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WD 2004/ 037566 PCT/ US2003/ 007219 APPARATUS AND METHCD

FOR PONER MANAGEMENT I N A TI RE PRESSURE MONI TORI NG

SYSTEM Field of the Invention 5 This invention rel ates

to the detection of notion, and nore particularly to
wo 20@/03%at em and net hod for detecting novemEiS:ws004219

vehi cul ar pneumatic tire. 10 Background of the

I nventi on Modem vehi cul ar and aut onotive systens are

|ncre u5| n sens s to determ ne whether there
PRIRATRIS Al lerBiiB HORHO RI R BT AA CHRIES T

&r?ﬁsiﬂ‘ﬁéu"ﬂk@#ﬁ3§b§rﬂﬂ4fe&§méﬁﬁﬁ “sed to

nmeasure tire pressure. Presently used systens need a
battery power source with a |ife requirenment of many
years. Power frpmdbethbddidonl S consunmed during
pressure nmeasurenment, during RF transm ssion and from
the overal |l standby current of the sensor nodul e. In
order to reduce the power denmand, two gener al
dﬂasme@ﬁanrd@tma@de&wonﬁnn@m aed mgpendi ng upon

her thev noti on is parked. As a
particfBelyip asys oo Pt ineRaodJopd RIS s R RS Rt
pne Eﬁ‘g ﬁu%(rad The nechanismto detect wheel novenent is
ypi ca i npl emented either with an
el ectro- rrechani cal device that is sensitive to the
angul ar accel eration of the wheel or with a mcro
el ect r omechaackgrothd o€ (iwi IngerithddVS) accel eronmeter. For
exanple, a notion swwtch is inplenented within the
tire and relies on the angul ar accel eration of the
mass agai nst _.a contact.

AUSFrDER IS 4 dnE OO0 BBB O LM HE0E210 W t h
sensofif fa%%ﬁﬁg@mmﬂ%&eﬂ RGRHE & Plesthletn'thEs. Blibet M2

tire pressure monitoring using in-tire pressure sensors with a radio

frequency (RF) data link are use;fl 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 aresuit, 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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I mpacts and vibration the electrical connection |oses
reliability. Sone are also subject to factures of the
housi ng and the sensor adds to the cost of the tire.
Addi tionally, an el ectro-nmechanical switch requires

WO 20000566 t 0 S operate as the swtch will deCEHUS20WNIRIN
when it is conductive. Sonme notion switches nay have a
mass that is ferrous and therefore can be activated
to a closed position using a strong magnet placed

with saghidagices hawe h@}@@@ﬁsociﬂﬁ?%wﬂhltb%&gi Hat pridhsepedtedensor to
.. . Sl "

impact@1q BpEHaBthe plegHsel E@?_@gﬁa? Foce (GBI Someme: 1<

a0 sl PERGHE AHRRE SR seoBBAEH Geroast o, equency

the titeL @dmrﬁgg%% g@gtgé.n&&hmealss\eﬁt&meaui@@é &k dboad.  An

I ndirect not1 on detection transmts a signal

operateQisahe vhizeh wild dedve clirrernvhien iv 8gondeciiveassis tel ling
t he wheel nodule when the vehicle is in nmotion. This
femieontotien switchescmap bawus mashidahisderronpand thetdomd t hi n
the tire itself does not nmeasure vehicle speed in any

can beagfivataddo alsesl pasgipnyising 3 slsongmagnetplaced 4geinst gna
b i npl [ icall
the il B pffoalsTBe BRGRIEseing of KRhsif: mlork TEPRET a0 ¢

s gEEIL By Lo ST Sei opiatse

side a reis a
limited @A8 iah} waditionkl dingkostio fawdtRmhlity) eudlOassda wwal pi cked up
in a small receive coil. Alignnment of transmt and
sensitivitydbwefrepiensy (IsF)sdatesitor, adds to the dpstemés bastery laadnaxi num

angl e.of wheel, rotation where the signal |is
A melRod of ofonReCctRIBRER S S SERH (92 | F

T
vtioB1E8) ok 1 Al o S B KR ek i
withirPGE S A3 108 2dtInBisueSf vebicle spexid iarangfwash €Ty awi ngs
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 ate 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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The foregoing and further and nore specific objects
and advantages of the instant invention will becone
readily apparent to those skilled in the 5 art from
the follow ng detail ed description of the invention
WO 2082956 i N conj unction with the foll ow prgr/us2e0ai00mgD:
FIG | is a block diagramof a tire pressure
noni.t ori ng system having power managenent in
accordance with the present invention; FIG 2 is a
tabl e of opinieftDesatiption phibe Prawingssoci ated with notion
10 detection in the systemof FIG 1; FIG 3 is a
nmet hod of notion detection in the systemof FIG 1,

i forgoing @ Attt AT pithe 4RI UGS sl8hRwitRARS

of m@ﬁéﬁﬁ&iﬁﬁ%}ﬁ{cﬁ%aﬂ%@%@ﬂe ﬁgi @%ﬁéﬂltgé gﬁit%ﬁ gfﬂrl)fregglg mee

D

I nvention | strated in
art fromm thd follondng slethited déscrigtioe vfithe)inventiongakendneel nodul e
11 and a receiver portion 12 contained 5 outside of a
conjundtian ¢iththesfodlowing Wrawings:wheel nodule 11 is a battery
13 that _is_cgnnected to an i nput of .a power '

rfad dird blodk ¢iagram ala UFPICISHE PPRROTIRGEYS) out put i s
having SOV h@8nu b Mooy SR PR o FRHERRABR G (o' e
ML ﬁgél}:fﬂé ﬁgéﬁé@ﬁ&aﬂfstra@ #es_ta R R MbigH n t he

9
wheel no or ease illTustration, the to

detectiitial thy eyhant@BIG ¢y M nal is illustrated with each of
t he conponents in wheel nodule 11 being connected to

dGeans h mpthedaf moten detertiowin thasyssem ofdlGodt and
ontrqlled by the power nmanagenent, circuit 14 to
3800113k 8 Byeoh oNGHeTRIRG 6 PORE SRENDE mucSh SURTE,
tenperature sensor 18, an analog interface 20 and a
radio frequency (RF) transmitter 24. The positive 15
out put of battery 13 is separately connected to a
power input of a process controller 22. An

i nput/ out put of pressure sensor 16 is connected to a
first '
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signal input/output of analog interface 20. An
i nput/out put of tenperature sensor 18 is connected to
a second signal input/output of analog interface 20.
A third input/output of analog interface 20 is

wo 20em1sect ed to an 20 i nput/output of proreggs2aenienl | er
22. An input/output of process controller 22 is
connected to an input/output of RF transmitter 24. RF
transmtter 24 has an antenna for transmtting an RF
.si gnal t hBetailedmasetiptien oihe dnveadioBnna of an RF
recei ver 26. Exanples of frequencies used as the RF
frequency are, by way of exanple only, from 300 Mz to
T@tatedsim 216, duis puire presRBemeatorsg systeis1@onnect ed to
an input of an inforr{ation rocessi circyit. 28. A

generallsevane 29hes! wermlscledidregr VeiR hipn d Gopfained
oo B S BRI SR Bk e BUPROLLARESS
s confghe} Fouthopllt Ot Spdel fhfabrent (Bl FETHE RoBBRE ™ 10

batterp bapatiseconfbéed td fn iHupofe petrer angRndivcicuipridssur e
sensor 16 is inplenmented as a m cro-nachi ned pressure

The negative battenyt itpwet ik conpeotidt todhé agmBonisupply evenofre. A
known suitable sensor is fabricated jpn silicon with

all theredulpnathimihe st mpdatecHanianfase Phylusiratien. -
negacfE o eoa BB R i EREE) SABCRoRBRRAEEAY , L0
wheel S TP B e iofingCtoll R abdrabfofin. 1€ pitfie bAl

erature® measurenent nay ne I'ng variable
outpuiCigRBAIOBETBy theasdvdt iBarfag8mshiedifmitl wrseparitaige
vol tage. The anal og interface 20 functions to perform
powerdnpuis aif agregsoradiensoml O, ademperstise sefsor A8, anagles of

. pressure sensor 16 and terrper,aturég Egensqr. 18.
interfasg @0rand fetiefip frequengy AREYLARAFEE & e PesHisE ns ot her

‘ ) _ h g - ) . q
outpu iRy T3 i ieparepdy Saidsied Wbty ol loBRln, ™" "
controlfef 8% € ATEnYRIORBEEOEsRRL ERisb 16isCRnnB&kH &a BrstSensor
signal input/output of analog interface 20. An input/output of temperature

sensor 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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15 errors and nonlinearity errors associated with the
pressure and tenperature neasurenments. The processor
controller 22 functions to gather pressure and
tenperature nmeasurenents at a given tinme interval and
wo 2dismesend that data via the RF transnPCT/B$20@407319
another tine interval. In order to manage the battery
power of battery 13 within wheel nodule 11 the process
20 controller 22 selectively connects and di sconnects
Hatoperagionathervaael modulst Hets pomierhwithin oveliigleds nodul e
) é& usi ng thi ower nmmnagengnt, gcircuit 14. |.n addition
tire. Rrgssugm s¢ns6Rl A 4inedions Huienss adite SrPresie Fheditagenent
circuit .14 hav r ' l.ogi ¢ and
pressfsEitas, 151 BEVpinRy in 8d Firad BRESuR I 108 e
imploMERICALS 4 Bttr R R aR A LD e PP dtionipe
withirc@ettibN g ke Suidble snkoiyis dabriekddvar sliecadwithth@ nmenory
such as a ROM (not shown) for the purpose of
physidall eensify imeghatisie dbdingaiithey a yarialile repistamigrar and 5 WO
2004/ 037566 PCT/ US2003/.007219 tenperature of the tire,
capaciigigs- tmtarlyewhen pewesslithm tenperatuss oHsY %ﬁqnﬁ%ﬁ i ng
whet her tire | on_exi st rogess.controller 22
to senffitGimpetaiie Bo s Fitatt ey a8 SRR neunpt | on
Hwa&@é%ggﬁémghg§§39¥§hgﬁgﬁ?ﬂgC?é%nsnl§S|on Fg?%mgﬁ&%p

or a diddaR®lfapé.eThe dnalbg Hitega®S2(Cfunicriond @ petfdral f0artiheyg t or s

the tire pressure |evel indicated by pressure sensor
to digitsl amyersimyofiths oatpudswofpressue sensbnl orasd ¢pmaperatwre he RF

transnmitter 24 when the %:ar Erggéure reaches .or falls
sensoh . ofdgitionalljethe apalag duteEpere2) PRrCOTRSPIBPERMIGHADS| ar m

such 3PP bRt FimeRtaei S Rl gt 0 W ferdsbrtl G e o
and 18} ﬁiﬁg}mrgefeT&@nyé%lﬁgg% x!ggga%msjhg chirb&id 58L&y has

ow or ri ve a predeterm ned val ue.
errors A monlihedritgte@ns sociatdiwith therressuty andngeifaies t hat

an air leak exists (i.e. that the pressure has fallen
measuvetnentsa The processor controller 22 functions 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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predeterm ned threshold), an alarm either visual or
audi ble, is sent to the display 29. Information
processing circuitry 28 nmay be inplenented as a 15
m crocontroller with programmabl e nenory such as a ROM
wo 200437584 ori ng software or as a state naptH/TB2000047019
hardware logic to inplenent the nethod taught herein.
Tire pressure nonitoring system 10 uses an inferred
method of notion detection to determne if notion may
tempemticstofthe tiza, whien the2Orel ifpn modioni Ay respanss orinksrsg ng
swi.tch wwthin the tire, thereby savin sj gni fi cant
whethgliiedpgtion Gests, W%Sﬁomeﬂ%?e?epwﬂeé cggfs'%lrﬂ)‘rey here is

k h h h i i
battery pors o S hs BRSNS RBketb o) it k€ ot hishsitEtbnty 25 | 1°
_ : IR esul ¢
the sesf¥ord 16 &fid TR'afld bR RisiisdOH far0BT RIfiREmidr X4, o' PG| e

ProceddlcakiedlleZFaldd nitdidtory the eiry pebskure lewdirtieattd vghi cl e
engi ne and exhaust. There are three main cooling

pressued femsos 16 and peividesudbivgesues alatte signakbto thhREF oad
surface tenperature and,the tgi]esence of water and
transmyitier24 when g air presguoigacheser falls belowd 2004/ 037566

PCT/ US2003/ Q07219 about f o f [
predetGERBEd Ve pallhE 1OV HERGU ESh HERas TG ISINaREr o af t er
receivBi(d ) sitols AT Sifomol @ESesinb VralifEAR, P 00CsS

signal It 48&cof the Rekiblel WRIREr tAS tire PRYsUD Ghy fledeldl bpns i n
the rate of pressure and tenperature decrease 5 due to

risen abbee heatdevaimoed vanasf Bheadnfoomahen processing cishadly by
t he brakes and .chassis. IS possible to_ infer

It
28 deterst that 2n pinlpek orisis((i-edheh the prespRibes ialeg heldv achanges
s RS O S PP R
a0, eSS 2 B 0 1
microcontiolies with prograniifde ticgnory 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 exhaunst. 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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can al so 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 fromthe tire, the mass of
air has been altered. According to the Ideal Gas Law

wo2004m871566 i S a direct relationship 1ls bet Wweehu240a/06Te19s,
pressure, volunme and tenperature of an encl osed gas
per the follow ng equation: (P)(V) = (n)( R(T) EQ 1
where: P is absolute pressure (Pa) 20 T is

about femyptefieyrescend eyaksobntxsrlie of the pressyse and of cavity

ternper s abor it e FSrRolae e HHEL BOSYATTIGIOoRS 138
. Si he tife is afi :

relaivBLT AL, baleVo R e CRLASS BFRp s 1RIR BpedtB ) ()

may ifRidLydiatEn ARG B maledpenfat Acthgte: K 1

a constant. ererore, ratio e pressure to

due tofthe hbartReiiraisFert &l b the eshatl waseliby the beakesadt as
long as there is no change in the mass of air within

chassishe tire. 5 This relationship can be used to separate
changes_in the pressure due to _adding air, or_Ieaks

it isrpossibleetodnien grosionnfdbaiwhgelvelaly Ry mamsoriag)the
e SRR B R A Berbd A bR S 2
indicakcff:tfgﬁstr t\ﬁg inlfléet&gﬂni‘s Rt Ald 4 BSEEREYA RN SrelfRL i Of the
indicator that tire motion is ceasing. However, changes in tire pressure
can also occur due to adding air to the tire and/or the tire developing a
leak. Butin 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:

®)(V) = @)(RYT) 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:
P/T=mR)IV=m& . EQ.2
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10 notion, thereby resulting in a change in tire
pressure and the tenperature. |In other words, notion
per se is not sensed, but rather pressure and
tenperature changes are used by the process controller
WO 2084203586 det ermi ne  whether tire notion i BCODUSBBRINY Of
has stopped. In the illustrated form only tire air
pressure and tire air tenperature is required to be
known. 15 Assune that a npbst recent air pressure
wherezeading is less than a previous air pressure reading.
The decrease will result in the pressure/tenperature
d&psmCcopgiaNt ej t her decreasing or remaining constant .

Therefgtg HBEREN G pRraB b 1Bl Rl R R G

a consﬁr@ as i‘(‘f‘ﬁegsésf thERSs Eﬁ%ﬁﬁﬂgeg{nt egﬂﬁ{sélbf'ﬁi? wiHih thellre.

reas I n_response creasing alr pressure, the
This reldBisHship tar Beugabtol separafiecanpes intird @edssagi i@ tand t he
tire condition is an air |leak and process controller
adding 2iricmabsruns those khangeseagseddryeheating §opEon) @nsmi ssi on
interval. If the pressure/tenperature ratio remains
coolingdpatking) afih¢ Bra.he pressure readings are decreasing,

R T B R S b5, 2
L T e G e S

motioh,rtﬁﬁt%ﬁg?rédu@tﬁhé ﬁizﬁéﬁ@igeiﬁﬁr& séuty ahd treRBepdtuidie 8 WO

2004/ 037566 PCT/ US2003/ 007219 pressure/tenperature

In othermwbnlsi mptiea piensg isprod serssd duritrathbt presize anghl ement s a
default condition and forces a short neasurenment and

tempepgtuser Gangessue yaed by thermaress sogielr 22 ewletsriierat i on t o

whethiGEfEon fPtoning St Eonedfin b the ALSHEEH four
only 85 5A88urASUTE: ffilrdufis edyB8RR6 L ASoRh! P essur e

readi'ng remal ns constant to previous tire air

Assuni¥ 8264 hfost RRENNAr prédsure easligmis ladsrthidd @ psetieus giadi ng
will result in the pressure/tenperature ratio

pressure neuding glluodecrense vl reidt indhe pressure/temperature

(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 ternperature is decreasing proportionately. The vebicle 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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cannot increase or decrease according to the Ideal Gas
Law. If the pressure/tenperature ratio renains
constant, the tire is assunmed to be in a 10 steady
state condition and the current neasure and transmt
wo 00dii3esswal s are  nai ntai ned. |1 n a non-vabPCTHURe3@®RI%0N,
the current neasure and transmt intervals are also
mai nt ai ned. Assune that a npst recent tire air
pressure reading is increased with respect to the
pressure/snpaigiur et incysrsing.precess gantigllerdeinplementsa wi | |

sk b s ROl
S
pressdg{a té E&r@ﬁs@%ﬁrtﬁé %ﬁgﬁﬁéﬁéﬂgﬁgﬁ?ﬁfﬁiq oAERARES, the mass

e gas IS I ntreasing etireis having air
addesie thatth BOQGESMt GeNAE pldstlired@ading k@&t Bodstaitor t
measurenent and RF 20 transmission interval. |If the
to the prexdsus tivetatnpressire reading. i Ther comatant aic pressaretreading| e t he
. pressure readings are increasing, the tire condition
will rasglijip the presure/tPmparatyes sabin re@atyeg eonstanap theighier at ur e

S T T
s BRSSO 0L O 0

steady si8lcofditidacendfthé Derrétit 28N R drdRelsafilingerialk afe
decreasi ng, process controller 22 inplenents a default

maintainedi i mnomvdlid tonditien ahs bomeninmeessuremshtrazmit RF
. transm ssion jnterval to gather new 9 WO 2004/ 037566
intervalsare Msoomimainedo i nformation to deternine what is

SRR Sb P B PSSR ERRE P b,
e FRILSEOLB YRl pstpans exegeggstilacsai s |1

the préﬂsﬁfeﬁéﬁ?@%uﬂe&aﬁ@ endréd¥ng GSefaBEn@tohdigntprBRSUr €
sensor 16 and the 5 tenperature sensor 18 to rapid

pressurelteraparamse ratiotdaanot desreasepethat it a valid condition

according to the Tdeal Gas Law. If the pressure/temperature ratio
increases, the mass of the gas is increasing and the tire is having air added
and procé ss 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 conditioﬁ 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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Overall this operation yields conditions of interest
when the wheel nodule 11 should transition between
nmeasuring and transmtting slower or nore frequently.
These conditions can be sinplified to the foll ow ng
wo 200403561 a: 10 (1) if the pressure increbEEBES 206081219
nmeasuring and transmtting at shorter intervals; (2)
if the pressure decreases AND the pressure/tenperature
ratio is NOT constant, start measuring and
informatimgaidetarminawhstis caasing Hieaiyplessure {@incrgase pad
pressure decreases AND the, pre sure/terrge ature ratio
the pressinedicgeSAtTe aindn dSRTSASE. RBSRPYheRHAbed @alift 1 ng

condiffns G bemod L 4f oo S o E vEGEP RO 401G,
to diffaen %%%;ﬂ tlﬁfa aés J(‘eg?&ﬁ?‘gf thd'Fre8RRY SedsbF €6 aﬁ&gr?e; pOC curs;

an expected pressure can be

tempedfhRy FhHSA 6 rapRiMaRiakiods & theeirt tdepdraayer age of the
pressure readings with a 20 nuch | onger-term aver age

dverdlbtiis operatien wiedd crgslitionsrof intesestimwheag theawticel
transmtting at shorter intervals. The other criteria
modulealch shoujdstrausiden befaveen anaasyrng s oRIIGNE SIQFPER t he

ressur e . changes..occur. Enpiri.cals, dat uggest s t hat
more frpqgenily, mtee EoRiBmseinke plined 1 BiefoRo¥ts  Seq by a
cn'teri%'o' 20 kPa increase in pressure within approximtely

ive mnutes regardl ess of the vehicle speed profile.

(T e prBs0R: 2ROHSB3 ;&@ﬁme@mugzﬁ_a&a@@&aﬁag eoghortlewn due
to parking the vehicle results in a 10-20 kPa decrease
iinterpalgssure wi thin approximately forty-five mnutes.

ring the notion phase, the pressure neasurenents are

(2)fDiu£ the gressre depescanaNPRbe PEEBITGEIMPURITS LIS | | be
st s PR o R e R TaR

(3) if the 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 regardiess of the vehicle speed profile. Tire

10
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sudden change in pressure may not be reported for sone
time. Wiile this may not be a concern when the
vehicle is actually parked, it can be a problemif
the parked condition is incorrectly indicated while

wo 2ie@s7ssehicle is actually in notion. Suetm/es28e3t0eats on
can occur while driving if the tires 10 are cool ed by
the vehicle entering water soaked roadways or
encountering snow or rain. It is also desirable to

cool doasnedusytotpamking the sehdele reswbis én quile) kPa decreasedn any
priar, low inflatjon ni ngs when the vehicle has been

pressusg MEHn approxamately ieaydiVa HReSd air has been added to

Ther.ef or t he | ongest asurenent

t]ﬂe.ti eShatl [g e
LTS, A TRotQHY PhiAsP, F BroTSiR SeeA PRI e s needs 15
/ ALr : ' pture

frequésngggg ﬁﬂﬁgﬁgg@%@htlgmg di ngé E\dl ﬁoﬁedagé,eﬁ? g&?eaks t hat

changwardsbme HdWwétés NiurBps pdrked vlibwist étidedon,m FIG 3 is
a flowhart illustrating a nethod for thernodynam c

suddemehange deiresshireomap hobbpreported for dontectime: Wohile thds ng an
internal electronechanical switch or signaling froman

may nekbep ganceravihea tho yehiple inaetnally parkads it 6an befiect i on

G SRS e R T e o
e e R e N

are cob%ddy“lﬁ_e vEBﬁIéjﬁitSﬁﬁé Mate? 3bald rﬁ&&@ﬁ%‘ dr%h@ﬁuﬁfehﬁg
convéntional running average (RA) filters that add the

snow oexsist Itrie aldo dgsirablato Bivepyseant Gityanswhit addre poichly
readi ngs_as: 11 WO 2004/ 037566 PCT/US2003/ 007219 Pk+|
to reset apy pripy lgwiinfigtion wrmingswhenche vehigledhas: beepipatkeds t he
r .avera 5P he. cur

fora ‘réllgaqf élme a.1\r/ %lasl.J geen adlaeél %0 h]B tires. grtef rg,et?lseur €

i
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.

IMlustrated in FIG. 3 is a flowchart illustrating a method for
thermodynamic motion detection of a pnenmatic 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:

11



Pk+1 is the new average value N is the running average
weight. In general, a running average filter has a
time constant that is equal to the 10 value of N
tinmes the interval between sanples. For exanple, for a
wo 20684306 of N equal to eight and a sanpl er¢Tms0BhORI rty
seconds, the tinme constant wll be two hundred forty
seconds. Using two running average filters, short
termvariations in pressure can be filtered out using
a val pg, ok [(W-18qwl )4 @@V ght and long termvariations
can be filtered out using a value of 15 N equal to one
hundr gehyf vent y-ei ght. It shoul d be understood that
other "hethods to infer notion may be used. Any tine
wherevari ant nmet hod that nmakes a notion inference by using
a long tinme period neasurenent and a shorter tine
Pi.1 iPfle piébrRefdsesaRiy may be used. Such time variant
met hods, for exanple, may use different averagi ng
. bechni S.or l,cul ate 20 differentials between tine
Pmst&ua%u ﬁqﬁﬁre%u[t?fe%pg}gr system behaves nuch |i ke an RC
network in that the decay of pressure in response to
Pi+1 18 thecagv R¥grage Walde| y exponential decrease in pressure.
~ Mich like the current flow ng out of a capacitor is
N is thestuamning averageeweighbtr easi ng vol tage on the capacitor, a
tire's air flowrate is related to the 25 decreasing
pressure head within the tire. Therefore, any given
l.eak, couyl 7 / e
In genefita ARl ddertfe ARAHARA0 HEAdTATS AR 14 the’

consid € a sinple exponentia sponse with

value B NBHBCHRTin 4] behidPh SRS For cRarplePRr Hlatid | TC
EON. 4 wh

2=

ere; 5 Pis thecurrent value of the
of N egualstowightR@di sssaiipde tinietofahirtst secondsgtheribns vomstant

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

12



10

15

20

25

t is the elapsed tine TCis the time constant. The
time constant (TC) is the value of tinme when the
exponent is equal to 10 unity and the value of the
pressure has dropped 63.2% fromits initial value. As
woiokbaskrated in FIG 3, after a start 30CT/US206/080219
pressure is read in a step 32. In a step 34, tire air
tenperature is read. Wth this information, the
pressure to tenperature (P/T) ratio is calculated in a
be consideredao hawe agimpe pxponestial esponse sdthnayeharacteristia at i o
) |l ong term change curve is calculated in a step 38 as
tume ¢gnsfange expl ai ned below. In a step 40, a filtered
change curveyitg cal cul ated as will be explained
bel owP FP@ estep 42, a | ong-term change RBUN/4E is
calculated as will be explained below. In a follow ng
wherajeci sion step 46, a determination is nade as to
ether the filtered change curve is 20 greater in
BRBE entzat valng CPE I ehange curve. | the
determ pation i.s "no', then a determ nation is nade
iFp 15 the updalstaring preseifihet her the . filtered change
curve is less than the I ong termchange curve. If the
dds &rnelapgedding s “no', then the process begins again
peats the nmethod by reading the

st 32 and. r
3#%&%@@‘&1%801&5 erature after either a long or 25
. . i " i d | f
The R dnslF SHEFi B Syt BF iV AGPURMpHARS CAM TS 00

unity 484 ttfe vales of ﬂfectllﬁéksareqﬂs @hgpzpwtﬂm%lfgoxﬁm@ gnitial 2 13 WO
2004/ 037566 PCI/ US2003/ 007219 deci si on step 50 whet her

valuet he pressure-to-tenperature ratio is less than the
P/ T_long termchange curve, If the decisjon js "no',

iAs 1@8&@@%?@&4 A eala S@ﬁ;é%p: Eeﬁﬁd%feﬁsﬁ%e wsiread nsa
i . vehi d.
st 35302 i S SPEC U PR oo

the pr%%%fégﬁf{?g@%?ﬁﬁ?ggﬁ)?aﬂﬁ Pcabulatell ilg H?,‘F]éf):% Sygfgt 0 step

IS determ ne step
previous P/T readings, a P/T ratio long term change curve is calculated in

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

13
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56 that an air |eak exists. Subsequent to step 56, the
nmeasure and transmt rates are increased in a step
58. I n response to each of steps 54 and 58, an
optional step 66 is perfornmed. In step 66, the val ue
wo 200f/03tda€ | ong-term change curve i s nodi PeBUS200B/067R19equUal
to the current value of the filtered 10 change curve.
This nodification, if inplenmented, provides sharper
resolution for determi nation steps 46 and 48. Step 66
decisibg stepl Fbwhethbytherpreasnre-fogtemperatereraiie isdessthen the ep 32
and repeating the nethod by, reading the pressure and
PIT langtgen shange Qirye I dhe decisian s ﬁgq&lsg%?m%@@f e rate

[ expi res and under control .of -process ,controller
step Sgéﬂgthle Fﬁeelsocé’fjgpﬁiaﬂgﬂ?eo %6(}’]8 E‘%S @F’é‘%&ﬁ? oRpedyast | g
LAl 4 ' [ S| ther the
SubsefffHE R 20 BeRBEdudEHR L0 SEcRRARDe!
step 54UNTF éhe dekisiditodes) 50 i.%n‘Xbé" theh @pis MtekMineddf astéy 1S
determined in a step 6 that air was added to the tire
56 thatiad afrhatk eefstr Subsdquent tiostdépsé, sieenhebsure and Gassmy t he

nmeasure and transmt rates in step 58. If the
rates afe dnaspasediin astepp 8 Onjrespamse 1o ¢achiof steps SfANASS, AR a

optiori) Sp S pritiaRsbniD i dbe VRBE D e BETER | mer casi ng

' i better
changl Mip MRS TIFAALE, 8¢ AIRIYS aleBiinl Pl PR el 0% g
changk Rfrve, OTHs by iR ikpleter®dd, pk@RAkZShafRier to FIG
4. The graph of FIG 4 is a plot of the change, from
resolutiof fpedetenhinthiio) steps 4Gand A8t Stdp Gteizdollgwed bg5 pressure
70 with_ respect to tine. Assune solely for purposes of

retumingstoube b@ﬁummcﬁ]w %%méwp@?tghlg e Tfébfi seaskjag over
the prsi. 6 e o olliea Byetor T i Beeie 14 wo
expire% Q04 u%ﬁZP@cﬁnﬁ)?rH; g@%@&%&%ﬂ@ 2%.;%&1 AbleBAEDnd?

ressure wt ect totine usi ng a runni ng

step 489€MRET a detdrir@fiativntid nfitklih dvéikion sefp 60 whethanthe3 and
keeping a long-termvalue with resSpect to tinme by

P/T ratisiin greatarihan thg PAV domgrterin dhapge onnvh. [Bthgeleviziarein of N.
A
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 fransmit 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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filtered change curve 74 represents the short-term
vari ations or changes in s pressure that has noise
filtered out, and the | ong-term change curve 72
represents a baseline pressure to use for pressure

wo200)@mge analysis. In this nmanner a speeCTiR0pELERBUr €
l evel is not required to be programed or nmaintained
within the wheel nodule 11 for a variety of the types
and recommended inflation levels, In the FIG 4

" term varlations &t pressure mithdiesfest tnldae by usigicamningaengecur ves

i i ncreases wth. r ect to.time ag illustrated, by the
filter g%mailﬂfﬂlulﬁ ﬂﬂg of HAos 09 KESRIBE 300G TRy Elws @t?u
anpl a.threshald 80 ¢ . l.i shed igh is

respec St v Sehe p Singng gV arned Alor iR TR VeRE ol AT
flterciTERAC0 R TH e Rds Mo AR B TRl Alecsine | cen
pressuig tld Has nbive filpérdibsiieaid thelleng-Biomi dhahky ciitve 725 current

value of the P/T ratio wll have an averaged effect
represeitscebdstlins pressure to pseefos prassiiitelchengamalysie kethss and

can have a | ong-term change curyve using another
manner thnesHcRies g lavel isaot fidupred tp he geogrammedras, N,

._.Deci,si.qn_step, 5 S e sensed pr.essure and
maineigg ity s Bher? mddfiE 11 855 S FB LB ERISEES iy change
. L ot
reconfhinlEd SeliRnIET AL e IS Bfiudfheltnl leiticRoRbeLs DT
betwedf thestvancuived indRiaSe IR ravpeto timd Y BlusiFRed g TRt
circuitry 14 increases or decreases the neasdre rates

long-teim eninwhEitered cuineecT6. nindthe #1614 ensmple, a throshqldwer
battery node or a _normal kK power battery .node). The
1

can besestahlisnod whidy ismsed by idaesiopisianriean decisap @@)pé@ by
Tho ttip{RH Bifebntian 07 wiubTErd oo B RiaefBhEunat YEiey os ana
s g B B b b O Py POl SR, Simhthe O
current84iuedof (ASPMC a2R0MDikateth dveidgdd28ec G0t Uses the
pressure filtered curve data 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
neormal 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.

15



10

15

20

25

Therefore, notion sensing may be obtained w thout the
use of a notion sensing switch. Further, the use of
runni ng average filters uses existing readings
wi t hout addi ng addi ti onal data neasurenents whi ch may
WO 200003%d6re power . Al t hough battery power PEI/BRVBEHIDIY
changing the 5 neasurenent and transm ssion intervals
bet ween when the vehicle is noving and when it is
parked, no battery power is expended by having to
‘Peefors, motiorsensmeanagbelebiatned withawd dhe verfia benef i t
to the inferred notion sensing nmethod _taught herein
motionrsehsingsviishi dpter, fhe B/ HEHRPS AVPRES TSNS (i re |

existing égﬁp rgs. ‘%{Fhé‘?? @dW‘?@T @%"@3&%& ﬁﬁen 2 %pﬁﬂ%g?% S : 2\ nd
consur%%gﬁ?\{égrb %ﬂﬁ(ﬁ.}éﬁﬂﬁ%ﬂ?}ig&@é’f R sh¥&i by Bfanisfieterhel NPl ated the

_ ( use a warni‘ng device to be
measudGildny #h& thafdnisSien indkpriebdtaaen wbes dusveldcleiis cui try 28
even when it Is stowed within the vehicle if notion
moving 8¢ wWhen\eis padktedyhd biitery pmsvepas expehdedby bavingrip a
associated with the tire 15 sensing. Many systens
powcrah:hd:timsse&nmigr@lvww\/arni ng lanp for the driver so an
al arm congdj ti uld.exist until the I
Baraaisiomat et a6 heneecpehSh oshl nEBRITAN,
. existing,i . NS) : nodul e
herein s SV v AL R RERIHhe 1 L08Rl 8 T
(R echpsnidiet amme coddtire Hetomss andérs not
road In f#{)lﬁ?é%i‘ggsggéecof z; flag bit. This 20 flag bit state
inflate@ aRd heextd@apdl forhiee spare tirm theowmdsr dudaed tige eouldui try 28
to determne that no notign vvag occurring. fromthe
contintdito causelivening davicel tode actixpigd by oMot Wap| e an
al arm condjtion. Because t heg |.ack j be
proces Qg aUteRRTY FVEERL T doueaorandn L abe affil, )
._spare . LSt i kW tHel tf/8S 1 n road
Sensm%S’Ya\‘?in@Z%g‘HQ%d @%PQ&EZ@% %Sggv&?{easwlbﬁloul d be apparent
sensing.h Maﬁﬁséﬂﬁﬁﬂﬁ%ﬁhiﬁgl@\wﬂﬂﬁgaamp ifer tiwalrbiengo sy st em
avin ower management by inferring notion sensing
alarm Eexditibh evoild priseumil the spare mgs sarvieady Howewipvitbn by
changi ng t he operati onal

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 deteriined 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 Jeak
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 WO 2004/ 037566 PCT/ US2003/007219 intervals. The
inferred notion nethod is based on pressure rise with
notion, extending the neasurenent intervals and using
a running average |eak detection nethod to signal
wo 2008@t¢ neasurenment interval s when neededrudfamsiiono®
changes and nodifications to the enbodi nents herein 5
chosen for purposes of illustration will readily occur
to those skilled in the art. For exanple, a unique
intervalsy &hiedaferictlimotiommethodtis hasediont prdssuye tisewith
.transnj.tter so that each tire position may have a
IOti0g; @BP £ aSIRIRPIY JBLeT Y GRS ATYIEHNS SVRFAEE be

etk dffeEfinf SRR ok ARt s el oty 22
NP ch s%ﬁ%ﬁﬂ_ﬁ@(ﬁ(ﬁm% %@erﬁﬁ&&ﬁxgéﬁtsclger%jinn ation of

m crocontr l'er, ogic circultry or

choseh fi6r plpYes oPiDERESiof WillTeAdiBl 0ctds tRthobe skillegin e Or
program control so that the nonitoring. of the pressure

art. does not begin until receipt of a predeterm ned
signal or command instruction. Various 15 physi cal

For examile marnides Brestdgniafien merbe ransnitied dythe BF nodul e 11

tnsnflg S e iR g B g e G ey
. CAPPE PO SIS any
types b DR HE) E) Gel Wephinl BB IR et UBERAT ont i

featur84'6ththe 108l pidsireisendor 2 e Ybdedd LEHIFOIRP 20Ghaydgpart from
the spirit of the invention, 20 they are i'ntended to

impletnented blyadstate whadhine, b hicrcoprolidreteané cirbidtryios aassessed

only bg a fair interpretation of the follow ng clains.
o

combipafis of te abpker Prappssrangiotier hmaydiesndsn RE e probl ens

prowlf SR el B R bt S Bl

receipt 8 éflg e‘a@&ng&eﬁr S8 G cofftBind Wsthl BTRNWagouk hat may 25
caus e age, O

any nef1t, "advant r Cso ution to occur or
physidaéfapemehiations and placement of the 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

featore 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
all the clains. As used herein, the ternms 17 WO
2004/ 037566 PCTI US2003/ 007219 "conpri ses, "

WO 20000 | Si ng, " or any other variation theresbhisoene
intended to cover a non-exclusive inclusion, such
that a process, nmethod, article, or apparatus that
conprises a |list of elenents does not include only

"comprifgse cempnisings’ dnany redleriviatiptioe therdody atelistended tonot
expresshy,list d.or inherent to s such, process,

COVeT Rt Farhclisivg HIcaLsial, s bt process methqdpiticlororan, as

i ne S on an one. The

h i . . t
opparft3S has RGfmRres AT R Bes i a0 EO% oo or
clemeR e i SRR e BB R
such procésyinsghodattiele, ohapiaisius aThe &@hs RSN as @de@ def i ned
as conprising (i.e., open |language). 10 The term

herein; arepdedithedass oms e@d nfvre dian, oties Thefteme ghaslitypanessded,

.although not necessarily directly, and not
herein, pscdefined; asywees Aaere dhgn two. TBhetermaoarhes asasedL Al VB

. PCT/ US2Q03/ 007219 1. A net hod ha
heri, 1§ QX RE ARG IE! PR CF TPTE s Ja¢ BTRCRoIPEGRIHg. when

* 1 . . . ) ( d 5
T L

The t6h€66u516d, %886 heresif IS ddThed efs_cbﬁﬁ&@é(ﬂta&thSu%ﬁ hét @
tenperature sensor; determ ning whether the air

necessaridy direetly, and mot pecessagilp medbaniedbi.ng with respect to
time;
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10 determ ning whether a ratio of the air pressure and
the air 15 20 tenperature is increasing, decreasing or
remai ning constant with respect to tine to infer that
the tire is noving, notion of the tire being

wo 20d8d38%¢1 ned wi thout directly sensing aecelUso@véen or

1.

nmovenent of the tire; and perform ng the sensing of
air pressure and sensing of air tenperature at
measurenent intervals which are longer in time than
when the tire is néiLABMBotion to save power in the
tire pressure nonitoring systemwhen the tire is not
in motion. 2. The nethod of claiml further

RBod Qv et Ui Stk b bRnED, T0°0 e

systen{ tg)ﬁ_bxicﬁé%tﬁl rg@i'héx{]ﬁr ﬂ'fsés suré In RtRe fd;l?elﬁg)/@ NhrbdéteRhined

I emal -subst ant | constant with

GA® time. 19 WD 2004/ 037566 5 PCT/US2003/ 007219
amounl SRR

2.

met hod of claim1 further conprising: deciding
by i nbasiagde dihptesture with @pressurosens®vi ng when the air
pressure I's decreasing wWith respect to time and the
r at i Gensing pitdemperapire Sat 2CHNETHHE SKOS0% enper at ur e

rema dza%ermﬁx%?étw nettkile%ldlé/ aif %?esstsgrrétié hﬁ'ﬂgasing or

decreasing with respect to time;

determining whether a ratio of the air pressure and the air
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;
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

fire is not in motion.

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
pressure and the air temperature remains ‘substantially

constant with respect to time.
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perform ng the sensing of air pressure and sensing of
air tenperature at neasurenent intervals which are
longer in tinme than when the tire is in notion to
save power. 10 4. The nmethod of claim 1l further
WO 200003164 Si ng: nodi fying duration of the pegssweenio

i nterval s based upon conparison of a long term
average of change in tire pressure with a filtered
average of change in tire pressure by using one or

3.  Tigd @ethodrofmipiave finter Comnpesisg: 15 5. The met hod of
claim4 further conprisi ng1|I i npl enenting the one or
nor e decidinghy mferenepcthat the dire isfat proven 8@ cut abl e

instructions. 20 6. Atire.air pressure I toring

syst em i rPTESSUEG @,dGGEEﬁ?‘BHDgéﬁ“ﬂbr.es gcﬁg‘? M&eﬁ%%ri ng

the tire ssure I tard ng: sure

sensor fo&@%ﬁgipﬁﬁs r*@r@ggﬁﬁéﬁf’%ﬁ@?@? a

t enper at %u%sﬁﬁﬂ&li’ic&ﬁfalﬁ;eﬁﬂ ng air tenperature in the
ol cCi

tire; contr curtry for deternning whether the
ai 1 peABAHing the serding oluiepebnge and densivef 2ig wi t h
respect to tinme and determ ning whether a ratio of the
ai r pr essiempesatareta geagirerentiséryals véhick aedopgeisi ng,
decreasing or remaining 20 W) 2004/ 037566 ‘

PCT/ US2008ytony they vehanstig tire 15 Aot 0 8Ve §OFehe t o

infer that the the is noving, notion of the tire
bei ng determ ned without directly sensing

4. THERIMA Uil 1 FRYRIRBIpPSinghe tire; and 5 power
managenent circuitry coupled to the battery, the
modifying duration 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 monitoting 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

ajr temperature is increasing, decreasing or remaining
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pressure sensor and the tenperature sensor for

sel ectively powering the pressure sensor and
tenperature sensor at neasurenment intervals which are
shorter when the control circuitry has inferred that

wo 200087560 tire i s noving than when the thecigszeetorzBVvi Ng.

7.

7. The the air pressure nonitoring systemof claim®é
wherein the control circuitry infers that the the is
movi ng when the air pressure is increasing wth
respect tocensiantawith tespeat 4o timedd infoe thait thepiredsur e 15
and the air tenperatur eé[lermigs Schlbst antially constant
with respe®OViRg, mqtign ofghe fipRbeipg dafermimed yeithaat
moni tori ng emof clalsm6 wherein th ont r ol
cirouttry SRR werBietot F rinRuerbet F8litg vinen
the air 20,p4essure is decreasing with respect to tine
and the ratio of the air pressure and the air
t enperivsrendregBineht dithatpedupied 16 thebakan! theand the
power managenment circuitry powers the aif pressure
sensor andpresége isengoe aad thedempamture aensoe dsiur ement
intervals which are longer in tine than when the the
i s in notiéplestiyelnpaverdigthe presspre spusorymd/ 037566
PCT/ US2003/ 007219 9. The.tire pressure ni,t.ori ng
syst em of ﬁﬁ“&?eﬁ? r‘?/\ﬁ?&?@i%“?%@“‘%%fmtew %r"ﬁ@&? ALe
control s t e, ROWHen TR %ﬁrcﬁitﬁgﬁﬁ{stiﬁfé{xteﬁ i
nt rnte

powering duration of the neasure rval’'s”based
upon  conpfd is Aovdhg thah Wik AE frd ki @veag.change i n
tire pressure with a 5 filtered average of change in
tire pressure by using one or nobre running average

filters.
TLe gre air pressure monitoring system of claim 6 wherein the

control circuitry 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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10. The tire pressure nonitoring systemof claim?9
wherein the control circuitry further conprises a
processor having a nmenory for storing 1 o software
code that inplenments the one or nore running average

wo 20b4/d3tse6 s. 11. The tire pressure nonit or PEHURYBINENR190f

10.

claim9 wherein the control circuitry further
conprises a state nachi ne having | ogic code for

i mpl erenting the one or nore runni nﬁ] aver age fiiters.
TEhelifre prbssute menjtorsssystenyohelagn origherpiy thacentrel aj m 6
further conprising: a transmtter cou Ig&yﬂto t he
uteuiEY CORFlsihe BOWas AR ERBATY GHRYTL P MO oi gnal

provi ded, by.t he.control cj ' [ nse to
RO fon g im@sﬁﬁéﬁlﬁw&éﬁé}@ Bz%ls?dec (lﬁger | ocat ed
QuLS f } ehéﬁgéqnttﬁs AlsQir@twisth gnal ;
pcr%%‘iﬂéiglgf}ﬁé)ftg??nc%'e%lrﬁffvgfgégﬁgd to the rgcesi ver and

| gt @ dverabé of S6arb ih fiee prefsre bhasipganessimgeci rcui try
bufe?erix?g gt he al arm si g%al ; and 25 a display coupl ed
tranhing gvecapedilierg circuitry for providing a visual or
audi bl e indication of activation of the alarm signal.
22

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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