10

15

20

25

WD 2004/ 037566 PCT/ US2003/ 007219 APPARATUS AND METHOD
FOR PONER MANAGEMENT I N A TI RE PRESSURE MONI TORI NG
woY®Tabské el d of the Invention 5 This inventiPOT/US2003/007219
relates to the detection of notion, and nore
particularly to a system and nethod for detecting
movenent of a vehicular pneumatic tire. 10 Background
of t APBRARATUS AWDMETEHODLFORPOWER MANAGEMENT
systens are increasingly using sensors to determ ne
whet her t I A TIREPRESSURE MOMTIQRING I S¥STEM
Direct tire pressure nonitoring using in-tire
pressure sensors with a radio 15 frequency (RF) data
link are used to neasure tire pressure. Presently used
systenms need a bat t dfiglpofidre boientonni th a life
requi renent of many years. Power fromthe battery is
consuned during pressure neasurenent, during RF
romthe qverall standby current of

t ransgn ssi on .and

t hen@éﬁslawenﬁeaaﬁ ites fo Hhradetecopafuaetione apdwesre

demand wo general operatjonal 20.nodes have been _ .
padﬁppi%g&y g‘éﬁé%(éF% a&lﬁ‘dﬁe %gr&qtﬁ%tmg meyemest pha vehicular

notion ..or is parked. As a result, a nmechanismto
PRFUBALC (el moverment is provi ded. The nechanismto
detect wheel novenent is typically inplenented either
with an el ectro-nmechanical device that is sensitive to
t he angul ar accel ' f . or Wiwth a mcro
el ect rgrrechani calﬁé@%@ﬂ%an%{@%%gﬁbggel eroneter. For
exanple, a notion swwtch is inplenented within the
tire and relies on the angul ar accel eration of the

oo Sl DTSN GRS RGP SEL RS 85 yoine

sensors to determine whether there is adequate air pressure in tires. Direct

tire pressure monitoring using in-tire pressure sensors with a radio
frequency (RF) data link are usea to measure tire pressure. Presently used
systems need a battery power source with a life requirement of many
years. Power from the battery is consumed during pressure measurement,
during RF transmission and from the overall standby current of the sensor
module. In order to reduce the power demand, two general operational
modes have been defined depending upon whether the vehicle is in motion
or is parked. As a result, a mechanism to detect wheel movement is
provided. The mechanism to detect wheel movement is typically
implemented either with an electro-mechanical device that is sensitive to
the angular acceleration of the wheel or with a micro electromechanical
sensing (MEMS) accelerometer. For example, a motion switch is
implemented within the tire and relies on the angular acceleration of the

wheel pressing a mechanical mass against a contact. Problems to date
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wi th such devi ces have been associated with the fact
that wwth repeated inpacts and vibration the
web@asise@al connection |oses reliability. SonePer/@s2003/007219
al so subject to factures of the housing and the sensor
adds to the cost of the tire. Additionally, an
el ectro-nechanical switch requires power to 5 operate
witissudtedswices hawiel Beetlr asvociated mithmtenfadt that withorepeatesl
Some notion switches may have a mass that is ferrous
impactstanel eftwagondhe ebectacal venmattion bosek askabiiyi tSame are
using a strong nagnet placed against the wheel. This
alsal dubyectt tocfaptures widhe dssing and thesensormastds tor thaquest lof
as a diagnostic. However, the |evel of diagnostic
thectipeabAlddifronallyigam etaagrremachanicl switaleteritesepgwer to
addi tional diagnostic functionality, such as a | ow
opexsie as ithe syitchiwil sawneyrrentryhendbis eondugdiie -t o t he
systenm s battery. lpad. An indirect nmethqod of notion
det SemoMatiUhsitches nayghave aanass ke {orsetus ang dogwefore
t he vehi C%cf Char{?jSi s.telljng the wheel nodule vi,hen t he,
cany b adtated fo aR30seth POIoN WHRE GStreng Mepgnetplperdhagainst
th eel .modul e 15 within the tjre itself does not
theBdiehho THPRLDE SPeateRIaAgnSa 1O FRBSTE Goif Tegiepy as

o a8l LT S s
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Al T AHTEN - Qf ﬁlga{q?;bf nffifbn a@&e}mﬁ tgé}ivgg@é% 3 sief ifiye

i n order ¥O ge maxi mum angli € 0O ation

W o ddie dﬁé\ﬁﬂ?ﬁl@;’@(&%@é&ﬁ%%%&lﬂl% 31;16 Wfeel 9bdule when the

assocl ate etection | rect systemis

veRlA8 iPas avsifore! THRe nfdHbE 19 Nadir&dtsdtatisy 1189 wHd® module
chassi s side for each wheel |ocation, but information

SRR 4o e e spiaioady vy
signal can be either an RF or an LF signal but the RF implementation
typically uses more power and is more costly. In the LF indirect system,
an LF oscillator, a driver and a transmit coil are located inside a wheel
well. On the wheel module there is a sensitive amplifier to detect the
signal picked up in a small receive coil. Alignment of transmit and
receive coils is sensitive in order to get the maximum angle of wheel
rotation where the signal is maximized. Also, the cost associated with a
LF detection indirect system is high because of the additional circuitry on

the chassis side for each wheel location, but information on each

individual wheel may be obtained.
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Brief Description of the Drawi ngs The foregoi ng and
further and nore specific objects and advantages of

wo b@4iosss@nt i nvention will becone readily appPCEOB2008007219
those skilled in the 5 art fromthe follow ng
detail ed description of the invention taken in
conjunction with the following drawings: FIG 1 is a
bl ock di agr am Bfief Dégczipics ofithee Prawings ng system
havi ng power managenent in accordance with the present
invention; FIG 2 is a table of operationa
strategies associated with notion 10 detection in the
sysThmfotegoiag and firthersand morespeotfiodbjasts end advantages
detection in the systemof FIG 1; and FIG 4 is a

of theapistait imyensionowdl beéaomeusadyyrapparef vdhosgekilled in the
filtering. 3 WD 2004/037566 PCT/US2003/007219 i

artrisoni tlwd? ngdetatledrdasseplione thednventigattakesdni n
FIG 1 is_a tire pressure nonitoring system 10

copprwition yithathedollowimgaliraypagse 11 and a recei ver
portion_ 12 contained 5 outsi.de of a tire (not shown).
Wt - dieet b 18Z1AM; & HUFRPIESSYre BIGHETIng §yster3

RN T T
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inputs of a pressure sensor 16, a tenperature sensor
18, an analog interface 20 and a radi o frequency (RF)
transmtter 24. The positive 15 output of battery 13

is separately connected to a power input of a process
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controller 22. An input/output of pressure sensor 16
is connected to a first signal input/output of anal og
WO paoe08mee 20. An i nput/out put of tenperature PEEOSING/007219
18 is connected to a second signal input/output of
analog interface 20. A third input/output of anal og
interface 20 is connected to an 20 input/out put of
process cont roktagledesdiption of toe Tpwentddn pr ocess
controller 22 is connected to an input/output of RF
transmtter 24. RF transmtter 24 has an antenna for
tr o . . .
ant e p IO 5 G0 oltRhgd MOFRRUMESy B0 o
: I
eelSAR IRt Fheb! BRURNGH 3R] Moty Pt T2 Supdlied

outsid€BPaaFea G0t ghafwﬂgn PAtitHah vledltheaars 1 Phs aFHa@Eé@? gi3nGhat
A display 29 i of

circuit 28. s connected to an out pu

is ddithedted @6 ARtinpat BE Qgﬁﬁﬁéﬁﬁlaﬁb?éﬂieht dfcuft MO The positive
2004/ 037566 PCT/ US2003/ 007219 I'n operation, the wheel

batteduberplt is Sofimesieddovir hiputafiepowiee ntandgengent circuit 14.
Préssure sensor 16 functions to sense the tire's

Thenepative dtesrytdigpupiessuettsd s tie ¢6nirmopswppbdretum of
one form pressure sensor 16 is inplenented as a
all the moe dwlesiwehiptieswieel rpdiide 14ui Fabéasef @l illustration, the
positioning 5 within the tire. A known suitable sensor
negativabaitery tatniimabid ilbustrated withheaclpbf $he abmpensinigin
mechani sm bei ng either a_variable resistance or .
whespawvduladel being cennsctedie anpandy geounsh Thamesitive battery
sensor 18 functions to sense the tenperature of th
output igicomitieltaeeby ithe poves meangEarBenl eIy éﬁuwemwawisp
be done using vari abl e capacitance, variable

powesiiBpHiscel 2 Dressuae deBT o) a sgaperpfiaeaseasey 18y aranales
intgghagerd] 8h Srradit LsaTBUES (BE) grESaUEr s Bhe pesifiee

ouh S B S5ty Aol poblig 8BEL8Pa process
coBlPtiEf 239 KhARBuBHIERNCY FREAE SMoF 18! Yordlelthd & 4 first
signal input/output of analog interface 20. An input/output of temperature
sensof 18 is connected to a second signal input/output of analog interface
20. A third input/output of analog interface 20 is connected to an
input/output of process controller 22. An input/output of process
controller 22 is connected to an input/output of RF transmitter 24. RF
transmitter 24 has an antenna for transmitting an RF signal that is received
by an antenna of an RF receiver 26. Examples of frequencies used as the
RF frequency are, by way of example only, from 300 MHz to 1 GHz. An
output of RF receiver 26 is connected to an input of an information
processing circuit 28. A display 29 is connected to an output of the

information processing circuit 28.
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and 18, providing reference voltages and perform ng
correction of sensor 15 errors and nonlinearity errors
wasmeosBted Wi th the pressure and tenperature PCT/US2003/007219
measur enents. The processor controller 22 functions to
gather pressure and tenperature neasurements at a
given tine interval and then send that data via the
RF It epsmitidrgthe4visdel anodinierl 1 igimounited vathinl D vehidds’ s
to manage the battery power of battery 13 within
tirashBedssomel sersdrll 6 fienqriorseessezBechattirold pres8@re when the
sel ectively connects and di sconnects battery 13 from
presbere seriser Itoisypowetesl. oin eheformpprdssutelsersond ¢ ise
power managenment circuit 14. In addition to
implemeentedi asga asiceo-maachined piessire pensor suitabdg éoepositioning
circuit 14 may have other power saving |ogic and
withindhe dival iA Knovoo spisablesgnsoeisefabricatednpn eitigon with the
various | ow power nodes 25 and timng sense
p wcah@@reai@g mmhammdmmg epihet aswarsatrle mesistanceoor
contains _logic circuitry or, software code in a nmenory
capagdtangs. IR@EAI LYo §nmereficthettﬁ@p§m%@ seRgor 18 functions
identifying, based s Ier on.the e and. 5 WO
to W@/tb@ﬁg@%@nrg Q/aé)fowti@ntﬂé‘i‘a%é? atliieclCHIPIRRILE; r e,

when the tir In response to inferr

megARtAReIE %ﬁﬁ%ﬁ uaa Patialit Sl e G bl spsistance

or ¢ SRHaEq The Riflocdntertei 20 nBReR: t@i’?@rﬁﬁ{ af fnalog
to AT et 3% oErEgblE é’ﬁﬁ SRRt eyl icihpgragure

ser@ 18 BEHRGENS, 1S HaI0L BEER R pefbFTR ifef filkgons

su(g{ ?é‘ i’g{/fgﬁé%%?er m§gnédlﬁ%n?iz{t1 %ﬁ& lébﬁtfo?‘%gél?ﬂs 5 lsfeﬁ’éér% 16

an%'l@n?#ro*/ﬁhﬁg%féf@ﬂc@hﬁﬁ §§ﬁ3 r?@ %’t‘br RfIPBF?

ormatron processi n Cl rc 0 Sl gna

errprd!Afd Iﬁfnlftfé%rﬁ? Rirfdr§ a8sdiARYd M‘&l t‘lieﬁ?re@hﬁ%%ﬁc?té?ﬁﬁerature

' en bel ow or” risen above a predet’erm ned val
me‘ébﬁfbméﬁﬁst TEhé PROCESR6L 88N IBI1eT ROk ons to gather pressure

and temperature measurements at a given time interval and then send that
data via the RF transmitter 24 at another time interval. In order to manage
the battery power of battery 13 within wheel module 11 the process
controller 22 selectively connects and disconnects battery 13 from the
other components of wheel module 11 using the power management
circuit 14. In addition to functioning as a matrix switch, power
management circuit 14 may have other power saving logic and
functionality incorporated therein to implement various low power modes
and timing sense parameters. Additionally, process controller 22 contains
logic circuitry or software code in a memory such as a ROM (not shown)

for the purpose of identifying, based solely on the pressure and
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28 detects that an air leak exists (i.e. that the
pressure has fallen below a predeterm ned threshold),
w@nooaloarseg eit her visual or audible, is sent tBCT/82003/007219
di splay 29. Information processing circuitry 28 may be
i mpl emented as a 15 mcrocontroller with progranmabl e
menory such as a ROMfor storing software or as a
tengpertturessihtheetinsl thenathdwireeislingnotiba. ilapksp®ide tinferring
nmet hod taught herein. Tire pressure nonitoring system
whethardere motionf existd pretdss dontrollartdopraldtes tontrol over all
determne if notion may exi st rather than 20
batternyl power cogsumptionas daegninedsby thd ratetdfi measiereniert by
t hereby savin significant battery power. Wthin the
thewseasprs 16 émgls’g& abilfhe teanemissian mtwonh Rihtransmiber 24hat
the tire wll heat up as the vehicle is in npotion.
Propgss cpptnedles 2gnalse mewritewsstiiettitss presswis lenehirndicatedshy
work perforned in flexing the tire tread and walls
Prefgigie $eASer VARG BrRYiHes RUBvaBkessREkalrmasignabtarthe RF

tron BT LS A DR 568 FRRPISRIEGES HNRWa T T ushi ng

o o el SR L5004

reci ncr.e%)«ze &V\D 2004/(2 7566 PCT/.US2003/ 007219 abouégf our
PO/ APE A BRCTSRCABY JRERENIEP PIOFCISHIS SHEULLY atﬁg

. ki J. f t [, T

i TREA B L A Y2 GBSt B o

: | - : i i.ncl :

s PO R IR 516 ol EFEBOY i i

25 BEELARRR Y48 10k RS, AL BEASPEASAIA oo

preﬂ@&ﬁ‘hﬁh@dttﬂrﬁhﬂo?ﬂ)ﬁ R 418AN0EithBEvIRGE br %ﬁhﬁglg, sent to the
moni toring the changes |_h.t|_re préssure “an

i REPEOC AT FESSa00g SrLUE P et o

midrocbhidIRr&sRH TRoEfaBMable memory such as a ROM for storing

software or as a state machine with hardware logic to implement the
method taught herein.

Tire pressure monitoring system 10 uses an inferred method of
motion detection to determine if motion may exist rather than
implementing a motion sensing switch within the tire, thereby saving
significant battery power. Within the wheel/tire assembly there is a
known phenomenon that the tire will heat up as the vehicle is in motion.
This phenomenon is the result of three main factors: work performed in
flexing the tire tread and walls, heat received from the hub and brakes, and
heat received from adjacent vehicle engine and exhaust. There are three
main cooling effects: the air rushing over the tire, the road surface

temperature and the presence of water and rain. Typical tires will increase
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10 indicator that tire notion is ceasing. However,
changes in tire pressure can also occur due to adding
wa@poo4a7see tire and/or the tire devel opi ng a PCEEK2003/007219
But in the cases where air is added or subtracted from
the tire, the mass of air has been altered. According
to the ldeal Gas Law there is a direct relationship 15

abdwet frertotfivee pesent i @bsoluee vabiaiot tlengrdseureeand ur e of
an encl osed gas per the follow ng equation: (P)(V) =

teniporatitie( aitersehlyla fovadrkyméters ofismvielit #hpreammrep pRaJess is
20 T is tenperature (degrees Kelvin) Vis volune of

relatavelyyprecitiablereHevedvernthescodledowmbemocess mobeth lnfngehand
gas Ris the Universal Gas Constant (8.3145 J/nol K)

magsinsiude vatietions & tlse sateiofquressirerandoicnparatwt dexsease
the equation can be rewitten as: P/T = (n)(R/V =

dug 9 thg heat beingrrywsipoed/ to3hsdeerar whzobby be brakes and
where: k is a constant. Therefore, the ratio of the

Chftﬁ’sé%sure to the tenperature (PIT) should remain a

there is.no ¢ in the mass of

o r fhis dashiblado dnfes metiopaf th@ﬂﬁh@%ﬁ@la Rymanterdeg the

to separate changes,in tire pressure due to, adding .
chapgesin (iEaRIESPREA R SIRDERERE. s ACRSERASyInHisg plegsuie is an
indifRigshhs Bt miptiandS b fIERGY B0 doariase iR HsRyPiRRNES fean
in(ﬂggtio%hgga ﬁrebrenotion is ceasing. However, changes in tire pressure
can also occur due to adding air to the tire and/or the tire developing a
leak. But in the cases where air is added or subtracted from the tire, the
mass of air has been altered.

According to the Ideal Gas Law there is a direct relationship
between the mass, pressure, volume and temperature of an enclosed gas
per the following equation:

PYV) = @(RX(T) EQ.1
where:

P is absolute pressure (Pa)

T is temperature (degrees Kelvin)

V is volume of cavity (cubic meters)

n is the number of moles of the gas

R is the Universal Gas Constant (8.3145 J/mol °K)

Since the tire is a fixed volume or mass of gas, the equation can be
rewritten as:

PIT=@®R)/V=mk . EQ.2
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inferred fromthe natural thernodynam c heating of the
tires while in 10 notion, thereby resulting in a
w@b@nga7sse tire pressure and tire tenperature. PCT/NS2003/007219
ot her words, notion per se is not sensed, but rather
pressure and tenperature changes are used by the
process controller 22 to determ ne whether tire
whe®d:i on is occurring or has stopped. In the illustrated
form only tire air pressure and tire air tenperature
i s keégaicoedtams. be known. 15 Assune that a npbst recent
air pressure reading is less than a previous air
Therefosyrthe retidiofghe Thressire tedbe temperatasa(B/T)rshowdd remain
pressure/tenperature (P/T) ratio either decreasing or
a constanhiasdongms there, isTechprgs suthey maspef ainwathinthe tire.
cannot increase as that is not a valid condition
Thiscredatdgonshipsaphee nsedito sepamatschangasia tire pressure due to
)ressure/tenperature rati o 20 decreases jn response to
adqiagrain o heples fropr thesgrehanges cagsed bydieathig @aetipa) ofhe
tire is _decreasing and the tire condition is an air
coQlangk (HW&UBE})QEQ?;@ gE“é)nt roller 22 inplenments a short

B‘?@ﬁiﬁﬁ&ﬁ?@aﬁ%ﬂ@&%ﬁ‘%&%ﬁéﬁ%@%@%%&%£ Saybe
PGSR ST D iR SBRL B L 7
el G Sh B b RS LAaR R BE O E St e
o pifRaFBRLS oy G B8 o ¥ 0L SERRES bR tadler 8088 33455
tenhy a'l:{ﬁ%ocqig%n%%g 218 vREG %ﬁtﬁgé@@%%ﬂfrﬁlléﬁﬁg% determine

, r r i nplenent's a

I"ncreasi ng, “process co
whERG e SRREI s S Ppe iR SoPRel” HIERS METREdTte,

onHEHEL ﬁr@ﬁg%‘%ﬁ% Al (GRSir '%gﬁ)g?atﬁlré is RIRARY fo Bg known.

ecr eas he pressur nmperature ratio t

AskiglaRaca RoSSREERt AR PredsureTbaddeeiRlledd fiinPa brevious air
pressure reading remains constant ~ to the previous

preltrs'ggﬁ %ardiﬂg eTH @edreast Wall rébelt ¢Rae pRéssaté/tahpefitife
(P/T) ratio either decreasing or remaining constant. The
pressure/temperature ratio cannot increase as that is not a valid condition
according to the Ideal Gas Law. If the pressure/temperature ratio
decreases in response to decreasing air pressure, the “mass” of the gas in
the tire is decreasing and the tire condition is an air leak and process
controller 22 implements a short measurement and RF transmission
interval. If the pressure/temperature ratio remains constant while the
pressure readings are decreasing, the tire condition is in a cooling situation
as the tire air temperature is decreasing proportionately. The vehicle is

assumed to be parked and process controller 22 implements a longer

measurement and RF transmission interval. In the invalid case of the
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will result in the pressure/tenperature ratio

remai ni ng constant as the ratio cannot increase or
walean®ases according to the Ideal Gas Law. |f tPeT/US2003/007219

pressure/tenperature rati o remains constant, the tire

is assuned to be in a 10 steady state condition and

the current neasure and transmt intervals are

preRBury/einigetatire @titoicyeddifg oprdiets eontrblier QAribgslements a
measure and transmt i nterval s are al so mai nt ai ned.

defasdticendition andrisices acshoirt hisasussmentr &isd Rifetraagshigsdon s
increased with respect to the previous tire air

intened sopatheratwdnfdmeation tedstermihe wieatuk tcausingl thet die
pressure/tenperature ratio increasing or remaining
preseusst tndect®hge pndshe peéssompéemperauraratio tamatase.
decrease as that is not a valid condition according
to Assumedhnt Gagostawcent tichalrpresyueaeadingereanains constant
rati o _increases, the mass _of the gas is increasing
to tiedprenéoys Hee pY Prevsig repdingidEhe congtant gdepeessure reading
controller 22 inplenents a short neasurenent and RF 20
wikl resialiiie She pressuseARmperaturn ety EBAHENE @@pémt@séhe ratio

carial IHREBRSTIFCTERE R65Quditnin Iekicas Gaf atfoad G
ekt B SRS
stef IS8 cogtifio RS diieftd ?@%?@rg%g?ﬁﬁr@ AR
maffita 2Fn bRRTRER RRAOE R qurt SnrBRasleid RS

int%%tlég{é ﬁfs {ah{fgrf‘e'?nts a default condition and
orces Atk

measurenent and RF transni ssion

i %ﬁ% §ﬁ8833§§§ﬁ f%?%&rlﬁ% %@égﬁﬁ%%&?ﬂdlﬂ is 1ntcreased with

resg)@é'ﬁtd“ﬂlet Vibtis HE@% s§19re' ﬂéggiéx?% eTRRq féﬁgg gy/%l result in

ressure/ mper at ur e tl oto ase.

. et
th fétsb@fé%é n@é’rgkﬁl‘é raﬁ%‘c?éér%o'i‘ﬁq% ﬁg@%ﬁﬁgﬁig@ c%dgls%ﬁt. Thé

rea desi g he wheel
réé'sﬁfeﬁ'feﬁ‘ﬂ%@@tﬁfé faltfd EAnfot’ Repeaeeasothat ienBt 8S8dEcondition
16 and the

accsoig?r?gr to the Ideal Gas Law. If the pressure/temperature ratio
increases, the mass of the gas is increasing and the tire is having air added
and procéss controller 22 implements a short measurement and RF
transmission interval. If the pressure/temperature ratio remains constant
while the pressure readings are increasing, the tire condition is in a heating
situation as the tire air temperature is increasing proportionately. Because
the mass of the gas is constant, the vehicle is assumed to be in motion and
process controller 22 implements a shorter measurement and RF
transmission interval. In the invalid case of the pressure/temperature ratio

decreasing, process controller 22 implements a default condition and

forces a short measurement and RF transmission interval to gather new
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5 tenperature sensor 18 to rapid variations in the

tire tenperature. Overall this operation yields
weaondiosisens of interest when the wheel nodul ePd1/US2003/007219

shoul d transition between neasuring and transmtting

slower or nore frequently. These conditions can be

sinplified to the followwng criteria: 10 (1) if the

infprgativheoidetegairswhat & tausiag the air predsiteatositickédsetand
at shorter intervals; (2) if the pressure decreases

theApistine/ lengserateet ranpetoadeoreageat The iabovbldientdostdirivalid
start neasuring and transmtting at shorter intervals;
corfdiYionfs cahneappeas torexisteinrreab desighb ofithe wheel module 11 due
pressure/tenperature ratio is 15 constant then start
to ddfeencegimthe tinensasponse of dhe poessare semsorvikd and the)
if the pressure is constant, naintain the current
terpperatirernemsoadd totnapid vasigtions inthe (ia¢ semperatuome of
t he above three cases occurs; and (5) if faster than
expereeall ghisonaratiangpeldscanslidens ofiintsgesywhen thewheg]
a short-term average of the pressure readings with a
mogylendd shogd dranssiion bebwage negasupinigrard tansmitiing plpgver or
start neasurj and_transmtting ar _shorter )
mORR AT TRBCE ReRdiiohednbe adnplitied tbdbadellawinge
Jime interval over which the pressure changes occur.
¢ {ﬁﬂﬂ'ri cal data suggests that tire warmup caused 25

Lion i s characterized by a 10-20 ,kPa incr.ease in
) BliePrastwintichich Safuntafndde A0d i REHERGR shdrter
of t-%% hicle speed profile. Tire 10 WD 2004/ 037566
PCT} 71007219 cool down due to parking the vehicle

(33547 bRy AR R, AN AR Gt PSRRI
PO RS SRR i Ao
9§ ¥ethe pressure decreases AND the pressure/temperature ratio is
constant then start measuring and transmitting at longer intervals;
(4) if the pressure is constant, maintain the current measurement and
transmission intervals until one of the above three cases occurs; and
(5) if faster than expected pressure drop can be determined by
comparing a short-term average of the pressure readings with a
much longer-term average of the pressure readings start measuring

and transmitting at shorter intervals.

The other criteria factor is to define the time interval over which the
pressure changes occur. Empirical data suggests that tire warm up caused
by motion is characterized by a 10-20 kPa increase in pressure within

approximately five minutes regardless of the vehicle speed profile. Tire

10
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5 change in pressure. However, during a parked

vehi cul ar condition, a sudden change in pressure nay
waeao4los7seeported for sonme tine. Wiile this nmayPeDUSHe3/607219

concern when the vehicle is actually parked, it can be

a problemif the parked condition is incorrectly

i ndicated while the vehicle 1is actually in notion.
codluddwa duid mﬁpaming ahe Yehitle whdules #1 A V00RO kiPat decrbhdeeth

10 are cooled by the vehicle entering water soaked
preseacbaythinapproRimately ferty Shvednutesi n. 1t is al so

desirable to have system 10 transmt nore quickly to

r esBuriangyther inotidnophase, ties pressues nicagaravhentstdre fairly

vehi cl e has been parked for a period of tinme and air
freqasntaeh thelteativer porian 1 2svillTbeableotenotibe anycugdsh

measurenment interval in either the parked or noving
changeein presaurel sSHowaner| dusingrapatkieidrishiselwodsditiony der

to capture sudden changes due to adding air or_due to
suddegkehangs in prassprepwy rotnhecrenasted fomsome tinoet Mghild this

in FIG 3 is a flowhart il]ustrating a _nethod for
mayRathsey saRcerhpthedrthgeicdielieds astually parkast iiccan pe a

i.nternal el ectronechanical _sw tch or

prﬂlé%gi itthé %fa?% SANGRHQR HaInCaBRACEly, Ingocatad isie dae ehicle
s T R TS S e S Rk
B T DR IS RO
sn§ N Rt of0F A5 FEN BRI, FRFET ] G il bgs vy
to REEERIY RAR 103, bif Ao WBSEEIVAEE s Bbl B heepmarked
for pétbdlor (i aitflas’betn dddd d tRaERs. THErdrdiR, H

or average va
longest measurement interval in either the parked or moving modes needs

to be less than thirty seconds in order to capture sudden changes due to
adding air or due to leaks that take place in much less time.

Hlustrated in FIG. 3 is a flowchart illustrating a method for
thermodynamic motion detection of a pneumatic tire without using an
internal electromechanical switch or signaling from an external device.
The method of motion detection described herein permits system 10 to
detect under-inflated tires in a timely manner as the motion detection can
be performed as an air pressure change of more than 20 kPa from the long
term average reading. The detection can be accomplished with
conventional running average (RA) filters that add the newest reading to a

percentage of all prior readings as:
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5 Pk is the current pressure reading Pk+l1 is the new
average value N is the running average weight. In
w@eoe3isse a runni ng average filter has a tinme BPONESZEN3/007219
that is equal to the 10 value of N tinmes the interval
bet ween sanpl es. For exanple, for a value of N equal
to eight and a sanple tine of thirty seconds, the tine
const ant 1 D h f Aerty seconds. Using two
runni ng 1;5%\1' ag[e@illt)}@)rl“;?ﬁgs r/tht ermvariations in
pressureEmg ?e filtered out using a value of N equal
to eight "fong termvariations can be filtered out
W aé,ng a value of 15 N equal to one hundred
nty-eight. It should be understood that other
met hods to infer notion may be used. Any tine variant
Pkﬁéﬁﬁﬁanrmavmgéya&lmu on inference by using a | ong
time period nmeasurenent and a shorter tine period
pk@@@@ﬁgﬁtpf@sgulg@régﬁﬁg Such time variant nethods,
for exanple, may use di%ferent aver agi ng techni ques or
cal]culate 20 differentials between tinme readings. A
Pie¢ 1 158D e WYEEIS O ¥MMEes much |i ke an RC network in
that the decay of pressure in response to a |eak has
N ia theanhping pveragei wkighicr ease in  pressure. Mich |ike
the current flowing out of a capacitor is related to
the decreasing voltage on the capacitor, a tire's air
flowrate is related tQ the 25 decreasing pressure
In gengraki @ Aipnigavarage ftteshapd Bmesegngjaneiat éarqealutoothe
12 2004/ 037566 PCT/ US2003/ 007219 be considered to
valyg tupgp the axissvalretaiecpsapaples. liariexgmple, for a value

of B &l B1¢iEhbng % FEnGlGry BRIOAISE steoRds the e constant
will be two hundred forty seconds. Using two running average filters,
short term variations in pressure can be filtered out using a value of N
equal to eight and long term variations can be filtered out using a value of
N equal to one hundred twenty-eight. It should be understood that other
methods to infer motion may be used. Any time variant method that
makes a motion inference by using a long time period measurement and a
shorter time period measurement may be used. Such time variant
methods, for example, may use different averaging techniques or calculate
differentials between time readings.

A tire/air system behaves much like an RC network in that the decay
of pressure in response to a leak has a nearly exponential decrease in
pressure. Much like the current flowing out of a capacitor is related to the
decreasing voltage on the capacitor, a tire’s air flow rate is related to the

decreasing pressure head within the tire. Therefore, any given leak could
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POis the initial starting pressure t is the el apsed

time TCis the tine constant. The tinme constant (TC)
WO sootloa756@l ue of time when the exponent is equedT/U82003/@7219

unity and the value of the pressure has dropped 63.2%

fromits initial value. As illustrated in FIG 3,

after a start 30, tire air pressure is read in a step
be 3dnsidered $6 & vas siniple exipontatipEresponse iveith aachariétehistic

this information, the pressure to tenperature (P/T)
tintea¢ dmstant:cal cul ated in a step 36. Using 15 previous

P/T readings, a P/[T ratio long term change curve is

::al cul at pd IBPO) @(‘%rgp 38 as will be explained beE%q_ 4

n a step 40, "a filtered change curve is calcul ated
Wh%anWi Il be explained below. In a step 42, a long-term

change curve is calculated as will be expl ai ned

bel pws the cArdedl Vo d@fg’g&i)gésg e St€p 46, a

determ nation 1I's nade ether the filtered
chapge gurve . 0.greater in value than the long-term
chaﬁgés@éﬁ%ﬁlafﬁg%fﬂggd%?wnati onis ‘no, then a
determ nation is made in a decision step 48 whet her

t het i ther@lapsed e curve is less than the long term
chapge. cyrve. If the determinationis "no', then the
prog%:hs e Gwiantat step 32 and repeats the method
by. readin ure_and_.te e after either

th res er.at u
Thedjge gons T} 15,1BS STALE PEHENG WHENGEhS; Sxnonend i Agual to
ontr of ,pro s controller,22. .l e L
unfig ey a5k Girihe R e es dyBBbed 83ep dafrom its initial
etermnation is nmade in a 13 WO 2004/ 037566
/ US2003/ 007219 deci sion step 50 whether the

PRI AREIRFIEE . Bt 0L FEP ol PSS 1%l
e T Aep P i B Rl LS R0
thepreskiife FEASHpErARE (/F) S 1§ BhRIARLE iHOLEERSRT Rifs

previous P/T readings, a P/T ratio long term change curve is calculated in

va

a step 38 as will be explained below. In a step 40, a filtered change curve
is calculated as will be explained below. In a step 42, a long-term change
curve is calculated as will be explained below. In a following decision
step 46, a determination is made as to whether the filtered change curve is
greater in value than the long-term change curve. If the determination is
‘no’, then a determination is made in a decision step 48 whether the .
filtered change curve is less than the long term change curve. If the
determination is ‘no’, then the process begins again at step 32 and repeats
the method by reading the pressure and temperature after either a long or
short measure rate time expires and under control of process controller 22.

If the determination in step 48 is ‘yes’, then a determination is made in a
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5 step 54. If the decision to step 50 is "yes', then

it is determned in a step 56 that an air |eak
we@x00g375668ubsequent to step 56, the nmeasure anBCT/US2003/007219

transmt rates are increased in a step 58. In

response to each of steps 54 and 58, an optional step

66 is perforned. In step 66, the value of the

dedigith s@p13 0 hangRecthe V}%ﬁ‘elsg?um -tdrapeitatuiteratiouil leb O thditthe
current value of the filtered 10 change curve. This

P/Trboh iteiah ichange fcutrve! Bimret detisiphosi ‘des, is iadp@imined in a
resolution for determ nation steps 46 and 48. Step 66

stepsS2 dhdtahedideyis coelimgrambthieovetieldkas thwrefprefstoppgad.32
and repeating the nethod by reading the pressure and
Subsepesttorstep 52 theeinteasureaand hignemit haies anedsareasedtie a
time expires and under control of process controller
step2y4.| 1f theedeidsiomtonziep &) isf‘yes’, shep itis determisied imaa step
determ nation is made in decision step 60 whether the
56that anninleak axistst Subsegrenh® sep JG rtge 1R¢asuER anddransmit
curve, If the decision in step 60 is_'yes', it is
ratgeaEe MGeasethima stah>84 Inaspatse w%@%&tep& Sdhand S8ean
hat term natign_is follo i ncreasing the
OPP@H%L?"@P i performed. Aacgep B, eehalés oy thet REg-term

decision in is deter

i e esis ERGe R Lo D caltil twhﬁwxgea i ehind afeed:
chalfge ARG, Dhmoliedich, § fmplmentad 7 ;Pl’%l onhebrer
res 10 S7F eletrinntifGTen o AR 4 e Rrs06 1 FRIORs ATy
ret iR Shgdbr ieb3a Anfithefing e, g{zgggg bakiedfine

the \9 et e%eﬁufé MHer @?ﬁ% 1319% Or%nby @Hgﬁ%sl%?e time

scussion t ense Ire ssure ca S ove

ex?ir@? afid &{H@% nlf¥ of" ﬁ%g%%célkﬂr{)ﬁéPZQall? Hﬁ@gﬁtoe‘;i‘{mlﬁtl%of

ong-term change cur tering out

steéQ%l'isO 8/e386, Aetrk?3 60 99 Yr?ai’& %P(ﬂé‘@lgﬁ‘fﬂ ﬁEP‘H@WH%ther the

ressure with respect to tinme by using a funning
P/’PYQﬁ@Q@ gréat'eir ﬁ‘iachHé"PﬁI%ﬁg-‘féﬂn@ ehahg®catvealf thd ddsion in

keepi ng"a l'ong-term val ue Wit
step 60 is ‘yes’, it is determined in a step 64 that air was added to the tire
and that determination is followed by increasing the measure and transmit
rates in step 58. If the decision in step 60 is ‘no’, it is determined in a step
62 that the tire is warming up and the vehicle has been in motion. Step 62
is followed by increasing the measure and transmit rates in step 58.

To better understand the filtered change curve of step 40 and the
long-term change curve of step 42, refer to FIG. 4. The graph of FIG. 4 is
a plot of the change, from 100 percent to 0, of an initial reading of
pressure 70 with respect to time. Assume solely for purposes of

discussion that the sensed tire pressure decays over time as shown. The

running filters calculate a long-term change curve 72 by filtering out short
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respect to time by using a running average filter wth
| arge values of NN A filtered change curve 74
WO eresBne s the short-termvariations or changeGT/Us2083/007219
pressure that has noise filtered out, and the
| ong-term change curve 72 represents a baseline
pressure to use for pressure change analysis. In this

- ternmwadations e préssture ieEsls vespece ¥etinis byatsin@guiunedng aveeige

programmed or maintained within the wheel nodule 11
filteowith waralkvgluefolt Nraf Egpe3 anddceepéng artengetdrinné alatiwith

levels. Inthe FIG 4 illustration, the difference 10
respectheetindby vang aruaningaverageSiler withdapge vatuestofid. A
as illustrated by the long-termmnus filtered curve

filteeed change CENG 74 repeasphts the shoreston yas@tionarorehanges in

established which is used by decision step 46 and
pragsure that hasawisgfilterad oubr aihthedlgng-tesm gﬁ@ngﬁ CRrfRnL

may be of any relatively small value, . such as ten .
repseseitin @ baselinediepapedet use s mrgspue changeanglysis. In this

Simlarly.the 15 current, value of the PIT ratio w ||
MaRRGE cepokifs RECHUE v lgﬂ%éeqmrﬁé&b@rmogpa er
ety Ged Syl (BR ot her! TRaAHIS| J06A GgeLety o direyy PR and
recoPdEmiBddR=RondevaRard GRTCER Alusitich. Be ifeieice

- . 72. det ' whet:h i
U et e R e T AT
i j i | t i Dt1
Lo AR TAE0 98 78, i BECEIC PG ihBRHSa 80
iy £ heel I

caf e AL whion Sl QecliiT A s docfg fefl 45.

THERARhOlAPeAERRaks bh hin o0 b Ll FolvER L value,
R A R e A S S AL

cuitrBft ﬁ*hfdee(bieﬂféel’/lbﬁiﬂ@ﬁﬂlltﬁbﬁfetdi?a%hfagﬁa éffét sificd!fQthes the
for decision maki ng. 15 WD 2004/ 037566

pre3QitdSRROSd 802l Yata and can have a long-term change curve using

another running average filter with a large value for N. Decision step 50
uses the sensed pressure and temperature and resulting ratio and long-term
change curve 72 to determine whether an air leak exists or whether the
vehicle is only cooling down and that decision will determine whether
power management circuitry 14 increases or decreases the measure rates
(i.e. whether wheel module 11 enters a low power battery mode or a
normal power battery mode).

The sensitivity of detecting motion can be adjusted by changing the
values of the variable N used in the filtered change 74 and long-term
change 72 curves and by changing the threshold value 80 of the difference

between the two curves that is used for decision making.
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Therefore, notion sensing may be obtained w thout the
use of a notion sensing switch. Further, the use of
Wwo ewmiostse@ver age filters uses existing readi nBST/US2003/007219
wi t hout addi ng addi ti onal data neasurenents whi ch may

consune power. Al though battery power is saved by
changing the 5 neasurenent and transm ssion intervals

betp[g@ ofbemotidn aRiss erdysbe obrdingd avidhebiethe tise of a
parked, no battery power i's expended by having to
motPSW8EnSnBRGViech. S Pugihes, thevisecof Ammdgiavieoags fiblenetises
to the inferred notion sensing nmethod taught herein
existRlgtelings wWitmhitfaddigg widithemalaldteoméastiremedts whach say
a spare or is a 10 road tire in place on the subject
conyeimecpewethaithwugbebattényepdmwenitesavieddey changing d¢ and
i s exchanged for the spare tire, the under-infl ated
medsurementinld temsnission ntenadebatweahvigndae: wiiels e
activated by the information processing circuitry. 28
moeivgravhemeint itiis patlod nobatieny powey thexpendad hﬁ&]iaé’ Hg to
sensing was not utilized as part of the criteria
pomm@t@usﬁﬁl&mgtdwl@@-re 15 sensing. Many systens

al L&%ﬁgﬁﬁéaﬁ ot BainfErtR MotiarEsQing dod taught

oo | . \ \ as
eSS ENELET L 0 S 8 RO
T o b RS AN s
. in pot i i . S
mﬂf&?{{m g%ii 5 sag%iﬁg:ﬁé%?fﬁ‘#%'r%?%ﬁ? bike PR Tt tre R0AIE

0 ot i ) o
o o 5 O O R

al ar. . ) : . .
oo S PRSI 189 4003l o
senggfgl ﬁla%%t%iﬁiie? %%‘Eah‘;tgqggfdrﬁ&iﬁadé%éﬁa%d @t the g

I'ce on a vehi now it should be apparent

seq%g\?g.nﬁg@%ﬁoﬁ‘ssfﬁénﬁelﬁﬂii’é 9\5&) @ Wating lagR firtbesH o an

nmanagement I nferring notion sensing

ala%x%;cnogr%d%ﬁoﬂ%ﬁﬁﬁﬁeﬁfs_t nRdvehe SpRRt was Yesdosdimblowevdly with
g the operational
motion sensing capability existing in tire sensing system 10, the wheel
module 11 can send, in addition to any other data, that the wheel module
11 has determined that it is or is not in motion by use of a flag bit. This
flag bit state can be used by the information processing circuitry 28 to
determine that no motion was occurring from the tire in which an air leak
existed and to disable an alarm condition. Because the lack of motion can
be detected with the method described herein, a faulty spare can be
distinguished from faulty tires in road service on a vehicle.

By now it should be apparent that there has been provided a tire

sensing system having power management by inferring motion sensing for

the purpose of reducing battery consumption by changing the operational
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16 WD 2004/ 037566 PCT/ US2003/ 007219 intervals. The
inferred notion nethod is based on pressure rise with
WoRaKos756€xt endi ng the measurenent interval s apdr/ustons 007219
a running average |eak detection nethod to signa
faster nmeasurenent intervals when needed. Various
changes and nodifications to the enbodi nents herein 5
intehaden Therinferrpd sestioh mhéthostis dtased on plesseadiiby watdeur
to those skilled in the art. For exanple, a unique
mations extendingi the megsirenterd istervalscinaluding dRFunning average
transm tter so that each tire position may have a
lealy dgieetjon éaethod tusignakiastgmposasifrehmmntanteryalsayhbr needed.
used dependi ng upon the desired life and 10 features
of YRBOUSchanges sndemodificationhnte theowabsdimantsdidrein 22
na e inplenented by a state machine, a ) )
Ch?ﬁ%’r J%édmrggﬁ%pf ﬂllwgtr%/ﬂ@m wylli readilyrocgur do tbosmskidledan the
t he above. Process controller 22 may be under- RF or
allnr ogram control so that the nmonitoring of tire
e does not begin until receipt o

Fof PERRPLS A NERIE Gredusiirig an be tansmtttedhy thaRBus
trafyR ™S BgeiolRh TR R diSay At baPs 3 SRevesultnghtions
Rt hecehi il b T TeRerking i St ute 4a’ '
feaftfich Atthe iR rel SaRT THE TGRS CoPOHRe 22 B b
mBRmREA thy 4 ST AR b ntpddtro e S kit
ol R B B e T B o
prog@uti EGteol & B the TRoRN AN M irg BRESHATOARYFOYhih until

recbiptasfi 4 recﬁﬂ&ﬁﬁir&eégnﬁpb%bﬂﬁﬁaﬁ& IRAARESTE VARELRNY

el'ement (s) that may 25 cause any benefit, advantage,
phywicsloinwbleareritationis uhdgilad@seneof e wheel module 11 within a

tire may be implemented. Wheel module 11 may be implemented in a
pneumatic tire for use on any type of vehicle and the term “air” is defined
to be any type of gas or gas composition. To the extent that such
modifications and variations do not depart from the spirit of the invention,
they are intended to be included within the scope thereof that is assessed
only by a fair interpretation of the following claims.

Benefits, other advantages, and solutions to problems have been
described above with regard to specific embodiments. However, the
benefits, advantages, solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or essential

feature or element of any or all the claims. As used herein, the terms
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pronounced are not to be construed as a critical,
required, or essential feature or elenent of any or
w@bdo4bmsee| ai ns. As used herein, the terns 17paNDUS2003/007219
2004/ 037566 PCT/ US2003/ 007219 "conpri ses, "
"“conprising,"” or any other variation thereof, are
intended to cover a non-exclusive inclusion, such
"cathptises,Br'coasmisingt hodanyother wariation dppaoftaie ihteaided to
conprises a list of elenents does not include only
covéros aonetxrtusive inclusiay, suuhl thae agidoeesss rrethiods andtle, or
expressly listed or inherent to 5 such process,
apparetsuthadconaprsesoa lisp phekements Teestrotrinchder only, thase
used herein, are defined as one or nore than one. The
elemgnis pugmay tyclude afberelentands mot expressiylsteasot imhevent to
re than two. _The term another, as used herein, is
SUGIEPTQfEsS aB1eAROq c2idicley areappsga®ls. nbiretermsea peans as used
i ncl udi %.an /or having, as used _herein, are defined
hel’&éﬂ&fﬁ&f@ §16¢}a§ png or 1pREHthasQgd e teomplyraliymas used
coupl ed,..as, used herein, is defiped as connected,
helif s kot A5 RiedgaRPId (hath (et [1ic (@ra avather, as used

he A RSt Blond B SO pgncing andion
e SRR Moo S SoRBE SR S o L
I 5 S5 TR, BBEE D BRI i o
ne SSRRLPHIEEull g Bk SERESSLHY o0y oL,

with respect to tinme; 10 determ ning whether a ratio

of the air pressure and the air tenperature is
i ncreasi ng, decreasing or remaining

18



constant with respect to tinme to infer that the tire
is noving, notion of the tire being determ ned
wowaohostses di rectly sensing accel erati on or nmovROENE2003/007219
the tire; 15 and perform ng the sensing of air
pressure and sensing of air tenperature at
nmeasurenent intervals which are longer in tine than
‘'when the tire is not inCioAIMS to save power in the
tire pressure nonitoring systemwhen the 20 tire is
not in notion. 2. The nethod of claim11 further
conprising: inferring that the tire is noving when the
1. ai /A pnethedrferipoweémmanagemgniun A tiregpessuresnonHeriagd
the ratio of the air_ 25 pressure and the air i
systeemffer mtdicating velers aressureiiala tire topeloana prepdetermined
respect to tinme. 19 WD 2004/ 037566 PCT/ US2003/ 007219
5 am@untTeommus$iog: of claim 1 further conprising: deciding
by inference that the tire is not noving when the air
pr essur éengingsthesais PressHire Avifla 3 uessurs sgpﬁ%nand t he
ratio of the air pressure and the air tenperature

remai ns SSNSUE A ASMPCrLUES NaE ACTRGHAYES PoR3Thg t he

sensing of air .pressure and sensing of .air .

enper aidRterBinREIRFDREAC PROSEISHE BARKIRaSINg Phnger
in time than en t.he tiyfe is in tion to save power.
10 4. The metHEECHHE W rﬁsﬁwgﬂgﬁn%’onpri si ng:

o o0 SRy ALkDS ARG ST phels oo
tire temperature is increasing, decreasing or remaining
constant with respect to time to infer that the tire is
moving, motion of the tire being determined without
directly sensing acceleration or movement of the tire;
15 and
performing the sensing of air pressure and sensing of air
temperature at measurement intervals which are longer
in time than when the tire is not in motion to save
power in the tire pressure monitoring system when the

20 tire is not in motion.

2. The method of claim 1 further comprising:
inferring that the tire is moving when the air pressure is
increasing with respect to time and the ratio of the air
25 pressure and the air temperature remains substantially

constant with respect to time.
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pressure with a filtered average of change in tire
pressure by using one or nore running average filters.
wQa.2003/0375be€ et hod of claim4 further conprisi nBCT/US2003/007219
i mpl ementing the one or nore running average filters
with conputer executable instructions. 20 6. Atire
air pressure nonitoring systemin a tire, conprising:
a pktpeihdd®of BRMAT | FarthBE confpistngssure nonitoring
system a pressure sensor for sensing air pressure in
the tir gecilihgyemEetsneethastite firy isseotsnoyimg when the air
tenperature in the tire; control circuitry for )
det er mi ni ng yhedshes i Hecreasing withuwespest toXtsmiermrdts rajio
or decreasing with respect to tinme and determ ning
whet her a r aiof thehirt pressire ardtruaic tamperatgre gemains
tenperature is increasing, decreasing or remaining 20
WO 2004/ 037586bsantiaHg0nsistan2 a8dconst ant with respect
totine to infer that the tire is noving, nption of
the tir @evformingdhesensiag of aiipuessude aaeh jepstih of ay
accel eration or novenent of the tire; and ?l,povver
managerent cite@petatyre stipleaguramendniervals Whielh are longer
pressure sensor,  and the tenperature sensor for
sel ectivel y pBWERE than H@leﬂ}n&s@'ﬁésé@ﬁgﬂloﬁﬁﬁ Save power.
tenperature sensor at neasurenent intervals which are
shorter when the control circuitry has inferred that

the 10 tiye.i Vi t han when.t.he tire i s not
- rm?ﬂ;hf‘gmet (.)d?%é’lfi%im gweﬁﬁé’%@%ni toring system of
claim®@ rr%ﬁ{f%ﬁ]g ififation of the measurement intervals based upon
comparison of a long term average of change in tire
pressure with a filtered average of change in tire

pressure by using one or more running average filters.

5.  The method of claim 4 further comprising:

implementing the one or more running average filters with

computer executable instructions.

6. A tire air pressure monitoring system in a tire, comprising:

a battery for powering the tire pressure monitoring system;

a pressure sensor for sensing air pressure in the tire;

a temperature sensor for sensing air temperature in the tire;

control circuitry for determining whether the air pressure is
increasing or decreasing with respect to time and
determining whether a ratio of the air pressure and the

air temperature is increasing, decreasing or remaining
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control circuitry infers that the tire i s noving when
the air pressure is increasing wwth respect to tine

war@4bmses at i o of the air pressure 15 and t he BET/US2003/007219

tenperature remai ns substantially constant with

respect to tine. 8 The tire air pressure nonitoring
systemof claim6 wherein the control circuitry

det er m nes t hatondtant with fespectt tontimientg infienthiaseh@iiie is
20 pressure is decreasing wth respect to tinme and the
rati o of the amovpngsmotienofdhetiredveingataterminedewithout
remai ns substantially constant, and the power
managenent ci rdigeetly sposingacchteration mransvemené of dhe tire:
and the tenperature sensor at neasurenent intervals
whi ch are Iongfétildin time than when the tire is in
notion to save power. 25 21 WO 2004/ 037566

PCT/ US20029¥67 Managemeiy cifquatry cospled torblre batteryy the
systemof claim6 wherein th ontrol circuitry
control s the pPARESULRSERSEFAR tﬁ?ﬂ%@p@f@tu{@smrffpr
powering duration of .the neasurenent intervals based
upon conpar i s%ﬁie‘c‘)tquylwliﬂég fhe PEessyEe é@n%Q{aﬁfglg in
tire pressure with a 5 filtered average of. change in
tire pressure GPRIEEHTCSHBS a%pgsuqe%;ﬁﬂtﬁgtegyg?saybmh are

filters. 10. T [r ressure nitoring system

clai m 9 wher ei %l%(rﬁéet @8%? E@? CO]&FEEGFPH}W ?}p{%ﬁ%}fﬁrrecf{hat the
conprises a pr . ' ry. faor._storing 1 o
so?Tt)vvare codg ?%géﬁﬁ%ﬁm%%sﬁpﬁgqgﬁiuws HS:[Q“? f ng
average filters. 11. The tire pressure nonitoring
systemof claim9 wherein the control circuitry

7.F ur thigs 1isQ AR hR]SuR ﬁfo%ﬁt%ﬁggc | MG 13! @ HirerEi e

for inplenmenting the one re running average
fi | teynftrolMircuitry infers that the tire is moving when the air pressure

is increasing with respect to time and the ratio of the air pressure
and the air temperature remains substantially constant with respect

to time.

The tire air pressure monitoring system of claim 6 wherein the
control circuitry determines that the tire is not moving when the air
pressure is decreasing with respect to time and the ratio of the air
pressure and the air temperature remains substantially constant, and
the power management circuitry powers the air pressure sensor and
the temperature sensor at measurement intervals which are longer in

time than when the tire is in motion to save power.
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12. The tire pressure nonitoring systemof claim®6
further conprising: a transmtter coupled to the
weomosiseei rcuitry for transmtting an al ar m B€QUOS1003/007219

provided by the control circuitry in response to
detection of lowtire pressure; 20 a receiver |ocated
outside of the tire for receiving the alarm signal;

9. Pr OFRBSirRGpreksEtd mbniteiy sttém ofdatraceivhereiante control

| ocated outside of the tire, the processing circuitry

buf Egeitey cohtrold tiepsivenaanagethdtt cirdiiayl teymodifyl ed

to the processing circuitry for providing a visual or

ggdpbb\%ﬂr[gi dogdtiem obthaaidagatdmentointehval abased upognal .
comparison of a long term average of change in tire pressure with a
filtered average of change in tire pressure by using one or more

running average filters.

10. The tire pressure monitoring system of claim 9 wherein the control
circuitry further comprises a processor having a memory for storing

software code that implements the one or more running average filters.

11.  The tire pressure monitoring system of claim 9 wherein the control
circuitry further comprises a state machine having logic code for

implementing the one or more running average filters.

12.  The tire pressure monitoring system of claim 6 further comprising:

a transmitter coupled to the control circuitry for transmitting
an alarm signal provided by the control circuitry in
response to detection of low tire pressure;

a receiver located outside of the tire for receiving the alarm
signal;

processing circuitry coupled to the receiver and located
outside of the tire, the processing circuitry buffering
the alarm signal; and

a display coupled to the processing circuitry for providing a
visual or audible indication of activation of the alarm

signal.
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