 
immediately. The system then listens for a predetermined 
auto-locate timeout period of, say, 4 seconds for responses 
from the respective Wheel 102. If either none, or more than 
one transmission is received in this period, the system 
re-attempts auto-location by using the initiator modules 114. 
The system alloWs up to a predetermined constant number of 
auto-locate error attempts of both too many and a lack of 
received transmissions before abandoning determining 
Which tyre is at that location, signalling an error condition 
and proceeding to determining Which tyre is at the next 
location. 

If, hoWever, precisely one transmission from a single ID 
is received Within the auto locate timeout period, the system 
checks Whether the transmission matches that of a member 
of the member list 150. If so, and the member has an index 
160 Which refers to the position being checked, the con? 
dence 158 of the member is increased to the maximum, and 
the system proceeds to determine Which Wheel 102, 104 is 
at the next location. 

If, on the other hand, a member corresponding to the 
transmission received is not found, or it is found to be in the 
Wrong position, a con?rmation is requested. In this case, the 
system activates the relevant in itiator module 114 and again 
Waits for a received signal, and the above procedure is 
folloWed once more. This subsequently received transmis 
sion is checked to see if it matches the transmission for 
Which con?rmation is necessary. This procedure is repeated 
until tWo successive matching transmissions have been 
received. 
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Once this is the case, the system deletes all items 154 in 
the member list 150 the position of Which has yet to be 
determined, as this situation is indicative that the rest of the 
table is incorrect. The system then replaces the item 154 
referring to the location being determined With that received 
in the con?rmed transmission, With the maximum con? 
dence possible. If necessary, a candidate corresponding to 
the neW member is deleted. 

The system then proceeds to check each of the other 
locations in turn. As the spare Wheel 104 lacks an initiator 
module 114, this position is not ascertainable using such an 
initiator module 114. However, as it is the only Wheel 102, 
104 that lacks an initiator module 114, its position is 
deducible by a process of elimination. 

Con?rmation of the position of the spare as against the 
road Wheels can be found by checking that the rotational 
speed of the Wheel determined to be the spare Wheel is 
substantially Zero When the vehicle is moving. As indicated 
previously, this type of check may also be used in the 
modi?ed form of the ?rst embodiment of the invention to 
determine Which of the transmissions refer to the spare 
Wheel. 

The system is further provided With a display 118 vieW 
able by a user of the vehicle 100. This displays the pressure 
data received by member transmitters 106, 107, 108, 109 
along With the location to Which each transmitter 106, 107, 
108, 109 refers. Therefore the display 118 only shoWs the air 
pressure Within tyres on Wheels 102, 104 in Which the 
system has suf?cient con?dence 158 that the Wheels 102, 
104 are associated With the vehicle 100. Accordingly, a user 
of the vehicle 100 can generally be satis?ed that the data 
displayed on the display 118 correspond to that of the Wheels 
102, 104 of the vehicle 100. 

In normal use any error condition raised by the system 
Will not be apparent to the user. HoWever, if, after several 
requests by the initiator module 114 corresponding to a 
certain location, there is no response from any transmitter 
106 at a given location, a Warning is displayed to the user 
that either the transmitter 106 in the Wheel 102 at that 
location is not functioning or that the Wheel 102 itself is 
missing. Furthermore, the system may be placed into a 
diagnostic mode, such that may be used by a technician 
servicing the system, in Which any errors are visible along 
With the IDs 156 and con?dences 158 of all items 154 in 
both lists 150, 152. This may prove useful in case of a fault. 

In accordance With the provisions of the patent statutes, 
the principle and mode of operation of this invention have 
been explained and illustrated in its preferred embodiments. 
HoWever, it must be understood that this invention may be 
practiced otherWise than as speci?cally explained and illus 
trated Without departing from its spirit or scope. 
What is claimed is: 
1. A tyre pressure monitoring system for a vehicle com 

prising: 
at least one receiver responsive to signals transmitted by 

transmitters, With each transmitter associated With a 
vehicle tyre; 

a memory; 
a list of identity tags captured by said receiver from 

signals transmitted by said transmitters stored in said 
memory; 

a list of con?dence values also stored in said memory, 
each of said con?dence values associated With one of 
said identity tags; and 

a control unit in communication With said receiver and 
said memory, said control unit operative to modify said 
con?dence values With each of said con?dence values 
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14 
being indicative of a con?dence that said associated 
stored identity tag corresponds to a transmitter of a tyre 
associated With said vehicle such that, over time, the 
system is able to capture and learn the identities of tyres 
that belong to the vehicle and distinguish from tyres 
that do not belong to the vehicle, said control unit also 
operative to monitor at least one parameter of said 
vehicle and said received signals to determine a con 
?dence value associated With an identity tag With one 
of said at least one parameters being a speed of said 
vehicle. 

2. A tyre pressure monitoring system according to claim 
1 Wherein said system adds neWly received identity tags to 
said identity tag list Whenever a signal containing one of said 
neWly received tags is received by said receiver, Where said 
neW identity tags may include tags captured from transmit 
ters not associated With one of said vehicle tyres. 

3. A tyre pressure monitoring system according to claim 
1 Wherein said identity tags are ranked in order in said 
identity tag list according to a value of said con?dence value 
associated With each of the stored identity tags. 

4. A tyre pressure monitoring system according to claim 
1 Wherein said identity tags are stored in a list Which 
comprises a member list and a candidate list, Where said 
identity tags may include tags captured from transmitters not 
associated With one of said vehicle tyres and With only 
identity tags Which have attained a corresponding con? 
dence value that meets a ?rst predetermined criterion being 
stored in said member list and identity tags Which have not 
obtained said corresponding con?dence value being kept in 
said candidate list. 

5. A tyre pressure monitoring system according to claim 
4 Wherein said ?rst criterion is that a con?dence value is 
above an acceptable threshold. 

6. A tyre pressure monitoring system according to claim 
5 Wherein said system is adapted to generate a Warning 
signal to alert a driver in a case Where none of said stored 
identity tags Will have a suf?ciently high con?dence value to 
be allocated to said member list. 

7. A tyre pressure monitoring system according to claim 
4 Wherein said member list contains as a maximum as many 
identity tags as there are tyres that belong to said vehicle. 

8. A tyre pressure monitoring system according to claim 
7 Wherein said system includes means for identifying hoW 
many tyres belong to said vehicle to determine hoW many 
corresponding identity tags may be allocated to said member 
list. 

9. A tyre pressure monitoring system according to claim 
8 Wherein said member list contains a number of tags, and 
Wherein said number of tags allocated to said member list is 
varied in an event that a trailer is attached to said vehicle. 

10. A tyre pressure monitoring system according to claim 
4 Wherein said allocation of identity tags to said list and 
generation of associated con?dence values is performed by 
a processing unit Which forms a part of said system, Which 
includes an input for receiving input signals received by said 
receiver from any transmitters Which are Within its range. 

11. A tyre pressure monitoring system according to claim 
10 Wherein said transmitters are associated With tyres that 
belong to one of said vehicle another vehicle that is along 
side said vehicle. 

12. A tyre pressure monitoring system according to claim 
10 Wherein each transmitter is adapted to transmit a signal 
Which comprises a pressure reading for a tyre associated 
With said transmitter in addition to an identity tag. 

13. A tyre pressure monitoring system according to claim 
12 Wherein each transmitter is ?tted in a position that is one 
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of adjacent to a tyre and Within a tyre together With at least 
one sensor Which measures pressure Within said tyre. 

14. A tyre pressure monitoring system according to claim 
13 further including at least one sensor that measures the 
temperature Within the tyre. 

15. A tyre pressure monitoring system according to claim 
13 further including at least one Wheel rotational speed 
sensor. 

16. A tyre pressure monitoring system according to claim 
12 Wherein said pressure reading signal is a pressure value 
indicative of pressure. 

17. A tyre pressure monitoring system according to claim 
12 Wherein said pressure reading signal comprises a Warning 
signal Which is generated Whenever said pressure reading 
falls beloW a predetermined safe level. 

18. A tyre pressure monitoring system according to claim 
12 Wherein said pressure reading signal is transmitted peri 
odically together With the identity tag. 

19. A tyre pressure monitoring system according to claim 
12 Wherein said processing unit presents only pressure 
signals extracted from received signals that are sent by 
transmitters that are stored in said member list to a display 
unit. 

20. A tyre pressure monitoring system according to claim 
19 Wherein a combined pressure reading value taken from 
all of said transmitters in said member list is presented. 

21. A tyre pressure monitoring system according to claim 
19 Wherein a Warning is presented in an event that any one 
of said pressure readings in said member list drops beloW a 
predetermined level. 

22. A tyre pressure monitoring system according to claim 
4 Wherein said processing unit is adapted to remove stored 
identity tags from one of said member list and said candidate 
list if they have an associated con?dence value that meets a 
second prede?ned criterion. 

23. A tyre pressure monitoring system according to claim 
22 Wherein said second criterion corresponds to a minimum 
con?dence value so that tags may be removed from said lists 
if said con?dence value drops beloW a prede?ned level. 

24. A tyre pressure monitoring system according to claim 
22 Wherein in an event that a tag is removed from said 
member list, said system performs a search of tags remain 
ing in said memory to see if there are any suitable candidates 
to add to said member list. 

25. A tyre pressure monitoring system according to claim 
24 Wherein in an event that no suitable candidates exist an 
error ?ag is raised and an alarm issued to a driver. 

26. A tyre pressure monitoring system according to claim 
1 Wherein said system includes a single receiver Which 
receives signals from any transmitters Which are Within 
range, said range being sufficient for said receiver to pick up 
signals from each road Wheel ?tted to said vehicle. 

27. A tyre pressure monitoring system according to claim 
4 Wherein to determine a con?dence value associated With 
an identity tag the system is adapted to monitor at least one 
parameter of said received signals. 

28. A tyre pressure monitoring system according to claim 
27 Wherein, if for an identily tag a con?dence value already 
exists then said con?dence value is adjusted Whenever 
subsequent signals are received in accordance With said 
monitored parameters at a time of receipt of said later 
signals. 

29. A tyre pressure monitoring system for a vehicle 
comprising: 

at least one receiver responsive to signals transmitted by 
transmitters, With each transmitter associated With a 
vehicle tyre; 
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16 
a memory; 
a list of identity tags captured by said receiver from 

signals transmitted by said transmitters stored in said 
memory; 

a list of con?dence values also stored in said memory, 
each of said con?dence values associated With one of 
said identity tags; and 

a control unit in communication With said receiver and 
said memory, said control unit operative to modify said 
con?dence values With each of said con?dence values 
being indicative of a con?dence that said associated 
stored identity tag corresponds to a transmitter of a tyre 
associated With said vehicle such that, over time, the 
system is able to capture and learn the identities of tyres 
that belong to the vehicle and distinguish from tyres 
that do not belong to the vehicle, said control unit also 
operative to remove stored identity tags from one of 
said member list and said candidate list if they have an 
associated con?dence value that meets a prede?ned 
criterion. 

30. A tyre pressure monitoring system according to claim 
4 Wherein to determine a con?dence value associated With 
an identity tag the system is adapted to monitor at least one 
parameter of said vehicle. 

31. A tyre pressure monitoring system according to claim 
30 Wherein neW identity tags are not added to the memory 
unless the vehicle speed exceeds or at least meets a pre 
de?ned threshold. 

32. A tyre pressure monitoring system according to claim 
30 Wherein said system allocates a higher con?dence value 
to an identity tag Which is extracted from a signal that is 
received When said vehicle speed exceeds a prede?ned 
threshold. 

33. A tyre pressure monitoring system according to claim 
27 Wherein, in an event that a con?dence value has not 
already been allocated to an identily tag, then a value is 
produced dependent upon said at least one parameter cor 
responding to a single received signal. 

34. A tyre pressure monitoring system according to claim 
27 Wherein one of said parameters is a number of times that 
signals are received Which have identical identity tags, said 
con?dence value increasing the more times that a signal is 
received. 

35. A tyre pressure monitoring system according to claim 
4 Wherein one of said parameters is the number of other 
identity tags that are already stored in said memory. 

36. A tyre pressure monitoring system according claim 27 
Wherein one of said parameters is the elapsed time betWeen 
receiving signals having the same identity tag. 

37. A tyre pressure monitoring system according to claim 
36 Wherein said con?dence values stored in said memory are 
reduced at set time intervals, and increased Whenever a 
signal is received. 

38. A tyre pressure monitoring system according to claim 
37 Wherein said transmitters are adapted to periodically 
transmit signals containing their identity tag With a period by 
Which said con?dence value is reduced being chosen to be 
greater than said transmission period. 

39. A tyre pressure monitoring system according to claim 
20 Wherein said parameters that are used to determine said 
con?dence value are input to at least one algorithm Which 
determines a neW con?dence value for a previously 
unknoWn identity tag. 

40. A tyre pressure monitoring system according to claim 
39 Wherein said algorithm determines an additive function 
for each monitored parameter, With each of said additive 
functions being added together to form a con?dence value. 
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41. A tyre pressure monitoring system according to claim 
26 Wherein said system is provided With at least one initiator 
associated With each Wheel, said initiator being adapted to 
send out a prompt signal to any transmitters Within its range, 
each of said transmitters being adapted to send a signal 
including its identity tag back to said receiver in response to 
said prompt from said initiator. 

42. A tyre pressure monitoring system according to claim 
26 Wherein said range is suf?cient to pick up signals sent 
from a spare Wheel of said vehicle. 

43. A tyre pressure monitoring system according to claim 
41 Wherein said initiator is directional such that it only 
initiates a transmitter of a vehicle tyre nearest to said 
initiator. 

44. A tyre pressure monitoring system according to claim 
41 Wherein said initiator has a limited range such that it only 
initiates a transmitter of a vehicle tyre nearest to said 
initiator. 

45. A tyre pressure monitoring system according to claim 
41 Wherein each initiator comprises a loW frequency coil 
Which transmits a burst of loW frequency radiation When 
energised. 

46. A tyre pressure monitoring system according to claim 
41 Wherein said transmitters transmit “prompted” return 
signals in addition to periodic signals Which include an 
identity tag. 

47. A tyre pressure monitoring system according to claim 
46 Wherein said prompted signals are used to determine a 
position of said relevant transmitters With said periodic 
signals being used only for allocating said identity tags to 
said list. 

48. A tyre pressure monitoring system according to claim 
41 Wherein said processing unit is adapted to operate each 
initiator unit in turn and listen for receiving signals folloW 
ing a prompt from an initiator. 

49. A tyre pressure monitoring system according to claim 
48 Wherein, if no signals are received Within a set time 
duration, said processing unit is adapted to signal an error 
upon no signals being received With a set time duration. 

50. A tyre pressure monitoring system according to claim 
48 Wherein, if transmissions are received from more than 
one transmitter Within a set time duration, said processing 
unit is adapted to either signal an error or to repeat said 
process for that initiator. 

51. A tyre pressure monitoring system according to claim 
48 Wherein, if transmissions are only received from a single 
transmitter Within a set time duration, said processing unit is 
adapted to store said transmitter identity tag in said memory 
as a member together With the location of said initiator used 
and assign it a maximum possible con?dence value. 

52. A tyre pressure monitoring system according to claim 
51, Wherein said processing unit is adapted to require 
con?rmation of said received identity tag before storing it as 
a member by ?rst re-activating an initiator. 

53. A tyre pressure Warning system comprising: 
an initiator associated With each road Wheel of a vehicle 
Which is in use; 
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a receiver Which receives signals from any transmitters 

Which are Within an operational range of said receiver; 

a processor in communication With said receiver, said 
processor operative to process said received signals; 

a memory in communication With said processor; 

a list of identity tags captured by said receiver from said 
received signals stored in said memory; 

a list of con?dence values also stored in said memory, 
each of said con?dence values associated With one of 
said identity tags and indicative of a con?dence that the 
system has that said identity tag corresponds to a 
transmitter that belongs to said vehicle With said pro 
cessor also being operative to modify said con?dence 
values to learn Which transmitters belong to said 
vehicle, and to learn Where said learnt transmitters are 
located on said vehicle by monitoring in turn signals 
received said transmitters in response to a prompt from 
each initiator, said processor further being operative to 
monitor at least one parameter of said vehicle and said 
received signals to determine a con?dence value asso 
ciated With an identity tag With one of said at least one 
parameters being a speed of said vehicle. 

54. The tyre pressure Warning system of claim 53 Wherein 
said receiver is adapted to receive signals over a range Which 
includes all tyres ?tted to said vehicle as Well as those that 
are in use and also may include signals captured from 
transmitters not associated With one of said vehicle tyres. 

55. The tyre pressure Warning system of claim 54 Wherein 
said range includes tyres ?tted to a trailer ?tted to said 
vehicle. 

56. The tyre pressure Warning system of claim 53 Wherein 
each of said tyres ?tted to said vehicle is provided With a 
transmitter. 

57. The tyre pressure Warning system of claim 56 Wherein 
each transmitter is a radio frequency RF transmitter. 

58. A tyre pressure monitoring system according to claim 
30 Wherein one of said parameters is a rate of change of 
vehicle speed over time. 

59. A tyre pressure monitoring system according to claim 
58 Wherein said con?dence value is increased in the event 
that a rate of change of speed of said vehicle Whilst receiving 
signals exceeds a predetermined threshold. 

60. A tyre pressure monitoring system according to claim 
13 Wherein said receiver is adapted to determine the rota 
tional speed of a Wheel by analysing received transmissions 
from said transmitter. 

61. A tyre pressure monitoring system according to claim 
4 Wherein, in an event that a con?dence value has not 
already been allocated to an identity tag, then a value is 
produced dependent upon said at least one parameter cor 
responding to a series of at least one of the received signals 
With the same identity tag. 


